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Background: Cognitive impairments are associated with increased risk for

progression to dementia. In China, limited surveys have been conducted to

estimate the national prevalence and risk factors associated with cognitive

impairment in China. This study aims to assess the national prevalence

and modifiable risk factors for cognitive impairments in the Chinese

elderly population.

Methods: This cross-sectional study was based on the 2018 China Health and

Retirement Longitudinal Study. The Mini Mental State Examination (MMSE) is

recommended to test for cognitive impairment. Univariate and multivariate

logistic regression models were used in assessing risk factors for cognitive

impairments in the Chinese elderly population.

Results: A total of 3768 participants aged 60 years or older were enrolled in

this study. The national prevalence of cognitive impairments was 22.24% in

China, and the prevalence of cognitive impairment was higher in the south-

west region than in the north region (29.94 vs. 16.53%, p < 0.05). The risk for

cognitive impairments was higher in the following participants: not married or

not living with spouse relative to married with spouse present (OR = 1.39, 95%

CI, 1.15–1.70; p= 0.001), nap duration of≥ 90min relative to 30–60min (OR=

1.54, 95%CI, 1.20–1.98; p= 0.001), sleep duration of≥ 8h relative to 6–8h (OR

= 1.73, 95% CI, 1.29–2.31; p < 0.001), and depression relative to no depression

(OR = 1.67, 95% CI, 1.41–1.97; p < 0.001). The risk of cognitive impairment

was lower in participants living in the urban areas relative to the rural areas (OR

= 0.57, 95% CI, 0.47–0.69; p < 0.001) and consuming alcohol once a month

relative to never consuming alcohol (OR = 0.69, 95% CI, 0.51–0.94; p = 0.02).
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Conclusion: Cognitive impairment prevalence was high in the Chinese elderly

population. The potentially modifiable risk factors for cognitive impairment

should be further assessed in the development of interventions for the elderly

Chinese population.

KEYWORDS

prevalence, risk factors, Chinese elderly population, dementia, cognitive impairment

Background

Dementia is arguably the most feared and devastating

disease affecting the elderly population; and is a leading cause

of disability and dependence of aged individuals, worldwide

(1). According to the World Alzheimer Report, in 2019, more

than 50 million individuals suffered from dementia globally,

and this number is estimated to surge to 152 million by 2050

(2). Cognitive impairment is associated with increased risk of

disability, increased health expenditures, and progression to

dementia (3). Problems in memory, language, thoughts, and

judgment are more prominent than normal age-related changes

in patients with cognitive impairments, although the basic

daily activities are not disrupted (4). Cognitive impairment

ranges from mild to severe, and is one of the most common

and disabling non-motor symptoms in elderly individuals.

Mild cognitive impairment (MCI) is also known as cognitive

impairment without dementia. It is considered a preclinical

transitional stage between healthy aging and dementia, and

gradually progresses to dementia in nearly 10–30% of patients

with MCI (5). The updated estimated prevalence of MCI is

15.5%, and the prevalence of severe cognitive impairment

(dementia) is approximately 6.0% in individuals aged 60 years

or older in China (6). Notably, no effective medication is

currently available for the treatment of cognitive impairment.

Therefore, identifying the etiologies of cognitive impairments

and suppressing the incidence are more important than treating

them following their onset.

In the past decades, rapid demographic and epidemiological

transition, have led to an aging population in China. Thus,

the country has a large number of people with cognitive

impairments. Many studies have investigated the prevalence

and risk factors for cognitive impairments in China’s general

population (6–10). Older age, being female, rural residence,

illiteracy, living without a partner, smoking, hypertension,

hyperlipidemia, diabetes, heart disease, and cerebrovascular

disease are the main risk factors for dementia and MCI (6–10).

However, the prevalence and risk factors are vary among cities

or regions of China, and limited surveys have been conducted to

Abbreviations: CESD-10, Center for Epidemiological Studies Depression

Scale-10; CHARLS, China Health and Retirement Longitudinal Study; MCI,

Mild cognitive impairment; MMSE, Mini-Mental State Examination.

estimate the national prevalence and risk factors associated with

cognitive impairments. These inconsistencies require further

study for a realistic estimate.

In the present study, by conducting a nationwide cross-

sectional survey, we aimed to estimate the prevalence of

cognitive impairments and its modifiable risk factors in

the elderly in China. The findings can help to enhance

understanding of cognitive impairments and strategies for

protecting the elderly population against cognitive decline.

Methods

Study sample and data cleansing

To investigate the prevalence of cognitive impairments in

the elderly, the China Health and Retirement Longitudinal

Study (CHARLS) 2018 follow-up dataset was downloaded and

analyzed. The CHARLS was hosted by Peking University and

approved by the Peking University Ethics Review Committee

(IRB00001052-13074). Initiated in 2008, the CHARLS uses

probabilities proportional to the size method to sample

aging populations aged 45 years and above in the whole of

China, with follow-ups in 2011, 2013, 2015, and 2018. The

data were obtained from 150 counties and 450 villages in

28 provinces. The dataset from CHARLS are representative

and of high quality. Detailed description and specific study

design of the CHARLS project can be accessed from previous

publications (11, 12) or its official website (http://charls.

pku.edu.cn/). In the 2018 survey, the cognitive functions of

participants aged 60 years and above were evaluated with

the Mini-Mental State Examination (MMSE) questionnaire

(13, 14). The flowchart of data cleansing is displayed in

Supplementary Figure 1. In the present study, a total of 3,768

participants were analyzed.

Assessment of cognitive function

Cognitive functions were assessed using the MMSE

questionnaire, which comprises 30 items with scores ranging

from 0 to 30. The questionnaire is widely used in epidemiology

for cognitive function assessment. The MMSE consists of seven

aspects: orientation to time (five items), orientation to place
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(five items), registration (three items), attention and calculation

(five items), recall (three items), and language (nine items).

Assessment was performed by two well-trained staff through

a face-to-face interview with the native dialect. According to

previous studies (10, 13–16), the cutoff of MMSE was set at

16/17 for illiterate individuals, 19/20 for individuals with 1–6

years of education, and 23/24 for individuals with at least 7 years

of education. An MMSE score lower than the above-described

cutoff values indicated cognitive impairment.

Covariates

Covariates, including individual characteristics and medical

histories, were investigated. Individual characteristics self-

reported by the respondents (17) included age (60–70, 70–80,

or >80 years), gender (male or female), marital status (married

with spouse present vs. divorced/separated/widowed/married

but not living with spouse), educational level (illiterate,

elementary school, middle school, high school, or college

degree and above), settlement (central of city/town, urban–rural

integration zone, or rural), cigarette consumption (yes or

no), alcohol consumption (more than once a month, less

than once a month, or never); afternoon nap duration (≤30,

30–60, 60–90, and ≥90min) (17, 18) and sleep duration

(≤6, 6–8, and ≥8 h) (17–19) were used according to

previous studies. Medical histories included information

on depression (yes/no), hypertension (yes/no), diabetes

(yes/no), arthritis (yes/no), digestive diseases excluding cancers

(yes/no), kidney diseases excluding cancers (yes/no), liver

diseases excluding cancers, and fatty liver (yes/no), and

stroke (yes/no).

Depression was assessed using the Center for

Epidemiological Studies Depression Scale-10 questionnaire

(14, 20). Medical histories were mainly based on the self-reports

of the respondents. Given differences in living and cultural

habits, the living localities of the participants were categorized

into six regions in the same manner as previous studies did

(17, 21): north (Shanxi, Hebei, Beijing, Tianjin, and Inner

Mongolia), northeast (Jilin, Liaoning, and Heilongjiang), east

(Jiangsu, Fujian, Shanghai, Shandong, Zhejiang, Jiangxi, and

Anhui), northwest (Qinghai, Shanxi, Xinjiang, and Gansu),

southwest (Sichuan, Chongqing, Yunnan, and Guizhou),

and south-central (Hunan, Henan, Guangdong, Hubei,

and Guangxi).

Statistical analysis

Data of clinical characteristics were summarized as

proportions (%) according to data type. Descriptive statistics

were used to investigate the prevalence of cognitive impairments

in different groups. Moreover, univariate binary logistic

regression was used in scanning risk factors for cognitive

impairments. Then, correlation coefficients were calculated

using Spearman tests to prevent collinearity before multivariate

regressions were performed. The correlations among the

covariates were low (Pearson correlation coefficients <

0.5, Supplementary Figure 2), and thus no variable was

deleted (22). Variables with p of < 0.05 in univariate logistic

regression were included in multivariate logistic regression

analysis. Therefore, age, marital status, residence, alcohol

consumption, afternoon napping, sleep duration, depression

and liver disease were included in the multivariable logistic

regression model. All the analyses and figures were made

using R 4.0.1 (R Foundation for Statistical Computing,

Vienna, Austria). A p-value of < 0.05 (two-sided) indicated

statistical significance.

Results

Baseline characteristics and prevalence in
the grouped population

Between July 2018 and March 2019, a total of 19,816

adults (≥ 45 years) were invited to participate in the CHARLS

2018 survey. First, 8,998 participants under 60 years of age

were excluded. Then, 7,050 participants were further removed

because the respondents refused to receive MMSE examination

and their MMSE questionnaires had missing values. Finally,

3,768 (≥ 60 years) were enrolled (Supplementary Figure 1). The

descriptive statistics of enrolled participants are listed in Table 1.

The overall prevalence of cognitive impairment was 22.24%

(95% CI, 20.94–23.60). In total, 3,768 participants comprised

2,451 (65.0%) males and 1,317 (35.0%) females, and 81.05%

of the participants were married. About 30.8% of people lived

in urban areas, 60.7% in rural areas, and the remaining in

the urban-rural integration zone. The participants were divided

into groups based on cigarette use, alcohol consumption, nap

duration, and sleep duration, as shown in Table 1.

Age- and gender-specific prevalence

As shown in Figure 1, the prevalence of cognitive

impairment increased with age. The prevalence rates were

21.04% (95% CI, 19.52–22.64) in people aged 60–69 years,

23.91% (95% CI, 21.34–26.68) in people aged 70–79 years, and

32.65% (95% CI, 25.51–40.70) in people aged over 80 years. No

significant difference in prevalence was found between female

and male participants aged 60–69 years (20.79% vs. 21.17%).

However, the prevalence of cognitive impairments in females

was 1.25 and 1.30 times that in males in participants aged 70–79

years (27.46 vs. 21.98%) and in participants aged >80 years

(39.47 vs. 30.27%), respectively.
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TABLE 1 Baseline population characteristics and prevalence in the

grouped population.

Characteristics Total

participants

(%)

Cognitive

impairment

Prevalence

(%)

95% CI

Total 3,768 (100%) 838 22.24 20.94–23.60

Age groups

60–70 years 2,638 (70.0%) 555 21.04 19.52–22.64

70–80 years 983 (26.1%) 235 23.91 21.34–26.68

>80 years 147 (3.9%) 48 32.65 25.51–40.70

Gender

Male 2,451 (65.0%) 534 21.79 20.20–23.47

Female 1,317 (35.0%) 304 23.08 20.88–25.44

Marital status

Married with

spouse present

3,054 (81.1%) 635 20.79 19.39–22.27

Separated/divorced/

widowed/

never married

714 (18.9%) 203 28.43 25.24–31.86

Residence

Urban 1,153 (30.8%) 179 15.52 13.55–17.73

Urban-Rural

Integration Zone

320 (8.5%) 61 19.06 15.11–23.76

Rural 2,275 (60.7%) 593 26.07 24.30–27.91

Cigarette consumption

Yes 2,061 (54.7%) 471 22.85 21.09–24.72

No 1,703 (45.3%) 367 21.55 19.66–23.57

Alcohol consumption

More than Once a

Month

1,227 (32.6%) 256 20.86 18.68–23.23

Less than Once a

Month

337 (9.0%) 57 16.91 13.27–21.32

None of These 2,200 (58.4%) 525 23.86 22.13–25.69

Nap duration

≤30min 1,960 (52.1%) 428 21.84 20.06–23.72

30–60min 1,067 (28.3%) 205 19.21 16.96–21.69

60–90min 233 (6.2%) 58 24.89 19.74–30.88

≥ 90min 504 (13.4%) 147 29.17 25.35–33.30

Sleep duration

≤6 h 2,087 (55.4%) 459 21.99 20.27–23.82

6–8 h 1,409 (37.4%) 286 20.30 18.28–22.48

≥8 h 268 (7.1%) 93 34.70 29.21–40.62

Depression

Yes 1,206 (32.0%) 355 29.44 26.93–32.07

No 2,561 (68.0%) 483 18.86 17.39–20.42

Hypertension

Yes 435 (11.5%) 106 24.37 20.55–28.64

No 3,333 (88.5%) 732 21.96 20.59–23.40

Diabetes

(Continued)

TABLE 1 (Continued)

Characteristics Total

participants

(%)

Cognitive

impairment

Prevalence

(%)

95% CI

Yes 214 (6.4%) 51 23.83 18.57–30.03

No 3,135 (93.6%) 713 22.74 21.31–24.24

Arthritis

Yes 259 (6.9%) 64 24.71 19.82–30.36

No 3,509 (93.1%) 774 22.06 20.72–23.46

Digestive diseases

Yes 280 (7.4%) 56 20.00 15.70–25.12

No 3,488 (92.6%) 782 22.42 21.07–23.83

Kidney diseases

Yes 174 (4.6%) 42 24.14 18.32–31.10

No 3,594 (95.4%) 796 22.15 20.82–23.54

Liver diseases

Yes 150 (4.0%) 23 15.33 10.37–22.08

No 3,618 (96.0%) 815 22.53 21.19–23.92

Stroke

Yes 233 (6.3%) 53 22.75 17.79–28.60

No 3,441 (93.7%) 767 22.29 20.93–23.71

CI, Confidence Interval.

FIGURE 1

Age and gender-specific prevalence of mild cognitive

impairment. The prevalences of MCI in females are higher than

those in males in the 70–79 years old group and the >80 years

old group. Error bars represent 95% CIs.

Gender-specific prevalence across
regions

Gender-specific prevalence in different regions is displayed

in Figure 2. The highest prevalence of cognitive impairments

was found in the southwest region (29.94%); and the lowest, in

the north region (16.53%). Difference in prevalence was found

between males and females across regions. The prevalence of

cognitive impairments in females was 1.68 and 1.38 times that in
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FIGURE 2

Gender-specific prevalence of cognitive impairment in di�erent

regions. The prevalence overall (A), in males (B) and in females

(C) of cognitive impairment among the elderly population were

calculated, and living localities of the participants were also

categorized into six regions. People living in the south-west

region have the highest prevalence, while people living in the

north region have the lowest prevalence. North region including

Shanxi, Hebei, Beijing, Tianjin, and Inner Mongolia. North-East

region including Jilin, Liaoning, and Heilongjiang. East region

including Jiangsu, Fujian, Shanghai, Shandong, Zhejiang, Jiangxi,

and Anhui. North-West region including Qinghai, Shanxi,

Xinjiang, and Gansu), South-West region including Sichuan,

Chongqing, Yunnan, and Guizhou. and South-Central region

including Hunan, Henan, Guangdong, Hubei, and Guangxi.

males in the southwest region (41.36 vs. 24.64%) and northwest

region (35.90 vs. 25.93%), respectively.

Associated factors of cognitive
impairments

As shown in Table 2, results from univariate logistic

regression indicated increased risk of cognitive impairments

in participants aged > 80 years compared with participants

aged 60–70 years (odds ratio, OR = 1.82, 95% CI, 1.27–2.60;

p < 0.001), participants that were not married or cohabitating

compared with married with spouse present (OR = 1.51, 95%

CI, 1.26–1.82; p < 0.001), participants with daytime napping

of ≥90min compared those with 30–60min (OR = 1.73,

95% CI, 1.35–2.21; p < 0.001), participants with sleeping

duration at night of ≥8 h compared those with 6–8 h (OR =

2.09, 95% CI, 1.57–2.77; p < 0.001), and participants with

depression compared with those without depression (OR =

1.79, 95% CI, 1.53–2.10; p < 0.001). Meanwhile, a lower risk

of cognitive impairments were found in participants living in

urban areas compared with those living in rural areas (OR =

0.52, 95%CI, 0.43–0.63; p< 0.001), participants with less alcohol

consumption compared with those who never consumed alcohol

(OR = 0.65, 95% CI, 0.48–0.88; p = 0.005) or participants with

liver diseases than those without liver diseases (OR = 0.62, 95%

CI, 0.40–0.98; p= 0.04).

Multivariate logistic regression models were used in

evaluating risk factors for cognitive impairment. The final

multiple logistic regression model included age, marital status,

residence, alcohol consumption, nap duration, sleep duration,

depression and liver disease. The prevalence of cognitive

impairment was higher in participants who were not married

or were not living with spouse compared with those married

living with their spouses (OR = 1.39, 95% CI, 1.15–1.70; p =

0.001) and participants with nap duration of≥90min compared

with those of nap duration of 30–60min (OR = 1.54, 95% CI,

1.20–1.98; p = 0.001), participants with sleep duration of ≥8 h

compared with those with sleep duration of 6–8 h (OR = 1.73,

95% CI, 1.29–2.31; p < 0.001), and participants with depression

compared with those without depression (OR = 1.67, 95% CI,

1.41–1.97; p < 0.001). Notably, a decreased risk of cognitive

impairment was observed in participants living in urban areas

compared with those living in rural areas (OR = 0.57, 95% CI,

0.47–0.69; p < 0.001) and in participants with a low-alcohol

consumption (less than once amonth) compared with those who

never consumed alcohol (OR = 0.69, 95% CI, 0.51–0.94; p =

0.02), indicating low risk of cognitive decline.

Discussion

In this nationwide cross-sectional study, we estimated the

prevalence and associated risk factors for cognitive impairments

in the Chinese elderly population. The highest prevalence of

cognitive impairments was found in the southwest region of

China, and the lowest was found in the north region, indicating

regional differences. Several associated risk factors, including

marital status, urban or rural residence, sleep and nap durations,

depression, and alcohol consumption, were identified.

With regard to aging, the global elderly population is

growing rapidly, especially in mainland China. According

to China’s Seventh National Population Census in 2020, the
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TABLE 2 The associated factors and adjusted ORs.

Characteristics Crude OR

(95% CI)

p-value Adjusted

OR (95%

CI)

p-value

Age groups

60–70 years 1.00 (reference) - 1.00

(reference)

-

70–80 years 1.18 (0.99–1.40) 0.063 1.08

(0.90–1.30)

0.398

>80 years 1.82 (1.27–2.60) <0.001 1.61

(1.11–2.34)

0.013

Gender

Male 1.00 (reference) - - -

Female 1.08 (1.92–2.60) 0.362 - -

Marital status

Married with

spouse present

1.00 (reference) - 1.00

(reference)

-

Others 1.51 (1.26–1.82) <0.001 1.39

(1.15–1.70)

0.001

Residence

Central of

City/Town

0.52 (0.43–0.63) <0.001 0.57

(0.47–0.69)

<0.001

Urban-Rural

Integration Zone

0.67 (0.50–0.90) 0.007 0.75

(0.56–1.01)

0.061

Rural 1.00 (reference) - 1.00

(reference)

-

Cigarette consumption

Yes 1.00 (reference) - - -

No 0.93 (0.79–1.08) 0.339 - -

Alcohol consumption

More than Once a

Month

0.84 (0.71–0.99) 0.045 0.89

(0.74–1.06)

0.175

Less than Once a

Month

0.65 (0.48–0.88) 0.005 0.69

(0.51–0.94)

0.02

Never 1.00 (reference) - 1.00

(reference)

-

Nap duration

≤30min 1.17 (0.98–1.41) 0.09 1.13

(0.93–1.36)

0.225

30–60min 1.00 (reference) - 1.00

(reference)

-

60–90min 1.39 (0.99–1.95) 0.051 1.36

(0.97–1.92)

0.078

≥90min 1.73 (1.35–2.21) <0.001 1.54

(1.20–1.98)

0.001

Sleep duration

≤6 h 1.11 (0.94–1.31) 0.23 1.02

(0.85–1.21)

0.87

6–8 h 1.00 (reference) - 1.00

(reference)

-

(Continued)

TABLE 2 (Continued)

Characteristics Crude OR

(95% CI)

p-value Adjusted

OR (95%

CI)

p-value

≥8 h 2.09 (1.57–2.77) <0.001 1.73

(1.29–2.31)

<0.001

Depression

Yes 1.79 (1.53–2.10) <0.001 1.67

(1.41–1.97)

<0.001

No 1.00 (reference) - 1.00

(reference)

-

Self-reported hypertension

Yes 1.14 (0.91–1.45) 0.257 - -

No 1.00 (reference) - - -

Diabetes

Yes 1.06 (0.77–1.47) 0.714 - -

No 1.00 (reference) - - -

Arthritis

Yes 1.16 (0.86–1.56) 0.322 - -

No 1.00 (reference) - - -

Digestive diseases

Yes 0.87 (0.64–1.17) 0.349 - -

No 1.00 (reference) - - -

Kidney diseases

Yes 1.12 (0.78–1.60) 0.538 - -

No 1.00 (reference) - - -

Liver diseases

Yes 0.62 (0.40–0.98) 0.04 0.65

(0.41–1.03)

0.064

No 1.00 (reference) - 1.00

(reference)

-

Stroke

Yes 0.97 (0.71–1.34) 0.871 - -

No 1.00 (reference) - - -

Logistic regression was adopted to identify the associated independent factors of cognitive

impairment. All plausible variables with P < 0.05 in univariate testing were subjected

to further multivariate testing. The crude ORs were calculated in univariate regression,

and the adjusted ORs were recorded using multivariate regression. OR, Odds Ratio; CI,

Confidence Interval.

number of elderly people over 60 years has reached 264.02

million, accounting for 18.7% of the total population (23). Rapid

growth in the elderly population has stimulated interest in

elucidating the causes of cognitive impairments and strategies

for preventing them. Lu (16) conducted a study in Ji County

of Tianjing (a rural area of northern China) and suggested that

the prevalence of cognitive impairment is 38.3% (27.8% MCI

and 10.5% dementia) in the overall population aged 60 years or

older. After studying 96 sites from 12 provinces, Jia (6) suggested

that the prevalence of cognitive impairment was 21.5% (15.5%

MCI and 6.0% dementia) in the overall population aged 60 years
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or older in 2015–2018. A meta-analysis comprising 48 studies

with 102,906 participants reported that the overall prevalence of

MCI is 14.71% in Chinese people aged 60 years or older (24).

A meta-analysis comprising 96 studies reported that the overall

prevalence of dementia is 5.3% in Chinese people aged 60 years

or older (25). The CHARLS national survey covers 150 counties

or districts (a total of 450 villages or resident committees)

from 28 provinces from 2018 to 2019. These data were used in

estimating the nationwide prevalence of cognitive impairments

in the Chinese elderly population. The present study estimated

the nationwide prevalence of cognitive impairments (MCI and

dementia) at 22.24% in participants aged 60 years and older,

revealing prevalence similar to that presented by most reports

from other populations in China (6, 24, 25), the United States

(16.0%−22.2%) (26), and South Korea (24.1%) (27).

This study found an apparent geographical variation in the

prevalence of cognitive impairments in China. As shown in

Figure 2, the results of prevalence distribution suggests that the

incidence in western China (southwest and northwest regions)

was the highest, and the prevalence in the southwest region was

1.81 times that in the north region. A meta-analysis reported

that the pooled prevalence of dementia was the highest in

western China (9.6%), intermediate in northern China (5.4%),

and lowest in central China (3.8%) and south China (3.7%)

(25). Another meta-analysis reported that the pooled prevalence

of MCI was higher in western China (14.33%) than in eastern

China (13.41%) (24). Dietary differences may contribute to

this discrepancy. The daily diet of participants living in the

north regions contains considerable amounts of milk, dairy

products, and flour-based food, whereas participants living in

the southwest regions consume more fruits and rice-based diet;

dairy products have been confirmed to have a protective effect

against cognitive impairment (28). Other differences may be

attributed to the uneven economic, educational development,

and different living habits across regions in China.

The identification of specific risk factors is crucial for

the prevention of cognitive impairments. The prevalence

of cognitive impairment was higher among elderly people,

females, people who are not married or cohabitating, and

people living in rural areas or western China, consistent with

the findings of some previous studies (6–8, 10, 24). The

present study provides further evidence in support of these

risk factors. The results showed that depression is associated

with the high prevalence of MCI in the Chinese elderly

population, consistent with previous findings (14, 23). Jia

et al. (6) showed high prevalence of cognitive impairment in

the Chinese elderly population with hypertension (odds ratio:

dementia = 1.86; MCI = 1.62), hyperlipidemia (dementia

= 1.87; MCI = 1.29), diabetes (dementia = 2.14; MCI =

1.44), heart disease (dementia = 1.98; MCI = 1.17), and

cerebrovascular disease (dementia = 5.44; MCI = 1.49),

but the above risk factors were not found in the present

study. Medical histories were mainly based on the self-reports

of the respondents, which may lead to deviation from the

present results.

The present study suggested that some other risk factors are

modifiable, including nap duration, sleep duration, and alcohol

consumption, which are rarely explored. Sleep disturbances

are common in the elderly, and approximately 50% of people

aged over 65 years reported a chronic sleep complaint (29).

Many studies have examined the associations between sleep

duration and cognitive impairment. Moreover, The results also

suggest that long durations of napping (≥90min) and long

sleeping (≥8 h) are associated with high prevalence of cognitive

impairment and an afternoon nap duration of 30–60min and

night sleep of 6–8 h are associated with enhanced cognitive

function. The exact biological mechanisms linking excessive

sleep nap duration to cognitive impairment remain unclear

(30). Further studies are needed to examine whether excessive

sleeping or napping is a subtle marker of cognitive impairment

in otherwise healthy elderly individuals.

Epidemiological studies have indicated that excessive

alcohol consumption can induce cognitive impairments,

whereas moderate consumption may reduce the risks for

cognitive impairment in the elderly (31, 32). The present study

suggested a similar result, that is, consuming alcohol less than

once a month is associated with a lower prevalence of cognitive

impairment (OR = 0.65, p = 0.005) than that in participant

who never consumed alcohol. The potential factors linking low

alcohol consumption to cognitive function have been attributed

to flavonoids or other antioxidants, which may reduce the risk

of cognitive impairment (33).

The present study has some limitations. First, we did not

classify MCI and dementia. Clinical diagnosis based on the

MMSE, the Montreal Cognitive Assessment, Clinical Dementia

Rating score, magnetic resonance imaging, or computed

tomography is necessary for MCI and dementia (6). MMSE

as a single diagnostic tool is insufficient to diagnose MCI

and dementia, and different diagnostic confirmation tools

might result in different prevalence rates. Second, gender

selection bias was found; more male participants were selected.

Third, relying on the participants’ self-reporting, the medical

histories, nap durations, and sleep durations might not be

accurate measures and might generate bias. In the evaluation

of covariates, we did not employ objective monitoring devices

because collecting data from a large cohort is difficult.

Additionally, this cross-sectional study cannot establish causal

relationships between the identified associated factors and

cognitive impairment, and future longitudinal studies are

needed to clarify these associations.

Conclusion

In this nationwide cross-sectional study, the overall

prevalence of cognitive impairments was 22.24% in the
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participants aged 60 years or over. The prevalence varied among

age groups, living areas, regions and between genders. The

results revealed that the modifiable risk factors for cognitive

impairment were as follows: not married or cohabitating, rural

residence, long duration of napping (≥90min), long duration

of sleep (≥8 h), and depression. Thus, preventive strategies for

cognitive impairment are needed to improve cognitive function.
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Patterns of improvement in
functional ability and predictors
of responders to dual-task
exercise: A latent class analysis
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Background: Exercise is the pillar for healthy aging. “Non-responders” may be

due to amismatch in exercise prescription. A latent cluster analysis (LCA) profile

can be useful to uncover subpopulations sharing similar profiles or outcomes.

We aim to use the LCA to develop a response prediction model for older adults

who would benefit from The Healthy Aging Promotion Program for You, a

community-embedded dual-task exercise program.

Methods: A total of 197 participants completed the 3-month follow-up, and

the complete data were available for 136 community-dwelling older adults.

Inclusion criteria were age ≥60 years, pre-frail or frail and ambulant, mild

cognitive impairment, and ability to provide consent. Data collected include

demographics, education, falls, physical function (Katz ADL scale and Lawton’s

IADL scale), physical activity (rapid assessment of physical activity), cognition

(Montreal Cognitive Assessment; MoCA), frailty (FRAIL scale), and perceived

health, pain, anxiety/depression, fear of falling, and social isolation (Lubben

Social Network Scale). The bodymass index (BMI), handgrip strength, and short

physical performance battery (SPPB) were measured. Those who improved in

frailty, anxiety/depression, pain, Lubben, MoCA, SPPB, fear-of-falling, physical

activity, falls, and HGS were classified as responders.

Results: The mean age was 74.7 years, BMI 23.5 kg/m2, 23.5% were male,

96.3% were of Chinese ethnicity, 61% were pre-frail, education level of 4.3

years, and the MoCA score of 23.3 ± 4.8. Two clusters were identified:

non-responders (61.8%) and responders (38.2%). Responders had significant

improvement in cognition (44.2% vs. 0, p < 0.001) and SPPB (gait:28.8%

vs. 0, p < 0.001; balance:42.3% vs. 15.5%, p = 0.001; chair-stand:65.4%

vs. 4.8%, p < 0.001). Responders were significantly older (76.9 vs. 73.3

years, p = 0.005), had higher BMI (24.8 vs. 22.8 kg/m2, p = 0.007), lower

education (3.4 vs. 4.9 years, p = 0.021), lower MoCA scores (21.8 vs. 24.3,

p = 0.002), and lower SPPB scores (8.7 vs. 10.6, p < 0.001). The predictive

variables for the responder cluster were age ≥75 years, BMI ≥23 kg/m2,

robust, no anxiety, pain, fear of falling, MoCA ≤22, Lubben ≤12, SPPB score:

chair-stand ≤2, balance ≤2, gait >2, handgrip strength <20 kg, no falls

and RAPA >3. With an optimal cut-o� of ≥12, this prediction model had
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sensitivity of 76.9%, specificity of 70.2%, positive predictive value 61.5%, and

negative predictive value of 83.1%.

Conclusion: Response to dual-task exercise was influenced by age, SPPB, BMI,

and cognition. Prospective longitudinal studies are needed to validate this LCA

model and guide the development of public health strategies.

KEYWORDS

functional ability, dual-task exercises, latent class analysis, responders, physical frailty,

cognitive frailty

Introduction

Population aging is a global phenomenon where the

number of people aged 80 years and over is projected to

triple from 143 million in 2019 to 426 million in 2050

(1). Population aging impacts many sectors including

the labor workforce and health and social care cost.

In 2015, the World Health Organization proposed the

definition of healthy aging as “the process of developing

and maintaining the functional ability that enables

wellbeing” (2). Functional ability depends on the interaction

between intrinsic capacity and the environment. Intrinsic

capacity (IC) refers to the sum of physical and cognitive

functions and includes the assessment of five domains

including cognition, vitality, mobility, psychological, and

sensory functions.

Aging is a risk factor for chronic disease and together

with a sedentary lifestyle is associated with sarcopenia,

frailty, dementia, and disability. Exercise and physical

activity have an important role in the prevention of disease

and/or treatment for conditions such as frailty or cognitive

impairment where no pharmacotherapy is available (3).

Exercise influences the trajectory of aging through the

release of myokines and exerkines which acts at molecular,

cellular, and organ levels (4). Unlike specific pharmacotherapy

targeting a single disease or organ, exercise is a therapy

directed at the complete physiological system. Like other

pharmacotherapies, exercise needs to be prescribed based

on intended outcomes and personalized with incremental

adjustments similar to other medical treatments (3).

Multicomponent exercise programs which include cognitive

tasks have been shown to improve both physical and cognitive

function (5–9).

The Healthy Aging Promotion Program for You (HAPPY)

program adapted from Cognicise which originated from the

National Center of Geriatrics and Gerontology in Nagoya

Japan was started in 2017 to engage older adults with pre-

frailty, frailty, and/or cognitive impairment in dual-task exercise

in the community (6). The program aimed to improve

function and cognition and to reduce frailty prevalence

and social isolation among community-dwelling older people.

Eighty different dual-task exercise combinations of varying

intensities with obstacle navigations were co-created by the

health coaches, volunteers, and participants (Figure 1). The

exercises are conducted for 60min two times weekly, and either

led by trained health coaches or volunteers. The dual-task

components comprised 40min of the total exercise program.

Further details can be found in Merchant et al. (6). The HAPPY

program has been found to be effective in reducing pain, and

improving quality of life, and physical and cognitive function

in older adults (9, 10). Through multisystem collaboration, the

program was expanded to more than 70 sites in Singapore

prior to the COVID-19 pandemic. There were significant

improvements in robustness, cognition, social isolation, and

perceived health (6).

The response to exercise in older adults has been

heterogeneous and many studies classify them as “responder,”

“non-responder,” or “adverse responder” (3, 11). The most

plausible explanation for the “non-responder,” or “adverse

responder” would be the lack of appropriate type, dose, and

intensity of exercise prescription for the intended outcomes

(11). A wide variety of exercise prescriptions has been explored

in literature, of which one of the more promising ones is

dual-task exercise. When incorporated with social activities,

dual-task exercise has been shown to reverse cognitive and

physical frailty, mild cognitive impairment, and reduce social

isolation (9, 12–15). To date, most studies on multicomponent

and/or dual-task exercise interventions have focused on the

improvement of single factors such as physical function

and/or cognitive function. However, the definition of functional

ability is broader than that and refers to both physical

and cognitive function as well as the interaction with the

surrounding environment, which may be affected by the social

network, mood, and pain among other factors. Methodologies

such as latent cluster analysis (LCA) profile can be useful

to uncover subpopulations sharing similar baseline profiles

or outcomes, and this can assist in personalizing future

prescriptions of type and intensity of exercises depending

on the intended outcome. LCA is a type of mixture model,

which is increasingly used in behavioral sciences for the

identification and understanding of latent subpopulations (16).

It has been employed in assessing lifestyle practices of behaviors
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FIGURE 1

Example of a dual task exercise within the HAPPY program. Participants have to remember one and think of name of another fruit while doing

stepping exercises.

commonly adopted by adolescents including physical activity

(17), and patterns of stages of change for regular exercise

over time for participants in a lifestyle intervention (18).

Response patterns can be observed on specific characteristics

related to a set of latent classes, and this allows focusing on

features of individuals who may be heterogeneous (19), as we

often see in older adults. Therefore, the aim of the present

study is 3-fold. First, we used the LCA to determine patterns

of functional ability among older adults who participated in

the HAPPY program. Second, we examined the predictors of

participants in the cluster with significant improvement in

functional ability. Third, we developed a predictive scoring

of participants in the cluster with significant improvement in

functional ability.

Methods

Out of the 197 participants who completed the 3-month

follow-up for the HAPPY program, complete data for the LCA

was available for 136 community-dwelling older adults. We

conducted a single group pre-post study design, delivered across

multiple sites with a standardized program outline. The exercises

were conducted for 60min two times a week on average with a

72% attendance rate. More than 80 different dual-task exercises

of different complexity were co-created and led by health

coaches and trained volunteers. The dual-task components

comprised 40min of the total exercise program. Participants

continued to attend the HAPPY exercise program during the 3-

month follow-up. At one of the HAPPY exercise sessions at the
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3-month mark, participants are asked to complete the follow-

up questionnaire and physical assessments. Written consent was

obtained from all recruited participants and the protocol was

approved by the National Healthcare Group (NHG), Domain

Specific Review Board (DSRB), Singapore.

The inclusion criteria were (1) aged ≥60 years old, (2) pre-

frail or frail and ambulant, (3) have mild cognitive impairment

defined by the absence of dementia and Chinese Mini-Mental

State Examination between 18 and 26, and (4) the ability to

provide informed consent. Participants were excluded if they

were (1) wheelchair-bound or bedridden, (2) had underlying

severe cognitive impairment, or (3) nursing home residents.

An interview questionnaire was administered by trained

research assistants at baseline and 3 months on demographics,

chronic diseases, education, number of falls, physical function,

physical activity, cognition, frailty, anxiety/depression, pain,

quality of life (QOL), perceived health, fear of falling and

social isolation. Perceived health was assessed using the Euro-

QoL Visual Analog Scale (EQ VAS) and QoL using Euro-

QoL EQ-5D-5L questionnaire, respectively (20). The EQ-5D-

5L consists of five different dimensions of health including

mobility, self-care, usual activities, pain, and anxiety/depression.

Pain intensity was derived from the EQ-5D-5L and classified

into three categories: no pain, mild pain (mild), and moderate

(moderate to extreme pain). Anxiety/depression was similarly

derived from EQ-5D-5L and classified into three categories:

no anxiety/depression, mild (mild anxiety/depression), and

moderate (moderate to extreme anxiety/depression).

The Montreal Cognitive Assessment (MoCA) was used to

assess cognitive status, and a cut-off score of ≤22 was used to

define cognitive impairment (21). The FRAIL scale measuring

fatigue, resistance, aerobics, number of illnesses, and loss of

weight with a maximum score of 5 was used to assess frailty (22).

Pre-frail was defined as 1–2, frail 3–5, and robust 0. ADL was

assessed using the Katz ADL scale (23) and IADL using Lawton’s

IADL scale (24). The Rapid Assessment of Physical Activity

tool (RAPA) was used to assess physical activity (25). This

tool consists of a nine-item questionnaire assessing strength,

flexibility, and level and intensity of physical activity. Fear of

falling was assessed using a single question, “Are you afraid of

falling?” to which participants had three responses to choose

from; “no,” “yes” or “yes a lot”. “Yes” or “yes a lot” were

categorized as fear of falling (26). Social isolation was measured

using the 6-item Lubben Social Network Scale (LSNS-6) (27). It

measures size, closeness, and frequency of contact with friends

and familymembers with a total scale score ranging from 0 to 30,

and a score below 12 was classified as at risk of social isolation.

Physical performance tests included assessment of body

mass index (BMI), maximum handgrip strength, and the Short

Physical Performance Battery test (SPPB). Handgrip strength

was measured using a Jamar hand dynamometer on the

dominant arm in the seated position with the elbow flexed at 90◦

and maximum handgrip strength was recorded. Poor handgrip

TABLE 1 Akaike Information Criterion (AIC) and Bayesian Information

Criterion (BIC) of the latent class analysis.

Number of clusters AIC BIC BIC/AIC

2# 1,727.79 1,797.69 1.040

3 1,730.18 1,829.21 1.057

4 1,725.16 1,853.32 1.074

#Optimal number of clusters with lowest BIC/AIC.

strength was based on cut-offs of 28 kg for men and 18 kg

for women as defined by the 2019 Asian Working Group for

Sarcopenia (28). The SPPB includes three components (balance,

gait speed, and chair stand) with a maximum score of 12 points

(4 points per component) (29).

Development of response patterns using
LCA

The variables used to explore the number of response

clusters were obtained from prior published studies which

include frailty (30), anxiety (31), social isolation (32), cognitive

impairment (33), pain (10), physical performance (32), and fear

of falling (34). Two to four participation clusters were examined

and based on the lowest Consistent Akaike Information

Criterion (AIC) and the Bayesian–Schwarz Information

Criterion (BIC) (9), a two-cluster solution was considered to be

optimal (Table 1).

Pattern of responders

An improved response, “responders” to dual-task exercise,

was defined by at least 1 category improvement on frailty,

anxiety/depression or pain, 1 point improvement in any of the

SPPB domains (gait, chair stand or balance), Lubben (≥12),

MoCA (≥22), reduction of fear of falling; reduction in the

number of falls by at least 1, at least 10% improvement from

baseline in handgrip strength and RAPA. If no improvement

was seen in any category, participants were considered “non-

responders.” These variables were selected based on the World

Health Organization (WHO) approach to healthy aging white

paper (35) and previous publications from the HAPPY program

(9, 10, 32).

Sample size

Postulating a moderate Nagelkerke R-sq of 0.7, with a

shrinkage factor of 0.9 to account for overfitting, for 25 variables

to be used in a logistic regression analysis, the required sample

size is 120 (36).
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Statistical analysis

Analyses were performed using STATA 17.0 with statistical

significance set at p < 0.05. LCA was used on cognitive,

psychological, and physical characteristics to determine

responder clusters. The characteristics of participants in the

different responder clusters were compared using the chi-square

test for categorical variables and the t-test for normally-

distributed continuous variables otherwise the Mann–Whitney

U-test was performed. Predictors for the responder cluster were

assessed using multivariate logistic regression, and odds ratios

with 95% confidence intervals were presented. A prediction

model on cluster membership with odds ratios as the weighted

score was developed, and a receiver operating curve (ROC)

was constructed to evaluate the discriminative ability of the

prediction model.

Results

Background characteristics of study
participants

The background characteristics of the participants are

shown in Table 2. The mean age was 74.7 ± 7.4 years, with

131 (96.3%) of the participants being of Chinese ethnicity

and 32 (23.5%) being male. The mean BMI was 23.5 ± 4.3

kg/m2. Among the participants, the health rating was 71.4 ±

14.3, with 82 (60.3%) having hypertension, 73 (53.7%) having

hyperlipidemia, and 32 (23.5%) having diabetes. Almost a

quarter of them (23.5%) lived alone, and 45.6% reported being

at risk of social isolation. Functionally, 10 (7.4%) needed help

with at least 1 ADL and 20 (14.7%) needed help with IADL, 49

(36%) were robust and 4 (2.9%) were frail. The mean number

of falls was 0.48 ± 0.95, and 47 (34.6%) reported being very

afraid of falls. Among the participants, 73 (53.7%) reported no

pain, 111 (81.6%) had no anxiety or depression and 53 (39.0%)

had cognitive impairment with MoCA <22. The mean RAPA

score was 3.4± 1.0. In terms of physical function, the maximum

handgrip strength was 20.8 ± 5.6 kg, the mean gait speed was

1.14 ± 0.28 m/s, the mean SPPB score was 9.9 ± 2.1, and 86

participants (63.2%) scored above 9.

Responders were significantly older (76.9 ± 6.4 vs. 73.3 ±

7.7 years, p = 0.005), had a higher BMI (24.8 ± 4.6 vs. 22.8

± 3.9 kg/m2, p = 0.007), lower levels of education (3.4 ± 3.3

years vs. 4.9± 3.8, p= 0.021) and correspondingly lower MoCA

scores (21.8± 4.4 vs. 24.3± 4.8, p= 0.002), and poorer physical

performance on SPPB (8.7± 2.0 vs. 10.6± 1.8, p< 0.001) which

was seen consistently across all categories of balance, gait and

chair-stand domains.

Co-variates, LCA, and response patterns

A total of 136 participants were divided into two response

clusters: non-responders (n = 84, 61.8%) and responders (n =5

2, 38.2%) (Table 3). Among the study participants, 56 (41.2%)

had improvement in the frailty category, and 23 (16.9%) had

improvement inMoCA score to above 22. For physical function,

on SPPB: 15 (11.0%) had improvement in gait, 35 (25.7%) had

improvement in balance, and 38 (27.9%) had improvement

TABLE 2 Variables used in latent class analysis.

Improvement# Total (n = 136) Non-responders (n = 84; 61.8%) Responders (n = 52; 38.2%) p-value

Frailty 56 (41.2) 37 (44.0) 19 (36.5) 0.387

Anxiety 14 (10.3) 11 (13.1) 3 (5.8) 0.172

Lubben (cutoff 12) 29 (21.3) 19 (22.6) 10 (19.2) 0.639

MoCA (cutoff 22) 23 (16.9) 0 (0.0) 23 (44.2) <0.001

Pain 39 (28.7) 21 (25.0) 18 (34.6) 0.228

SPPB gait 15 (11.0) 0 (0.0) 15 (28.8) <0.001

SPPB balance 35 (25.7) 13 (15.5) 22 (42.3) 0.001

SPPB chair stand 38 (27.9) 4 (4.8) 34 (65.4) <0.001

Handgrip strength

≥ 10%

29 (21.3) 22 (26.2) 7 (13.5) 0.078

Falls reduced ≥1 36 (26.5) 24 (28.6) 12 (23.1) 0.480

Fear of falling 38 (27.9) 19 (22.6) 19 (36.5) 0.079

RAPA ≥10%

improvement

26 (19.1) 18 (21.4) 8 (15.4) 0.384

#Defined as improvement by at least 1 category or at least 10% change from baseline.

MoCA, Montreal Cognitive Assessment; SPPB, short physical performance battery; RAPA, rapid assessment of physical activity.
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TABLE 3 Baseline characteristics of participants by clusters.

Variables Total (n = 136) Non-responders (n = 84; 61.8%) Responders (n = 52; 38.2%) p-value

Age 74.7± 7.4 73.3± 7.7 76.9± 6.4 0.005

BMI (mean± SD) 23.5± 4.3 22.8± 3.9 24.8± 4.6 0.007

Education (years) 4.3± 3.6 4.9± 3.8 3.4± 3.3 0.021

Health rating 71.4± 14.3 70.5± 13.4 72.9± 15.6 0.325

Ethnicity 0.322

Chinese 131 (96.3) 81 (96.4) 50 (96.2)

Malay 3 (2.2) 1 (1.2) 2 (3.8)

Indian 2 (1.5) 2 (2.4) 0 (0.0)

Male gender 32 (23.5) 19 (22.6) 13 (25.0) 0.750

Living alone 32 (23.5) 18 (21.4) 14 (26.9) 0.463

Chronic disease

Hypertension 82 (60.3) 47 (56.0) 35 (67.3) 0.188

Hyperlipidemia 73 (53.7) 44 (52.4) 29 (55.8) 0.700

Diabetes 32 (23.5) 22 (26.2) 10 (19.2) 0.352

ADL≥ 1 10 (7.4) 5 (6.0) 5 (9.6) 0.426

IADL ≥ 1 20 (14.7) 13 (15.5) 7 (13.5) 0.747

Fear of falls 0.799

Not afraid 38 (27.9) 25 (29.8) 13 (25.0)

A bit afraid 51 (37.5) 30 (35.7) 21 (40.4)

Very afraid 47 (34.6) 29 (34.5) 18 (34.6)

Number of falls 0.48± 0.95 0.54± 1.0 0.38± 0.87 0.370

Frailty 0.169

Robust 49 (36.0) 27 (32.1) 22 (42.3)

Pre-frail 83 (61.0) 53 (63.1) 30 (57.7)

Frail 4 (2.9) 4 (4.8) 0 (0.0)

Pain 0.944

No 73 (53.7) 46 (54.8) 27 (51.9)

Mild 50 (36.8) 30 (35.7) 20 (38.5)

Moderate 13 (9.6) 8 (9.5) 5 (9.6)

Lubben < 12 62 (45.6) 36 (42.9) 26 (50.0) 0.416

RAPA 3.4± 1.0 3.4± 1.0 3.5± 1.1 0.597

Mental health

Anxiety/depression 0.230

No 111 (81.6) 66 (78.6) 45 (86.5)

Mild 21 (15.4) 14 (16.7) 7 (13.5)

Moderate 4 (2.9) 4 (4.8) 0 (0.0)

Cognition

MoCA (mean) 23.3± 4.8 24.3± 4.8 21.8± 4.4 0.002

30 9 (6.6) 9 (10.7) 0 (0.0) 0.015

(Continued)
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TABLE 3 (Continued)

Variables Total (n = 136) Non-responders (n = 84; 61.8%) Responders (n = 52; 38.2%) p-value

≤22 53 (39.0) 23 (27.4) 30 (57.7) <0.001

Physical function

Handgrip strength 20.8± 5.6 21.4± 5.5 19.9± 5.6 0.134

Gait speed 1.14± 0.28 1.18± 0.27 1.11± 0.30 0.158

SPPB total (mean) 9.9± 2.1 10.6± 1.8 8.7± 2.0 <0.001

Balance 3.4± 0.9 3.5± 0.8 3.1± 1.1 0.005

Gait 3.6± 0.7 3.8± 0.5 3.4± 0.8 0.001

Chair stand 2.9± 1.1 3.3± 0.98 2.3± 1.0 <0.001

SPPB categories <0.001

4–6 10 (7.4) 4 (4.8) 6 (11.5)

7–9 40 (29.4) 13 (15.5) 27 (51.9)

10–12 86 (63.2) 67 (79.8) 19 (36.5)

Values are n (%) otherwise (mean± SD).

BMI, body mass index; SD, standard deviation; ADL, activities of daily living; IADL, instrumental activities of daily living; RAPA, rapid assessment of physical activity; MoCA, Montreal

Cognitive Assessment; SPPB, short physical performance battery.

in chair-stand timing. For handgrip strength, 29 participants

(21.3%) had at least 10% improvement, and 36 participants

(26.5%) had one less fall at follow-up, with a corresponding drop

in fear of falling in 38 participants (27.9%). For physical activity,

26 (19.1%) had improved by at least 10% on their RAPA score.

At 3 months, 29 participants (21.3%) were less socially isolated,

39 participants (28.7%) experienced less pain and 14 participants

(10.3%) had less anxiety. The responder cluster had significant

improvement to dual-task exercises in domains of cognition [n

= 23 (44.2%) vs. 0, p < 0.001] and physical function, seen by

improvement in scores for all aspects of SPPB [gait: n = 15

(28.8%) vs. 0, p < 0.001; balance n = 22 (42.3%) vs. n = 13

(15.5%), p= 0.001; chair stand: n= 34 (65.4%) vs. n= 4 (4.8%),

p < 0.001, responder vs. non-responder cluster, respectively].

Prediction model for the relationship
between response classes and functional
ability

Table 4 showed the weighted scores derived from the odds

ratios for the prediction of responder membership using the

univariate significant variables (age and BMI) and the baseline

LCA. Variables found to be significantly associated with response

were age ≥75 years, BMI ≥ 23 kg/m2, being robust, no anxiety,

pain, fear of falling, MoCA≤ 22, Lubben≤ 12, SPPB chair-stand

≤ 2 (i.e., slow timing), SPPB balance ≤ 2 (i.e., poorer balance),

SPPB gait > 2 (i.e., faster gait speed), handgrip strength < 20 kg,

no falls and RAPA > 3. The higher the score, the more likely

this person will benefit from a dual-task exercise. For example,

participants with a score of up to 10 had at most 10% success

TABLE 4 Prediction model for responders and weightage scores.

Variable Weighted score

Age ≥ 75 2

BMI ≥ 23 3

Frail (robust) 2

No anxiety 1

With pain 1

Fear of falling 1

MoCA ≤ 22 2

Lubben ≤ 12 1

SPPB chair-stand≤ 2 4

SPPB balance≤ 2 2

SPPB gait > 2 1

Handgrip strength < 20 kg 1

No falls 2

RAPA > 3 1

AUC 0.786 (95% CI 0.709–0.863), p < 0.001

BMI, body mass index; MoCA, Montreal Cognitive Assessment; RAPA, rapid assessment

of physical activity; SPPB, short physical performance battery; AUC, area-under-curve.

to be of responder membership with a probability of 12.5%

(Table 5). On the other hand, participants with a score of 17 or

more had a 70% success to be a responder with a probability of

76.9%.

This responder score had an area under the curve (AUC)

of 0.786 (95% CI 0.709–0.863, p < 0.001) (Figure 2). With an
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TABLE 5 Responder prediction model bands.

Band Responder cluster membership

% Success Probability of success

0–10 Up to 10% 12.5%

11–13 11–30% 42.9%

14–16 31–70% 62.5%

17 and above >70% 76.9%

optimal (Youden index) cut-off of ≥12, this prediction model

has a sensitivity of 76.9% and specificity of 70.2% (Table 5), with

a positive predictive value of 61.5% and a negative predictive

value of 83.1%.

Discussion

Using LCA, we were able to classify older adults participating

in the HAPPY program into two clusters with slightly more

than one-third belonging to the responder cluster. Responders

showed significant improvement in cognition, SPPB balance,

gait, and chair-stand. Responders were significantly older, had

higher BMI, lower education, and lower cognitive and SPPB

scores. With the increasing number of older adults, the main

challenge is to prevent or delay the onset of disability while

extending healthspan, the amount of time spent in relatively

good health. Currently, on average, the last 10 years of a person’s

life are spent in poor health. Multicomponent exercise has

been recognized as an effective strategy to improve frailty and

dementia and delay the onset of disability (9, 12–15). Although

there is strong evidence to suggest the role of exercise in primary

and secondary prevention, the variability of response to different

exercise modalities remains an active area of research (37). As

a result, it is important to determine the predictive factors of

exercise responders. Our study is one of the first few to develop

predictive scoring of those belonging to the responder cluster.

Our study showed that participants who were more

likely to respond to dual-task exercises were older. While

the heterogeneity in response can be attributable to non-

modifiable factors such as age, ethnicity, and gender, this

should not be prohibitive as studies have shown proper exercise

precision with the tailoring of exercise type, dose, nutrition,

and possibly pharmacotherapy can help attenuate themagnitude

of heterogeneity and reduce numbers of non-responders (38).

Aging is associated with a decline in muscle mass, frailty, decline

in cognitive reserve, and neuronal loss, and dual-task exercises

may be one of the key interventions to delay the onset of

disability. Exercise offers clinical benefits as both a preventive

and therapeutic strategy across a wide range of illnesses and

disabilities including physical and mental health, quality of life,

and reduction of mortality with no age limit (3). Exercises such

as Vivifrail, an individualized tailored physical activity program

especially for those at risk have been shown to reverse frailty

and sarcopenia, and improve SPPB scores and cognition in very

elderly hospitalized patients (39). Progressive resistance training

is often recommended as a strategy to improve muscle mass,

neuromuscular performance, and muscle strength.

An explanation for the possible larger impact of dual-

task exercise in older adults lies in the physiological and

pathological changes with aging such as decline in cognition,

pain, loneliness, falls and gait speed with aging. In older

adults, performing other tasks while walking such as negotiating

obstacles, talking, or answering the phone has a particularly

negative impact on postural stability and gait speed due

to difficulties in transferring attention quickly and reacting

during task switching. Successful obstacle negotiation and dual

tasking require planning, attention, and executive function.

Preserved executive function and attention help older adults

maintain dynamic balance during dual-task activity (40).

With aging, there is increased reliance on cognitive resources

to compensate for motor impairments during complex and

challenging tasks (40). Executive functions including sustained

and selective attention, response inhibition, and memory

especially working memory are regulated by the prefrontal

cortex and the hippocampus. Volume loss with aging leads

to neuronal recruitment and reorganization with increased

bilateral activation of the prefrontal cortex and widespread

cortical activation including increased functional connectivity

between cerebellar, motor, and cognitive regions (40–46).

Simultaneous motor and cognitive exercises have shown to

improve executive function, attention, baroreflex sensitivity,

global cognition, gait, balance and sit-to-stand timing (6, 47).

Our study also showed that those with MoCA ≤22 had

greater improvement in functional ability. Almost half of the

participants in the responder cluster improved in cognition

post-dual-task exercise. This finding is important as the

prevalence of dementia is increasing worldwide, and there is

no disease-modifying treatment for dementia at present. Kato

et al. recently showed that combined physical and cognitive

exercises are cost-effective in delaying or preventing dementia

(48). The effects are likely synergistic as gait and cognition

are closely related via the prefrontal cortex, and slower gait

is associated with smaller hippocampal volume and prefrontal

deactivation (49). In our study population, there is a suggestion

of this link as well where almost one-third of the responder

cluster improved in the SPPB gait domain and none in the non-

responder cluster. Though there was no significant difference in

the baseline gait speed between the clusters, the difference was a

clinically meaningful one (29). Gait instability can lead to fear of

falling and perpetuates a positive feedback cycle, as seen with the

higher proportion of responders with fear of falling. Therefore,

our study findings further add to the scientific literature on the

importance of simultaneous motor and cognitive exercises in

improving gait speed and physical function.
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FIGURE 2

Area under the curve for responder score. The responder score has an area under the curve of 0.786 (95% CI 0.709–0.863, p < 0.001).

Two-thirds of our responder cluster had an SPPB score

below 10 compared to only one-third of the non-responder

cluster. This finding is crucial as SPPB scores below 10 are

predictive of all-cause mortality (50), and scores of ≤8 for

men and ≤7 for women are predictive of physical frailty

and geriatric syndromes in community-dwelling older adults

(51). Improvement in SPPB scores with dual-task intervention

may help avert geriatric syndromes and extend healthspan.

Furthermore, almost half of our cohort improved in the SPPB

balance and two-thirds in the SPPB chair-stand. Participants

in the responder cluster had significant improvement in all the

SPPB domains. For SPPB, a change between 0.3 to 0.8 points

is considered minimal change and 0.4–1.5 substantial change

(29), where study participants were categorized as responded

if they improved by 1 point in the relevant domains. The lack

of response in the rest could be partially explained by the

ceiling effect, as more than three-quarters of the non-responder

cluster had SPPB scores of 9–12. Hence with dual-task training,

there can be improved balance, postural stability, gait speed,

cognition, and fear of falling, all of which can lead to increased

functional ability and quality of life (34, 52).

The responder cluster had a higher overall BMI. Findings

on high BMI and functional status in older adults have mixed

results. Declaire et al. showed a negative effect of high BMI

on SPPB improvement, however, most negative studies enrolled

participants with BMI≥ 30 kg/m2 whereas the mean BMI of our

responders was lower at 24.8 ± 4.6 kg/m2 (53). High BMI may

be a protective factor in older adults especially those at risk of

Frontiers in PublicHealth 09 frontiersin.org

22

https://doi.org/10.3389/fpubh.2022.1069970
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ho et al. 10.3389/fpubh.2022.1069970

declining functional status and indeed has been associated with

improved survivability in older adults (54). Body composition

is also an important factor, as men in the high BMI group but

without central obesity performed better on the functional and

cognitive tests (55).

Our study showed that older adults with poorer function

at baseline had better responses to the HAPPY program.

This finding correlates with major exercise intervention studies

such as the “Sarcopenia and Physical Frailty in Older People:

Multicomponent Treatment Strategies” (SPRINTT) trial (56),

which recruited participants with SPPB <10, The Lifestyle

Interventions and Independence for Elders (LIFE) study (57)

and Vivifrail (39), all of which produced positive results. There

are multiple reasons to explain this finding. The ceiling effects

of commonly used physical performance tests may mask the

improvement in those with better baseline function, whereas

they would be able to capture the full extent of response in those

with poorer function. Additionally, those with poorer function

may be more motivated to participate in interventions as they

may be more aware of their deficits and feel a more compelling

reason to improve and may also be able to see a bigger

improvement after each session. Lastly, pre-frailty is a transition

phase from robust to frailty with better functional reserves, and

studies have shown that multidomain interventions are effective

in this group (3).

The biggest strength of our study is that the HAPPY

program was embedded in the community and successfully

implemented through a multi-sectoral collaborative effort.

Participant feedback was constantly sought, and some

participants went on to become dual-task exercise trainers as

well. Most multicomponent exercise intervention studies are

conducted in trial settings with strict inclusion and exclusion

criteria. LCA has often been used in the descriptive analysis of

types of physical activity and exercise, often with a correlation

to metabolic risk factors (16, 19). Our study demonstrates

that this powerful technique can also be used in the design

and evaluation of exercise programs. With the LCA, we

identified often overlooked variables that are important in

predicting exercise response, such as pain, fear of falling,

and BMI. These factors warrant further research into their

relationship with exercise response, both individually and in

combination with other factors. With an AUC of 0.786, our

model is significantly accurate in predicting response to a

dual-task exercise program. Our study included participants

from multiple sites across the country within the demographic

of pre-frail community-dwelling ambulant older adults who

are the vulnerable population and target group for such

exercise interventions. Although it needs further validation, our

predictive risk scoring holds great potential in screening and

identifying vulnerable older adults who are most likely to benefit

from improved adherence.

Several other limitations also warrant mention. Exercise

response relies on multiple factors such as nutrition, but we

lack information on nutrition except for BMI. As the dual-

task exercises were tailored by the health coaches, we have no

measurable information on the intensity of the physical exercise

or the complexity of the cognitive tasks. Exercise intensity is

integral to control as overactivation of the prefrontal cortex with

failure of compensatory mechanism has shown to be associated

with falls, so careful titration of the exercise regime is needed

to prevent adverse events. Furthermore, many parameters were

from direct interviews and may be subject to recall bias. For

non-responders, participants had higher cognitive and physical

function scores and poor response may partly be due to the

ceiling effect of baseline SPPB and cognitive scores. With our

LCA, we are not able to form causal associations, and validation

studies are needed for our response predictionmodel. Lastly, our

predictive response scoring is specific to pre-frail demographic

and dual-tasking exercise programs, and hence may not be

applicable to other age groups, frailer groups of older adults, or

different exercise regimes.

Our study is a significant step forward in helping create

public health policies at the population level and supports

the recommendations by the WHO World Report on the

importance of maintaining functional ability, and its role

in shortening the gap between lifespan and healthspan. By

identifying the factors associated with exercise response, we can

better tailor public health exercise policies based on different

demographics of older adults, rather than the current model

of generic exercise recommendations which may paradoxically

lead to injury in some, and lack of effect in others. Prospective

longitudinal studies are needed to validate this LCA model,

which will enable the scientific and clinical community to

prescribe specific personalized targeted exercises to obtain the

maximum response based on the intended outcomes.

Conclusion

Our LCA demonstrated that response to dual-task

exercise in community-dwelling older adults was influenced

by age, baseline SPPB domain scores, BMI, and cognition.

Response prediction model may allow personalized exercise

prescription with greater precision. Public health strategies

targeting improving functional ability should target specific

groups at the highest risk of decline and should constitute

a more homogenous group to maximize the number of

responders.
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Key Laboratory of Nutrition and Health, Shijiazhuang, Hebei, China

Background: Sarcopenia and cognitive impairment are the most common

causes of disability in the aging population. The potential role of sarcopenia

in the development of cognitive impairment remains poorly understood. A

cross-sectional analysis was performed using nationally representative data to

evaluate associations between sarcopenia and cognition in China.

Methods: We included 2,391 participants (35.63% female) who were at least

60 years of age in 2015 from the China Health and Retirement Longitudinal

Study (CHARLS). Muscle strength, appendicular skeletal mass (ASM), and

physical performance measurements, were measured to diagnose sarcopenia

according to the Asian Working Group for Sarcopenia 2019 (AWGS2019).

Cognitive function was assessed by 10 items in the Telephone Interview for

Cognitive Status (TICS-10), delayed word recall, and graph drawing. Based on

cognitive score tertiles, data were divided into three groups. Multiple linear

and logistic regression models were used to assess the relationship between

sarcopenia and cognition.

Results: The prevalence of possible sarcopenia was 27.16% for men and

27.46% for women. Cognitive decline was significantly associated with

sarcopenia status (β = −0.88, p < 0.001) and negatively associated with

components of sarcopenia in male group. The results remained consistent

in male after further adjusting for creatinine, uric acid, blood sugar, etc. Low

cognitive function in female was only associated with low muscle strength

(β = −0.85, p = 0.02). In addition, participants with possible sarcopenia had

greater risk of cognitive decline than those without sarcopenia (OR = 1.41;

95% CI: 1.06–1.87). However, the same association was not significant in

female group.

Conclusion: We suggest that sarcopenia might be associated with cognition

function, with possible sarcopenia being significantly associated with higher

cognition risk in China population, which providing a further rationale for timely

recognition and management of sarcopenia.
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Background

Sarcopenia is a skeletal muscle disease rooted in the lifelong

accumulation of adverse muscle changes due to increased

protein catabolism or increased anabolic resistance, both

common conditions in older adults, and it can increase the

incidence of poor clinical outcomes, such as falls, fractures,

physical disability, and even mortality (1). Studies have shown

that 7–10% of people aged 60–70 years and 30% of people

over 80 years have sarcopenia (2). Low cognitive function,

a neurodegenerative process due to increasing age, is an

impairment of functions in multiple domains, including

attention, memory, execution, language, literacy, numeracy,

reasoning, planning, and orientation (3). It has been suggested

that the prevalence of mild cognitive impairment in people

aged 60 and over is 15–20% (4). Aging plays an important

role in both skeletal muscle degeneration and low cognitive

function. Thus, sarcopenia and cognitive decline share a

common pathophysiological pathway. The pathophysiological

mechanisms of sarcopenia include aging, reduced activity,

neuromuscular damage, insulin resistance, hormonal

dysregulation, oxidative stress and chronic inflammation (5).

Additionally, these predisposing conditions are also linked to

cognitive dysfunction (6). It is unclear how skeletal sarcopenia

affects cognitive function, but several studies indicate that

several myokines are produced by skeletal muscle and secreted,

including those regulating mood, learning, motor activity,

and neuronal damage protection, indicating the presence of

muscle-brain crosstalk (7). In addition, lifestyle factors, such

as physical inactivity, poor diet, obesity and smoking, are

common risk factors for both diseases. Moreover, sarcopenia

may interact with cognitive function. Advanced sarcopenia and

its accompanying frailty and loss of independence are clear

causes of depression and low cognitive function. Conversely,

low cognitive function leads to reduced physical activity and

dietary intake, which in turn accelerates sarcopenia.

At present, accumulating evidence suggests that sarcopenia

may be associated with an increased risk of cognitive

impairment in older adults, although the findings are

inconsistent (8, 9). A meta-analysis confirmed that sarcopenia

and cognitive dysfunction were positively associated (10), but

these results remained inconsistent in subgroup analyses by

study population, study region. China has the largest older

population in the world. The total population in China was 1.38

billion, of which adults aged 60 years old or over represented

16.7% as at the end of 2016 (11). A systematic review has pooled

the estimate of sarcopenia prevalence in community-dwelling

Chinese older adults (male: 12.9%; female: 11.2%) (12), and

around 10% of older adults have cognitive impairment (13).

However, to our knowledge, relatively few studies based on a

large Chinese population have explored the relationship between

sarcopenia and its components with cognitive dysfunction in

the older population (14, 15). Nationally representative data

from the China Health and Retirement Longitudinal Study

(CHARLS) was used to conduct a cross-sectional analysis to

explore the relationship between sarcopenia status and cognitive

function in Chinese communities.

Materials and methods

Study population

The CHARLS is a longitudinal study of people over the age

of 45 in China. This study was first established in 2011 and is an

ongoing nationally representative longitudinal survey that aims

to explore the socioeconomic determinants and consequences

of aging (16). Briefly, high quality data from CHARLS was

collected through one-on-one interviews using a structured

questionnaire. Multilevel stratified probability-proportional-to-

size sampling strategy was employed in recruiting the study

participants. Sociodemographic, lifestyle, and health data were

collected using standardized questionnaires. In 2011, 17,708

participants within 10,257 families were interviewed in 150

counties (districts) and 450 villages in 28 provinces in China. In

order to ensure representativeness of the data, these data include

weighting variables. Follow-up surveys were conducted every 2

years after the baseline survey (16).

In this study, CHARLS data from 2015 were used. The

inclusion criteria for this study were as follows: (a) individuals

who were at least 60 years of age at the time of the 2015 CHARLS

study and (b) individuals with available data on their sarcopenia

status. The exclusion criteria were as follows: individuals with (a)

missing sarcopenia status data and cognitive data; (b) missing

age data; (c) age <60 years; (d) no physical examination data

or blood data. In total, 21,095 participants were interviewed by

the CHARLS in 2015. From the CHARLS data booklet we can

also derive a blood response rate of only 64%, which may be due

to the fact that the collection of blood samples was invasive. In

addition, the purpose of the CHARLS data study was to provide

high quality data on households and individuals aged 45 years

and older in China, so we found 7,222 individuals younger than

60 years of age, and we had to exclude data from these groups

as well. During our screening stages, some of the participants

were excluded due to a lack of physical examination data (n

= 4,689), lack of information on blood tests and health status

(n = 3,133), lack of data on sarcopenia status (n = 6,676),

lack of information on age or age < 60 (n = 339), missing

physical examination and blood test data (n = 53), and missing

cognitive data (n = 3,814). Thus, a total of 2,391 participants

were included the cross-sectional analysis. The specific screening

process is shown in Figure 1. The data were obtained through

application from the National School of Development of Peking

University (China Economic Research Center). Since this study

was a secondary analysis of CHARLS data, we did not require a

separate ethical approval.
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FIGURE 1

Flowchart for the study sample. HS, handgrip strength; GS, gait speed; ASM, appendicular skeletal muscle mass, CST, chair stand text.

Assessment of sarcopenia status

The recommended diagnostic methods of AWGS 2019 were

used in the present study (17). The AWGS 2019 guidelines

define “possible sarcopenia” as the presence of either low muscle

strength or low physical performance. Definition of Sarcopenia

is diagnosed when low muscle mass plus low muscle strength,

or low physical performance. Severe sarcopenia is considered

when low levels of muscle strength, muscle mass and physical

performance are detected. Participants without any low muscle

strength, low muscle mass, or low physical performance were

defined as no sarcopenia.

Muscle strength

Measurements of grip strength were used to determine the

overall the strength of muscle. The grip strength of both the

dominant and non-dominant hands was measured three times,

with the participant was instructed to squeezing a dynamometer
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(YuejianTMWL-1000, Nantong Yuejian Physical Measurement

Instrument Co., Ltd., Nantong, China) as hard as they could

(18). A cut-off point with insufficient grip strength was <18 kg

for female and <28 kg for male (17).

Appendicular skeletal mass (ASM)

In our article, we used an anthropometric equation to

estimate themusclemass, which has previously been validated in

Chinese individuals (19, 20). The ASM equation model showed

a high level of agreement with DXA. (19, 20):

ASM = 0.193 ∗ body weight+ 0.107 ∗ height− 4.157 ∗ sex

−0.037 ∗ age− 2.631 (1)

where ASM is in kg, height is in cm, weight is in kg, age is in

years, and sex is represented by 1 (male) or 2 (female).

Height-adjusted muscle mass was calculated as ASM/Ht2 =

ASM/height (m)2. The cut-off point for low muscle mass was

based on the lowest 20% percentile of ASM/Ht2 in the study

population. Since our data are derived from the 2015 CHARLS

data, we refer to the criteria of Wu et al. (21). Therefore, the

ASM/Ht2 cut-off for female was<5.08 kg/m2, and the ASM/Ht2

cut-off for male was <6.88 kg/m2.

Physical performance measurements
(physical fitness)

Chair stand tests and gait speed tests were used to measure

physical performance. Gait speed (GS) was used to measure the

participant’s usual walking speed (m/s) over a 2.5-m distance.

Participants walked the 2.5-m distance at normal speed, once

back and forth (i.e., twice), timed by a stopwatch; the average

of the two recorded values was used (22). Repeated chair stands

were used to measure the body strength and endurance (23).

Test participants sit on a chair with no armrests to begin the test.

In the fifth stand up-sit down cycle, timing came to an end when

the patients’ buttocks reached the chair. It takes a participant to

stand up from a chair five times, keeping their arms folded over

their chests to measure the chair stand tests. The criteria for low

physical performance were gait speed tests that were calculated

to be <1 m/s or 5 chair stands that exceeded 12 s in total (17).

Cognitive function assessment

This study measured four dimensions of cognitive function,

including orientation, attention, episodic memory, and

visuospatial abilities. Orientation and attention were evaluated

by the TICS-10, on a scale of 0 to 10 (9). Attention was assessed

using the test in which participants were asked to subtract 7

from 100 five times consecutively. Orientation was assessed by

asking the participant the date (month, day, year), day of the

week, and season of the year. Episodic memory was measured

by immediate and delayed word recall (24). Immediate recall

was assessed to asking participants to recall as many words

as possible immediately after the interviewer read 10 Chinese

nouns. Delayed recall was measured by asking subjects to

recall as many original words as possible after 4–10min. The

episodic memory score was calculated by the average number

of immediate and delayed word recalls on a scale of 0–10 (25).

Visuospatial abilities are assessed through graphic rendering.

Respondents were shown a painting and asked to draw a similar

figure. Respondents who successfully drew the painting received

1 point, while respondents who failed to draw the painting

received 0 points (25). Interviews were conducted face to face to

assess the dimensions of cognitive function. The cognitive score

including the total score of TICS-10, word recall and graph

drawing, ranged from 0–21 (26), with a higher score indicating

better cognitive function. Then, the individuals were classified

according to tertiles of the cognitive score (Lowest tertile: <

11.5; Middle tertile: 11.5–14; Highest tertile: > 14).

Covariates

Sociodemographic and health-related factors were included

as covariates. Sociodemographic variables included age, sex and

educational attainment (below elementary school, or primary

school and above). Health-related factors consist of body

mass index (BMI), smoking (self-reported; yes/no), and blood

measurements include blood glucose, total cholesterol (TC),

low-density lipoprotein (LDL), creatinine, uric acid, C-reactive

protein (CRP) and glycated hemoglobin (GHB).

Statistical analysis

Categorical data are presented as proportions, and

continuous data are reported as means ± standard deviations

or medians and tertile range for continuous variables and as

percentages for categorical variables. First, based on cognitive

score tertiles, data were divided into three groups. The baseline

characteristics of the cross-sectional samples were summarized

and compared between these groups using chi-square tests,

Student’s t-tests, and analyses of variance (ANOVAs). Second,

the subjects were divided into two groups according to the

diagnostic criteria: those without sarcopenia and those with

possible sarcopenia. Additionally, the subjects were divided

according to sex and analyzed separately to determine their

baseline characteristics and differences in cognitive scores

between the two sarcopenia groups. Multiple linear regression

models were performed to analyze the relationship between

sarcopenia (and its defining components) with the cognitive
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TABLE 1 Participant characteristics according to sarcopenia status (n = 2,391).

Variables Overall
(n = 2,391)

Male (n = 1,539) Female (n = 852)

No
possible

sarcopenia
(n = 1,121)

Possible
sarcopenia
(n = 418)

P-value No
possible

sarcopenia
(n = 618)

Possible
sarcopenia
(n = 234)

P-value

Age 66.00 (7.00) 66.00 (8.00) 69.00 (9.00) <0.001 65.00 (6.00) 67.00 (9.00) <0.001

Height (cm) 159.90 (12.00) 164.40 (9.00) 162.50 (9.00) <0.001 153.00 (8.00) 152.00 (8.00) 0.01

Weight (kg) 60.20 (15.00) 63.00 (15.00) 59.55 (15.00) <0.001 58.00 (12.00) 55.00 (14.00) 0.01

BMI (kg/m2) 23.59 (5.00) 23.35 (5.00) 22.41 (5.00) <0.001 25.00 (4.25) 24.00 (5.25) 0.08

HS (kg) 30.75 (13.00) 37.00 (9.00) 26.95 (10.00) <0.001 26.00 (7.00) 19.00 (8.00) <0.001

GS (m/s) 3.03 (1.00) 2.87 (1.00) 3.33 (1.00) <0.001 3.00 (0.25) 4.00 (1.00) <0.001

CST (s) 8.81 (4.00) 7.97 (3.00) 12.13 (5.00) <0.001 9.00 (3.00) 13.00 (4.00) <0.001

Waist circumference (cm) 87.00 (15.00) 86.20 (14.00) 86.00 (16.00) 0.3 88.00 (14.00) 88.00 (13.25) 0.6

ASM (kg) 18.40 (6.00) 20.52 (3.00) 19.62 (4.00) <0.001 14.00 (3.00) 13.00 (3.00) 0.001

Cognitive score 13.00 (4.50) 13.00 (4.00) 12.00 (4.00) <0.001 13.50 (4.00) 12.50 (4.50) <0.001

Smoking

Smoking (%) 774 (32.2%) 549 (74.5%) 188 (25.5%) 0.2 21 (56.8%) 16 (43.2%) 0.03

Quit smoking (%) 464 (19.4%) 304 (69.7%) 132 (30.3%) 17 (60.7%) 11 (39.3%)

Never smoke (%) 1,153 (48.2%) 268 (73.2%) 98 (26.8%) 580 (73.7%) 207 (26.3%)

Education

Below elementary school (%) 497 (100%) 207 (66.8%) 103 (33.2%) 0.007 128 (67.4%) 59 (31.6%) 0.2

Primary school and above (%) 1,894 (100%) 914 (74.4%) 315 (25.6%) 490 (73.7%) 175 (26.3%)

BMI, body mass index; HS, hand strength; GS, gait speed; CST, 5 chair stand tests; ASM, appendicular skeletal mass.

scores. And logistic regression analysis was used to calculate

odds ratios (ORs) with 95% confidence intervals (CIs). The

covariables models adjusted were as follows: Model 1: adjusted

for smoking, education and age; Model 2: as model 1 and

additionally adjusted for BMI; Model 3: as Model 2 and

additionally adjusted for creatinine, uric acid, blood sugar,

LDL, TC, CRP, GHB.

Results

The baseline characteristics of the study subjects according

to sex and likelihood of sarcopenia are shown in Table 1. In our

study, 652 subjects were included in the possible sarcopenia,

295 in the sarcopenia group, 94 in the severe sarcopenia group.

The possible sarcopenia group includes part of the population

in the sarcopenia group and the sarcopenia includes part of

the population in the severe sarcopenia group. As the three

groups are not independent, the subjects only were divided into

two groups according to the diagnostic criteria: those without

sarcopenia and those with possible sarcopenia. Among the male

subjects (n = 1,539), 418 (27.16%) had possible sarcopenia,

and among the female subjects (n = 852), 234 (27.46%) had

possible sarcopenia. Regardless of sex, there were significant

differences between those with and without possible sarcopenia

in terms of age, height, weight, muscle mass, muscle strength,

and physical activity (p < 0.05). Furthermore, man in the no

possible sarcopenia group had higher level of education (p <

0.001). The cognitive scores of males with possible sarcopenia

(12.00) were significantly lower (p < 0.001) than those of males

without possible sarcopenia (13.00) in males; the same pattern

was observed in females.

Table 2 shows the data separated into three categories based

on tertiles of cognitive scores. The group with the highest

cognitive scores also performed faster on the 5 chair stands

and had a stronger grip and faster gait. Regardless of sex, the

group with the highest cognitive scores had a higher ASM (p

< 0.01). Among male subjects, the percentage of those with

the lowest cognitive scores with possible sarcopenia (41.9%) was

higher than that of those without possible sarcopenia (32.6%).

Comparable results were also observed in females (p < 0.05).

Table 3 illustrates the relationships between sarcopenia,

its defining components, and cognitive function. Sarcopenia

was adversely linked with cognitive scores in the unadjusted

Frontiers in PublicHealth 05 frontiersin.org

30

https://doi.org/10.3389/fpubh.2022.1078304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


D
u
e
t
a
l.

1
0
.3
3
8
9
/fp

u
b
h
.2
0
2
2
.1
0
7
8
3
0
4

TABLE 2 Characteristics of study participants classified by Cognitive score (n = 2,391).

Variables Overall
(n = 2,391)

Male (n = 1,539) Female (n = 852)

Lowest tertile
(n = 541)

Middle
tertile

(n = 511)

Highest
tertile

(n = 487)

P-value Lowest tertile
(n = 306)

Middle
tertile

(n = 248)

Highest
tertile

(n = 298)

P-value

Age (years) 66.00 (7.00) 67.00 (9.00) 66.00 (8.00) 65.00 (7.00) <0.001 66.00 (9.00) 65.00 (7.00) 65.00 (7.00) 0.007

Height (cm) 159.90(12.00) 162.30 (9.00) 163.50 (9.00) 165.26 (6.16) <0.001 152.00 (8.00) 153.00 (7.00) 153.00 (7.00) <0.001

Weight (kg) 60.20 (15.00) 59.60 (15.00) 62.30 (14.00) 64.90 (15.00) <0.001 56.64 (9.74) 58.00 (13.00) 58.00 (14.00) 0.06

BMI (kg/m2) 23.59 (5.00) 22.63 (5.00) 23.08 (4.00) 23.66 (5.00) <0.001 24.00 (5.00) 24.00 (4.00) 25.00 (5.00) 1.0

HS (kg) 30.75 (13.00) 33.32 (7.46) 35.05 (10.00) 37.40 (10.00) <0.001 23.00 (8.00) 24.00 (7.75) 25.00 (7.00) <0.001

GS (m/s) 3.03 (1.00) 3.18 (1.00) 2.94 (1.00) 2.83 (1.00) <0.001 3.00 (1.00) 3.00 (1.00) 3.00 (1.00) <0.001

CST (s) 8.81 (4.00) 8.96 (4.00) 8.62 (4.00) 8.25 (3.00) 0.001 9.00 (3.00) 9.00 (4.00) 9.00 (4.00) 0.004

Waist circumference (cm) 87.00 (15.00) 84.20 (16.00) 86.20 (14.00) 88.10 (14.00) <0.001 88.00 (13.50) 88.00 (14.75) 88.00 (13.00) 0.5

ASM (kg) 18.40 (6.00) 19.61 (2.61) 20.45 (2.66) 20.98 (3.00) <0.001 14.00 (3.00) 14.00 (3.00) 14.00 (3.00) 0.002

Smoking

Smoking (%) 774 (32.2%) 272 (36.9%) 237 (32.2%) 228 (30.9%) 0.5 17 (45.9%) 11 (29.7%) 9 (24.3%) 0.02

Quit smoking (%) 464 (19.4%) 149 (34.2%) 154 (35.3%) 133 (30.5%) 11 (39.3%) 14 (50.0%) 3 (10.7%)

Never smoke (%) 1,153 (48.2%) 120 (32.8%) 120 (32.8%) 126 (34.4%) 278 (35.3%) 223 (28.3%) 286 (36.3%)

Education

Below elementary school (%) 497 (20.7%) 109 (35.2%) 119 (38.4%) 82 (26.5%) 0.04 69 (36.9%) 56 (29.9%) 62 (33.2%) 0.8

Primary school and above (%) 1,894 (79.3%) 432 (35.2%) 392 (31.9%) 405 (33.0%) 237 (35.6%) 192 (28.9%) 236 (35.5%)

Sarcopenia

No possible sarcopenia (%) 1,739 (72.7%) 366 (32.6%) 360 (32.1%) 395 (35.2%) <0.001 208 (33.7%) 177 (28.6%) 233 (37.7%) 0.02

Possible sarcopenia (%) 652 (27.3%) 175 (41.9%) 151 (36.1%) 92 (22.0%) 98 (41.9%) 71 (31.3%) 65 (27.8%)

BMI, body mass index; HS, hand strength; GS, gait speed; CST, 5 chair stand tests; ASM, appendicular skeletal mass.
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model, with regression coefficients of −0.88 (95% CI: −1.19,

−0.58) in males and −0.79 (95% CI: −1.23, −0.36) in

females. Components of sarcopenia, such as low muscle mass

[males: −1.06 (−1.43, −0.70); females: −0.79 (−1.42, −0.15)],

low muscle strength [males: −1.15 (−1.52, −0.79); females:

−1.37 (−1.95, −0.79)], and low gait speed [males: −0.75

(−1.07,−0.43); females:−0.78 (−1.28,−0.28)], were negatively

correlated with cognitive scores (p < 0.05). After adjusted for

age, education, smoking, BMI, significant negative correlations

(correlation coefficient > 0.5) were observed between cognitive

function and sarcopenia, cognitive function and low muscle

mass, cognitive function and low GS (Table 3). This effect was

attenuated after further adjustment, but remained significant in

male after additional adjustment for creatinine, uric acid, blood

sugar, etc., (Model 3). Low cognitive function in female was only

associated with lowmuscle strength (β =−0.85, p= 0.02) in the

fully adjusted model (Model 3).

Across all study subjects, those with possible sarcopenia were

1.40 (95% CI: 1.05, 1.87) times more likely to have cognitive

scores decline than subjects without sarcopenia (Table 4).

Subjects with possible sarcopenia were 1.41 (95% CI: 1.06, 1.87)

times more likely to have a cognitive score below 11.5 than

subjects without sarcopenia, and the difference was statistically

significant. Further subgroup analysis by gender provided a

similar result in males. Men with possible sarcopenia were

1.46 (95% CI: 1.02, 2.10) times more likely to have a cognitive

score between 11.5 and 14 than men without sarcopenia.

Individuals with possible sarcopenia were 1.51 (95% CI: 1.05,

2.16) times more likely to have a cognitive score lower than

11.5 points than those without sarcopenia, and the difference

was statistically significant (p = 0.001). In females, the risk

of low cognitive scores in those with possible sarcopenia was

1.69 times (95% CI: 1.17, 2.43) (p = 0.005) greater than that

in those without sarcopenia. But after adjusting for blood-

related variables in females (Model 3), no significant associations

were observed.

Discussion

We found that the presence or absence of sarcopenia in an

older population may have a differential impact on cognitive

performance. According to this cross-sectional study, among

the older population in China, those with possible sarcopenia

are at high likelihood of having low cognitive function than

those without sarcopenia. The present study showed that the

prevalence of possible sarcopenia in female subjects was higher

than that in male subjects (27.46 vs. 27.16%); this difference

may be due to the larger sample size of males than females in

this study. The prevalence of sarcopenia was recently found to

be 21.7 and 33.3% in females and males, respectively, but the

population in that study was aged 80–99 years (27). According to

the present study, older Chinese adults with possible sarcopenia

are at greater risk of low cognitive function than those without

sarcopenia, and sarcopenia and cognitive function are closely

related. This finding is consistent with those of other studies

(8, 28). However, recent findings regarding the relationship

between sarcopenia and cognition are controversial. A study

including 3,025 women over the age of 75 found no association

between sarcopenia and cognitive impairment, regardless of

adjustment for any underlying factors (29). In addition, a US

study showed that sarcopenia was not associated with cognitive

TABLE 3 Multivariate linear regression model of sarcopenia and cognitive function.

Models Sarcopenia
(n = 652)
β (95% CI)

P-value Low muscle
mass

(n = 337)
β (95% CI)

P-value Low muscle
strength
(n = 366)
β (95% CI)

P-value Low GS
(n = 1,865)
β (95% CI)

P-value

Male (n = 1,539)

Unadjusted −0.88 (−1.19,−0.58) <0.001 −1.06 (−1.43,−0.70) <0.001 −1.15 (−1.52,−0.79) <0.001 −0.75 (−1.07,−0.43) <0.001

Model 1 −0.64 (−0.95,−0.33) <0.001 −0.77 (−1.15,−0.39) <0.001 −0.87 (−1.24,−0.50) <0.001 −0.61 (−0.93,−0.30) <0.001

Model 2 −0.63 (−0.95,−0.32) <0.001 −0.75 (−1.15,−0.35) <0.001 −0.86 (−1.23,−0.48) <0.001 −0.61 (−0.93,−0.29) <0.001

Model 3 −0.56 (−0.93,−0.18) <0.001 −0.84 (−1.36,−0.32) <0.001 −0.85 (−1.30,−0.40) <0.001 −0.61 (−1.00,−0.23) <0.001

Female (n = 852)

Unadjusted −0.79 (−1.23,−0.36) <0.001 −0.79 (−1.42,−0.15) 0.02 −1.37 (−1.95,−0.79) <0.001 −0.78 (−1.28,−0.28) 0.002

Model 1 −0.59 (−1.04,−0.14) 0.010 −0.53 (−1.17, 0.12) 0.2 −1.20 (−1.78,−0.62) <0.001 −0.66 (−1.16,−0.16) 0.01

Model 2 −0.59 (−1.04,−0.14) 0.01 −0.55 (−1.19, 0.10) 0.1 −1.20 (−1.78,−0.62) <0.001 −0.66 (−1.16,−0.16) 0.01

Model 3 −0.39 (−0.94, 0.17) 0.2 −0.49 (−1.40, 0.43) 0.3 −0.85 (−1.57,−0.14) 0.02 −0.44 (−1.09, 0.21) 0.2

Adjusted covariates: Model 1= smoking+ education+ age.

Model 2=Model 1+ body mass index.

Model 3=Model 2+ (creatinine, uric acid, blood sugar, low-density lipoprotein, total cholesterol, C-reactive protein, Glycated hemoglobin).
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TABLE 4 Association between Sarcopenia and cognitive function.

Cognitive function scores

Variables Highest tertile Middle tertile Lowest tertile P-trend

N OR (95% CI) N OR (95% CI) N OR (95% CI)

Overall

Unadjusted 785 1 759 1.65 (1.31, 2.09) 847 1.90 (1.52, 2.39) <0.001

Model 1 1 1.52 (1.19, 1.93) 1.60 (1.27, 2.03) <0.001

Model 2 1 1.51 (1.19, 1.93) 1.59 (1.26, 2.01) <0.001

Model 3 1 1.40 (1.05, 1.87) 1.41 (1.06, 1.87) <0.001

Male

Unadjusted 487 1 511 1.80 (1.34, 2.42) 541 2.05 (1.54, 2.74) <0.001

Model 1 1 1.59 (1.17, 2.16) 1.67 (1.24, 2.26) <0.001

Model 2 1 1.59 (1.17, 2.16) 1.66 (1.23, 2.24) <0.001

Model 3 1 1.46 (1.02, 2.10) 1.51 (1.05, 2.16) <0.001

Female

Unadjusted 298 1 248 1.44 (0.97, 2.12) 306 1.69 (1.17, 2.43) 0.02

Model 1 1 1.38 (0.93, 2.06) 1.46 (1.00, 2.13) 0.002

Model 2 1 1.37 (0.92, 2.04) 1.45 (0.99, 2.11) 0.003

Model 3 1 1.25 (0.79, 1.98) 1.30 (0.80, 2.10) 0.1

Adjusted covariates: Model 1= smoking+ education+ age.

Model 2=Model 1+ body mass index.

Model 3=Model 2+ (creatinine, uric acid, blood sugar, low-density lipoprotein, total cholesterol, C-reactive protein, Glycated hemoglobin).

function in adults aged 60–69 but was associated with cognitive

function in those over the age of 70 (30). The above discrepancies

may be due to different diagnostic criteria for a cognitive

decline and sarcopenia. In particular, in regard to assessment of

cognitive function, there are many options, such as the Mini-

Mental State Examination (MMSE) for the detection of MCI,

the Montreal Cognitive Assessment (MoCA) and the Wechsler

Adult Intelligence Scale (WAIS). This paper used cognitive

scores, rather than grading scales, to understand the relationship

between sarcopenia and cognitive function.

This article also examined the relationship between various

components of sarcopenia and cognitive scores, finding that

low muscle mass, low muscle strength, and slow pace (poor

physical fitness) were all negatively correlated with cognitive

scores. These results are consistent with those of other studies.

For example, studies have shown that in older Chinese men,

lower muscle mass was associated with higher depression scores

(31). Several possible mechanisms may explain the association

between cognitive impairment and sarcopenia. First, cognitive

impairment often results in reduced physical activity (e.g.,

greater bed rest or a more sedentary lifestyle) and inadequate

dietary intake, which may contribute to excessive muscle loss in

older adults (32). Second, amechanism shared by sarcopenia and

cognitive impairment is inflammation. Age-related chronic low-

grade inflammation characterized by elevated interleukin-6 (33)

and tumor necrosis factor-α levels is also an important cause

of sarcopenia and the development of cognitive impairment

(34). Third, excessive oxidative stress associated with chronic

diseases may lead to skeletal muscle atrophy (35) as well as

muscle loss (36). Excessive oxidative stress also plays a crucial

role in neuronal degeneration and cognitive impairment (37).

Moreover, sarcopenia is often associated with loss of physical

independence, frequent falls, and poor quality of life and

results in decreased activity, which may result in reduced blood

circulation to the brain, thus impairing cognitive decline (38).

In addition, the present study, which adjusted for sex, found

that possible sarcopenia was significantly associated with low

cognitive function in men and that participants with possible

sarcopenia were at greater risk of having low cognitive function

than those without sarcopenia. However, sarcopenia was not

associated with low cognitive function in female in fully adjusted

model. One possible reason for this difference may be the

small sample size in females. In addition, the Partial Androgen

Deficiency in Older Men (PADAM) study showed that older

men experience a partial, gradual and variable decline in

testosterone, manifested by depression, lack of motivation and

energy, and lower mental vitality, with age (39). Sex hormone

levels decrease with age and play an important role in the

pathogenesis of age-related sarcopenia (40, 41). Moreover, the

relationship between sarcopenia and depressive symptoms may
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be complicated by decreased levels of sex hormones (42). This

also suggests that attention should be paid to effect of sex

difference on low cognitive function of sarcopenia.

There are some limitations in this study. First, a significant

amount of data in CHARLS is missing or incomplete, which

could lead to biases. We also did a comparison of basic

information between the excluded and included samples, there

were still differences in their gender and age. However, we

also found the average age of the included participants was

67.04 ± 5.57 years, which was similar to a previous study

(68.13 ± 6.46 years) using the 2015 CHARLS data (21).

Second, the items in the cognitive questionnaire only assessed

cognitive status and could not diagnose the presence of cognitive

impairment. Additionally, the cross-sectional design limited

the ability to establish causality in the relationship between

sarcopenia and cognitive function. Further longitudinal studies

are needed to explore the causal relationship between sarcopenia

and cognition. The choice of 2.5-m for the pace evaluation

method was another limitation of our article. The original

data used a 2.5-m walk to test gait speed rather than 6-

m walk recommended by the AWGS 2019. Another study

concluded that “distance walked during the gait speed test

did not influence the recorded gait speed” (43). Thus, 2.5-

m walk may be suitable for the walking-pace assessment of

older Chinese adults. On the other hand, the present study

has many strengths. First, this study analyzed CHARLS data.

CHARLS data is nationally representative, and thus our findings

reflect the relationship between sarcopenia and cognitive status

older Chinese adults. Second, this study analyzed people with

possible sarcopenia and provides recommendations for those

who do not meet the criteria for sarcopenia diagnosis. Third,

as the study used a cross-sectional analysis, there were naturally

occurring contemporaneous controls in the sample that

were comparable.

The present study found that sarcopenia and low cognitive

function were correlated in older individuals and that sarcopenia

is a risk factor for low cognitive function in older individuals.

Thus, sarcopenia prevention and treatment can be used as a

therapeutic measure to prevent or delay low cognitive function

in older individuals, to control and manage sarcopenia or

reduce the risk of sarcopenia in high-risk groups, and to

enable early detection and treatment. Sarcopenia prevention and

treatment can reduce low cognitive function in older individuals;

prevent cognitive impairment; reduce the burden on individuals,

families and society; improve the living standards of older

individuals; and provide new methods and ideas for improving

the health of older individuals.
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Introduction:Night sleep duration and total sleep duration are associated with frailty.

However, the association between daytime nap duration and the risks of frailty has

not been explored thoroughly.

Methods: This study used data from the China Health and Retirement Longitudinal

Study (CHARLS). Participants aged 60 years and older at baseline were included

in this study. Individuals with daytime nap duration were categorized into four

groups: no napping, short napping (<30min), moderate napping (30–89min), and

extended napping (≥90min). Frailty was assessed using a modified Physical Frailty

Phenotype (PFP) scale. Non-frail participants at baseline were followed up for 4

years. The association between nap duration and risks of frailty at baseline and

incident frailty was evaluated by logistic regression and discrete-time Cox regression

analyses, respectively.

Results: In total, 5,126 participants were included in this study. For individuals

with night sleep duration of ≥9h, short nappers showed higher odds [odds ratio

(OR) = 4.08, 95% confidence interval (CI): 1.30–12.78] for frailty compared with

non-habitual nappers at baseline, while moderate nappers were less likely to be frail

(OR = 0.18, 95% CI: 0.04–0.73). In the follow-up study, short nappers showed higher

risks for frailty compared with participants of the no napping group with night sleep

duration of <6h [hazard ratio (HR) = 1.91, 95% CI: 1.07–3.43] or 6–9h (HR = 1.97,

95%CI: 1.18–3.30). Comparedwith short nappers, older adults with extended napping

(HR = 0.41, 95% CI: 0.22–0.77) showed lower risks for frailty in those with night

sleep duration of 6–9h. For individuals with night sleep duration of ≥9h, moderate

napping (HR = 0.20, 95% CI: 0.05–0.77) decreased the risks for frailty compared with

short napping.

Conclusion: Among older adults with night sleep duration of <9h, short nappers

posed higher risks for frailty compared with non-habitual nappers. Extended naps for

those with a night sleep duration of 6–9h or moderate naps for those with night

sleep duration of ≥9h could lower the risk of frailty compared with short naps.

Future studies on the timing, purpose, frequency, and quality of daytime napping and

objectively measured nap duration are needed to explore the association between

daytime napping and risks of frailty.

KEYWORDS

nap, sleep duration, frailty, older adults, CHARLS

Introduction

Frailty is an age-related clinical syndrome that is characterized by an increased

vulnerability to stressors caused by a cumulative decline in multiple physiologic systems

(1, 2). Frailty could increase the risk of adverse outcomes, such as disability, hospitalization,

falls, and death, which would be a threat to the quality of life and impose a heavy
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economic burden on medical treatment and caregiving (3). However,

frailty is not an irreversible condition. It has been shown that

interventions targeted at risk factors for frailty may be effective

strategies for frailty prevention and recovery (4, 5).

Sleep condition, especially sleep duration, is one of the risk

factors which has been reported to be associated with frailty.

According to two recent systematic reviews, both short and

long sleep duration were associated with frailty (6, 7). However,

since most of the studies included were cross-sectional, causal

relationships between sleep duration and frailty could not be

inferred. A longitudinal study showed that both short and long

sleep duration were associated with incident frailty in Mexico (8),

whereas Chen et al. reported that only long sleep duration was

associated with increased risks of frailty among older adults in

China (9). Another study found that short sleep duration was

not associated with frailty at follow-up investigations (10). The

aforementioned longitudinal studies on the association of sleep

duration and risks of frailty barely investigated the effects of

daytime nap duration or calculated only the total sleep duration

per day and did not treat daytime nap duration as a primary

independent variable.

Napping, an important part of sleep behavior, is very much

prevalent among older adults (11–13). According to studies based

on a nationally representative survey, more than half of the

older adults were habitual nappers in China (14–16). Daytime

napping, as a modifiable lifestyle factor impacting health, has been

reported to increase or decrease the risks of adverse outcomes, such

as cognitive decline, hypertension, diabetes, metabolic syndrome,

stroke, and mortality (12, 17–21). However, a few studies focused

on napping and the risks of frailty. A cross-sectional study in

China that combined frailty and cognitive impairment found that

long nap duration was associated with higher odds of cognitive

frailty and physical frailty among older adults in nursing homes

(22). Another cross-sectional study showed that long nap duration

was associated with a lower likelihood of successful aging among

community-dwelling older adults in China (23). Owing to the

limited number and cross-sectional design of previous studies,

knowledge gap in the association between napping and risks

FIGURE 1

Flow chart of sample selection.

of frailty are still prevalent. Therefore, this study aimed to

identify the relationship between daytime napping and the risks

of frailty using data from the China Health and Retirement

Longitudinal Study (CHARLS), a large sample size longitudinal study

from China.

Methods

Study population

Data were obtained from the China Health and Retirement

Longitudinal Study (CHARLS), a nationally representative

longitudinal survey on community-dwelling adults aged 45

years and older from 28 provinces in China. The CHARLS was

started in 2011 and included 17,708 participants at baseline, with

follow-up surveys conducted every 2 years thereafter (2013, 2015,

and 2018). Details of the CHARLS have been described previously

(24). All participants provided informed consent. Ethical approval

for data collection of all the CHARLS waves was obtained from the

Institutional Review Board at Peking University (IRB00001052–

11015). The present study used only data from baseline, wave 2

(2013), and wave 3 (2015), because wave 4 (2018) did not contain

sufficient data on physical frailty phenotype. To focus better on older

adults suffering from frailty, individuals aged 60 years and older

were included in this study. In baseline data analyses, individuals

with missing data on daytime napping time or frailty were excluded

from this study. Participants with frailty at baseline in predicting

the risk of developing frailty in the following surveys at wave 2

and wave 3 were excluded further from this study (see flowchart in

Figure 1).

Measurements

Frailty
Frailty was measured using the modified Physical Frailty

Phenotype (PFP) scale (25, 26) that consists of five criteria: weakness,

slowness, exhaustion, shrinking, and inactivity. Individuals meeting

three or more criteria were considered frail; otherwise, they were

deemed non-frail.

Weakness
Weakness was defined using themaximumof the two-timed hand

grip strength test of either hand, as being ≤20th percentile of the

population within the four categories adjusted for sex and body mass

index (BMI).

Slowness
Slowness was defined using the average gait speed of the two-

timed walking tests over 2.5m, as being ≤20th percentile of the

population within the four categories classified by sex and sex-specific

median height.

Exhaustion
Participants were asked if they could not get going or felt

everything they did was an effort during the last week. Individuals
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TABLE 1 Baseline characteristics of study sample grouped by daytime nap duration, the China Health and Retirement Longitudinal Study (n = 5,126).

Characteristics Overall Daytime nap duration P-value

(n = 5,126) No
napping
n = 2,257
(44.0%)

Short
napping
n = 480
(9.4%)

Moderate
napping
n = 1,607
(31.3%)

Extended
napping
n = 782
(15.3%)

Age, mean± SD 67.7± 6.4 67.5± 6.3 67.5± 6.3 67.9± 6.5 68.0± 6.5 0.16

Sex, n (%) Male 2,630 (51.3) 977 (43.3) 260 (54.2) 904 (56.3) 489 (62.5) <0.001

Female 2,496 (48.7) 1,280 (56.7) 220 (45.8) 703 (43.7) 293 (37.5)

Marital status, n (%) Married 4,059 (79.2) 1,733 (76.8) 381 (79.4) 1,308 (81.4) 637 (81.5) 0.013

Widowed 961 (18.7) 471 (20.9) 89 (18.5) 267 (16.6) 134 (17.1)

Others 106 (2.1) 53 (2.3) 10 (2.1) 32 (2.0) 11 (1.4)

Current residence, n (%) Urban 1,087 (21.2) 388 (17.2) 126 (26.3) 433 (27.0) 140 (17.9) <0.001

Rural 4,035 (78.8) 1,868 (82.8) 354 (73.8) 1,171 (73.0) 642 (82.1)

Education, n (%) No formal education or

illiterate

1,838 (35.9) 945 (41.9) 141 (29.4) 499 (31.1) 253 (32.4) <0.001

Did not finish

elementary school

1,018 (19.9) 442 (19.6) 75 (15.6) 340 (21.2) 161 (20.6)

Elementary school 1,344 (26.2) 556 (24.6) 145 (30.2) 419 (26.1) 224 (28.6)

Middle school 617 (12.0) 218 (9.7) 89 (18.5) 214 (13.3) 96 (12.3)

High school or above 308 (6.0) 95 (4.2) 30 (6.3) 135 (8.4) 48 (6.1)

Smoking, n (%) Non-smoker 2,897 (56.5) 1,370 (60.7) 274 (57.1) 881 (54.8) 372 (47.6) <0.001

Ex-smoker 624 (12.2) 237 (10.5) 67 (14.0) 217 (13.5) 103 (13.2)

Current smoker 1,605 (31.3) 650 (28.8) 139 (29.0) 509 (31.7) 307 (39.3)

Drinking, n (%) Never 3,535 (69.0) 1,656 (73.4) 338 (70.4) 1,060 (66.0) 481 (61.5) <0.001

Drink occasionally 351 (6.8) 119 (5.3) 36 (7.5) 129 (8.0) 67 (8.6)

Drink frequently 1,240 (24.2) 482 (21.4) 106 (22.1) 418 (26.0) 234 (29.9)

Number of chronic

conditions, n (%)

0 1,387 (27.6) 665 (30.1) 125 (26.6) 380 (24.1) 217 (28.1) <0.001

1 1,596 (31.8) 705 (31.9) 142 (30.2) 488 (31.0) 261 (33.8)

>1 2,043 (40.6) 839 (38.0) 203 (43.2) 707 (44.9) 294 (38.1)

Cognition score, median

(IQR)

10.5 (6.5, 13.5) 9.5 (5.5, 13.0) 11.0 (7.0, 13.5) 11.0 (7.0, 13.5) 10.5 (6.5, 13.5) <0.001

Depression, n (%) No 3,361 (68.8) 1,383 (64.6) 311 (68.2) 1,106 (71.9) 561 (74.9) <0.001

Yes 1,525 (31.2) 759 (35.4) 145 (31.8) 433 (28.1) 188 (25.1)

Night sleep duration,

n (%)

<6 h 1,743 (34.3) 912 (40.8) 149 (31.2) 496 (31.1) 186 (23.9) <0.001

6–9 h 2,931 (57.6) 1,153 (51.6) 286 (60.0) 997 (62.4) 495 (63.5)

≥9 h 412 (8.1) 168 (7.5) 42 (8.8) 104 (6.5) 98 (12.6)

Night sleep duration,

median (IQR)

6.0 (5.0, 8.0) 6.0 (4.0, 8.0) 6.0 (5.0, 8.0) 6.0 (5.0, 8.0) 7.0 (6.0, 8.0) <0.001

Frailty, n (%) Non-frail 4,690 (91.5) 2,054 (91.0) 439 (91.5) 1,482 (92.2) 715 (91.4) 0.62

Frail 436 (8.5) 203 (9.0) 41 (8.5) 125 (7.8) 67 (8.6)

SD, standard deviation; IQR, interquartile range.

who answered “Occasionally or a moderate amount of time (3–4

days)” or “Most or all the time (5–7 days)” to either of these two

conditions were classified as exhausted.

Shrinking
Shrinking was defined as the self-reported weight loss of≥5 kg in

the previous year at baseline or a loss of ≥10% weight compared to
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TABLE 2 Association of daytime nap duration and frailty at baseline from the China Health and Retirement Longitudinal Study (n = 5,126).

No napping Short napping Moderate napping Extended napping

OR 95%CI OR 95%CI OR 95%CI

Model 1 Reference 0.94 (0.67, 1.34) 0.85 (0.68, 1.08) 0.95 (0.71, 1.27)

Model 2 Reference 0.96 (0.67, 1.37) 0.82 (0.65, 1.04) 0.91 (0.68, 1.23)

Model 3 Reference 1.08 (0.73, 1.60) 0.97 (0.74, 1.26) 1.09 (0.78, 1.52)

Subgroup analyses

Night sleep duration <6 h

Model 1 Reference 1.03 (0.61, 1.76) 1.13 (0.82, 1.58) 0.91 (0.55, 1.50)

Model 2 Reference 1.03 (0.59, 1.77) 1.07 (0.76, 1.51) 0.87 (0.52, 1.47)

Model 3 Reference 0.96 (0.53, 1.73) 1.18 (0.82, 1.71) 1.06 (0.59, 1.89)

Night sleep duration 6–9 h

Model 1 Reference 0.74 (0.41, 1.33) 0.82 (0.57, 1.18) 1.13 (0.75, 1.70)

Model 2 Reference 0.75 (0.41, 1.36) 0.79 (0.55, 1.15) 1.08 (0.71, 1.65)

Model 3 Reference 0.82 (0.43, 1.57) 0.97 (0.65, 1.47) 1.19 (0.75, 1.90)

Night sleep duration ≥9 h

Model 1 Reference 2.27 (0.94, 5.50) 0.33 (0.11, 1.01) 0.95 (0.42, 2.14)

Model 2 Reference 2.10 (0.84, 5.23) 0.28∗ (0.09, 0.88) 0.80 (0.34, 1.86)

Model 3 Reference 4.08∗ (1.30, 12.78) 0.18∗ (0.04, 0.73) 0.61 (0.21, 1.76)

OR: odds ratio; 95%CI: confidence interval; ∗p < 0.05.

Model 1: unadjusted model; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex marital status, current residence, education level, smoking, drinking, number of chronic conditions,

cognitive function, depression and night sleep duration (in the unstratified analyses).

the previous wave (in wave 2 and wave 3) or having a BMI of 18.5

kg/m2 or less (27).

Inactivity
Participants were classified as being inactive if they answered no

to the question if they walked for at least 10min continuously in the

course of a usual week.

Daytime nap duration
Daytime nap duration was assessed from the response to the

following question: “During the past month, how long did you take

a nap after lunch?” In accordance with previous studies (16, 28),

individuals were categorized into four groups: no napping, 0min per

day; short napping,<30min per day (not including 0min); moderate

napping, 30–89min per day; and extended napping,≥90min per day.

Covariates
Covariates consisted of demographic variables and health and

function variables. Demographic variables included age, sex, marital

status (married, widowed, or others), current residence (urban or

rural), and education level (no formal education or illiterate, did not

finish elementary school, elementary school, middle school, or high

school or above). Health and function variables included smoking

(non-smoker, ex-smoker, or current smoker), drinking (never, drinks

occasionally, or drinks frequently), number of chronic conditions,

cognitive function, depression (no or yes), and night sleep duration.

Drinking occasionally was defined as drinking less than one time a

month in the last year. People drinking more than one time a month

in the last year were categorized as drinking frequently. The number

of chronic conditions was calculated by the total number of self-

reported histories of hypertension, diabetes, cancer of the malignant

tumor type, chronic lung diseases, liver disease, heart problems,

stroke, kidney disease, stomach or other digestive diseases, and

arthritis or rheumatism. According to the total number of chronic

conditions, participants were divided into three groups (0, 1, and

>1). Cognitive function was assessed by the Telephone Interview of

Cognitive Status scale (TICS-10), episodic memory, and visuospatial

abilities. The total score ranged from 0 to 21 and a higher score

represented better cognitive function (29). Depression symptoms

were assessed using the modified 10-item Center for Epidemiologic

Studies Depression scale (CESD-10) (30), and individuals with a total

score of 12 or more were categorized as having depression (31).

Night sleep duration was assessed from the response to the following

question: “During the past month, how many hours of actual sleep

did you get at night?” Based on previous literature (32), participants

were classified into three groups (<6, 6–9, or≥9 h per day) according

to their average sleep duration per night during the past month.

Statistical analyses

Descriptive analyses were presented as the mean ± standard

deviation for normally distributed variables, the median (quartile)

for abnormally distributed variables, and number (percentage) for

categorical variables. Baseline characteristics of frailty status and

covariates were grouped by nap duration and compared using

t-tests, Wilcoxon’s rank-sum test, and Pearson’s chi-square test
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TABLE 3 Association of daytime nap duration and incident frailty in the follow-up surveys (wave2–wave3) from the China Health and Retirement

Longitudinal Study (n = 3,206).

No napping Short napping Moderate napping Extended napping

HR 95%CI HR 95%CI HR 95%CI

Model 1 Reference 1.50∗ (1.06, 2.13) 1.02 (0.79, 1.33) 0.87 (0.62, 1.24)

Model 2 Reference 1.62∗∗ (1.14, 2.29) 1.04 (0.80, 1.36) 0.87 (0.61, 1.24)

Model 3 Reference 2.01∗∗∗ (1.40, 2.88) 1.16 (0.87, 1.54) 0.96 (0.66, 1.40)

Subgroup analyses

Night sleep duration <6 h

Model 1 Reference 1.59 (0.90, 2.79) 1.08 (0.71, 1.64) 1.17 (0.67, 2.06)

Model 2 Reference 1.54 (0.88, 2.72) 1.09 (0.71, 1.65) 1.08 (0.61, 1.91)

Model 3 Reference 1.91∗ (1.07, 3.43) 1.28 (0.82, 2.00) 1.25 (0.69, 2.28)

Night sleep duration 6–9 h

Model 1 Reference 1.52 (0.92, 2.51) 1.12 (0.77, 1.64) 0.81 (0.48, 1.36)

Model 2 Reference 1.69∗ (1.02, 2.80) 1.17 (0.80, 1.72) 0.83 (0.49, 1.40)

Model 3 Reference 1.97∗∗ (1.18, 3.30) 1.28 (0.85, 1.90) 0.81 (0.47, 1.39)

Night sleep duration ≥9 h

Model 1 Reference 2.12 (0.81, 5.52) 0.69 (0.28, 1.71) 0.80 (0.32, 1.97)

Model 2 Reference 2.04 (0.78, 5.35) 0.61 (0.24, 1.53) 0.78 (0.31, 1.95)

Model 3 Reference 2.91 (0.87, 9.75) 0.57 (0.19, 1.73) 0.78 (0.26, 2.28)

HR: hazards ratio; 95%CI: 95% confidence interval; ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

Model 1: unadjusted model; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex marital status, current residence, education level, smoking, drinking, number of chronic conditions,

cognitive function, depression and night sleep duration (in the unstratified analyses).

for normally distributed, abnormally distributed, and categorical

variables, respectively. Logistic regression analysis was conducted

to determine the association between nap duration and the risks

of frailty at baseline, and discrete-time Cox regression analysis was

used to examine the association between daytime napg duration and

incident frailty in the follow-up studies. Subgroup analyses stratified

by night sleep duration were performed in the aforementioned

analyses. Multivariate analyses included three models: Model 1 was

unadjusted. Model 2 was adjusted for age and sex; and Model 3 was

adjusted for age, sex, marital status, current residence, education,

smoking, drinking, the number of chronic conditions, cognitive

function, depression, and night sleep duration.

Sensitivity analyses were performed. Mortality and/or incident

frailty were set as composite outcomes to examine the competing

effect of mortality for frailty.

Stata 15.1 (Stata Corp, College Station, TX, USA) was used

for data analyses. A two-sided value of p < 0.05 was considered

statistically significant.

Results

Sample characteristics

Table 1 shows the characteristics of the study population. A

total of 5,126 participants were included in this study, of whom

2,257 (44.0%) individuals were non-habitual nappers, 480 (9.4%)

older adults took naps <30min per day, 1,607 (31.3%) participants

took naps 30–89min per day, and 782 (15.3%) extended nappers

took naps ≥90min per day during the past month at baseline.

The average age of the participants was 67.7 ± 6.4 years, with

48.7% of participants being women. The prevalence of frailty showed

no difference between the four nap duration groups. The non-

habitual napping group showed a higher percentage of women

(no napping: 56.7%, short napping: 45.8%, moderate napping:

43.7%, and extended napping: 37.5%), a higher percentage of rural

residents (no napping: 82.8%, short napping: 73.8%, moderate

napping: 73.0%, and extended napping: 82.1%), a higher prevalence

of depression (no napping: 35.4%, short napping: 31.8%, moderate

napping: 28.1%, and extended napping: 25.1%), and a lower

cognition score (no napping: 9.5, short napping: 11.0, moderate

napping: 11.0 and extended napping: 10.5). Extended napping

group showed longer night sleep duration than other groups (no

napping: 6.0, short napping: 6.0, moderate napping: 6.0, and extended

napping: 7.0).

Association between daytime nap duration
and the risks of frailty at baseline

No association was found between daytime nap duration and the

risks of frailty at baseline in the unadjustedmodel and adjustedmodel

(Table 2). However, in the subgroup analyses stratified by night sleep

duration, this study found that, among older adults with night sleep

duration of≥9 h, short nappers showed higher odds (OR= 4.08, 95%

CI: 1.30–12.78) for frailty in the fully adjusted model compared with

the no napping group, while moderate nappers showed lower odds

for frailty in Model 2 (OR = 0.28, 95% CI: 0.09–0.88) and Model 3

(OR= 0.18, 95% CI: 0.04–0.73).
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Association between daytime nap duration
and incident frailty in the follow-up surveys

The association between daytime nap duration and incident

frailty in the follow-up surveys is shown in Table 3. Compared

with the no napping group, older adults with a nap duration of

<30min showed a higher risk for incident frailty in all three models

(Model 1: HR = 1.50, 95% CI: 1.06–2.13; Model 2: HR = 1.62,

95% CI: 1.14–2.29; and Model 3: HR = 2.01, 95% CI: 1.40–2.88).

In subgroup analyses stratified by night sleep duration, a greater

risk of incident frailty was found in the adjusted models for people

with night sleep duration of <6 h (Model 3: HR = 1.91, 95%

CI: 1.07–3.43) and 6–9 h (Model 2: HR = 1.69, 95% CI: 1.02–

2.80; and Model 3: HR = 1.97, 95% CI: 1.18–3.30), respectively.

However, no association was found for participants with night sleep

duration of ≥9 h.

The present study examined further the association between

nap duration and incident frailty when setting short napping as

the reference group to find out whether moderate-to-long napping

could lower the risks of frailty compared with short napping among

habitual nappers (Supplementary Table S1). The results showed that,

compared with the short napping group, individuals with no napping

or moderate-to-long nap duration all had decreased risks for frailty.

In subgroup analyses, for individuals with night sleep duration

of 6–9 h, both no napping (HR = 0.51, 95% CI: 0.30–0.85) and

extended napping (HR = 0.41, 95% CI: 0.22–0.77) showed lower

risks of frailty compared with short napping. For individuals with

night sleep duration of ≥9 h, moderate napping (HR = 0.20,

95% CI: 0.05–0.77) showed lower risks of frailty compared with

short napping.

Sensitivity analyses

The results of sensitivity analyses were similar when

exploring the association between daytime napping duration

and incident mortality and/or frailty as a composite outcome

(Supplementary Table S2).

Discussion

Although several studies showed that night sleep duration and

total sleep duration were associated with frailty, daytime nap duration

has not been investigated or considered as a primary independent

factor in these studies. The relationship between daytime nap

duration and the risks of frailty lacks clarity. The present study,

therefore, aimed to explore the association between daytime nap

duration and risks of frailty in a longitudinal study.

Napping is very common among older adults in China. They take

naps for different reasons, including compensation for insufficient

night sleep, beliefs in the beneficial impact of napping on health,

low energy level, or feeling bored (33). According to the research

mentioned in this study, over half of the older adults were habitual

nappers, among whom more than half of them took naps with

moderate duration (30–89 min).

In the baseline analyses, the present study found that, among

participants with a night sleep duration of ≥9 h, those with short

nap duration showed higher odds to be frail compared with those

of the no napping group, while those with moderate nap duration

showed the opposite result. In the longitudinal analyses of nap

duration and incident frailty, older adults with short nap duration

showed higher risks of frailty compared with non-habitual nappers.

After stratification by night sleep duration, the association between

short napping and higher risks of frailty was still significant for

those with a night sleep duration of <9 h. The results of the

present study were inconsistent with those of a previous cross-

sectional study regarding nap duration and cognitive frailty, which

indicated that short nap duration was associated with lower odds

for physical prefrail, frailty, and cognitive frailty, while longer nap

duration increased the odds for all three conditions (22). The

discrepancy could be attributed to the different study populations.

The former study was conducted among older adults living in nursing

homes, while the present study was conducted among community-

dwelling residents. In addition, the cross-sectional study design

and different frailty assessment tools (i.e., the Fatigue, Resistance,

Aerobic capacity, Illnesses, and Loss of weight (FRAIL) scale) used

in the previous study could be the reasons for the different results.

Nevertheless, a study focusing on the effects of short naps after

sleep deprivation on physical performance found that a 20-min post-

lunch nap after sleep deprivation is not sufficient for the recovery

from most of the physical performance and subjective fatigue among

soccer players. However, the aforementioned research was conducted

among athletes, while a limited number of studies focused on napping

and the incidence of frailty among older adults. The mechanisms of

negative effects of short nap duration on incident frailty need to be

explored further.

The present study also showed that, for individuals with a night

sleep duration of 6–9 h, naps >90min could lower the risks for

incident frailty compared with short naps. For older adults with a

night sleep duration≥9 h, no association was found between napping

and the risks of frailty when compared with no napping; however,

naps with moderate duration could decrease the risks for frailty

compared with short naps. A previous study focused on daytime

napping and successful aging, which was defined as the coexistence

of low probability of disease, no disease-related disability, high

physical functioning, and active engagement with life for older adults,

suggesting that those with daytime nap duration of >60min per

day had lower odds for successful aging compared with non-habitual

nappers among older adults with night sleep duration of ≥8 h per

night (23). Although successful aging and physical frailty are both

age-related conditions and can both reflect the health status of older

adults, the assessment tools of these two conditions contain different

items and could result in different associations with daytime nap

duration. Nevertheless, a systematic review reported that a longer

nap, with a duration of 90min suggested as the optimal, could

result in an improvement in physical performance and decrease

fatigue among athletes (34). The author speculated that a longer

nap (i.e., 90min) enables a complete sleep cycle with both non-

rapid eye movement (NREM) and rapid eye movement (REM).

NREM is beneficial for body restoration, which may result in higher

performance (35). Therefore, compared with shorter naps, longer

naps provide a sufficient time for NREM for body recovery, and

individuals could wake up at the REM, which could reduce the

severity of sleep inertia (36). In this vein, naps with longer duration

may improve performance in components of frailty, such as slowness

and exhaustion, compared with short naps. However, current studies

on daytime nap duration and components of frailty were conducted
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among young people. Research on the effects of nap duration on the

development of frailty or items of frailty among older adults is needed

in future studies.

The present study has several strengths. First, to our knowledge,

this is the first study to explore the longitudinal association between

daytime nap duration and the risks of frailty among older adults in

China. Second, the CHARLS used in the present study is a nationally

representative study with a large sample size of community-dwelling

older adults in China. Furthermore, frailty in this study was assessed

by a well-validated tool (26).

This study has some limitations. First, night sleep duration

and daytime nap duration were all self-reported. Thus, an

underestimation of nap duration among older adults may be possible,

which could inevitably cause recall bias and lead to misclassification

(37, 38). Studies with an objectively measured night sleep duration

and daytime nap duration are expected. Second, compared with

people included in this study, those who were excluded due to

missing data on nap duration or frail status were older, and

a higher percentage of them belong to female sex, were urban

residents, had depression, and showed lower cognition scores

(Supplementary Table S3). This aspect could have introduced bias

in this study. Third, data were used from the CHARLS did not

contain information on the timing, purpose, frequency of napping,

and quality of night sleep and daytime napping, which were reported

to have implications for health status (39, 40). These factors should

be considered while determining the effects of napping on risks of

frailty in future studies. Additionally, the present study examined

the relationship between nap duration and incident frailty in a

4-year study, followed up with three waves. A longer follow-up

duration could be expected to find either a positive or a negative

association between nap duration and risks of frailty. Owing to the

transient improvement in physical performance and other health-

related functions after naps mentioned in previous studies, the short-

term association between napping and the components of frailty,

such as slowness and exhaustion, could be explored through a quicker

assessment after napping. Finally, in the follow-up surveys, mortality

could have had a competing effect on frailty since people may die

before the onset of frailty or die with frailty but have not been

recorded because of the 2-year interval between the two waves.

However, in the sensitivity analyses, the results were unchanged

when mortality was combined with frailty as a composite outcome

(Supplementary Table S2).

Conclusion

Compared with non-habitual nappers, older adults with short

napping were associated with higher risks of frailty for those with

a night sleep duration of <9 h. For participants with a night sleep

duration of 6–9 h, long daytime napping could decrease risks of frailty

compared with short napping. For those with a night sleep duration

of ≥9 h, moderate napping could lower the risks of frailty compared

with short napping. Therefore, for non-habitual nappers, there was

no need to dissuade them from taking naps. For older adults with

a daytime nap duration of <30min and a night sleep duration of

≥6 h per day, it would be better to extend their daytime nap duration

to lower the risks of frailty. Given that napping habits are common

and modifiable among older adults, it is of significance to change

their napping habits to reduce the incidence of frailty and achieve

healthy aging. Future studies should include an objectively measured

nap duration, and information on the timing, frequency, purpose,

and quality of napping is expected to provide a better understanding

of the effect of napping on frailty and the underlying mechanisms

behind them.
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Background: This study aimed to investigate the prevalence of cognitive frailty and

the influence of social factors on the association between di�erent levels of cognitive

frailty and disability.

Methods: A nationally representative survey of non-institutionalized community-

dwelling older adults in Korea was used. A total, 9,894 older adults were included

in the analysis. We assessed the e�ects of social factors using social activities, social

contacts, living arrangements, emotional support, and satisfaction with friends and

neighbors.

Results: The prevalence of cognitive frailty was 1.6%, which was consistent with

other population-based studies. Hierarchical logistic analysis demonstrated that the

association between di�erent levels of cognitive frailty and disability was attenuated

when social participation, social contact, and satisfaction with friends and community

were included in the model, and the magnitude of these e�ects di�ered across the

levels of cognitive frailty.

Discussion: Considering the influence of social factors, interventions to enhance

social relationships can help slow down the progression of cognitive frailty to

disability.

KEYWORDS

cognition, frailty, social relationships, disability, elderly

1. Introduction

In the context of worldwide aging, frailty is considered a public health concern

because it is directly related to adverse health outcomes such as disability, hospitalization,

institutionalization, falls, and mortality. A broad consensus on the definition of frailty is that

it is a multidimensional geriatric syndrome that manifests a critical reduction in the functional

and physiological reserves of multiple organic systems (1). From amultidimensional perspective,

psychosocial factors (2, 3), cognitive function (2–4), and environmental factors are considered

in the context of frailty.

Studies have demonstrated that physical factors and cognition are crucial elements in

predicting the risk of mortality (5, 6), and that frailty and cognitive impairment may happen at

the early stages of disability and dementia (7–9). There is still insufficient to fully understand

the complexities of the combined conditions of frailty and cognitive impairment, although

significant relationship between frailty and cognitive impairment has been established in the

literature (4, 10). In recognition of the importance of both physical and cognitive functions,

the International Academy on Nutrition and Aging and the International Association of

Gerontology and Geriatrics defined cognitive frailty as a heterogeneous clinical manifestation
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characterized by the presence of both frailty and cognitive

impairment in the absence of a clinical diagnosis of dementia

(11). Subsequent studies revealed that people with cognitive frailty

had a high risk of limitations on instrumental activities of daily

living (IADLs), functional disability, poor quality of life, falls,

hospitalization, death, and incident dementia (2–4). Therefore,

appropriate support and timely interventions aimed at preventing or

reducing the process of cognitive frailty and adverse health outcomes

should be developed.

It is well-known that social inclusion positively influences

health outcomes in older adults, such as physical frailty, cognitive

impairment, and maintaining functional ability. Accordingly, high

participation in social activity and frequent social contact have

been associated with delayed progression to cognitive impairment

(12, 13) and physical frailty (14, 15) among older adults. Similarly,

the likelihood of functional decline is the highest in older adults

with a lack of social contact (16, 17) or social participation (18,

19). A lack of satisfaction with social support (20, 21) or lack of

good relations with relatives (17) was also associated with greater

difficulties in activities of daily living (ADLs) and IADLs in older

adults. However, few studies have explored whether social factors

influence the association between cognitive frailty and adverse health

outcomes, thus contributing to the slowing down of the transition

from cognitive frailty to disability. Moreover, while most studies have

not investigated the association between social factors and adverse

health outcomes across levels of frailty, some have found that the

effects of social factors on frailty varied across levels of physical frailty

(22, 23).

Based on these findings, we aimed to investigate the prevalence

of cognitive frailty in Korea and examine whether social factors

influence the relationship between cognitive frailty and disability, and

how the relationship differs across the levels of cognitive frailty. We

hypothesized that social factors would impact the association between

different levels of frailty and disability, and the effects of these factors

would vary according to the level of cognitive frailty.

2. Materials and methods

2.1. Study design

This was a cross-sectional study with secondary data from the

2017 National Survey of Older Koreans (NSOK) (24). The protocol

for the secondary analysis was approved by the Investigational

Review Board of the university with which the researchers were

affiliated (IRB No. 1044396-202107-HR-150-01).

2.2. Study setting and participants

NSOK has been conducted every 3 years since 1988. NOSK

2017 took place through in-person interviews in 934 survey areas

from June 12 to August 28, 2017. The target population was non-

institutionalized older adults aged 65 years or older and living in

the community. A sample of older adults was selected using a

stratified two-stage cluster sample design. The number of samples

was calculated based on the 2010 population and housing census data

(24). A total of 10,299 older adults participated in the 2017 survey;

however, in this study, data from only 9,894 participants were used,

after excluding those who had missing data on the main variables (n

= 405) or were diagnosed with dementia (n= 149).

2.3. Measurement

2.3.1. Disability
Disability was measured using the Korean instrumental activities

of daily living (K-IDL) scale (25). Disability was defined as requiring

partial or full assistance for at least one activity.

2.3.2. Cognitive frailty
Cognitive frailty was operationally defined as a score ≥ 3 in the

physical frailty criteria with cognitive impairment. Physical frailty

was assessed using five items: fatigue, resistance, ambulation, illness,

and weight loss (26). The five items were assessed and evaluated

as follows: (i) Fatigue: 0 points for “no” and 1 point for “yes” to

the question, “Have you lost a lot of activity or motivation these

days?” (ii) Resistance: for the question “How difficult is it to climb

10 steps without any break?” “not difficult at all” or “slightly difficult”

were scored 0 points, and “very difficult” or “not at all” were scored

1 point; (iii) Ambulation: for the question “How difficult is it to

walk about one lap (400m) on the playground?” “not at all difficult”

or “slightly difficult” were scored 0 points, and “very difficult” or

“not at all” were scored 1 point; (iv) Illness: 0 points if the number

of diseases diagnosed by a doctor (hypertension, diabetes mellitus,

cancer, chronic bronchitis/emphysema, angina pectoris/myocardial

infarction, other heart disease, asthma, arthritis, cerebrovascular

accident (cerebral infarction or stroke), chronic kidney disease) was

0–3, and 1 point for four or more diseases; and (v) Loss of weight:

in the case of those who responded that they lost or gained more

than 5 kg in weight despite not intentionally controlling their weight

within 6 months, those who were underweight were scored 1 point,

and the rest were scored 0 point. Based on these five criteria, those

who fell into none of the above were defined as robust, those with

one or two criteria were pre-frail, and those who fulfilled more than

three criteria were defined as physically frail (27).

Cognitive function was assessed with the Mini-Mental State

Examination for Dementia Screening (MMSE-DS) (28). The MMSE-

DS consists of 19 items, and the total score is calculated by summing

all items. Normal and cognitive impairments were classified using the

criterion score based on gender, age, and educational level (28).

The participants were divided into four groups based on their

levels of physical frailty and cognitive function. Participants without

physical frailty and with normal cognitive function were classified

as the “Robust” group. If the participants had no physical frailty

but had cognitive impairment, they were part of the “Cognitively

impaired” group. If the participants had physical frailty but no

cognitive impairment, they were assigned to the “Physical frailty”

group. Participants with physical frailty and cognitive impairment

were classified into the “Cognitive frailty” group.

2.3.3. Social factors
Social factors included structural and functional variables in this

study.We included living arrangements, frequency of participation in

social activities, and the number of close persons as structural aspects.

We included emotional support and satisfaction with friends and

the community as the functional aspects. Living arrangements were
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classified as follows: living alone, no spouse, living with others, and

living with a spouse and/or others. The frequency of social activity

participation per week was calculated by summing the frequency of

seven social activities per week: club, social club, political and social

group, volunteer activity, religious activity, senior citizen’s center, and

welfare center for seniors. The frequency of participation in social

activities per week was classified as less than once per week, once

per week, 2–3 times per week, and four or more times per week.

Social contact was assessed using the question, “How many relatives,

friends, neighbors, and acquaintances, including brothers and sisters,

do you have close to (with whom you can confide in your mind)?”

and classified as no social contact at all, 1–2 people, and three or

more people.

The emotional support received from the participants’ children,

parents, or spouses was measured. Emotional support was measured

based on the extent of assistance provided through counseling. An

item was scored based on a Likert scale, where 1 was “extremely

unlikely,” 2 was “unlikely,” 3 was “likely,” and 4 was “extremely likely.”

The participant was assigned 0 when they did not have children,

parents, or spouses. Higher scores indicated a higher level of support.

Life satisfaction with friends and community was measured using the

question “To what extent are you satisfied with relationships with

friends and society?” The response options were: 1, very satisfied; 2,

satisfied; 3, average; 4, not satisfied; and 5, not satisfied at all. “Very

satisfied” and “satisfied” were classified as “satisfied,” and “average,”

“dissatisfied” and “very dissatisfied” were classified as “dissatisfied.”

2.3.4. Covariates
We considered covariate variables such as age, gender,

educational attainment, equivalent family income, and subjective

health status as possible factors influencing disability. Average

household incomes were calculated by dividing the total household

income by the square root of the number of household members.

Equivalent family income was classified into quartile groups based

on the distribution (lowest 25, 25–50, 50–75, and highest 25%).

Subjective health status was measured on a 5-point scale in response

to the question “How do you feel about your general health?” (1, very

unhealthy; 2, unhealthy; 3, average; 4, healthy; and 5, very healthy).

2.4. Data collection

For the 2017 NSOK, a trained surveyor visited the participants’

homes (dwellings) and conducted the survey directly with trusted

respondents using a structured questionnaire. For this study, we were

provided with data without personal identification information from

the Korea Institute for Health and Social Affairs.

2.5. Data analysis

To analyze the general characteristics, social factors of

participants and the prevalence of disability, descriptive statistics

were used. The χ2-test or ANOVA with Scheffe test were performed

to compare the differences among four groups. Hierarchical logistic

analysis was used to identify the influence of cognitive frailty on

disability and the role of social factors in the association between

the levels of cognitive frailty and disability. Disability was the

dependent variable in these analyses. In Model 1, covariates (general

characteristics and health-related characteristics) and cognitive

frailty groups were entered. In Model 2–6, each of social factors was

added to Model 1 and in model 7, covariates, social factors, and

cognitive frailty groups were included. After adding social factors,

the percentage of change in the odds ratio (OR) [explained fraction=

[(OR model B-OR model A)/(OR model B-1)]×100] before [Model

Before (B)] and after adding [Model After (A)] was presented to

identify the degree of contribution of social factors. This is useful for

measuring the direct and indirect contributions of social factors to

the association between levels of cognitive frailty and disability (29).

Statistical analyses were carried out with the SPSS software (version

26.0 for Windows; SPSS, Inc., Chicago, IL, USA).

3. Results

3.1. Characteristics of the participants and
disability

Table 1 presents the general characteristics, social factors of the

participants, and prevalence of disability. Regarding the classification

of the cognitive frailty group, 79.3% were in the robust group,

14.8% in the cognitive impairment group, 4.2% in the physical frailty

group, and 1.7% in the cognitive frailty group. Older persons in the

cognitive frailty group had the lowest level of social participation,

social support, emotional support, and showed least satisfaction

with friends and community. Those in the physical frailty group

showed higher levels of social support and satisfaction with friends

and community than those in the cognitively impaired group. The

percentage of older adults participating social activities for 2 and

more days per week were higher in the physical frailty group than

in the cognitively impaired group. The overall rate of disability was

22.2%. Among the four groups, the disability rate was highest in

the cognitive frailty group. Significant differences in the prevalence

of disability were observed in sex, age, educational attainment,

equivalent family income, and subjective health status (p < 0.001). In

addition, the prevalence of disability showed a significant difference

in all social relation factors, such as living arrangement, social

participation, social support, emotional support, and satisfaction with

friends and community (p < 0.001).

3.2. Cognitive frailty and disability: Role of
social factors

Table 2 shows the influence of cognitive frailty and social factors

on disability. In Model 1, after adjusting for the covariates, the

probability that the cognitive frailty group was disabled was 1.92

(1.65–2.24) times higher than that of the robust group. Compared to

the robust group, the probability of having a disability was 7.01(5.41–

9.09) times higher in the physical frailty group, and 15.36 (9.53–

24.76) times higher in the cognitive frailty group than the robust

group. In addition, the probability of having a disability was higher

in those who were female, older than 74 years, with a low educational

level, and low subjective health status.

In Models 2–6, each social relationship factor was sequentially

added to Model 1 to explore the effect of each factor on the odds

of cognitive frailty for disability. Living arrangement, social support,
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TABLE 1 General characteristics and social factors according to cognitive frailty groups and prevalence of disability (N = 9,894).

Characteristics Category All Robust
groupa

COI + robust
groupb

Non-COI +
frail groupc

CoI + frail
groupd

Prevalence of
disability

n (%) or M ±

SD
n (%) or M ±

SD
n (%) or M ±

SD
n (%) or M ±

SD
n (%) or M ±

SD
p

Total 9,894 (100.0) 7,927 (79.3) 1,355 (14.8) 453 (4.2) 159 (1.7)

Prevalence of disability 22.2 17.5 24.8

Gender Male 3,990 (42.8) 3,082 (41.0) 756 (58.7) 93 (22.2) 59 (36.2) <0.001 13.9†

Female 5,904 (57.2) 4,845 (59.0) 599 (41.3) 360 (77.8) 100 (63.8) 28.4

Age (years) 65–74 5,253 (58.6) 4,331 (60.3) 770 (61.6) 111 (28.6) 41 (26.8) <0.001 11.8†

≥75 years 4,641 (41.4) 3,596 (39.7) 585 (38.4) 342 (71.4) 118 (73.2) 36.9

Educational attainment (0–22) 7.21± 4.59 (a,b >

c,d)

7.36± 4.65 7.31± 4.05 4.84± 4.51 5.57± 4.39 <0.001

Elementary school 6,092 (57.7) 4,767 (55.9) 852 (60.8) 361 (76.6) 112 (72.4) <0.001 30.4†

Middle 1,581 (17.1) 1,264 (17.2) 248 (18.6) 42 (10.3) 27 (15.9) 12.6

More than high 2,221 (25.2) 1,896 (26.9) 255 (20.6) 50 (13.1) 20 (11.7) 9.8

Equivalent family income (1,000 KRW)a ≤854.2 2,457 (22.9) 1,921 (22.2) 304 (20.8) 173 (38.6) 59 (34.3) <0.001 32.6†

854.3–1,282.7 2,477 (23.2) 1,976 (23.2) 337 (22.6) 123 (25.5) 41 (24.5) 24.0

1,282.8–2,057.7 2,480 (25.7) 1,956 (25.1) 396 (30.5) 93 (20.4) 35 (23.5) 19.8

≥2,061.3 2,480 (28.2) 2,074 (29.5) 318 (26.1) 64 (15.5) 24 (17.7) 14.3

Subjective health status (1–5) 2.96± 0.98 (a,b >

c,d)

3.05± 0.95 2.91± 0.97 1.89± 0.70 1.88± 0.75 <0.001

Unhealthy 4,040 (39.1) 2,883 (34.9) 584 (42.1) 401 (89.0) 142 (88.1) <0.001 38.0†

Average 2,320 (23.5) 1,984 (24.9) 296 (22.6) 30 (6.5) 10 (6.5) 18.2

Healthy 3,554 (37.4) 3,060 (40.2) 475 (35.3) 22 (4.5) 7 (5.4) 8.2

Living arrangement Living alone 2,502 (23.9) 2,021 (24.1) 279 (18.8) 163 (37.0) 39 (27.2) <0.001 31.8†

Elderly couple 4,895 (48.9) 3,960 (49.3) 279 (51.8) 163 (36.1) 39 (37.2) 15.9

Living with others 2,497 (27.1) 3,960 (26.5) 703 (29.3) 166 (27.0) 66 (35.7) 25.1

Social participation (days per week) <1 days 2,754 (28.5) 1,946 (25.0) 512 (38.8) 196 (43.4) 100 (66.6) <0.001 30.9†

1 2,422 (25.9) 1,981 (26.4) 331 (26.3) 86 (19.5) 24 (16.5) 16.6

2–3 2,746 (27.3) 2,293 (28.7) 325 (22.3) 104 (23.9) 24 (11.2) 20.3

≥4 1,972 (18.3) 1,707 (19.9) 187 (12.6) 67 (13.2) 11 (5.7) 19.2

(Continued)
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social participation, and satisfaction with friends and community

accounted for 1.5, 5.9, 10.8, and 16.3% of the effect of cognitive

frailty on disability, respectively. All the Odds ratios for social

factors except emotional support in each model were statistically

significant, indicating that poor social relationships increased the risk

of disability in older adults.

In Model 7, after adding all social factors to Model 1, the

probability that the cognitively impaired group had a disability was

1.76 (1.51–2.05) times higher than that in the robust group. It was

decreased by 17.4% compared to the Odds ratio in the cognitively

impaired group in Model 1. Compared with robust group, the Odds

ratio of disability in the physical frailty group was 6.27 (4.82–8.15)

times higher in Model 7. It was decreased by 12.3% compared to the

Odds ratio in the physical frailty group in Model 1. The Odds ratio in

the cognitive frailty group was also 12.32 (7.57–20.04) times higher

than those of the robust group in Model 7. It was decreased by 21.1%

compared to the Odds ratio in the cognitive frailty group in Model 1.

4. Discussion

This study investigated the prevalence of cognitive frailty in

Korea and examined the impact of social factors on the association

between the levels of cognitive frailty and disability. The prevalence

rate of cognitive frailty (1.6%) in this study was in line with

other population-based studies, which ranged from 1.0 to 4.4 in

community-based settings (2, 30–33). In contrast, some studies in

community-based settings have shown higher prevalence rates of

cognitive frailty. In a study of 1,751 older persons aged 65 years and

older from the Manitoba Study of Health and Aging (MSHA) (34)

and in Xie’s study of 1,586 Chinese older adults aged 75 years and

older (35), the prevalence rates of CFwere 12.0 and 7.2%, respectively.

The higher prevalence rates in those studies may be explained by the

higher mean age of the sample population compared to other studies

(77.5 and 81.4, respectively).

The results of this study clearly showed that individuals with

comorbidities of physical frailty and cognitive impairment have a

higher risk of disability than older adults with either physical frailty

or cognitive impairment alone, as well as healthy older adults. This is

in line with previous studies which suggested that since both physical

frailty and cognitive impairment may be related to an increased risk

of adverse health outcomes, older adults with their co-occurrence are

more likely to be at a particularly high risk (3, 36).

Specifically, we found that the association between different

levels of cognitive frailty and disability was attenuated when social

relationship variables were included in the model, and the magnitude

of the attenuation was largest in cognitively frail adults, followed

by older adults with cognitive impairment only. That is, our results

reveal that the beneficial effects of social factors on the association

between different levels of cognitive frailty and disability were greater

for older adults with cognitive impairment than for those with

physical frailty. This is in line with previous studies reporting that

outcomes of the social dimension (22) and effects of intervention (37)

vary depending on the level of frailty. These studies demonstrated

that older adults with a transitional status—neither a progressive high

frailty group nor stable as the least frail group—were more influenced

by modifiable variables, including social support. Likewise, in this

study, older adults in the cognitive frailty group were not only

physically frail but cognitively impaired, which means that they
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TABLE 2 Odds ratio and 95% confidence intervals (CI) for disability among Korean older persons aged 65 or older.

Characteristics Comparison group
(reference)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

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

Gender Female (male) 1.48 (1.30–1.68)∗∗ 1.39 (1.22–1.59)∗∗ 1.57 (1.38–1.78)∗∗ 1.56 (1.37–1.77)∗∗ 1.47 (1.30–1.67)∗∗ 1.52 (1.34–1.73)∗∗ 1.54 (1.34–1.76)∗∗

Age ≥75 years (65–75 years) 2.78 (2.49–3.12)∗∗ 2.71 (2.42–3.04)∗∗ 2.83 (2.52–3.17)∗∗ 2.71 (2.42–3.04)∗∗ 2.79 (2.49–3.12)∗∗ 2.78 (2.48–3.11)∗∗ 2.68 (2.39–3.01)∗∗

Equivalent family Income Q1 (Q4) 1.07 (0.90–1.27) 1.17 (0.98–1.41) 1.06 (0.90–1.25) 1.04 (0.88–1.22) 1.05 (0.89–1.24) 1.03 (0.87–1.21) 1.09 (0.91–1.32)

Q2 (Q4) 1.09 (0.92–1.30) 1.04 (0.87–1.24) 0.95 (0.80–1.12) 0.94 (0.80–1.11) 0.94 (0.80–1.11) 0.93 (0.79–1.10) 1.00 (0.84–1.20)

Q3 (Q4) 1.08 (0.90–1.29) 1.02 (0.86–1.21) 0.97 (0.82–1.12) 0.96 (0.81–1.14) 0.96 (0.81–1.13) 0.95 (0.80–1.13) 1.01 (0.85–1.20)

Educational attainment 0.85 (0.84–0.86)∗∗ 0.85 (0.84–0.86)∗∗ 0.85 (0.84–0.86)∗∗ 0.85 (0.84–0.86)∗∗ 0.85 (0.84–0.86)∗∗ 0.85 (0.84–0.86)∗∗ 0.86 (0.84–0.87)∗∗

Subjective health status 0.55 (0.51–0.58)∗∗ 0.55 (0.52–0.58)∗∗ 0.56 (0.52–0.59)∗∗ 0.56 (0.53–0.60)∗∗ 0.55 (0.52–0.58)∗∗ 0.57 (0.53–0.60)∗∗ 0.58 (0.54–0.61)∗∗

Cognitive frail group Cognitive impairment group

(robust)

1.92 (1.65–2.24)∗∗ 1.91 (1.64–2.22)∗∗ 1.85 (1.58–2.15)∗∗ 1.87 (1.61–2.18)∗∗ 1.92 (1.65–2.24)∗∗ 1.83 (1.57–2.13)∗∗ 1.76 (1.51–2.05)∗∗

Physical frailty group (robust) 7.01 (5.41–9.09)∗∗ 7.00 (5.40–9.07)∗∗ 6.65 (5.13–8.63)∗∗ 6.86 (5.29–8.90)∗∗ 6.99 (5.40–9.06)∗∗ 6.36 (4.90–8.25)∗∗ 6.27 (4.82–8.15)∗∗

Cognitive frailty group

(robust)

15.35

(9.53–24.76)∗∗
15.13

(9.39–24.40)∗∗
13.80

(8.53–22.33)∗∗
14.51

(8.97–23.46)∗∗
15.26

(9.47–24.60)∗∗
13.01

(8.04–21.06)∗∗
12.32

(7.57–20.04)∗∗

Living arrangement Living alone (living with

spouse)

1.18 (1.02–1.35)∗ 1.21 (1.05–1.40)∗∗

Living with others (living with

spouse)

1.33 (1.15–1.54)∗∗ 1.26 (1.09–1.47)∗∗

Social participation (days per

week)

1 (<1) 0.72 (0.62–0.84)∗∗ 0.79 (0.68–0.93)∗∗

2–3 (<1) 0.66 (0.57–0.77)∗∗ 0.76 (0.66–0.89)∗∗

≥4 (<1) 0.65 (0.56–0.77)∗∗ 0.77 (0.65–0.92)∗∗

Social support (closed

persons)

1–2 (none) 0.68 (0.59–0.77)∗∗ 0.71 (0.63–0.81)∗∗

≥3 (none) 0.63 (0.55–0.73)∗∗ 0.73 (0.63–0.84)∗∗

Emotional support 0.96 (0.89–1.04) 1.03 (0.95–1.11)

Satisfaction for friends and

community

0.77 (0.72–0.82)∗∗ 0.84 (0.78–0.91)∗∗

Percentage change† Cognitive impairment group

(robust)

1.1% 7.6% 5.4% 0.0% 9.8% 17.4%

Physical frailty group (robust) 0.2% 6.0% 2.5% 0.3% 10.8% 12.3%

Cognitive frailty group

(robust)

1.5% 10.8% 5.9% 0.6% 16.3% 21.1%

†Percentage change in ORs for disability compared with the reference model was calculated using the following formula: i.e., Model 1; [(OR (Model 1) – OR (Model 2–8) / (OR (Model 1) – 1)× 100]].
∗p < 0.05, ∗∗p < 0.001.

OR, Odds ratio; CI, Confidence interval.
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have a higher risk of dementia (36) or disability (2, 32) than older

adults with either physical frailty or cognitive impairment only.

Our findings suggest that health care providers should develop and

provide the continuous interventions to enhance social relationships

for older adults with cognitive frailty as well as older adults with

cognitive impairment or physical frailty only.

As expected, all associations between social factors and different

levels of cognitive frailty and disability were in the same direction.

However, the strength of the association and the relative importance

of the social factors were different. Among social factors, the change

in Odds of different levels of cognitive frailty in relation to disability

was the largest when satisfaction with friends and the community

was included in the model; the second largest change in OR was

with the addition of social participation in the model. According to

the theory of socioemotional selectivity proposed by Carstensen (38),

social relationships change with age, which is the result of a selection

process that develops over life, and older adults primarily maintain

social relations to maximize emotional closeness. Thus, subjective

satisfaction with relationships including friends, community may

be more influential on the health outcomes of older adults than

the structural aspects of social relationships, which is supported

by previous studies (39, 40). Participation in social activities and

social contacts was most consistently associated with preservation

of global cognitive function (13, 41–43) and prevention or slowing

down of the process of physical frailty (44) across all study types.

The theory of “use it or lose it” (45) suggests that the brain can be

considered a muscle; thus, social activities may stimulate the brain

and contribute to the preservation of cognitive function. In addition,

participation in social activities may decrease the risk of loneliness

and depression, which are important risk factors for physical frailty

(46). It also increases physical activity, which can improve the

maintenance of physical function (9, 47, 48). According to the stress-

buffering hypothesis, social activities may benefit health outcomes

through their buffering effect on stress levels (49). Participation

in social activities may provide opportunities for interacting with

others in one’s social network and increase the availability of various

types of social support (46). These processes may influence cognitive

functioning by reducing stress and lowering the levels of stress

hormones (46).

Although it was not the primary aim of the current study,

the results showed several previously observed associations between

social factors and disability. As expected, social participation and

social contact had a negative relationship with the risk of disability

in older adults. Interestingly, however, the strength of the association

did not show large differences across the frequencies of social

participation, which was the same across the number of close persons,

when all social factors were included in the model. Many studies have

demonstrated that a higher level of social participation is associated

with a higher level of functional status among older adults (19).

A prospective study by Ide et al. (19) reported a dose-response

relationship between social participation and functional decline; thus,

a higher level of social participation is associated with a higher level

of functional status among older adults. An exception is the study

by Yokobayashi et al. (50), who reported that more frequent contact

with friends was not associated with improved glycemic control,

suggesting an optimal frequency of meeting friends (1–4 times per

month) that may contribute to better glycemic control. Our result

is in line with the study by Yokobayashi et al. (50), in that a higher

frequency of social participation did not guarantee relatively stronger

relationships with higher levels of health outcomes. Our findings

suggest that the participation in social activities and social contact

even once a week may play a role in slow down the progression

of disability for older adults. However, we could not determine the

causal relationship between the social factors and the different levels

of cognitive frailty because the design of the present study was cross-

sectional. Further prospective studies are needed to examine the

strength of causal relationship.

There are more caveats in the interpretation of these results

in addition to cross-sectional design of this study. We used the

FRAIL and MMSE-K scales to assess level of frailty and cognitive

function. Although the instruments for measuring frailty and

cognitive function were consistent with previous research on older

populations (2, 26, 36, 51, 52), we cannot rule out the possibility that

the prevalence of cognitive frailty could vary if different measures

are used. Moreover, we did not consider a broad spectrum of social

activities or specific cognitive domains. Future studies should use

multiple instruments to measure various aspects of the two concepts,

such as capturing frequencies and types of social participation and

specific cognitive ability, such as working memory, attention, verbal

fluency, and processing speed. Despite these limitations, our study

used a nationally representative sample weighted by census estimates,

thereby increasing the generalizability of these findings. This study

also shows the importance of social participation, social contacts, and

satisfaction with friends and community in delaying the progression

of cognitive frailty to disability, although each social variable has

different effects across different levels of cognitive frailty and presents

important implications for public health policy.
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Background: Cognitive impairment is an age-relevant intermediate stage where

cognition declines to a state between the normal aging process and dementia. Earlier

studies reported that depression, inappropriate nighttime sleep duration (NSD), and

limited leisure activity engagement are cognitive impairment risk factors among older

adults. Thus, we postulated that interventions on depression, sleep duration, and

leisure activity engagement can reduce cognitive impairment risk. However, no earlier

research ever explored this.

Methods: The data of 4,819 respondents aged 60 years and above, without

cognitive impairment at baseline and with no prior history of memory-related

diseases, including Alzheimer’s disease, Parkinson’s disease, and encephalatrophy,

were obtained from the China Health and Retirement Longitudinal Study

(CHARLS) between 2011 and 2018. The parametric g-formula, an analytic tool

for estimating standardized outcome distributions using covariate (exposure and

confounders)-specific estimates of the outcome distribution, was used to estimate

7-year cumulative cognitive impairment risks among older Chinese adults, under

independent hypothetical interventions on depression, NSD, and leisure activity

engagement, which was subdivided into social activity (SA) and intellectual activity

(IA) for the di�erent intervention combinations.

Results: The observed cognitive impairment risk was 37.52%. Independent

intervention on IA was the most e�ective factor in reducing incident cognitive

impairment, with a risk ratio (RR) of 0.75 (95% confidence interval [CI]: 0.67–0.82),

followed by depression (RR: 0.89, 95% CI: 0.85–0.93) and NSD (RR: 0.88, 95% CI:

0.80–0.95). The joint intervention combining depression, NSD, and IA interventions

could reduce the risk by 17.11%, with an RR of 0.56 (95% CI: 0.48–0.65). In subgroup

analyses, independent interventions on depression and IA had analogously significant

e�ects on men and women. However, interventions on depression and IA had

stronger e�ects on literate than illiterate individuals.

Conclusions: Hypothetical interventions on depression, NSD, and IA reduced

cognitive impairment risks among older Chinese adults, both independently and
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jointly. The findings of the present study suggest that the intervention measures on

depression, inappropriate NSD, limited intellectual activities, and their combination

may prove to be e�ective strategies for preventing cognitive impairment among

older adults.

KEYWORDS

older adults, cognitive impairment, sleep duration, depression, leisure activity, g-formula

Introduction

Cognitive impairment is an age-relevant intermediate stage

of cognitive decline between the normal aging process and

dementia, featuring cognition declines in memory, visuospatial

ability, orientation, calculation, execution, and comprehension (1, 2).

Older adults with cognitive impairment tend to have a significantly

higher risk of dementia, with a progression rate of 10%−30% per

year, whereas those adults without cognitive impairment have a

progression rate of 1%−2% annually (3). Accordingly, it is important

to identify older adults with cognitive impairment not only to

develop interventions that alleviate individual suffering but also

because this represents a population that is at an increased risk of

developing dementia. Among older adults aged 60 years and above,

the global prevalence of cognitive impairment ranges from 5.1% to

41.0% (4). In China, it is reported that the prevalence of cognitive

impairment varies from 2.40% to 39.88% among older adults in

different provinces, and approximately 36,000 additional cases of

cognitive impairment occur annually (2, 5). The Chinese population

is aging dramatically. In 2021, the population of people aged 60 years

and above was 267 million, but it is projected to surpass the 400

million mark by 2035 (6). Therefore, China faces several challenges

with regard to cognitive impairment among older adults, and early

screening and intervention for cognitive impairment should receive

more attention.

Evidence shows that women and individuals with low education

levels are common risk factors for cognitive impairment (7, 8).

An earlier study showed that overall cognitive impairment is more

serious in women than in men (9). Consistent with this result,

another study confirmed that Chinese women are significantly

disadvantaged when it comes to cognitive functioning in old age

(10). As regards education, a Chinese-based longitudinal study

revealed that a low education level is associated with a high risk of

cognitive impairment among older adults (5). As well as gender and

education level, depression, inappropriate nighttime sleep duration

(NSD), and limited leisure activity engagement are reported as

other risk factors for cognitive impairment among older adults (11–

13). Obvious issues with addressing the immutable characteristic of

gender, and difficulty with changing the education level, especially

in older adults, are prevalent. However, numerous studies revealed

that treatments or interventions on depression, inappropriate NSD,

and limited leisure activity engagement can not only ameliorate

the symptoms themselves but may also be beneficial for improving

cognitive performance and reducing the risk of cognitive impairment,

although the results of these studies are mixed. For depression,

reviews by Motter et al. (14) and Culpepper et al. (15), which

examined the effectiveness of cognitive remediation therapy (CRT)

in improving depression and cognition, revealed that CRT is effective

in reducing depressive symptoms and improving cognitive functions.

However, Wong et al. (16) and Adler et al. (17) demonstrated that,

in cognitively impaired patients with depression, treatments are only

effective in improving depression and not cognitive impairment.

As regards the NSD, earlier studies reported that changes from

long (≥9 h) to moderate (6–9 h) sleep duration (18), or from short

(<6 h) to moderate (6–9 h) sleep duration (19), were negatively

associated with cognitive impairment risks. Nevertheless, three other

studies demonstrated that, compared with unchanged sleep durations

in baseline and follow-ups, any increases or decreases in sleep

durations were associated with worse cognitive performances or

increased cognitive impairment risks, despite using the different sleep

duration references (20–22). Participation in leisure activity and its

subtypes, namely social activity (SA), physical activity (PA), and

intellectual activity (IA), has been proven to be beneficial for the

preservation of cognitive function (23). Several studies examining

the association between leisure activity engagement and cognitive

function in older adults demonstrated that SA and/or IA are

relevant to decreased cognitive deficit and risks of dementia (24–

26). Notably, changes in leisure activity engagement also have effects

on subsequent trajectories of age-related cognitive performance, so

individuals with more leisure activity engagement than before will

have slower cognitive decline rates as they age (13). Although some,

mostly observational, studies confirmed the risk factors of cognitive

impairment to a certain extent, many limitations are prevalent with

regard to not properly controlling confounding variates such as

time-varying confounders in observational studies and a lack of, or

inability to, estimate the causal effect of risk factors.

The standard for evaluating the comparative effectiveness and

the causal effect of an intervention is a randomized controlled trial

(RCT). However, when RCTs are not feasible or timely, the impact

of potential treatment strategies can be informed empirically using

observational data to emulate a target trial (27). Target trial emulation

is the application of design principles from RCTs to the analysis of

observational data, thereby explicitly tying the analysis to the trial it is

emulating (28). This requires a clear specification of the trial protocol

elements and, when assessing interventions sustained over time, an

analytic method known as the g-formula is required to appropriately

account for time-dependent confounding variate (27). The g-

formula, first described by Robins (29) in 1986, is used to estimate

the causal effect of arsenic on heart disease in an occupationally

exposed cohort and is an analytic tool for estimating standardized

outcome distributions using covariate (exposure and confounders)-

specific estimates of the outcome distribution (30). It can be viewed

as a generalized form of standardization of the conditional hazard

under each treatment strategy to the joint distribution of the time-

varying covariates so that it can appropriately adjust for time-varying

confounders affected by prior exposures. It is especially well-suited
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to estimating effects when the intervention involves multiple factors

(joint interventions) or decisions that depend on the value of evolving

time-dependent factors (31). Moreover, while observational analyses

are restricted to a framework where one can only test interventions

that have been explicitly carried out in the data, the g-formula

enables one to simulate treatment strategies (also called hypothetical

intervention) and to estimate their effect, even if those strategies have

not been fully carried out in the data used to construct the model

(32). Earlier studies using the parametric g-formula were conducted

to measure hypothetical interventions on the levels of blood pressure,

cholesterol, weight, PA, smoking, and alcohol intake for preventing

stroke (33) and to estimate the risk of fall under single and joint

interventions on sleep duration, SA, smoking, drinking, body mass

index (BMI), systolic blood pressure, vision, depression, and activities

of daily living scores (ADLs) (34). However, research using the

parametric g-formula to investigate the risks of cognitive impairment

under hypothetical interventions is limited. Therefore, the present

study aimed at estimating the 7-year cumulative risks of cognitive

impairment under independent interventions on depression, NSD,

SA, and IA, as well as joint interventions consisting of different

combinations thereof, using the parametric g-formula on the basis

of a nationwide representative cohort of the China Health and

Retirement Longitudinal Study (CHARLS). Such an estimation

can help guide and provide intervention strategies and alternative

treatments for the prevention of cognitive impairment among

community-dwelling older Chinese adults.

Materials and methods

Data sources and participants

Data were extracted from four waves of CHARLS conducted in

2011 (wave 1), 2013 (wave 2), 2015 (wave 3), and 2018 (wave 4).

CHARLS is a national longitudinal survey aimed at investigating

and evaluating the aging issue of adults from 150 country-level

units distributed in 28 provinces of China. It has been conducted

by the Institute of Social Science Survey of Peking University since

2011, which updates the aforementioned survey every 2 years. The

participants were informed of the research purpose and signed

written informed consent forms to participate. Ethical approval was

obtained from the Biomedical Ethics Review Committee of Peking

University (IRB00001052-11015) (35).

In total, 17,954 respondents were included in the first wave

(2011), and these data were used as the baseline. To emulate

hypothetical interventions on cognitive impairment risks, the

inclusion and exclusion criteria were set according to the g-formula

principle. The inclusion criteria of the present study were as follows:

(1) participants aged 60 years and above, (2) participants who

had no cognitive impairment at baseline, and (3) participants who

had completed at least one follow-up. The exclusion criteria of

the present study were as follows: (1) participants’ key variables

were missing and (2) participants were diagnosed with memory-

related diseases including Alzheimer’s disease, Parkinson’s disease,

and encephalatrophy at baseline. Finally, a total of 4,819 respondents

were included in the analysis. The sample selection flowchart for this

study is presented in Figure 1. For each participant, the follow-up was

ended at the time of onset of cognitive impairment, when the patient

was lost to follow-up, or when the patient was part of the examination

of wave 4 (2018), whichever occurred first.

Cognitive impairment

The cognitive function was assessed by four dimensions

comprising orientation, attention, episodic memory, and visuospatial

ability. Cognition scores were calculated using the Telephone

Interview for Cognitive Status (TICS-10), word recall, and picture

redrawing. An overall cognition score (36) was considered the

primary outcome of interest. The sum of all three TICS-10 scores

(orientation and attention), word recall (episodic memory), and

figure drawing (visual spatial ability) was then calculated to assess

the global cognitive function, with the score ranging from 0 to 21. A

higher score indicated a better cognitive function. Cronbach’s α was

0.84 across all four waves.

Due to the discordancy of the criteria among multiple

measurements, we used the concept of aging-associated cognitive

decline (AACD) to define cognitive impairment, requiring at least

one standard deviation (SD) below age-appropriate norms (10, 37).

AACD—which is recommended by the International Psychogeriatric

Association in collaboration with the World Health Organization

(the WHO)—seeks evidence of cognitive decline within a broader

range of cognitive domains, covering all criteria for estimating

cognitive impairment. The AACD has been widely used as diagnostic

criteria for estimating cognitive decline by both clinicians and

scholars, therefore fitting the aim of this study (38). Respondents

were divided into age groups, with each group representing a 5-year

interval, and individuals with cognition scores lower than 1 SD from

their group mean were defined as having cognitive impairment.

Intervention variables

Depressive symptoms were assessed using the 10-item Center

for Epidemiologic Studies Depression (CES-D-10) Scale which

comprised 10 depressive effects: bothered by things that usually

did not bother them, trouble in concentration, feeling depressed,

effort exerted to complete daily tasks, feeling fearful, restless sleep,

loneliness, inability to “get going,” feeling hopeful about the future,

and feeling happy. Each of the 4-option responses to the item was

scored from 0 to 3, and the total score was the sum of points for all 10

items. A total score of 10 or higher indicated clinical depression (39).

Nighttime sleep duration was obtained from the question

“During the past month, how many hours of actual sleep did you get

at night?” As reported in earlier studies, we took an NSD of 6 h as the

reference duration (12) and classified participants into a 6-hr group

and a non-6-hr group.

Leisure activity engagement was assessed through SA and IA (24).

The SA items included: interacting with friends; going to a sport,

social, or any other kind of club; taking part in a community-related

organization; and doing volunteer or charity work. The IA items

included: playing Mahjong, chess, or cards; attending an education

or training course; stock investment; and surfing the Internet. The

frequency of each activity was rated as never (score= 0), not regularly

(score = 1), almost every week (score = 2), and almost daily (score

= 3). All activity types were synthesized to a sum score ranging from
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FIGURE 1

Sample selection flowchart based on the 2011–2018 China Health and Retirement Longitudinal Study (CHARLS) data.

0 to 12 based on the frequency level. Participants whose sum score

was > 1 were categorized as “participating in SA/IA”; otherwise, they

were regarded as “not participating in SA/IA.”

Covariates

Baseline covariates included gender (male/female), age

(continuous), education level (literate/illiterate), and marital

status (married/other). Time-varying covariates included ADLs

(restricted/unrestricted), instrumental activities of daily living scores

(IADLs, restricted/unrestricted), chronic diseases (0/1–2 diseases/ ≥

3 diseases), smoking status (none/quit/still smokes), drinking status

(none of these/drinks but less than once a month/drinks more than

once a month), and PA (continuous).

Functional disability was measured based on ADLs and IADLs.

ADLs included six aspects: dressing, bathing or showering, eating,

getting into or out of bed, using the toilet, and controlling urination

and defecation. IADLs comprised five aspects: doing household

chores, preparing hot meals, shopping, taking medications, and

managing money. The response scale contained four options: “no, I

do not have any difficulty,” “I have difficulty but can still do it,” “yes,

I have difficulty and need help,” and “I cannot do it.” Participants

whose responses were “no, I do not have any difficulty” for all

items of ADLs or IADLs were classified as “unrestricted” to ADLs

or IADLs; otherwise, they were classified as “restricted.” Chronic

diseases were determined by asking “Have you been diagnosed with

the following conditions by a doctor?” and comprised the following

13 diseases: hypertension, dyslipidemia, diabetes, or hyperglycemia;

cancer or malignant tumor; chronic lung disease; liver disease; heart

attack; coronary heart disease; angina; congestive heart failure; stroke;

kidney disease; stomach, emotional, nervous or psychiatric problems;

arthritis or rheumatism; and asthma. Participants were classified as

having no diseases, one to two chronic diseases, and over two chronic

diseases based on their responses. PA comprised the amount of time a

person spent on vigorous activities, moderate activities, and walking

in a usual week. According to the responses, we indexed the amount

of PA per day as 1 (<0.5 h), 2 (0.5–2 h), 3 (2–4 h), and 4 (>4 h). The

weekly PA duration score was calculated by multiplying the number

of days the activity was performed and the daily PA duration index

for each activity. Finally, we generated the PA score variables using

metabolic equivalent (MET) multipliers as follows: PA score = 8.0 ×

total vigorous activity weekly duration score + 4.0 × total moderate

activity weekly duration score+ 3.3× total walking weekly duration

score (40).

Hypothetical interventions

The parametric g-formula was used to estimate cognitive

impairment risks under each of the following hypothetical

interventions. Single interventions were as follows:

1. Depression: Intervention resolved all depressive symptoms in

all participants.

2. NSD: Intervention resulted in all participants sleeping for 6 h

per night.

3. SA: Intervention ensured that all participants took part in SA.
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4. IA: Intervention ensured that all participants took part in IA.

Joint interventions consisted of combinations of single

interventions, which were significant in the last stage of analysis.

Statistical analysis

The 7-year cumulative risks of cognitive impairment under

hypothetical interventions were estimated by applying the parametric

g-formula. The g-formula directly models probabilities for a given

outcome conditional upon covariates and exposures/interventions

(32). For real-world datasets, directly modeling all conditional

probabilities is not feasible, especially in the presence of continuous

covariates. The parametric g-formula is an extension of the g-

formula, where parametric models are used to model probabilities,

instead of direct calculations. Under the assumptions of no

unmeasured confounding and no model misspecification, this

method can provide an estimate of the risk of outcomes under

full adherence to different hypothetical sustained interventions

(27). The standardized risk is estimated by a weighted average

of the risks of cognitive impairment conditional on the given

intervention and observed confounder history. The weights are

probability distribution functions of the time-varying confounders

estimated using parametric regression models. The weighted average

is approximated through the Monte Carlo simulation (41). We

used cognitive impairment as the outcome and simulated cognitive

impairment risks under each single and joint intervention using the

parametric g-formula with the following four-step algorithm (42):

1. Fit a parametric regression model for each time-varying covariate,

as a function of the baseline covariate and covariate history among

participants followed up to time k.

2. Estimate the conditional probability of cognitive impairment, as a

function of conditional on intervention and covariate history and

surviving and remaining uncensored among participants followed

up to time k, using a pooled over-time logistic regression model to

approximate time-to-failure risk.

3. Perform a Monte Carlo simulation to generate life histories for

a pseudo-population of 10,000 simulated individuals, in which

baseline covariates are randomly sampled with replacements from

the original population. Time-varying covariates are drawn from

the parametric distribution in Step 1, and intervention covariates

are set based on the defined strategy, except for the natural course

(no intervention) strategy.

4. Compute the intervention risk estimate of cognitive impairment

at 7 years in the pseudopopulation. The risk ratio (RR)/risk

difference (RD) can be constructed between each strategy and the

natural course. Ninety-five percent confidence intervals (CIs) are

computed by repeating the entire aforementioned steps in 500

bootstrap samples.

The aforementioned steps were repeated for each single and

joint intervention to compute cognitive impairment risks, RRs, and

RDs. We also conducted subgroup analyses to assess different effects

of each single intervention according to gender (male and female)

and education (illiteracy and literacy). To test the model reliability,

sensitivity analyses were performed by changing the order of time-

varying covariates. All analyses were conducted using the R 4.1.2

statistical package for the g-formula for Windows.

TABLE 1 The distribution of variables at baseline.

Characteristic N (%)

Age (years, mean± SD) 68.0± 6.6

60∼ 1,875 (38.9)

65∼ 1,229 (25.5)

70∼ 875 (18.2)

75∼ 499 (10.3)

80∼ 341 (7.1)

Gender (n/%)

Male 2,647 (54.9)

Female 2,172 (45.1)

Education level (n/%)

Illiterate 1,378 (28.6)

Literate 3,441 (71.4)

Marital status (n/%)

Married 3,932 (81.6)

Others 887 (18.4)

ADLs (n/%)

Restricted 994 (20.6)

Unrestricted 3,825 (79.4)

IADLs (n/%)

Restricted 1,094 (22.7)

Unrestricted 3,725 (77.3)

Number of chronic diseases (n/%)

None 1,252 (26.0)

1–2 2,504 (52.0)

≥3 1,063 (22.0)

Smoking status (n/%)

None 2,596 (53.9)

Still smokes 1,614 (33.5)

Quit 609 (12.6)

Drinking status (n/%)

None 3,225 (66.9)

Drink but less than once a month 380 (7.9)

Drink more than once a month 1,214 (25.2)

CES-D 10 (score, mean ± SD) 8.5± 6.1

With depression 1,827 (62.1)

Without depression 2,992 (37.9)

NSD (hours, mean ± SD) 6.3± 1.9

6 h 1,091 (22.6)

Others 3,728 (77.4)

SA (n/%)

Participate 1,959 (40.7)

Not participate 2,860 (59.3)

(Continued)
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TABLE 1 (Continued)

Characteristic N (%)

PA (score, mean± SD) 103.5± 77.6

IA (n/%)

Participate 935 (19.4)

Not participate 3,884 (80.6)

ADLs, activities of daily living scores; IADLs, instrumental activities of daily living scores; NSD,

nighttime sleep duration; SA, social activity; PA, physical activity; IA, intellectual activity.

Results

Baseline characteristics

Table 1 summarizes the sample characteristics at baseline. The

mean age of respondents was 68.0 years, with an SD of 6.6 years. The

proportion of men was larger than that of women: 54.9% and 45.1%,

respectively. Among the population, 71.4% were literate and 81.6%

were married. Over 75% were classified as being without restricted

ADLs (79.4%) and IADLs (77.3%) at baseline. As regards chronic

diseases, 52.0% of the individuals had 1–2 such diseases and 22.0%

of them had more than two. Significantly more participants had

never smoked (53.9%) or drank (66.9%) than participating in those

actions. The mean CES-D-10 score and NSD were 8.5 points and

6.3 h, respectively. Accordingly, the prevalence of individuals without

depression and of those who sleep 6 h at night was 37.9% and 22.6%,

respectively. As regards leisure activity engagement, the mean score

of PA was 103.5. The prevalence of older adults participating in SA

and IA was 40.7% and 19.4%, respectively.

During the 7-year follow-up, 1,808 participants developed

cognitive impairment, with a significantly lower prevalence in men

than in women (28.9% vs. 48.1%); similarly, this tendency was

observed in the literate and illiterate groups, with 25.3% and 68.1%

prevalence, respectively.

Interventions in total population

The 7-year cumulative risks of cognitive impairment under four

single hypothetical interventions, as estimated by the parametric g-

formula, are shown in Table 2. The observed cognitive impairment

risk was 37.52%, and the simulated risk in the natural course was

39.28% (95% CI: 35.99–44.12). Among the independent hypothetical

interventions, participants who were in the IA intervention group

showed the greatest risk reduction, with an RR of 0.75 (95% CI:

0.67–0.82). Notably, independent interventions for depression and

NSD showed similar effects, with RRs of 0.89 (95% CI: 0.85–0.93) and

0.88 (95% CI: 0.80–0.95), respectively. However, participants who

were in the SA intervention group did not show a decreased risk of

cognitive impairment, with an RR of 1.00 (95% CI: 0.95–1.04).

Table 3 depicts the cognitive impairment risks under different

combinations of joint interventions, after exclusion of the SA

intervention due to its ineffectiveness. All joint interventions could

significantly reduce cognitive impairment risks among older adults.

Due to the similar effects of independent interventions on depression

and NSD, the combination of “Depression + IA” and “NSD + IA”

showed similar effects, with RRs of 0.66 (95% CI: 0.58–0.73) and

0.65 (95% CI: 0.58–0.70), respectively. The joint intervention of

“Depression + NSD” could reduce the risk by 8.93%, with an RR of

0.77 (95% CI: 0.69–0.84). The “All factors” joint intervention, that

combined interventions on depression, NSD, and IA, reduced the risk

by 17.11%, with an RR of 0.56 (95% CI: 0.48–0.65).

Interventions in subgroups

In subgroup analyses, intervention on SA was excluded once

more due to its lack of significance. The results showed a difference

in independent intervention when stratified by gender (Table 4) and

education level (Table 5). The cognitive impairment risk in men was

lower than that in women (33.83% vs. 49.48%) in the natural course,

similar to the literate and illiterate groups (26.79% vs. 72.62%).

For gender subgroups, in men, only independent interventions on

depression and IA had significant effects on reducing the risks of

cognitive impairment, with RRs of 0.88 (95% CI: 0.83–0.94) and

0.74 (95% CI: 0.63–0.86), respectively. In contrast, for women, all

three independent interventions on depression, NSD, and IA had

significant effects, with RRs of 0.89 (95% CI: 0.83–0.94), 0.84 (95%

CI: 0.74–0.94), and 0.76 (95% CI: 0.65–0.85), respectively (Figure 2).

For education subgroups, in the literate group, all three independent

interventions on depression, NSD, and IA had significant effects, with

RRs of 0.80 (95% CI: 0.74–0.86), 0.85 (95% CI: 0.73–0.99), and 0.69

(95% CI: 0.59–0.79), respectively. Similarly, in the illiterate group,

all three independent interventions on depression, NSD, and IA had

significant effects, with RRs of 0.96 (95%CI: 0.92–1.00), 0.90 (95%CI:

0.81–1.00, and 0.80 (95% CI: 0.66–0.93), respectively (Figure 3).

Discussion

We estimated the 7-year cumulative risks of cognitive

impairment under single and joint interventions on depression,

sleep duration, and leisure activity engagement among older Chinese

community-dwelling adults by applying the parametric g-formula

to the nationally representative CHARLS cohort. The results of the

present study suggest that single interventions on depression, NSD,

and IA could reduce cognitive impairment risks, and that different

combinations of these interventions reduced the risk further. Similar

effects were observed in gender subgroups, with interventions on

depression and IA reducing cognitive impairment risks. However,

the effects of interventions on depression and IA were greater in

literate than illiterate individuals.

The results of the present study showed that independent

hypothetical interventions on depression, NSD, and IA could reduce

cognitive impairment risks by 4.33%, 4.79%, and 9.94%, respectively,

while the joint hypothetical intervention of all three factors could

significantly reduce cognitive impairment risk by 17.11%. These

findings confirmed the conclusions of earlier studies, wherein

depression, inappropriate NSD, and limited IA were found to be

risk factors for cognitive impairment among older adults (11–13).

As the g-formula is a causal-effect analytic method, the results of the

present study showed the causal effects of depression, inappropriate

NSD, and limited IA engagement on the incidence of cognitive

impairment. Thus, the social and public health implications of this

finding are that it can provide both a theoretical and data-driven

basis for future RCTs of interventions on depression, inappropriate
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TABLE 2 Cognitive impairment risks at 7-year follow-up under natural course and single hypothetical interventions.

Intervention Risk (%) 95% CI RR 95% CI RD (%) 95% CI

Natural course 39.28 35.99, 44.12 1.00

Depression 34.96 31.01, 39.79 0.89 0.85, 0.93 −4.33 −5.85,−3.08

NSD 34.50 29.73, 40.03 0.88 0.80, 0.95 −4.78 −7.75,−2.12

SA 39.12 35.02, 44.16 1.00 0.95, 1.04 −0.16 −1.99, 1.59

IA 29.35 25.38, 34.01 0.75 0.67, 0.82 −9.94 −13.29,−7.03

NSD, nighttime sleep duration; SA, social activity; IA, intellectual activity, RR, risk ratio; RD, risk difference; CI, confidence interval.

TABLE 3 Cognitive impairment risks at 7-year follow-up under natural course and joint hypothetical interventions.

Intervention Risk (%) 95% CI RR 95% CI RD (%) 95% CI

Natural course 39.28 35.99, 44.12 1.00

Depression+ NSD 30.36 25.68, 35.75 0.77 0.69, 0.84 −8.93 −12.11,−6.27

Depression+ IA 25.89 21.99, 30.77 0.66 0.58, 0.73 −13.39 −16.78,−10.56

NSD+ IA 25.51 21.69, 28.69 0.65 0.58, 0.70 −13.92 −17.02,−12.02

All factors 22.17 17.81, 27.40 0.56 0.48, 0.65 −17.11 −20.75,−13.91

NSD, nighttime sleep duration; IA, intellectual activity, RR, risk ratio; RD, risk difference; CI, confidence interval.

TABLE 4 Cognitive impairment risks at 7-year follow-up under natural course and single hypothetical interventions in subgroups stratified by gender.

Intervention Risk (95% CI) RD (95% CI)

Male Female Male Female

Natural course 33.83 (27.24, 40.13) 49.48 (42.91, 55.58)

Depression 29.91 (23.95, 36.02) 43.93 (36.79, 50.15) −3.92 (−5.57,−2.03) −5.55 (−8.03,−3.14)

NSD 31.23 (23.78, 38.62) 41.44 (33.56, 49.48) −2.61 (−7.01, 1.17) −8.03 (−12.57,−3.03)

IA 24.95 (19.19, 31.46) 37.54 (29.50, 45.11) −8.89 (−12.54,−4.87) −11.94 (−17.27,−7.28)

NSD, nighttime sleep duration; IA, intellectual activity, RD, risk difference; CI, confidence interval.

NSD, and limited IA engagement to prevent cognitive impairment

among older adults. Moreover, our result is also helpful for

community health service institutions to provide timely intervention

for community-dwelling older adults with depression, inappropriate

NSD, and limited IA engagement to reduce the risk of cognitive

impairment. Nonetheless, it is unclear how these factors might

increase cognitive impairment risks. Currently, researchers proposed

several depression-relevant mechanisms as follows: (1) depressive

symptoms can generate hyperactivity of the hypothalamic–pituitary–

adrenal axis, thus increasing glucocorticoids, possibly leading to

hippocampal damage and development of cognitive impairment

(43). (2) Depression can cause hippocampal atrophy and accelerate

the loss in hippocampal volume in women via the primary

mediating mechanism of glucocorticoids (44). (3) Depression may

also contribute to a cognitive decline through other pathways such

as vascular disease, inflammation, impact on nerve growth factors, or

by increasing β-amyloid accumulation (45). As regards the impact of

NSD on cognition, evidence shows that the mechanisms of short and

long sleep durations are different. Short sleep duration contributes

to cognitive impairment via several different pathologies such as

impaired β-amyloid clearance, pathological tau, impaired synaptic

plasticity, atrophy of the cortex, and circadian rhythm disturbances.

In contrast, long sleep duration is relevant to sleep fragmentation

and chronic inflammation, which are linked to lower cognition (46).

Moreover, Spira et al. (47) demonstrated that, among individuals with

a normal cognitive function, sleep durations of <7 h and of >7 h

may accelerate frontotemporal gray matter atrophy and subsequently

increase the cognitive impairment risk. This result is not consistent

with the results from both this study and an earlier one, which took

6 h as the reference sleep duration (12). These differences may have

arisen due to differences in the study population such as race, study

sample size, and population age bracket. The beneficial effects of

IA engagement on impaired cognition risk reduction may be due

to improved cognitive reserves. Excess β-amyloid can accumulate

in the brain as plaques that block the gaps between synapses,

which in turn affects the electrical signals used by the neurons to

communicate with each other; moreover, the chemistry-imbalanced

tau protein can entangle with other tau proteins to form tangles,

which will destroy microtubules and prevent necessary nutrients

from reaching nerve endings of neurons, thus causing the entire cell

to become dysfunctional. All of these alterations can cause cognitive

impairment (48). According to the cognitive reserve theory, IA can

strengthen the functioning and plasticity of neural circuits, further

increasing the cognitive reserve and decreasing the risk of cognitive

impairment (25).

Cognitive impairment risks did not decrease under the

SA intervention. A similar result was reported by Li et al.

(48) who found that a higher participation in SA did not

improve cognitive function. Moreover, an RCT conducted by

Park et al. (49) also found that engagement in SA had limited
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TABLE 5 Cognitive impairment risks at 7-year follow-up under natural course and single hypothetical interventions in subgroups stratified by education.

Intervention Risk (95% CI) RD (95% CI)

Illiteracy Literacy Illiteracy Literacy

Natural course 72.62 (64.53, 79.40) 26.79 (21.65, 32.38)

Depression 69.54 (60.57, 77.94) 21.52 (16.93, 26.69) −3.09 (−5.71,−0.31) −5.27 (−7.08,−3.58)

NSD 65.31 (54.82, 75.64) 22.90 (17.44, 29.57) −7.32 (−13.32,−0.62) −3.89 (−7.06,−3.72)

IA 58.21 (45.83, 70.26) 18.51 (13.62, 23.95) −14.41 (−24.19,−4.96) −8.29 (−11.07,−5.49)

NSD, nighttime sleep duration; IA, intellectual activity, RD, risk difference; CI, confidence interval.

FIGURE 2

Forest plot of RR for depression risk in subgroups stratified by gender (NSD, nighttime sleep duration; IA, intellectual activity, RR, risk ratio; CI, confidence

interval).

FIGURE 3

Forest plot of RR for depression risk in subgroups stratified by education level (NSD, nighttime sleep duration; IA, intellectual activity, RR, risk ratio; CI,

confidence interval).

cognitive benefits. Interpretations for this phenomenon may be

attributed to the fact that reduced social participation is an early

manifestation of cognitive impairment rather than a cause (48).

Additionally, simple SA is not particularly helpful in optimizing

cognition in the long term because of the relatively passive

participation and low cognitive demand. Such passivity may not

be particularly beneficial for enhancing cognitive reserve (50).

Therefore, monitoring changes of engagement in SA, rather than

intervening to increase SA participation, may be beneficial to prevent

cognitive impairment among older adults via timely identification

and intervention.

Notably, in subgroup analyses, although similar effects of

interventions on depression and IA for cognitive impairment risks

were observed in gender subgroups, interventions on depression and

IA displayed stronger effects in literate than illiterate participants.

Several studies reported that education years and high education

levels could predict and alleviate the severity of depression (51,

52). Accordingly, the intervention on depression was effective
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for literate individuals, reducing cognitive impairment risks. As

regards different effectiveness levels of interventions on IA for

literate and illiterate individuals, as far as we know, we are the

first to find a difference. We speculate that older adults with

high education levels get more training and application during

engagement because IA subtypes need more comprehend ability. As

a result, intervention on IA was more effective for literate than for

illiterate individuals. Recently, studies investigated the effectiveness

of continuing education for the prevention of cognitive impairment

and dementia. Thow et al. (53) reported that older adults who

attended university courses over a period of 12 months showed

significant improvement in their language processing capacity

compared with healthy adult controls, but there was no change in

their fluid cognitive function. However, another study, by Lenehan

et al. (54), found that 92.5% of older individuals who undertook

further education in 12-month part- or full-time university courses

displayed a significantly linear increase in cognitive reserve over

the 4 years of study, indicating that continuing education could

improve cognitive function and offset cognitive decline. Because of

these contradicting results, more studies focusing on the effectiveness

of continuing education for the prevention of cognitive impairment

and dementia are essential. If the possible preventive effects are

confirmed, then interventions based on continuing education for

older adults should be established and promoted in communities and

nursing facilities.

The strengths of the present study are the population-based

longitudinal design, standardized survey methods, rigorous case

validation, and long follow-up time. We used the parametric g-

formula to appropriately adjust for time-varying confounders and

estimate the effects of independent and joint interventions on

depression, NSD, and IA for a reduction in cognitive impairment

risks. Thus, the estimates are more directly relevant and provide

more information to guide public health and clinical decisions.

However, the present study has several limitations. First, the validity

of the g-formula approach relies on three common assumptions for

observational research: no model misspecification, no measurement

error, and no unmeasured confounding. We adjusted for many

potential risk factors to alleviate the “no measurement error”

and “no unmeasured confound issues,” which were inevitable

for this observational study. Evidence that simulated data under

no intervention using the parametric g-formula were analogous

to the observed data, indicating the condition of no model

misspecification. Our sensitivity analyses also revealed that our

results were robust across different specifications. Second, the

precondition of generalizing our results to other populations is

based on the condition that the target population should have

the same distribution of effect modifiers and interference patterns

as our study population because the calculation principle of the

g-formula is based on the standardized risk to the distribution

of risk factors. Due to the advantage of a population-based

sample, we consider that the conclusion of this study has a

certain degree of generalizability to some extent. Finally, we

implicitly assumed that the counterfactual outcome for all scenarios

should be the same as the observed outcome under the observed

exposure history. It should be noted that, in real life, idealized

intervention effects and complete adherence of participants are

hard to accomplish; therefore, our estimates purely correspond to

the best-case scenario, rather than the specific circumstances of

each program.

Conclusions

By applying the parametric g-formula to a longitudinal sample

from CHARLS, we found that hypothetical interventions on

depression, NSD, and IA can reduce cognitive impairment risks

among older Chinese adults, both independently and jointly.

Furthermore, we observed similar effects of interventions on

depression and IA in gender subgroups, but interventions on

depression and IA had stronger effects in literate than illiterate

individuals. Thus, the findings of the present study suggest that

intervention measures for depression, inappropriate NSD, and

limited intellectual activities and any combination thereof may prove

to be effective strategies for the prevention of cognitive impairment

among older adults.
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Qingdao University, Qingdao, Shandong, China

Background: Few studies have focused on the incidence and correlation of social

frailty (SF) with adverse health events in Southwest China. This study aims to

explore the predictive value of SF for adverse health events.

Methods: A 6-year prospective cohort study was employed, a total of 460

community-dwelling older adults aged 65 years and above were analyzed to

provide a baseline in 2014. Participants completed two longitudinal follow-ups

at 3 (2017, 426 participants involved) and 6 (2020, 359 participants involved) years

later. A modified social frailty screening index was used in this study, and adverse

health events such as physical frailty (PF) deterioration, disability, hospitalization,

falls, and mortality were evaluated.

Results: Among these participants in 2014, the median age was 71 years, 41.1%

were male, and 71.1% were married or cohabiting, up to 112 (24.3%) of them were

classified as SF. It was observed that aging (OR = 1.04, 95% CI = 1.00–1.07, P

= 0.047) and having family members die in the past year (OR = 2.60, 95% CI =

0.93–7.25, P = 0.068) were risk factors of SF, whereas having a mate (OR = 0.40,

95% CI = 0.25–0.66, P = 0.000) and having family members to help with care

(OR = 0.53, 95% CI = 0.26–1.11, P = 0.092) were protective factors of SF. The

cross-sectional study demonstrated that SF was only significantly associated with

disability (OR = 12.89, 95% CI = 2.67–62.13, P = 0.001) at wave 1. Baseline SF

significantly explained the incidence of mortality at the 3-year (medium-term, OR

= 4.89, 95% CI = 2.23–10.71, P = 0.000) and 6-year follow-ups (long-term, OR =

2.22, 95% CI = 1.15–4.28, P = 0.017).

Conclusion: SF prevalence was higher in the Chinese older population. Older

adults with SF had a significantly increased incidence of mortality at the

longitudinal follow-up. Consecutive comprehensive health management of SF
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(e.g., avoiding living alone and increasing social engagement) is urgently needed

for the purposes of early prevention and multidimensional intervention in adverse

health events, including disability and mortality.

KEYWORDS

social frailty (SF), community-dwelling older adults, adverse health events, mortality,

prospective cohort study

Introduction

Among the worldwide aged population, frailty is an important

health issue and is characterized by decreased physiological reserve

and function across multiple physiologic systems (1, 2). It is

associated with adverse events, including falls (3, 4), hospitalization,

institutionalization (5), disability (6), lower quality of life and

mortality (7). As a part of abnormal aging, frailty is a common

public health problem with a prevalence of about 10% in the

community-dwelling elderly population (1). Frailty has several

phenotypes, such as physical, cognitive, psychological, nutritional

and social frailty (8). Compared with other frail phenotypes, social

frailty (SF) is the most unexplored component (9) because of

the inconsistency of definition and measurement way of SF (10).

Even though, the prevalence of SF were reported ranged from

7.7% (China), 11.1 or 18.0% (Japan) to 18.4% (Singapore) (9, 11–

13) based on different screening tools. Therefore, social frailty is

also accepted as an abnormal process of aging which contributed

to disability (14), cognition impairment, depression (11), and

mortality (15, 16), as same as physical frailty.

As for the screening tools, seven-item SF index was first

constructed by Teo et al. (13) based on the Singapore Longitudinal

Aging Studies Wave 1 (SLAS-1) cohort. However, this assessment

method was time-consuming in practice. Bessa et al. (17) attempted

to give an integrated conceptualization of SF which covered four

aspects: measures general, social resources, social behaviors, and the

satisfaction of basic social requirements (18). Then a modified SF

index screen tool (19) based on those conception was developed

by Nagai et al. (20) in Japan, who confirmed that briefly SF can

predict future incidents of activity limitation and mortality in

community-dwelling older adults (15). Yet, although the cultural

may vary, the understanding of SF and its mechanisms remains

the same; although general and social resources as well as social

behaviors or activities may vary among different countries and

cultures, they are still contribute to the social needs fulfillment (21).

Considering that older adults must increasingly rely on their social

relationships and social environment due to policy measures aimed

at reducing the financing of formal care and support, the incidence

of SF and its effect on adverse health events becomes even more

important (21).

China has the largest older population in the world (8). China

is a country that is changing rapidly including family cohesion

and traditional family-based social support considerably weakened,

which might contribute to the score of the SF index (16). However,

the SF of older individuals in Chinese communities varies greatly,

and few studies have reported the correlation of SF with adverse

health events in Southwest China. Therefore, the core aim of this

study was to identify the incidence of SF by using a modified SF

index assessment tool and to explore the relationship between SF

and deterioration of PF, disability, hospitalization, falls and all-

cause mortality among community-dwelling older adults in both

cross-sectional and longitudinal studies.

Methods

Study design, setting, and participants

All data were obtained from “the Survey on the Disease,

Psychology and Social Support of the older Community-dwelling

Population in Dujiangyan,” a prospective cohort study for older

individuals aged 65 years and older in China supported by

Johnson & Johnson global novel project (2013), which has been

described in detail in our previous study (22). The exclusion criteria

included: (1) any disease in the acute phase cause life expectancy

<6 months, such as acute heart, liver, kidney and respiratory

failure were excluded for better follow-up; (2) severe visual/hearing

impairment and severe dementia; and (3) unwillingness to be

investigated and unable to communicate with the investigators.

In Figure 1, a total of 1,117 older adults were first recruited in

January 2014. Among them, 460 older adults finished the first

survey (wave 1). The next two waves of follow-up were conducted

in January 2017 (426 participants involved, wave 2) and January

2020 (359 participants involved, wave 3). The research protocol was

reviewed and approved by the Ethics Review Committee of Sichuan

University (registration number 2014-206), and informed written

consent was obtained from all participants.

Measurements

Definition of social frailty
Taking the practicable and available into consideration, a

modified social frailty index (15) (general and social resources,

social behaviors, and the satisfaction of basic social requirements)

was used to assess social frailty in this study, which was described

as follows: (1) financial support: “Is your annual per capita income

of households <RMB10,000?” (yes = 1 point, no = 0 points), (2)

living status: “How many people do you live with?” (0 = 1 point,

≥1 = 0 points), (3) social activity: “Do you participate in any

community activities regularly?” (no = 1 point, yes = 0 points),

and (4) social contact: “Do you sometimes visit your friends and

relatives?” (no= 1 point, yes= 0 points). Participants with summed
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FIGURE 1

Flow chart demonstrating the process used to select the study participants.

scores of 2 or more were categorized as having SF. A score of 0–1

was regarded as non-social frailty.

Assessment of physical frailty
Physical frailty was defined using the Frail Scale comprising

five components (18): fatigue, resistance, ambulation, illness, and

loss of weight. Components were operationalized. Participants were

considered physically frail (score= 3–5), prefrail (score= 1–2), and

robust (score= 0) according to the summed score.

Adverse health events
Deterioration of PF was defined as from robust to pre-frail or

frail and from pre-frail to frail.

Disability was defined as requiring assistance on one or more

IADL (instrumental activities of daily living, eight items) or ADL

(activities of daily living, seven items) item(s).

Hospitalization was assessed via self-reported hospitalizations

or reviewing computerized HIS records from 2014 to 2020.

Falls were defined as any sudden drop from one surface to a

lower surface.We assessed falls by asking the participants: “Did you

fall in the previous year?” (response categories “yes” and “no”).

Mortality data were collected by local government records or

family members’ self-reports.

Other covariates
A personal information questionnaire was used to collect the

participants’ characteristics. The sociodemographic covariates of

participants included age, gender, marital status (with or without

life partner), education level (according to the International

Standard Classification of Education), self-rated sleep quality,

self-reported memory status (good, average, and poor), Residency

Period (<3, 3–10, >10 years), family member has died in 1

year. Social characteristics were assessed through the following

dimensions: medical service support (medical insurance),

expenditure (in debt), social engagement (whether having family

members to help with care), and emotional support (willingness to

make friends and with a confidant in one’s life). Geriatric syndrome

(malnutrition, depression, cognitive impairment, comorbidity, and

polypharmacy) and physical profile (HbA1c, BMI, systolic BP, and

diastolic BP).

Statistical analysis

The Statistical Package for Social Science (SPSS) for Windows

version 21.0 (SPSS, Chicago, IL, USA) was used to calculate

descriptive statistics and to obtain the frequency and percentage

distributions. The characteristics of participants’ at baseline

were compared by using Mann–Whitney U, or chi-square tests

according to the type of variables. Multivariate logistic regression

using forward stepwise regression (P < 0.10 for variable inclusion

criteria) were conducted with the aim of examining the association

of SF with adverse health events in cross-sectional and predictive

value of SF on adverse events in longitudinal scenarios.

Results

Participant characteristics

Table 1 summarizes the overall SF status and sociodemographic

characteristics of participants at wave 1. Among these 460

participants in 2014, the median age was 71 years, 41.1% were male,

and 71.1% were married or cohabiting. During the wave 2 follow-

up, 34 participants died. The wave 3 visit and assessment were

conducted in January 2020, during which 359 participants were

completed, and 63 died. Another 38 participants were excluded as
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TABLE 1 Demographic characteristics of SF in wave 1 (N = 460).

Variables N-SF (N = 348) SF (N = 112) Total P

Age (years) 71 (67–76) 73 (69–79.75) 71.0 (67.0, 77.0) 0.303

Sex (males; %) 200 (57.5) 71 (63.4) 189 (41.1) 0.268

Marital status (having a mate; %) 270 (77.6) 57 (50.9) 327 (71.1) 0.000

Education 0.001

Illiterate (%) 61 (17.5) 38 (33.9) 99 (21.5)

Elementary school (%) 143 (41.1) 41 (36.6) 184 (40.0)

Middle school or higher (%) 144 (41.4) 33 (29.5) 177 (38.5)

Sleep quality (bad; %) 177 (50.9) 63 (56.3) 240 (52.2) 0.321

Self-reported memory status 0.944

Good (%) 92 (26.9) 30 (27.5) 131 (28.5)

Normal (%) 138 (40.4) 42 (38.5) 180 (39.1)

Bad (%) 112 (32.7) 37 (33.9) 149 (32.4)

Residency period (year; %) 0.553

≤3 118 (34.0) 42 (37.5) 161 (35.0)

3<x≤10 101 (29.1) 35 (31.3) 136 (29.6)

>10 128 (36.9) 35 (31.3) 163 (35.4)

Family member has died in 1 year (%) 10 (2.9) 8 (7.1) 18 (3.9) 0.043

With a confidant (%) 326 (93.9) 99 (88.4) 425 (92.4) 0.051

Having family members to take care (%) 63 (18.1) 11 (9.8) 74 (16.1) 0.038

SF four components

Living alone (%) 19 (5.5) 38 (33.9) 57 (12.5) 0.000

Lack of social activity (%) 24 (6.9) 68 (60.7) 92 (20) 0.000

Lack of contact with neighbors (%) 147 (42.2) 102 (91.1) 249 (54.1) 0.000

Financial difficulties (%) 20 (5.8) 44 (39.3) 64 (14.0) 0.000

Physical frailty (PF) 0.173

Robust (%) 182 (52.3) 52 (46.4) 234 (50.9)

Pre-frail (%) 148 (42.5) 49 (43.8) 197 (42.8)

Frail (%) 18 (5.2) 11 (9.8) 29 (6.3)

Adverse health events

Disability (%) 3 (0.9) 11 (9.8) 14 (3.0) 0.000

Hospitalization within past 1 year (%) 170 (48.9) 63 (56.3) 74 (16.1) 0.173

Fall 25 (7.2) 8 (7.1) 33 (7.2) 0.988

Geriatric syndrome

Malnutrition (%) 36 (10.3) 17 (15.2) 53 (11.5) 0.163

Depression (%) 9 (2.6) 5 (4.5) 14 (3.0) 0.490

Cognitive impairment (%) 39 (11.2) 25 (22.3) 64 (13.9) 0.003

Comorbidity 138 (39.7) 40 (35.7) 178 (38.7) 0.456

Polypharmacy 33 (9.5) 7 (6.3) 40 (8.7) 0.291

Physical profile

HbA1C (%) 5.7± 0.8 5.7± 0.9 5.7± 0.8 0.540

BMI (kg/m2) 24.8± 3.5 24.2± 3.5 24.6± 3.5 0.107

Systolic BP (mmHg) 139.5± 18.7 139.5± 19.5 139.5± 18.9 0.987

Diastolic BP (mmHg) 80.4± 11.0 81.9± 10.9 80.8± 11.0 0.188

SF, Social Frailty; PF, Physical Frailty; BMI, body mass index; HbA1c, glycated hemoglobin; BP, Blood Presure.

p-values < 0.05 are printed in bold.
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TABLE 2 The overall social frailty status and adverse health events of

participants at each visit.

Variables 2014
(wave 1;
N = 460)

2017
(wave 2;
N = 426)

2020
(wave 3;
N = 359)

Social frailty (%) 112 (24.3) 123 (28.9) 217 (60.4)

Four components

Living alone (%) 57 (12.5) 89 (20.9) 89 (24.8)

Lack of social activity (%) 92 (20) 147 (34.5) 266 (74.1)

Lack of contact with 249 (54.1) 126 (29.6) 201 (56.0)

neighbors (%)

Financial difficulties (%) 64 (14.0) 72 (16.9) 36 (10.0)

Adverse health events

Transitions in SF

Deterioration (%) - 72 (15.7) 154 (42.9)

Unchanging (%) - 327 (71.1) 182 (50.7)

Improve (%) - 61 (13.3) 23 (6.4)

Transitions in PF

Deterioration (%) - 67 (15.7) 78 (21.7)

Unchanging (%) - 212 (49.8) 195 (54.3)

Improve (%) - 147 (34.5) 86 (24.0)

Disability (%) 14 (3.0) 40 (9.4) 81 (22.6)

Hospitalization within past

1 year (%)

233 (50.7) 207 (48.6) 158 (44.0)

Fall (%) 33 (7.2) 29 (6.8) 96 (26.7)

Mortality (%) - 34 (7.4) 63 (13.7)

SF, Social Frailty; PF, Physical Frailty.

they defaulted (n = 2), refused to revisit (n = 15), changed the

contact information (n= 8), and other (n= 13; Figure 1).

Prevalence and risk factors for SF

The prevalence of SF increased with time and was 24.3%

(112/460, wave 1), 28.9% (123/426 wave 2), and 60.4% (217/359

wave 3). During the two waves of follow-up, we observed a

significant increase in SF deterioration [from 72 (15.7%) to 154

(42.9%)], and only 23 (6.4%) participants had improved in wave 3.

A high prevalence of SF was observed among participants who were

older, without a mate, had lower levels of education, with family

members died in the last year, had family members to take care,

who lacked social activity, who lacked contact with neighbors, had

financial difficulties, had a disability or cognitive impairment. There

were no significant difference between the two groups in terms of

who had the worse sleep patterns, physical frailty, number of falls,

hospitalizations within the past year and other geriatric syndromes

(Tables 1, 2).

Multivariate logistic regression analysis was used to determine

the possible associated factors for SF (wave 1) in Figure 2A. The risk

factors of SF were significantly associated with aging (OR = 1.04,

95% CI = 1.00–1.07, P = 0.047) and having family members die in

the past year (OR= 2.60, 95% CI= 0.93–7.25, P= 0.068), whereas,

having a mate (OR = 0.40, 95% CI = 0.25–0.66, P = 0.000) and

having family members to help with care (OR = 0.53, 95% CI =

0.26–1.11, P = 0.092) were protective factors of SF.

The incidence of di�erent adverse health
events

The prevalence of adverse health events from wave 1 to wave

3 (Table 2) was described as follows: disability was 3.0, 9.4, and

22.6%; falls were 7.2, 6.8, and 26.7%; hospitalization within the past

1 year was 50.7, 48.6, and 44.0%; and mortality was 7.4% (wave

2) and 13.7% (wave 3). In wave 2, the number of disabilities [40

(9.4%)] markedly increased, while the rates of falls [29 (6.8%)]

and hospitalization [207 (48.6%)] were comparable to those in

wave 1. By the end of wave 3, it was observed that 78 (21.7%) of

patients had worsened into PF or pre-PF. A significant increase in

the proportion of disabilities (22.6%), falls (26.7%) and mortality

(13.7%) after 6 years were observed, but hospitalization (44.0%) was

further decreased.

Relationship of SF with adverse health
events: Cross-sectional and longitudinal
analysis

Figures 2B–D presents the cross-sectional association of SF

with adverse health events. At the first wave visit, after

adjusting for background characteristics and adverse events, the

logistic regression analyses demonstrated that SF was significantly

associated with disability (OR = 12.83, 95% CI = 2.67–62.13, P =

0.001) and age (OR= 1.12, 1.04–1.21, P= 0.004). Poor sleep quality

(OR = 2.20, 95% CI = 1.43–3.36, P = 0.000), residency period

(3<x≤10 years; OR = 0.48, 95% CI = 0.29–0.78, P = 0.003) and

medical insurance (OR = 6.41, 95% CI = 2.34–17.57, P = 0.000)

were related to hospitalization. Male participants (OR = 4.73, 95%

CI = 1.62–13.87, P = 0.005) and those with poor sleep quality

(OR = 3.12, 95% CI = 1.24–7.83, P = 0.015) at baseline had an

increased risk of falling. However, baseline PF was not significantly

associated with an increased risk of disability, hospitalizations or

fall incidents.

Longitudinal analyses (waves 2) showed that SF significantly

predicted the incidence of mortality (OR = 4.89, 95% CI = 2.23–

10.71, P = 0.000), whereas SF did not have a significant effect

on disability, hospitalizations, falls or PF deterioration. At the

third wave of follow-up, the multivariate logistic regression analysis

indicated that baseline SF significantly increased the risk of 6-year

mortality (OR = 2.22, 95% CI = 1.15–4.28, P = 0.017). However,

baseline SF was significantly associated with a decreased risk of

hospitalization (OR = 0.57, 95% CI = 0.33–0.98, P = 0.041). No

significant correlations with disability, falls or PF deterioration

were found (Table 3, Supplementary Tables 1, 2).
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FIGURE 2

Forest plots showing the analysis of risk factors associated with SF (A) and cross-sectional analyses of baseline SF with adverse health events in wave

1 (B–D). (B) Cross-sectional analyses of baseline SF with disability. (C) Cross-sectional analyses of baseline SF with hospitalization. (D)

Cross-sectional analyses of baseline SF with fall.

Discussion

SF in aging populations is of grave concern because of social

issues faced by older individuals, such as those related to income,

family dynamics, and social inclusion (15). As a complex concept,

SF is comprehensive, and there is still no consensus on the criteria.

Comparing with some social terms, such as social isolation and

social support alone, more directions (21) were taken into account.

Among them, living alone and infrequent contact with family

or friends might be the core of social frailty. So, the modified

SF screen tool that consist of general and social resources (“is

your annual per capita income of households <RMB10,000?”),

social behaviors (“Do you participate in any community activities

regularly?” and “Do you sometimes visit your friends and

relatives?”), and the satisfaction of basic social requirements

(“How many people do you live with?”) was (21) chose in

this study.

Our study found that the prevalence of SF in older individuals

was 24.3%. At the end of our study, 60.4% of older adult

participants were found to have SF. the baseline prevalence was

higher than that of Ma et al. (16), who found that the prevalence

of SF was 7.7% (aged ≥ 60 years) in Beijing by HALFT scale

(inability to help others, limited social participation, loneliness,

financial difficultly, and not having anyone to talk to) in 2004,

11.1% (mean age 71.9 years) in Japan (11) by the 5-item scale

(living alone, going out less frequently compared to last year,

visiting friends sometimes, feeling helpful to friends or family,

and talking with someone every day) or 18.0% (mean age 75.2

years) by modified SF index screening questionnaire (financial

support, living status, social activity, and social contact) (15), and

18.4% (mean age 66.1 years) in Singapore (13) by the Seven-

item social frailty index (living alone, no education, absence of a

confident, infrequent contact, infrequent social activities, financial

difficulty and socioeconomic deprivation). Furthermore, our study

reported the status changes of SF over time: half of participants

had SF status stable (50.7%) while half deterioration (42.9%) at

the end of 6 years. The potential reasons of high prevalence of

SF in this study might be: (1) the mean age of our participants

were older (mean age 71 years) than other studies; (2) reduced

social activity and social contact by unique earthquake in 2008.

Some older adults have to move to the present place of residence

during the reconstruction of the disaster. They had fewer relatives

and friends than before; (3) with the deterioration of aging and

economic development of society, traditional family-based social

support given to older community-dwelling adults was weakened

gradually, the left-behind co-habitants were spouse or older adults

were lived alone which contributed the living status changing; and

(4) most of our participants were older adults lived in Urban-rural

fringe, financial support was relatively limited (11).

We analysis the risk factor for SF by using baseline data. The

results showed that participants with advanced age, marital status

of no partner, lower education and cognitive impairment had a

high prevalence of SF. Older age is a risk factor of SF An obviously

increased proportion of SF was found in age group between 80

and 84 years old, which amounted to 22.0% and was even higher

than 41.8% in patients 85 years of age and older (11). From this

perspective, older age itself seems to be a risk factor of SF to

come into being. Participants with a marital status of no partner

were prone to isolation and loneliness, both linked to SF. It has

been suggested that a decline in cognitive function may occur
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TABLE 3 Longitudinal analyses of SF with adverse health events.

Variables Follow-up Longitudinal
analysis
(wave 2)

Longitudinal
analysis
(wave 3)

PF deterioration Sig. 0.442 0.903

Exp (B) 0.75 1.04

95% Lower 0.36 0.54

C.I. Upper 1.56 2.01

Disability Sig. 0.142 0.285

Exp (B) 1.95 0.71

95% Lower 0.8 0.37

C.I. Upper 4.73 1.34

Hospitalization Sig. 0.85 0.041

Exp (B) 1.05 0.57

95% Lower 0.63 0.33

C.I. Upper 1.75 0.98

Fall Sig. 0.612 0.303

Exp (B) 0.78 0.74

95% Lower 0.3 0.41

C.I. Upper 2.04 1.32

Mortality Sig. 0.000 0.017

Exp (B) 4.89 2.22

95% Lower 2.23 1.15

C.I. Upper 10.71 4.28

SF, Social Frailty; PF, Physical Frailty.

We used the stepwise logistic regression model to analyze the risk factors of SF. p-values <

0.05 are printed in bold.

concurrently with the presence of SF (23), which may lead to

adverse health events, such as mortality, hospitalization, falls and

disability. In addition, the study also found that aging (OR = 1.04,

95% CI = 1.00–1.07, P = 0.047) and having a family member who

died within 1 year (OR= 2.60, 95%CI= 0.93–7.25, P= 0.068) were

negative factors of SF, while having a mate (OR = 0.40, 95% CI =

0.25–0.66, P= 0.000) and having family members to help with care

(OR= 0.53, 95% CI= 0.26–1.11, P= 0.092) were protective factors

for SF in the Chinese culture. In the clinical setting, understanding

who is more likely to deteriorate and who may remain stable, or

even revert back to the better state, will allow clinicians to focus on

those at the highest risk for early interventions (24). Despite many

studies determining the effects of interventions on PF, the number

of studies on interventions that target SF is limited (25). This study

found that avoiding living alone (having a partner) and increasing

social engagement (having family members to help with care) can

contribute to preventing SF.

Furthermore, this study also provides evidence on the

relationship between SF and adverse health events in both the

medium- and long-term future. First, based on this cross-sectional

analyses, it was found that SF was significantly correlated with

disability and hospitalization. No relationship was found between

falls and PF after adjusting for all the other variables in the

model. In some studies, they found that the number of disabled

persons among SF older increased by 2.30 times, and the number

of severely disabled persons increased by 6.27 times (13). Other

studies also found that SF status is negatively associated with

physical functioning (26) and is associated with a higher incidence

of disability (27). This study verified that SF, as an indicator of a

decline in social function (28), is a risk factor for dependency (29).

It shows that participants with baseline SF are ∼12 times more

likely to have an incident related to disability than participants

who are not SF. Some factors, such as age, male sex, poor sleep

quality, medium period residence, andmedical insurance, were also

associated with adverse health outcomes, and these results were

consistent with other studies (30–33).

Second, the regression analyses (longitudinal) revealed that SF

was significantly associated with mortality during wave 2 (medium-

term, OR = 4.89, 95% CI = 2.23–10.71, P = 0.000) and wave

3 (long-term, OR = 2.22, 95% CI = 1.15–4.28, P = 0.017), and

medium-term mortality was higher than long-term mortality. Ma

et al. (16) examined the correlation between SF and mortality

among community-dwelling older adults. After adjusting for age

and sex, the 8-year mortality hazard ratios were 2.5–4.3 for those

with SF, and SF predicted 8-year mortality. Yamada et al. (15)

conducted a prospective cohort study in 6,603 community-dwelling

adults aged 65 years and older who were living independently in

a city in Shiga prefecture in 2011 and found that 48.5% of those

with SF died, indicating that community-dwelling older adults with

SF (adjusted HR 1.71, 95% CI 1.54–1.90) were at higher risk of

death over 6 years. Our data were higher than those studies, and

participants with SF had a 4- and 2-fold incidence of mortality than

those without SF, which was consistent with those results. Mortality

is the most important variable among adverse health outcomes.

Third, some studies found that social factors could be associated

with an increased incidence of hospitalizations. Social factors of

self-neglect have been linked to poor social support, reduced

nutritional intake and physical function (34), resulting in poor

quality of life and increased falls, hospitalization and mortality. In a

sample of 963 Brazilian people (35) aged 60 years and older, the TFI

predicted hospitalization. However, in this study, baseline SF was

significantly associated with a decreased risk of hospitalization (OR

0.57, 95%CI= 0.33–0.98, P= 0.041) during the 6-year follow-up. It

is speculated that the baseline SF individuals were prone to having

lower incomes and did not have equal hospitalizations; therefore,

SF individuals in Southwest China predicted a decreased risk of

hospitalization longitudinally.

Impaired falls in the older are a major source of injury resulting

in disability (36). Although multiple longitudinal studies have

investigated frailty as a predictor of future falls, the results were

mixed (37). Gobbens et al. (38) found that SF was only correlated

with disability and falls in a sample of 180 Dutch community-

dwelling older people aged 70 years and older. The future fall risk

according to frailty seemed to be higher in men than in women.

SF is a factor associated with accelerated decline in both physical

and mental functioning. In addition, it has been suggested that

social roles gradually decrease before a decline in cognitive and

physical functioning is reported (25). Makizako et al. (9) found
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that participants who were SF at baseline had an increased risk of

developing PF (OR = 3.93, 95% CI = 1.02–15.15) and physical

prefrailty (OR = 2.50, 95% CI = 1.30–4.80). This indicates that

those who are SF may be at greater risk of developing PF in the

near future. However, this longitudinal study did not find that

SF predicts PF deterioration in mid- and long-term studies. The

reason for the lack of a relationship with falls and PF deterioration

may be that there were more women among participants at the

baseline. Another reason may be that participants came from the

urban-rural fringe areas; many were labor workers and had better

physical fitness.

In addition to SF, the current study also found that those

resident <3 years and without a confidant also had an increased

risk of developing adverse health events, such as falls and mortality.

In the future, these factors should be taken into account as

supplementary components of SF screening tools. This modified

tool may better detect adverse health events, but it may need

further validation.

This study also has some limitations. First, the instrument used

to evaluate SF was self-reported, so it may be subject to potential

recall bias despite all the questionnaires were conducted face-to-

face one by one at all waves, and all investigators participated in

the study were trained by standard protocol, so that the subjects

had no understanding error. Second, due to the vary widely across

regions and smaller geographic and cultural units, perhaps we miss

an opportunity to take full advantage of this framing to educate the

world outside China about those changes. Finally, considering these

limitations, further studies will be needed to explore a consecutive

comprehensive health management of SF for the purposes of

early prevention and multidimensional intervention in adverse

health outcomes.

Conclusion

This study reported the incidence of SF and its associated

factors and highlights the predictive values of SF on adverse

health events longitudinally. First, the incidence of SF was higher

and its transitions was the majority of participants remained SF

status stable or deteriorated at the end of 6 years in community-

dwelling older adults in Southwest China. Second, this study

found that avoiding living alone (having a partner) and increasing

social engagement (having family members to help with care) can

contribute to SF. Finally, older adults with SF had a significantly

increased incidence of mortality at the longitudinal follow-

up. Consecutive comprehensive health management of SF (e.g.,

avoiding living alone, increasing social engagement) is urgently

needed for the purposes of early prevention and multidimensional

intervention in adverse health events. The present study provided

new, additional evidence for assessing SF in Chinese community-

dwelling older people aiming to prevent or delay adverse events,

including disability, hospitalization, and mortality.
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older community-dwellers
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Luis Soto-Bagaria1, Ester Risco5,6, Pako Díaz7, Kerry Kuluski8,9,

Maria Giné-Garriga10,11, Carmina Castellano-Tejedor1 and

Marco Inzitari1,12

1Research Group on Aging, Frailty and Care Transitions in Barcelona, Parc Sanitari Pere Virgili and Vall

d’Hebron Research Institute (VHIR), Barcelona, Spain, 2Doctorate Program, Department of Medicine,

Universitat Autònoma de Barcelona, Barcelona, Spain, 3QIDA, Sabadell, Spain, 4Population Health

Sciences Institute, Faculty of Medical Sciences, Newcastle University, Newcastle upon Tyne,

United Kingdom, 5Nursing Research Group, Parc Taulí Hospital Universitari, Institut d’Investigació i

Innovació Parc Taulí (I3PT-CERCA), Universitat Autònoma de Barcelona, Sabadell, Spain, 6Nursing

Department, Faculty of Medicine, Universitat Autònoma de Barcelona, Barcelona, Spain, 7Centre

d’Atenció Primària Bordeta-Magòria, Barcelona, Spain, 8Bridgepoint Collaboratory for Research and

Innovation, Bridgepoint Health, Toronto, ON, Canada, 9Institute of Health Policy Management and

Evaluation, Dalla Lana School of Public Health, University of Toronto, Toronto, ON, Canada,
10Department of Sport Sciences, Faculty of Psychology, Education and Sport Sciences, Blanquerna,

Universitat Ramon Llull, Barcelona, Spain, 11Department of Physical Therapy, Faculty of Health Sciences,

Blanquerna, Universitat Ramon Llull, Barcelona, Spain, 12Faculty of Health Sciences, Universitat Oberta

de Catalunya (UOC), Barcelona, Spain

Background: The “AGIL Barcelona (AGILBcn)” community-based integrated care

program is a multicomponent healthy aging intervention for frail older adults.

In this context, the present study aimed to identify implementation strategies

to optimize the accessibility, acceptability, and adaptability of mobile health

(mhealth) interventions to enhance physical activity in frail older adults, and to

prioritize action points according to their importance and feasibility, through a

co-design process.

Material and methods: A mixed methods approach was used. In the qualitative

phase, a method adapted from the World Café was applied in 6 virtual groups

to identify strategies to facilitate the virtual physical activity program. In the

quantitative phase, prioritization and feasibility of the strategies was analyzed

through surveys. Strategies were ranked based on priority vs. feasibility, revealing

if strategies should either be: implemented first; if possible; taken into account for

future consideration; or directly disregarded. The convenience sample included

older adults (n = 7), community professionals (n = 9) and health professionals

(n = 13). Qualitative data were analyzed by summative content analysis and

quantitative data by nonparametric descriptive analyses.

Results: A total of 27 strategies were identified and grouped into four categories:

general strategies for reducing barriers; specific strategies for facilitating the

use of a digital application; specific strategies for facilitating participation in

virtual exercise groups; and specific strategies for facilitating external support.

According to the ranking of strategies, the first ones to be implemented

included: digital literacy, digital capability assessment, family technology support,

weekly telephone follow-up by professionals, personalizing exercises, and virtual

exercises in small groups.
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Conclusion: The active participation of all stakeholders enabled us to identify

potential strategies for implementing person-oriented technology in physical

activity programs and for engaging older adults.

KEYWORDS

older adults, frailty, aging, mhealth, World Café, integrated care, participatory methods,

co-design

1. Introduction

The aging of the population is accompanied by an acceleration

in the incidence of disability (1). Frailty, defined as a pre-disability

state of initial impairment of intrinsic capacity, is a target for

interventions aimed at improving function and delaying disability

(2). Multicomponent lifestyle interventions aimed at promoting

healthy aging have proven to be effective in the short term (3, 4).

During the COVID-19 pandemic, social distancing protocols

and the subsequent demand for community spaces led to an

increase in sedentary behavior in older adults (5), contributing

to the progression of frailty and disability (6). An alternative

approach to traditional face-to-face physical activity interventions

that has gained special momentum is the use of mobile health

(mhealth) (7). Technology-based interventions appear to positively

influence physical activity levels in older adults (8) and offer the

potential to reach individuals on a large scale while allowing

for personalized programs. Despite the availability and potential

of technology for enhancing physical activity (9), barriers to its

adoption and use by older adults and in different care settings

remain (10, 11).

It is widely recognized that there is a significant gap between

the development of evidence-based interventions for public

health and health promotion and their successful and sustainable

implementation (12). Approaches for promoting physical

activity in older adults using mhealth present unique challenges.

Currently, most physical activity promotion interventions

remain limited to the experimental or pilot phase, as their

continuous implementation or scale-up poses large difficulties.

These include a limited understanding of implementation

strategies and a failure to match these to the needs of

end users.

Engaging end users in the development of health promotion

interventions and the design of digital solutions incorporating

elements derived from participatory methodologies, conceived

within the framework of patient and public involvement (PPI),

is key to achieving strategies that are contextually adapted and

conducive to their sustained adoption and implementation (13).

Participatory design, now known as co-design, is hypothesized

to have a strong and lasting impact on health outcomes and

may represent a promising strategy for addressing complex health

behaviors. Co-design in this context specifically refers to patients

and caregivers working collaboratively with health and allied health

professionals to improve service delivery by sharing knowledge

and experience (14). Its goal is to optimize the implementation

of evidence-based interventions according to the priorities and

preferences of all stakeholders, enabling designed solutions to

achieve maximum feasibility and sustainability.

The present study is part of the +AGIL Barcelona (AGILBcn)

program (15), a complex community intervention co-designed

by and for frail older adults, together with primary care teams

and community stakeholders. The program encompasses different

aspects of health including physical activity, nutrition, emotional

wellbeing, sleep hygiene, cognitive screening and stimulation,

loneliness, and medication review. The AGILBcn multicomponent

exercise program consists of 10 face-to-face group sessions led

by a physiotherapist in a primary care setting. The program is

complemented by exercises performed at home and prescribed

through the publicly available ViviFrail R© App (16). Results showed

a positive impact on physical function at 3 months (17).

Due to the COVID-19 pandemic and the ensuing challenges

facing health services, pressure to redesign the program in a

virtual or semi-virtual format increased. However, despite the

great potential of digital technology to enhance the promotion of

healthy lifestyles in older adults, a lack of specific implementation

strategies could even exacerbate health inequalities, increase costs,

and jeopardize implementation in routine practice.

This work aims to identify implementation strategies for

optimizing the accessibility, acceptability, and adaptability of

mHealth interventions aimed at increasing physical activity, within

the framework of AGILBcn or similar programs, and to assess their

level of priority and feasibility through a co-design process aimed at

ensuring equal and equitable participation of multiple stakeholders.

2. Materials and methods

2.1. Study design

A mixed-methods study was designed, incorporating both

qualitative and quantitative data and adopting a triangulation

multilevel model, to elicit views from key stakeholders: older adults

(OA) as end users; health professionals (HP); and professionals

from the community and voluntary sector (CVS).We selected these

key participants in order to assess the accessibility, acceptability

and adaptability of the AGILBcn virtual program, aimed at older

adults with frailty but absent ormild disability. Specific themes were

addressed, including: barriers related to the “digital divide” that

must be overcome, to ensure the viability of incorporating mHealth

(app and virtual exercise sessions) into the program; logistics of

exercising and conducting virtual exercise sessions from the homes

of older adults; and monitoring, support and other factors that

could affect uptake, motivation and adherence to the program.

The co-design process was carried out in two phases described

below: (1) six virtual “World Café” (18) sessions (renamed as

“AGIL Café” sessions) to identify implementation strategies for
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facilitating the deployment of the AGILBcn virtual program; and

(2) evaluation of the level of priority and feasibility of the strategies

identified during the AGIL Café sessions, using digital surveys.

2.2. Settings and participants

Participation was sought to represent the main stakeholders

in the community-based multi-component AGILBcn program

(15). Participants included older adults, health professionals and

professionals from the community. Purposive sampling was used

to identify and select key participants capable of offering a wealth

of information regarding the phenomenon of interest (19, 20).

Inclusion criteria for participants were:

• Older adults with no or minimal disability in performing

basic daily living activities, and with no acute diseases, aged

70–90 years, and presenting at least one sign of frailty (i.e.,

slow gait speed, weakness, memory complaints, involuntary

weight loss, or poor social support), able to participate in

videoconferences, fluent in Catalan or Spanish and without

speech disorders.

• Health professionals (physicians, nurses, physiotherapists,

neuropsychologists, occupational therapists, or social

workers) with more than 6 months of work experience

in primary care or geriatric services and in complex

chronic conditions.

• Professionals from the community and voluntary sector:

workers from third sector services targeted at older adults

(municipal or non-profit programs).

Three researchers (LMP, LS, MI) were responsible for

recruitment. Potential participants were contacted either by

telephone (OA, previous or potential participants in AGILBcn) or

e-mail (HP and CVS), to request participation and to explain the

objectives, structure and format of the sessions. HP were recruited

from an intermediate care hospital and a primary care center in

Barcelona and were selected for diversity in profession, work area

and professional experience. CVS were recruited based on the type

of community organization they worked for (e.g., civic centers,

pharmacies), and professional experience related to community

programs targeting older adults (e.g., programs to increase physical

activity, improve digital skills, reduce loneliness).

We aimed for between 6 and 12 participants per stakeholder

group and invited 13 participants to each group to ensure

participation. Sample size was determined based on the capacity

of the selected sample to provide information and on a criterion

of information redundancy in the identification of new codes or

themes (20).

Of the 13 candidates from each group who were contacted

for recruitment, 6 OA decided not to participate due to health-

related problems or overlapping duties (which the research team

had tried to accommodate), 4 CVS declined the invitation due to

work commitments, and all HP agreed to participate. Finally, 7 OA,

9 CVS and 13 HP agreed to participate. No participants withdrew

from the study.

2.3. Data collection

2.3.1. Phase 1: Procedure of AGIL Café
This study used the World Café participatory research

approach (18) to facilitate structured and unstructured

collaborative dialogue and knowledge generation for the resolution

of common problems from the perspective of multiple stakeholders

(21, 22). This method allows for obtaining the lived experience

of the participants and their needs and preferences for services,

dividing large groups into smaller ones while remaining part of

a single, connected conversation (22). It has been used in a wide

variety of settings, including the development and evaluation of

health services (22) and for the improvement of care for older

adults (23).

Six AGIL Café sessions (2 groups for each profile) were

conducted. The decision to avoid mixed groups was made to give

equal status to end users and thereby avoid the risk of reduced

participation due to differentials in status and experience (24).

The AGIL Café sessions took place between December 2020

and March 2021, with a duration of 1.5 h per session, conducted

in a virtual format (25). The Zoom R© communication platform

was chosen for its video and audio quality, functionalities and

simplicity. Meetings were password protected. At the time of the

meeting, attendees were sent to a waiting room where identity was

confirmed. Sessions were video and audio recorded. The process

was guided by a multidisciplinary research team with experience

in primary, geriatric care, physical activity promotion programs

and qualitative research experience. In each workshop, a member

of the team acted as facilitator; an additional member admitted

participants to the call and helped to solve technical problems

during the session (LS); two recorded ideas (VD and MI); and two

others acted as observers and evaluators of the process (LMP and

LV). To stimulate the conversation, the team developed a script,

adapted for each group, containing main questions and subsidiary

prompts (Supplementary Table 1). These were guided by study

objectives, existing literature, and independent and representative

feedback on understandability and comprehensiveness. Sessions

were conducted in rounds (introduction followed by a round

for each question). To facilitate the participation of all attendees

and to prevent any single participant from monopolizing the

conversation, each participant was invited to respond by the

moderator, who carefully monitored responses. After each round,

time was allocated to unstructured discussion. The real-time

LucidChart R© app was used by the researchers to record and

visualize ideas presented by participants using virtual “sticky

notes” and graphics functions. This enabled the correction and

clarification of suggestions made and permitted the continuous

overview of ideas generated, facilitating reflection.

2.3.2. Phase 2: Prioritization and viability of
changes identified in the co-design groups:
Surveys

Based on the qualitative analysis of the AGIL Café sessions

(phase 1), an ad hoc questionnaire was developed in Catalan,

consisting of 27 potentially actionable strategies for facilitating the

Frontiers in PublicHealth 03 frontiersin.org75

https://doi.org/10.3389/fpubh.2023.1062843
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Villa-García et al. 10.3389/fpubh.2023.1062843

AGILBcn virtual program, which were subdivided into 4 categories

or blocks.

The questionnaire required that each item be ranked according

to its perceived priority and feasibility using a 5-point Likert scale

from P1/F1, representing the highest priority/highest feasibility, to

P5/F5, representing the lowest priority/lowest feasibility (the range

of options is described in Supplementary Table 2). A participant

from each stakeholder group was asked to review the questionnaire

prior to its dissemination, to identify any problems and rate its

comprehensibility. The survey was conducted using the online

platform LimeSurvey R© between May and June 2021 with a 100%

response rate. The survey was distributed to HP and CVS via email,

with information on its purpose and objectives. The survey entry

screen specified how data would be used and requested informed

consent. Participants could withdraw at any time before submitting

their final responses.

For OA, the survey was disseminated and completed via

computer-assisted telephone interviewing to avoid any potential

difficulties from the use of online platforms. Questions were read

aloud directly from the online survey, and responses were recorded

in real-time in the online system. A single trained interviewer (LS)

conducted all surveys from the call center of the referral hospital.

2.4. Data analysis

2.4.1. Qualitative data
Content analysis (26, 27) was performed to identify all

potentially actionable strategies raised by participants in the AGIL

Café sessions using AtlasTiTM, based on transcripts, field notes and

visual record captured in LucidchartTM for additional clarification.

Some interpretation was required, to distinguish relevant material:

two researchers worked together (LV, VD), thoroughly reviewing

the material generated from each session, and carrying out analysis

independently. Once finished, the codes, categories and themes

were unified and agreed upon.

Once coded, frequencies and quotations were derived for

all potentially actionable items and analyzed. Initially, 48

codes were identified, discussed and reviewed by the research

team. Codes representing the same underlying concept were

collapsed into one category, and codes were grouped into

sections covering specific themes, resulting in the categorization

of four umbrella categories and 27 codes. Questions for the

survey were then developed to elicit views on the priority

and feasibility of the proposed strategies, for practical purpose

and to validating and triangulating the groups’ data (28). We

also analyzed the quantitative data to show the participation of

stakeholders in the categories, and as such, their initial “ownership”

of ideas; this provided a background to the interpretation

of survey results and assisted in our appraisal of the co-

design methodology.

2.4.2. Quantitative data
The Likert scale results for each of the 27 items of the phase

2 questionnaire were analyzed using non-parametric descriptive

statistics. We assigned numerical values to the categorical ratings

for priority (P) and feasibility (F) (separately) and converted all

responses into numerical scores. Values were as follows: P1/F1

−100 (highest), P2/F2 −75 (high), P3/F3 −50 (medium), P4/F4

−25 (low), P5/F5−0 (lowest). Using these values, we calculated:

• The “priority vs. feasibility score” (PvF score), which

corresponds to the average of the priority and feasibility scores,

providing an estimate of the global relevance of each item.

• The difference between the mean priority and feasibility

score, which gives an idea of the agreement between P

and F. We included this parameter because, although a

strategy might rank high overall in PvF, it might show

a gap between its P and F (e.g., high P and average or

low F) reflecting a lack of agreement between priority and

feasibility scores.

All scores were calculated for each of the participant profiles.

Data were analyzed and processed using STATA R© and Excel R©.

2.5. Ethical and research approvals

Ethical approval was obtained from the Clinical Research Ethics

Committee (CREC) of the Foundation University Institute for

Primary Health Care Research Jordi Gol i Gurina (IDIAPJGol)

(20/048-P) and by the Ethics Committee on Animal and Human

Experimentation (Authorization Number CEEAH 5066) of the

Universitat Autònoma de Barcelona (UAB). All participants

received verbal and written information about the study and

provided written consent for recording the sessions, using

anonymized verbatim quotations in the reporting of data, and

using audio, photograph and/or video recordings of the sessions

in dissemination.

3. Results

3.1. Characteristics of study participants

The ages of participating OA (n= 7) ranged from 70 to 90 years

(Table 1), in line with participants in the AGILBcn program. CVS

was the most diverse in background, encompassing professionals

working as part of neighborhood health plans (n= 2), a community

project aimed at tackling loneliness (n = 1), a city community

project for improving the situation of people in need of care and

their caregivers (n = 1), a neighborhood civic center (n = 1), a

community pharmacy (n = 1) and a foundation that assists older

adults living alone (n= 2).

From the participating HP (n = 13), the most represented

professions were medical doctors (5) and nurses (3). Other allied

HP included a psychologist (n = 1), a physiotherapist (n = 1), an

occupational therapist (n = 1), and a social worker (n = 1). We

also included in this group an expert in healthcare information and

communication technology (n= 1).

3.2. AGIL Café results

The results have been structured into 2 themes: (1) Suggested

strategies that were, on the surface level: (i) actionable (to some
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TABLE 1 Characteristics of the sample.

Participant Sex Age

OA1 Woman 82

OA2 Man 81

OA3 Woman 84

OA4 Woman 86

OA5 Woman 88

OA6 Woman 79

OA7 Woman 83

Participant Sex Professionals from the
community and voluntary sector

CV1 Woman Community Pharmacy

CV2 Man Technician developing neighborhood health

plans

CV3 Woman Foundation that helps elderly people living alone

CV4 Man Foundation that helps elderly people living alone

CV5 Man Community project to tackle solitude

CV6 Woman Technician developing neighborhood health

plans

CV7 Woman Departament Promoció persones grans

CV8 Woman A city community project to improve the

situation of people in need of care and their

caregivers

CV9 Woman Neighborhood Civic Center

Participant Sex Profession

HP1 Woman Computer systems expert

HP2 Man Physiotherapist

HP3 Woman Doctor

HP4 Woman Doctor

HP5 Woman Neuropsychologist

HP6 Woman Doctor

HP7 Woman Nurse

HP8 Woman Nurse

HP9 Woman Nurse

HP10 Man Doctor

HP11 Woman Doctor

HP12 Woman Occupational Therapist

HP13 Woman Social Worker

degree) on the short term; (ii) within the boundaries of the project

and, (iii) within the scope of influence of the actors involved, either

at an individual or institutional level; and (2) Priorities for change

that were wider in scope than the project and could not be actioned

upon on the short term.

This paper focuses on the first theme. Our data coding

and categorization process revealed four main categories and 27

codes of potentially actionable strategies (Table 2). The results are

organized into four categories: (1) general strategies for reducing

barriers to older adults participating in a virtual program (2)

specific strategies for facilitating the use of a digital application

to prescribe and teach individualized exercises and to monitor

progress; (3) specific strategies for facilitating the participation of

older adults in virtual exercise groups, performed at home via

group video calls; and (4) specific strategies for facilitating external

support, if needed.

Below, we provide an overview of how each stakeholder profile

contributed to the set of actionable implementation strategies

generated, with examples; observations are presented in accordance

with the Consolidated group exercise for Reporting Qualitative

Research guidelines (COREQ) (29).

3.2.1. Category 1: General strategies for reducing
barriers to older adults in a virtual program

Strikingly, 85% (n = 17) of the strategies generated in this

category came from HP, with lengthy discussions on concerns

of lack of digital literacy among OA, much of which was from

direct experience (Table 2). Early assessment of digital capacity was

considered something that should become standard practice.

“In geriatrics we are very used to using scales for

everything, if there is a scale for a pre-measurement of their

digital skills, it should be part of the holistic assessment of the

person” (HP 3: Woman, health professional, Doctor).

Moving beyond this, pre-intervention face-to-face contact with

end users and caregivers was perceived as key to guaranteeing an

understanding of the program and of potential barriers for each

person (and his/her caregiver), and to devising person-centered

strategies to trying to reduce them.

“There is a need for an initial visit, where they are

accompanied. This is how to introduce physical activity,

technology and stimulate involvement and motivation” (HP 4:

Woman, health professional, Doctor).

All participating groups described the need for digital training

programs, although suggestions varied. HP underlined the benefits

of paper manuals, in combination with further scheduled contact

during the intervention period:

“At the time of seeing them, if you can, reinforce and

review their ability to interact and use ‘the app’... To do

this, I have created written support, a mini-manual, with

steps adapted to the person’s ability” (HP 5: Woman, health

professional, neuropsychologist).

3.2.2. Category 2: Specific strategies for
facilitating the use of a digital application to
prescribe and teach individualized exercises and
to monitor progress

Relatively few suggestions (n = 12) were made on how to

improve the accessibility and viability of using a digital application

for personalized exercise plans for all groups (Table 2). End users’

Frontiers in PublicHealth 05 frontiersin.org77

https://doi.org/10.3389/fpubh.2023.1062843
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Villa-García et al. 10.3389/fpubh.2023.1062843

TABLE 2 Description and frequency of the main strategies (codes) suggested by the participants for implementing a virtual exercise program, grouped

into four main categories.

Codes All (n = 29) CvS (n = 9) HP (n = 13) OA (n = 7)

General strategies for reducing barriers to older adults in a virtual program

Assess digital capacity 8 0 8 0

Conduct educational meetings in advance to train and educate in the use of technology 3 0 3 0

Provide simple, paper-based educational materials on how to use technology 6 0 3 3

Inform family on the selected solutions to reinforce the use of technology 0 0 3 0

Assess the need for external support with technology and facilitate it, if necessary 5 1 4 0

Provide continuous technological support 6 4 2 0

Specific strategies to facilitating the use of a digital application to prescribe and teach individualized exercises and to monitor
progress

Provide feedback from a healthcare professional by phone, on individual progress 5 0 2 3

Use gamification techniques 3 0 2 1

Implement a formal digital “expert user” program (support by “peer champions”) 3 2 1 0

Create a simple educational video on how to use technology and share it via chat 1 0 0 1

Specific strategies for facilitating the participation of older adults in virtual exercise groups, performed at home via group video calls

Establish preferred platform for video calls 1 0 1 0

Implement systems for sending reminders with dates, via chat apps or phone calls 1 0 1 0

Inform caregiver or support volunteers about the class schedule 1 0 1 0

Provide a variety of physical exercises 3 0 0 3

Limit the size of the virtual group 3 0 0 3

Incorporate music in the sessions 9 0 0 9

Involve older adults in the co-design of the sessions 2 1 1 0

Provide feedback from a healthcare professional by phone, on group progress 5 0 2 3

Create peer-to-peer/group messaging in the chat application 3 1 2 0

Specific strategies for facilitating external support if needed

Recruit local volunteers offering digital support 6 6 0 0

Organize peer support for technology 4 3 1 0

Develop an intergenerational technology literacy program with students 0 2 0 0

Custom referrals to local support services 9 5 4 0

Use local groups or volunteer networks to provide technological support 11 6 5 0

Prioritize any agency/group known to the individual as external support 9 8 0 1

Develop a formal support plan agreement/ social prescription of the program 13 7 6 0

Train primary care staff in support options and referral processes 2 1 1 0

CvS, professionals from the community and voluntary sector; HP, Health professionals; OA, older adults.

The numbers in the table represent the number of participants that suggested that particular strategy.

reactions to indirect support mechanisms such as training videos

and paper guides were mixed. Some participants found using a

video guide rather than written instructions more appealing, and

vice versa. One person described following exercises at home alone

with a paper or video guide as “sad”. Support via trained expert

users in digital literacy was mentioned by professionals, in line

with expert patient programs to promote autonomy and self-care in

people with chronic pathologies, but end users were unsure about

this when it was suggested by the researchers. Most of the end

users said, however, that they would be concerned about whether

or not they were “getting it right”. This was tied to a belief that

performing the exercises incorrectly would result in not obtaining

the desired improvement. They felt more confident if a professional

followed up on the activity at regular intervals to “control results;

if you have done it, or if you have not” (OA 2: Man, older adult).

Weekly follow-up by a health professional was suggested only by a

minority from this group; others spoke about capacity issues. Game

elements, such as rewards and leveling up, were mentioned by a

minority of HP and older adults, but signs of improvement were

viewed by end users as the primary motivation:
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“As long as you see that [doing exercise like this]

helps...that you notice that you’re getting better...” (OA 2: Man,

older adult).

3.2.3. Category 3: Specific strategies for
facilitating the participation of older adults in
virtual exercise groups, performed at home via

group video calls
Older adults were most vocal in suggesting ways of making

virtual exercise groups more accessible and appealing to them

(68%) (Table 2). The option of participating in virtual exercise

groups was seen by end users as preferable to being prescribed

physical exercise alone through videos or a worksheet. Many said

that, ultimately, face-to-face groups were more desirable to them

for social interaction. Still, some mentioned that virtual groups

might be easier because of mobility concerns, fear of falling, pain

restricting mobility and fear of (COVID-19) infection:

“For me, the greatest difficulty would be not being able

to do it in the neighborhood without having to take public

transport” (OA 4: Woman, older adult).

Limited group size was raised by many as necessary to

ensure personalized attention. Some had had negative experiences

attending large and overcrowded group exercise classes, targeted

generally at their age range. Music featured heavily in the

discussion. They felt that they would find it much more enjoyable

and easier to perform if the accompanying music was adapted to

the exercises to be performed.

3.2.4. Category 4: Specific strategies for
facilitating external support if needed

In contrast to the first category, which was formed largely from

HP input, “external support” mechanisms were predominantly

raised by CVS, reflecting their work (Table 2). As with the first

category, almost none of the strategies from this domain user were

shared by our older adults’ representatives. This was unsurprising,

as all had some level of family support available for digital literacy:

“..... I seemy daughter everymorning, I will tell her to teach

me” (OP 1: Woman, older adult).

While there was much agreement on drawing on community

support networks to assist people without family support, the

potentially actionable strategies offered were diverse. Local groups

or established support networks featured more frequently than the

more loosely defined “local volunteers”, with emphasis placed on

making the most of existing resources (whatever they may be)

at the neighborhood level. To this extent, CVS representatives

encouraged mapping local resources including spaces, such as

libraries and civic centers, which offered meeting points and

internet connection. Many of the participants from the third sector

spoke of the longer-term purpose of empowering older adults

and fostering social relations. The needs of the virtual AGILBcn

program, for ensuring accessibility and promoting adherence

should be subsumed under other endeavors:

“I think it would also be important to have the option of

having two older people together who can receive the training,

so we encourage something that is also very important... peer

socialization” (CVS 5: Man, professional from the community).

3.3. Prioritization process

The AGIL Café sessions generated a large number of potentially

actionable strategies (Table 2). There was also an obvious clustering

of suggested by the professional group (HP vs. CVS). This

created challenges for appraising the value and adaptability of

possible strategies to optimize the accessibility, acceptability and

adaptability of the virtual program. Consequently, the survey,

eliciting views on prioritization, offered the participants the

opportunity to evaluate all proposed strategies.

3.4. Priority vs. feasibility score

According to overall PvF score (Table 3), the top ten most

valued strategies were related to: (a) improving group exercise

through videoconference (limited group sizes, personalized

exercises, choice of a preferred platform, reminders for the

classes, and music); (b) general ways to overcome technological

barriers (meetings to prepare and train users of technology,

identification of a support person, shared information with family

about the technology employed before the start of the program,

and assessment of the need for external support with technology

and facilitate it, if necessary and (c) the use of Apps (periodic

follow-up calls to check on the use of the App and the progression

of the program).

Average PvF score for all stakeholder groups tended to

smoothen the contribution of each group, compounded by the

uneven number of participants in each; thus, we also present

the results stratified by groups (Table 3). Maintaining a person-

centered approach was a priority, so it is important to note that

9/10 items prioritized by the users were concordant with the top ten

from the overall ranking. Finally, CVS scores were systematically

lower on all items, although the rank of priority was similar that of

the other groups.

3.5. Di�erences between priority and
feasibility scores

When looking at the difference between priority and feasibility

(Table 3), the top three actions in terms of feasibility (group sessions

through videoconference with a low number of participants and a

high personalization of exercises, as well as setting-up a meeting

specifically for preparing for the use of technology), seemed

coherent in terms of both priority and feasibility. In contrast, the

assessment of the need for external support, the identification of a

support person and the provision of weekly follow-ups with users
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TABLE 3 Comparison of priority (P) vs. feasibility (F) score (PvF) for each suggested strategy, and di�erences between average P and F for each item of

the questionnaire.

Blocks (4) PvF Score Di�erence (P, F)

All CVS HP OA All CVS HP OA

n 29 9 13 7 29 9 13 7

Limit the size of the virtual group to facilitate personalized attention Virtual groups 81 64 87 93 −3 0 −6 0

Provide a variety of physical exercises to be tailored to the individual Virtual groups 75 54 83 89 −1 8 −7 0

Conduct educational meetings in advance to train and educate in the use of

technology

General 74 65 80 73 −4 8 −17 4

Establish a preferred platform for video calls Virtual groups 73 69 77 70 −6 −11 −6 0

Implement systems for sending reminders with dates via chat apps or phone

calls

Virtual groups 73 58 85 70 1 6 −3 3

Provide continuous technological support General 71 55 74 84 −12 0 −29 4

Incorporate music in the sessions Virtual groups 71 51 77 84 1 −8 8 4

Inform family on the selected solutions to reinforce the use of technology General 69 56 76 71 −8 6 −17 −7

Assess the need for external support with technology and facilitate it, if

necessary

General 69 53 69 89 −14 0 −31 0

Provide feedback from a healthcare professional by phone, on the individual

progress

App 69 65 65 82 −11 −8 −19 0

Assess digital capacity General 68 65 77 55 −4 −3 −19 4

Provide simple, paper–based educational materials on how to use the

technology

General 67 57 74 68 8 14 10 0

Provide feedback from a healthcare professional by phone, on the group

progress

Virtual groups 67 51 72 78 −7 −3 −14 0

Create a simple educational video on how to use technology and share it via

chat

App 66 64 68 64 6 17 2 0

Use gamification techniques App 66 55 76 61 0 12 −10 0

Involve older adults in the co–design of the sessions Virtual groups 64 36 83 66 −10 −12 −15 4

Inform caregiver or support volunteers about the class schedule Virtual groups 63 51 68 68 −2 −3 −2 0

Use local groups or volunteer networks to provide technological support External support 63 50 73 61 −7 8 −19 0

Recruit local volunteers offering digital support External support 62 59 63 61 −9 −3 −19 0

Create peer-to-peer/group messaging in the chat application Virtual groups 61 62 65 50 6 3 11 0

Custom referrals to local support services External support 61 54 70 54 −11 0 −23 0

Prioritize any agency/group known to the individual as external support External support 60 55 73 43 −9 −4 −16 0

Organize peer support for technology External support 57 53 59 59 −16 −17 −21 −4

Implement a formal digital “expert user” program (support by “peer

champions”)

App 55 66 47 60 −15 0 −22 −19

Develop an intergenerational technology literacy program with students External support 55 38 65 61 −8 −9 −12 0

Train primary care staff in support options and referral processes External support 54 50 68 36 −14 −7 −22 0

Develop a formal support plan agreement/ social prescription of the program External support 53 55 62 33 −5 18 −21 3

All 65 56 72 66 −6 <1 −12 <1

Items are ordered from highest to lowest PvS. Blocks (4) refer to the 4 categories into which the 27 strategies are grouped in Table 2.

PvF score, priority and feasibility score; CVS, professionals from the community and voluntary sector; HP, Health professionals; OA, older adults. PvF score is calculated as the averaging the

mean priority and feasibility scores; the difference is between the mean priority and feasibility score. For the PvF score, the higher score, the best “compromise” between P and F, whereas for

the Difference, a value close to 0 indicates the highest coherence between the 2 construct.

of digital apps correspond to actions with apparent lower feasibility

than priority. End users tended to express the highest coherence in

the feasibility of the actions with higher priority. On the other hand,

HP had the lowest confidence in the feasibility of actions with the

highest priority.

3.6. Prioritization of solutions by means of a
prioritization matrix

The answers to the questionnaire were then plotted in a 4

× 4 matrix categorizing the combined priority and feasibility
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FIGURE 1

Mapping of responses to general strategies to reduce digital barriers to older adults.

response for each item ranging from top priority-top feasibility

to no priority-no feasibility, according to the priority and

feasibility scores for each item (score 75–100 = top, 50–74 =

medium, 25–49 = low and 0–14 = no priority or feasibility

(Supplementary Table 2). The responses for each sub-section of the

questionnaire were plotted to create visual maps (Figures 1–3).

This procedure allowed us to map the proposed solutions in

terms of their importance and feasibility or practical need for
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FIGURE 2

Mapping of responses to specific strategies to facilitate the use of physical activity App and specific strategies to facilitate the participation of the

older adults in virtual exercise groups performed at home during group video calls.

action: must do, do first; important, do second; do if possible;

bear in mind/ consider; and do not consider. Figure 4 represents

the different proposed solutions as a “visual journey” of tasks that

should be considered on a timeline, from the beginning to the

end of a virtual exercise program, with each task coded according

to this 4-category priority matrix. This map might add value

in terms of a meaningful and workable way of looking at the

results in order to guide the adaptation process, in accordance
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FIGURE 3

Mapping of responses to specific strategies to facilitate external support.

with the data generated from the co-design process. In particular,

it ensures that the data on both priority and feasibility have an

even influence on the results and that the results of each group

have an even influence, despite the differences among groups in

the respective number of participants. Consequently, one of the

six items that appear as “must-do” does not match with the top

six items according to the PvF score (weekly follow-up telephone

calls to those using digital apps, substituting virtual exercise class

reminders). The other “must do” items are coherent with the PvF

score ranking (set up a preparation meeting, identify a support

person for technology, assess the need for external support, limit

the group size and personalize the exercises during videoconference

groups). No solution was classified as “do if possible” or “do

not consider”.
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FIGURE 4

Graphic representation of the main suggestions from all groups, plotted along an ideal timeline, from the preparation to the execution of the

mHealth solution to foster physical activity.

4. Discussion

Through the +AGIL Café sessions, 27 possible strategies were

suggested to adapt a multicomponent program aimed at enhancing

physical activity in older adults, based on accessibility, acceptability

and adaptability. These were grouped into 4 categories: general

strategies for reducing digital barriers; specific strategies for

facilitating the use of a digital application; specific strategies

for facilitating the participation in virtual exercise groups; and

strategies for facilitating external support, if needed. The priorities

included improvement of digital literacy, assessment of training

and technology support needs, technological support from family

members, telephone feedback, personalized exercises, and exercise

conducted in small groups.

Although mhealth interventions appear to be beneficial for

increasing physical activity levels in OA (8, 30), there are

still barriers to large-scale implementation, on personal, social,

technological, and organizational levels (10). We present solutions

for program adaptation that vary in complexity from single-

component strategies to multifaceted and multilevel strategies (31).

The variety of strategies proposed by our participants appears

in line with the characteristics that m-health interventions for

physical activity promotion should have (8, 30) and with the

theoretical constructs for promoting and sustaining behavior

change (BCT) (32). First, according to the existing literature, an

essential strategy for increasing physical activity levels is to develop

digital health-literacy training resources (8, 33). In our study,

educational sessions, collaborative learning and paper or video

guides represented priorities to improve self-efficacy and digital

literacy at the individual, interpersonal and social/community

levels. Second, for the participating health professionals, the

assessment of access to digital infrastructure, social support and

digital skills should be systematically and universally added to the

comprehensive assessment of older people; this is a core element

of AGILBcn (15) and is consistent with previous studies (34). Our

findings are also consistent with the need for social and community

support for the adoption and use of technology by OAs, for the

resolution of technical problems, and for a decrease in the potential

digital divide, as highlighted by other authors (8). This support

might be provided by family members or by local networks (e.g.,

volunteers or peers).

Social interaction in face-to-face groups has been shown to

benefit the adoption, increase and maintenance of physical activity

(35, 36). In our study, older adults recognized virtual group delivery

as an opportunity to remove some of the existing barriers to

participating in face-to-face group programs and as a means to

interact with peers, avoiding exposure to COVID-19. In contrast,

CVS highlighted that the potential benefits of virtual delivery are

undeniable, but that the pandemic has amplified the barriers to

technology in OA, increasing their social isolation and loneliness

(11). Controversy exists regarding the positive or negative impact

of technology on loneliness, connectedness, and social support

(33). Future interventions should seek to mitigate the social

connectedness paradox of COVID-19 (37). Our groups emphasized
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the importance of combining non-digital alternatives to decrease

the digital divide. Providing feedback is another important strategy

to promote and maintain adherence to physical activity, and to

trigger and sustain motivation for goal attainment (32). Among

different options available [e.g., telephonic, via apps, wearable

devices (38)], our participants still preferred to receive feedback

by phone.

Attitudes of OA toward mhealth exercise vary (39). In our case,

OA were willing to use technology-based exercise programs if they

perceived them as useful or beneficial for achieving their goals.

Interestingly, all participating groups paid little attention to safety

and privacy in technology use, as compared to available evidence

(10). OA focused on the adherence to and safety of home exercise

performance, suggesting that technology is not an end in itself, but

a mean.

While all the groups identified similar strategies, the results

concerning priority and feasibility showed notable differences

among groups. The OAs appreciated the limited size of participants

in the virtual groups, the need for external support for participating

in the intervention, personalization of the exercises, guarantee of

access to technological support, incorporation of music in the

virtual exercise sessions, and weekly telephone follow-up by HP.

In contrast, significantly lower scores for these solutions were

observed in CVS, and, in a smaller proportion, in HP.

CVSs scored lower on all items compared to the other two

groups. In HPs, we observed a tendency to score higher for

priority than for feasibility. This may be due to health professionals’

experience regarding macro-, meso- and micro-level barriers to

the implementation, scalability, integration and sustainability of

mhealth interventions. Among the items for which HPs perceived

feasibility to be higher than priority were: the use of messaging

Apps (such as WhatsApp) to connect users, or as a vector for

education; the creation of instruction booklets on the use of

applications; and the incorporation of music in virtual exercise

sessions. OAs perceived as a priority the design of an expert patient

program and the sharing of information with family about the

intervention, although ease of implementation was considered low,

coinciding with HPs views. Conversely, the recruitment of local

volunteers to provide support was deemed both a higher priority

and a feasible step for all three groups.

We aimed to engage a wide range of stakeholders from an early

stage to address the problem, identify strategies and prioritize them.

This is in line with current policies, care practices and growing

evidence on the importance of engagement and co-design for the

development, implementation and adaptation of health promotion

interventions and for the design of digital solutions (40, 41).

However, there was some disparity in results regarding the potential

benefits of this involvement concerning uptake and adoption

(42). As in previous studies, the implementation of the co-design

process was time- consuming, and it proved challenging to merge

different stakeholder perspectives (43). In addition, involving OA

in co-design was demanding, due to the extreme heterogeneity in

physical and digital needs and capabilities (42).

As potential limitations of our study, the digital format of

the AGIL Café sessions provided opportunities to participate

in conversations during the COVID-19 pandemic, but was

challenging due to technical limitations, such as signal loss, which

resulted in certain segments in which the audio was missing (44).

Although the platform allows the respondent to be seen, it is

possible that we missed some non-verbal and body language cues,

as participants often sit close to their cameras. Participants who

were not technologically skilled required additional attention from

the research team members, which led to a delay in the start of the

sessions. The results should be interpreted with caution: the study

was conducted in a particular area and with a particular group of

participants, thus the results may not be completely generalizable;

the integration of the different contributions made by the three

different groups was limited to the final prioritization approach;

and, finally, the phrasing of specific questions introduced the risk

of being leading or suggestive (this, however, was necessary at the

beginning of the sessions with OA, who had trouble understand

more open questions).

As for strengths, the main advantage of the study was the

combination of qualitative and quantitative research methods to

provide complementary information. Another strength was the

co-design approach involving all stakeholders, incorporating the

diversity of perspectives of the AGILBcn program. Purposive

sampling enabled us to recruit a wide range of participant

types, although obviously selection bias cannot be completely

excluded, as participation could have been skewed toward

motivated individuals.

5. Conclusion

The present study provides practical solutions for

implementing a technology-based, multicomponent program for

older adults from a variety of perspectives, namely, those of older

adults acting as end users, but also those of health professionals

and professionals from the community. If confirmed by future

studies in experimental and implementation research, these

results might provide important considerations for policymakers,

care providers, and practitioners, for designing, adapting, and

implementing multicomponent, technology-based programs

aimed to promoting physical activity in the older adult population.

This can help to overcome barriers imposed by extreme conditions,

such as the COVID-19 pandemic, and to improve adherence and

enhance scalability to exercise programs.
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Introduction: Older people experiencing homelessness (PEH) are a rapidly

growing population at risk of accelerated aging and the early onset of geriatric

conditions. One construct that shows promise in predicting age-related decline

is frailty. Better understanding the rates and causes of frailty in PEH may improve

understanding of its antecedents, thereby facilitating more targeted health and

aged care service interventions. The aimof this studywas to conduct a rapid review

on the prevalence and determinants of frailty in adult PEH.

Methods: We conducted a rapid review of primary research papers studying PEH

and frailty or frailty-related concepts.

Results: Fourteen studies were included, which indicate that frailty presents earlier

and at higher rates in PEH than community-dwelling cohorts. A notable di�culty

for many aging PEH was early-onset cognitive impairment which was associated

with a range of negative functional outcomes. Another recurrent theme was the

negative impact that drug and alcohol use and dependence can have on the health

of PEH. Further, psychosocial and structural determinants such as loneliness, living

in an impoverished neighborhood and being female had statistically significant

associations with frailty and functional decline in PEH.

Discussion and implications: PEH in their 40s and 50s can be frail and experience

geriatric conditions, including cognitive impairment. Factors that have important

relationships to frailty and functional decline in PEH include cognitive deficits, drug

and alcohol dependence and loneliness, as well as upstream determinants such as

gender and ethnicity. More targeted data and research on these factors, including

cohort studies to better investigate their potentially causal e�ects, is important

for researchers and practitioners assessing and treating frailty in PEH, particularly

those interested in early intervention and prevention.

Prospero registration ID: CRD42022292549.
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Introduction

People experiencing homelessness (PEH) often face challenging

living conditions and endure a complex interplay of health and

social deprivation. The disadvantage facing PEH has previously

been shown by the high rates of early morbidity and mortality

that the group faces (1). Studies report mortality rates for PEH 3-

to-12 times higher than the age-standardized general population

rate (2–4). The burden facing PEH becomes particularly evident

as individuals age, where physical and cognitive conditions

become more common (1). Approximately two-thirds of older

PEH in high-income countries have multiple physical health

problems, most commonly cardiac disease, hypertension, diabetes

and respiratory illness (5). A recent meta-analysis by Suh et al. (1)

found that PEH experience higher rates of geriatric conditions at a

younger age compared to community-dwelling adults. Unpacking

the various health and social difficulties faced by older PEH is

becoming increasingly important (6) as the number of older people

in this situation is growing rapidly worldwide.

The cumulative disadvantage experienced by older people

who are homeless has led many researchers, clinicians and

policy makers to conclude that PEH are at risk of experiencing

“accelerated aging,” and consequently the early onset of geriatric

conditions such as falls, functional and cognitive impairment,

incontinence and immobility (1). There is no standard definition

for accelerated aging, but it is generally recognized as a process

where a person’s physiological system deteriorates earlier and/or

more rapidly than when compared to other people or cohorts of

comparable age. There is evidence that the pathophysiology that

causes this dysregulation is not necessarily related to a specific

disease but to a cumulative process of physiological decline, or

underlying biological alteration, which is caused by a combination

of genetic, environmental and behavioral factors over time (7).

Thus, the concept of accelerated aging is often used to examine

the cumulative disadvantage of marginalized groups with relatively

high morbidity and mortality who seem to “grow old before their

time.” In accordance with this, PEH are often considered “older”

once they reach the age of 50 (1), as opposed to 65 years which is the

nominal existing cut-off for aged care services in many countries.

The implications of accelerated aging can be particularly costly

for PEH considering their challenging living environments, the

lack of autonomy to modify these environments and the persistent

barriers to regular service access that these environments can

create or reinforce. In a group that is aging unequally, the concept

of early intervention to reduce or slow the onset of geriatric

conditions becomes increasingly important. However, one of the

main obstacles to early identification and support for accelerated

aging in PEH is effectively measuring, unpacking and responding

to the underlying, often intersectional, causes of premature geriatric

issues in such a diversely disadvantaged cohort (8).

Frailty as a construct to measure
age-related decline

To more effectively identify the early signs of age-related

decline, one construct that has gained considerable traction in

recent decades is “frailty” (8). Although there is debate about an

acceptable definition for the term, frailty can be broadly described

as a decreased resilience to stressors, which renders people more

vulnerable to disease, disability, hospitalization and social change

(6). Similar to the concept of accelerated aging, the pathways that

cause frailty are complex and multidimensional. However, unlike

accelerated aging, frailty is readily measurable, with a number of

validated frailty measures shown to predict various aging outcomes.

In a study by Ritt et al. (9), it was found that frailty was a better

predictor than disability for overall mortality. Likewise, in Bagshaw

et al. (10), those who were frail were more likely to require ongoing

help to live at home and also had higher in-hospital mortality

compared to non-frail people. In other studies, frailty measures

have outperformed chronological age as a predictor of mortality,

disability, and cognitive decline, highlighting the relative sensitivity

of the construct at capturing “biological” aging (11, 12). For these

reasons frailty appears to be a useful approximation of accelerated

aging, and may help to detect and/or unpack the complex causes of

biological decline, which ultimately lead to the premature onset of

geriatric conditions, disability and death (7).

Debates about how to measure and operationalize frailty

have led to a variety of measures, frameworks and models (8).

However, most measures stem from two dominant constructs: the

phenotype model and the cumulative deficit model (6, 8). The

phenotypemodel was developed by Fried et al. (13) through clinical

observation and epidemiological research and operationalizes

frailty as the presence of three or more of the following criteria:

exhaustion, weight loss, weakness/loss of muscular strength,

reduced gait speed and reduced energy/physical activity (Figure 1).

In contrast, the cumulative deficit model was developed by

Rockwood et al. (14–16) through consideration of biological

theories of aging. It argues frailty to be an accumulation of deficits

including clinical signs and symptoms, diseases and disability

(Figure 2). This model is often conceptualized as an aggregation of

difficulties whereby the more predefined conditions an individual

has the more likely they are to be frail (8, 17). In this model,

frailty can be measured using a Frailty Index (FI), which for any

individual represents the number of concerns present, divided by

the number of concerns counted (16). An alternative measure of

frailty using the foundations of the cumulative model is the Clinical

Frailty Scale (CFS) (Figure 3). Although the CFS uses the concept

of cumulative deficits to identify frailty, it is less prescriptive than a

Frailty Index approach in determining what is measured and uses

clinical judgement to assess a person’s baseline health and frailty

level (14). The judgment-based CFS is typically advantageous to

use when clinicians are available who have experience in the care

of older people; whereas the index approach is often useful when

experts are unavailable or when a more data-driven measurement

approach is desired (14).

Another noteworthy frailty measure is the Tilburg Frailty

Indicator (TFI) [see (18–20)]. The TFI takes the foundational

elements of the cumulative model of frailty and extends the

construct to explicitly measure psychological and social elements.

However, the TFI distinguishes itself from other cumulative model

measures not only because of its focus on psychological and social

elements of frailty, but also because it does not contain questions

referring to disability nor disease. The typical questions asked in

the user-friendly and self-reported TFI are summarized in Figure 4.
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FIGURE 1

Fried’s phenotype model of frailty (13).

FIGURE 2

The cumulative model of frailty (14–16). ADLs, activities of daily living; TBI, traumatic brain injury.
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FIGURE 3

Clinical Frailty Scale (14).

FIGURE 4

Tilburg Frailty Indicator (TFI) (18–20).
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The TFI also has the important benefit of attempting to measure

the determinants of frailty, not only assessing if someone is frail.

The frailty construct shows promise as a relatively quick,

affordable and effective measure of the early signs of geriatric

syndromes and premature aging. The broad application of such

a measure in PEH could offer improved detection of premature

geriatric conditions and early support to a group for whom health

engagement can be a challenge. However, there are a vast range of

different frailty measures and, as such, there is no gold standard

assessment approach. This increases the complexity of applying

and interpreting frailty measures. Further, much of the debate

about the value of the frailty construct has not considered the

application of the concept in the context of PEH; a group at

risk of accelerated aging and the premature onset of geriatric

conditions, with significant barriers addressing these conditions.

There is ultimately a lack of research on the use of the frailty

construct to assess and support PEH. Given the potential value of

the frailty construct to predict adverse outcomes, its relative ease of

use and potential capacity to measure the upstream determinants

of geriatric conditions, including social and psychosocial factors, a

synthesis of the frailty construct in the context of PEH is greatly

needed to query the value of the construct for this group. This is

particularly important as the number of older PEH grows rapidly

across the world and, without intervention, will continue to do so

over the coming decades.

Objectives

The aim of this study is to conduct a rapid review on

the application of frailty in adult PEH. Specifically, this review

aims to synthesize the findings of studies that have measured

frailty or related geriatric constructs and investigated factors that

contribute to frailty in PEH; which may in turn highlight existing

opportunities for early intervention.

This rapid review aims to answer the following questions:

1. Do PEH experience higher levels and/or earlier onset of

physical frailty and other frailty-related geriatric conditions

when compared with ‘housed’ populations?

2. What are the most significant cognitive, psychological, and

social determinants of frailty and other frailty-related geriatric

conditions in PEH?

Methods

We conducted a rapid review which provides a streamlined

version of a more traditional systematic review (21). Rapid reviews

attempt to accelerate the review process, resulting in timely outputs

that act as a rigorous summary of the literature rather than an

in-depth synthesis (22). The adaptive methodology supported in

rapid reviews suited the aims of this research, i.e., investigating the

emerging and dynamic nature of the frailty construct [see (8)].

For the purposes of this work, methods included: independent

and systematic searches by two researchers (RM and SP).

Both screeners were independently involved in applying

inclusion/exclusion criteria, underpinned by a comprehensive

review strategy, for all search results using Covidence software.

Where there was disagreement between the two screeners, the

senior author (AW) screened these results. AW also acted as

a triple screener of the titles and abstracts for 10% of studies to

ensure fidelity of the process. Screening was followed by a thorough

data extraction process audited by all authors to ensure consensus.

Search strategy

A search strategy was developed based on three intersecting

concepts: Aging, homelessness and frailty. Given our interest in (a)

accelerated aging and (b) cumulative geriatric difficulties, we also

incorporated search terms which would capture these concepts,

namely: premature, accelerated, onset and geriatric.

Data sources
Three electronic databases were searched: Medline, Embase

and PsycINFO.

Original search query
(Old∗ OR elder∗ OR geriatric∗ OR gerontol∗ OR aging OR

aged) AND (homeless∗ OR PEH OR unhoused) AND (health∗

OR frail∗ OR disease∗ OR infection∗ OR treat∗ OR illness∗ OR

decline OR dementia OR functional OR onset OR premature

OR accelerated).

Review criteria
We reviewed primary research papers studying PEH and which

assessed frailty or frailty-related concepts between 2000 and 2021.

Frailty-related concepts included studies on geriatric syndromes in

PEH as well as studies which explicitly looked at an accumulation

of deficits across two or more psychological, social and physical

domains, which could have been reasonably included into a

cumulative model of frailty. The latter search strategy required a

level of interpretability by the research team. To ensure quality

control and consistency the researchers implemented a further rule

that to include a paper, it must:

• Explicitly involve a frailty measure or framework, OR;

• Measure cumulative geriatric syndromes or outcomes

with high conceptual overlap with frailty (e.g., functional

dependence, falls, incontinence), OR;

• Measure at least one physical geriatric deficit or condition

AND at least one measure of either psychological, cognitive

OR social burden.

It was deemed important to include the final point given

the under-recognized contribution of social and psychological

disadvantage in premature aging and physical frailty (23–25), and

because the capacity to measure social and psychological deficits

may enable early intervention or prevention of frailty (6).

For the purposes of this study, we defined homelessness to

include primary, secondary and tertiary forms of homelessness.

This excluded people in marginal housing, including permanent
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supportive housing. An exception was made when studies

incorporated samples with both homeless and precariously housed

individuals, in which case a study was included.

This study aimed to investigate the onset of frailty in adult PEH

and as such we did not actively define a minimum age threshold

for presenting with geriatric conditions apart from the requirement

that study sample populations were aged 18 or over.

Data extraction
Summary study information was extracted into a data

workbook after a full text review. Data columns included

Author(s); Year; Title; Journal; Location; Study design; Design

Comments; Target population and/or setting; Sample Size; Age

(Mean); Female (%); Frailty tool(s); Frailty tool(s) comments;

Other tool(s) used; Study Aims; Main implications and/or

insights. A summary version of the data extraction can be

found in Table 1.

Results

Our initial database search yielded n = 3,747 papers. After

removing duplicates and obvious exclusions, n = 516 papers

were included for abstract screening and a further n = 154

were included for full screen review. Through our final search

strategy and extraction process we identified n = 14 research

papers that met the study criteria. Of these papers n = 5 used

validated measures of physical frailty, and the other n = 9

adhered to cumulative model constructs of frailty (defined above)

(Figure 5). All papers were cross-sectional or cohort studies.

All papers were from anglophone countries with the exception

of one paper from Peru (34). There were a diverse range of

average ages across the studies—from 39 to 72 years. There

were also some noticeable gender differences across the study

samples; only two of the studies had more than 33% female

participation. However, one of these papers (Salem et al., 2019)

included only female participants. Finally, although there was

some variance in the definition of PEH, all papers sampled

participants from cohorts that conformed to our broad definition

of homelessness.

Prevalence of physical frailty and other
frailty-related geriatric conditions among
PEH

The prevalence of physical frailty was measured directly in

five studies of PEH (23, 25, 26, 32, 36). A further three studies

(27, 28, 34) directly reported on geriatric conditions that were

related to physical frailty. Although these papers did not explicitly

measure frailty, the findings from these papers either directly or

indirectly conform to a cumulative deficit model of frailty and

thus highlight important geriatric difficulties for PEH. Findings are

summarized in Table 2.

Physical frailty in PEH in the context of
broader population studies

Of the eight papers which reported the rates of physical

frailty and other frailty-related geriatric conditions in PEH, four

were indirectly compared to frailty rates in other cohorts. In

Rogans-Watson et al. (36), as assessment criteria were based on

methods used in the English Longitudinal Study of Aging (ELSA),

comparison to population data was feasible (37). When compared

to ELSA data, the average frailty rates (2.6/5) of the PEH sample

(average age 56) were equivalent to the mean for an 89-year-old in

the general population in England (36).

In another study by Brown et al. (27), geriatric syndromes were

measured using the same sample of older PEH as Brown et al.

(26). Findings were subsequently compared with population-based

cohorts to investigate differences in the prevalence of geriatric

issues. When matched with Maintenance of Balance, Independent

Living, Intellect, and Zest in the Elderly (MOBILIZE) of Boston

Study (MBS), PEH were less likely to report good, very good

or excellent health (p < 0.001). Rates of physical frailty were

significantly higher for PEH than the MBS cohort (16% vs. 10%) (p

< 0.001). In Brown et al. (28), the authors compared their findings

with the MBS cohort (27, 38, 39), as they did with a different PEH

sample in 2012 (27). When compared to the MBS study sample

(n = 765, mean age of 78.1), rates of several geriatric conditions

were higher in the much younger PEH sample (median age 58).

A second comparison was made with a cohort of community-

dwelling adults aged 65 and older (mean age 71.7 years) with a very

low-income (40). Low income was defined as income<200% of the

United States poverty level.When compared to this much older and

low-income group, PEH still had a significantly higher prevalence

of falls (33.7% older PEH vs. 21.9% older adults living in poverty),

visual impairment (45.1% vs. 12.0%), urinary incontinence (48.0%

vs. 29.5%), and depression (38.3% vs. 11.3%) (28).

Finally, in Moquillaza-Risco et al. (34), the authors compared

their findings with the Health, Welfare and Aging Survey (SABE,

Spanish acronym), which was conducted in several Latin American

and Caribbean countries (41). The SABE study indicated that

between 10% and 25% of older survey participants had at least some

kind of difficulty with ADLs and IADLs (41). This was noticeably

lower than the 50% prevalence of at least partial functional

impairments found in Moquillaza-Risco et al. (34).

Cognitive impairment and functional issues
in PEH

An important finding highlighted by four studies (5, 29, 33, 34)

in this rapid review, summarized in Table 3, is that many PEH

present with significant cognitive deficits at relatively young ages.

In an Australian cross-sectional study by Rogoz and Burke (5)

nearly half the sample indicated evidence of cognitive impairment.

Further, in Moquillaza-Risco et al. (34), only 33.6% of the sample

were assessed as having normal cognitive function. The likelihood

of functional dependence increased with age for all degrees of

cognitive impairment, except for severe cognitive impairment,
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TABLE 1 Study characteristics.

References Year Location Study design Target population(s) Sample size Age (X) Female (%)

Brown et al. (26) 2013 Boston, USA Cross-sectional study ≥50 years PEH from emergency, transitional, and day shelters 250 56 19.20%

Brown et al. (27) 2012 Boston, USA Cross-sectional study PEH adults aged 50–69 recruited from emergency, transitional

and day shelters

247 56 19.80%

Brown et al. (28) 2017 Oakland, USA Cross-sectional study ≥50 years PEH from shelters open to older adults, all free and

low-cost meal programs, recycling centers, and areas where adults

slept unsheltered

350 58∗ 22.90%

Gicas et al. (29) 2020 Vancouver, Canada Prospective cohort study ≥18 years PEH or precariously housed 375 44∗ 22.00%

Gicas et al. (30) 2021 Toronto, Canada Prospective cohort study ≥18 years PEH, meeting criteria for a mental disorder (with or

without a substance use disorder)

349 40 31.50%

Jutkowitz et al. (31) 2019 USA Cross-sectional study Veterans in a nursing home with a record of homelessness in the

year prior to their nursing home admission

3,355 63 4.60%

Kiernan et al. (32) 2021 Dublin, Ireland Cross-sectional study PEH in an acute hospital inpatient facility ≥ 18 65 47 32.30%

Mahmood et al. (33) 2021 San Diego, USA Cross-sectional study PEH between 18 and 89 100 49 19.00%

Moquilazza-Risco et al.

(34)

2015 Lima, Peru Cross-sectional study PEH ≥ 60 years 302 72 17.00%

Patanwala et al. (35) 2018 Oakland, USA Prospective Cohort Study PEH ≥ 50 at a community-based agency serving low-income

older adults, overnight homeless shelters, low-cost, a recycling

center, and places where unsheltered homeless adults stayed

350 59∗ 19.80%

Rogans-Watson et al.

(36)

2020 London, UK Cross-sectional study Hostel for single PEH≥30 years with complex needs 33 56 9.00%

Rogoz et al. (5) 2016 Sydney, Australia Cross-sectional study PEH ≥45 recruited from shelters (32.8%); hospital (12.9%); hostel

(53.2%); and housing agencies (1.1%)

171 55 16.00%

Salem et al. (25) 2013 Los Angeles, USA Cross-sectional study PEH ≥40 without acute psychotic hallucinations and psychosis 150 52.4 50.00%

Salem et al. (23) 2019 Los Angeles and Pomona,

USA

Cross-sectional study Homeless ex-offending women; 18–65 with past drug use from

community-based sites

130 39 100.00%

∗Median age.

F
ro
n
tie

rs
in

P
u
b
lic

H
e
a
lth

fro
n
tie

rsin
.o
rg

94

https://doi.org/10.3389/fpubh.2023.1086215
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Mantell et al. 10.3389/fpubh.2023.1086215

FIGURE 5

PRISMA diagram.

where the likelihood of dependence was close to 100% (i.e., fully

dependent) at all ages.

In addition, the prevalence of cognitive impairment was

fourfold higher among older PEH than among the SABE sample

(34). These findings were reinforced in Gicas et al. (29), a

nine-year community based longitudinal study of homeless and

precariously housed people with a median age of 44 (age

range 23–68). The study investigated the relationship between

cognitive health andmortality. Across the study period, subsequent

decline in verbal memory was most notable for individuals with

a history of traumatic brain injury or alcohol dependence at

baseline. Significant decline in inhibitory control was observed

in the study, with greater decline for those who died during

follow-up and for those who spent more years living in an

impoverished environment. In the final model adjusted for

comorbidities, inhibitory control remained a significant predictor

of mortality.

In Mahmood et al. (33), there were significantly lower

cognitive function scores (i.e., higher impairment rates) than

expected in the general population (p = 0.001). MoCA scores

were significantly associated with UPSA-B scores (p < 0.001),

highlighting the strong connection between cognitive and

functional performance, and reinforcing the interrelationship

between the two (33).

The potential relationship between other
psychosocial factors and frailty

The impact of a range of different psychosocial factors

in PEH, and how they contribute to frailty, functional

dependence and other geriatric conditions was reported in

eight studies (23, 25, 26, 28–31, 35).

High levels of drug and alcohol dependence among PEH

was found in numerous studies. In Brown et al. (26), drug use

was associated with a 2.3 times higher total number of geriatric

syndromes. In Brown et al. (28), nearly three-quarters (71.3%) of

partipants had a history of mental health problems and more than

half had a lifetime alcohol and/or drug use problem. In Gicas et al.

(29), alcohol dependence was associated with greater impairment

in learning, memory and motor functions. It was considered an

important factor in the accelerated cognitive aging of this cohort

(29). Similar patterns were observed in a cross-sectional study of

n = 3,355 American veterans who were homeless in the year prior

to their community nursing home admission (31). At the time of

nursing home admission, participants were more likely to have had

a diagnosis for a substance use disorder [Adjusted Relative Risk

(ARR)= 2.18; 95% CI= (2.05–2.31)], dementia (ARR= 1.14; 95%

CI = 1.04–1.25) and a mental health condition [ARR = 1.49; 95%

CI= (1.45–1.54)] compared to those who were stably housed (31).
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TABLE 2 The prevalence of frailty in PEH.

References Sample
size

Age
(X)

Frailty (%) Frailty tool Other key findings

Rogan’s-Watson

et al. (36)

33 56 55% (i.e., 2.6/5) Fried’s phenotype Frailty was also measured in the study using the Edmonton frail scale

(55%) and Clinical Frailty Scale (48%)

Kiernan et al. (32) 65 47 23.3% Clinical Frailty

Scale (CFS)

Only one participant obtained a score of one (very fit) and only

31.7% were classified as being robust or “non-frail.” The distribution

of frailty scores was higher in females than males (p= 0.023) and

there was no difference in frailty scores between age groups (p >

0.05)

Brown et al. (26) 250 56 16% Fried’s phenotype Over 70% of participants reported having two or more geriatric

conditions. Only 8.4% of the sample reported having no geriatric

conditions and more than half reported they had fallen in the past

year (53.4%). Nearly half had sensory impairment defined as hearing

and/or vision impairment, and nearly half also reported urinary

incontinence

Brown et al. (27) 247 56 N/A Cumulation of

geriatric syndromes

After multivariate adjustment, syndromes including functional and

mobility impairment, depression, visual impairment and urinary

incontinence, all indicative of cumulative frailty, were statistically

more likely in PEH compared to matched samples (further discussed

in next section)

Brown et al. (28) 350 58∗ N/A ADLs and IADLs Over a third of all participants (38.9%) reported difficulty

performing one or more ADLs and nearly one-fifth (17.1%) had

difficulty performing three or more ADLs. Nearly half (49.4%) of the

sample reported difficulty performing one or more instrumental

activities of daily living (IADLs)

Moquilazza-Risco

et al. (34)

302 72 N/A KATZs Nearly half the sample (48.9%) were at least partially dependent.

Functional dependence was measured using the KATZ’s index of

independence, similar to a traditional ADL measure. In addition,

during a logistical regression analysis, it was found that women were

more likely than men to become functionally dependent

Salem et al. (23) 130 39 Physical

psychological

social

Tilburg Frailty

Indicator (TFI)

37% had one frailty domain with a score above the median.

Twenty-one percent had two frailty domains with domain scores

above the median and 7% had all three domains with scores above

the median. The number of domains with scores above the respective

median was not significantly related to age

Salem et al. (25) 150 52.4 54% Frailty Index (FI) When comparing FI frailty scores to the holistic frailty framework

among vulnerable populations (FFVP) measures (discussed further

in Psychosocial section), there were significant moderate negative

correlations between frailty and resilience, social support and

nutrition

∗Median age.

Further research has highlighted the relationship between a

range of novel environmental and psychosocial factors and physical

functioning in PEH. An important psychosocial finding in Gicas

et al. (29) was that longer time living within an impoverished

neighborhood was associated with greater decline in inhibitory

control. The authors concluded that this finding may reflect

“the cumulative effects of socioeconomic disadvantage, unsafe living

conditions and social stressors. Lack of community resources for

cognitive enrichment in day-to-day life may also contribute” [(29),

p. 6].

A study by Patanwala et al. (35) of PEH aged 50 and over

(median age of 59 years) found over half (57.6%) of the participants

had psychological symptoms and 26.5% had ‘high regret’. In a

multivariate regression model, it was established that being a

woman [Adjusted OR = 2.54, 95% CI = (1.28–5.03)], having

a history of childhood abuse [AOR = 1.88, CI= (1.00–3.50)],

cannabis use [AOR = 2.59, CI = (1.38–4.89)], multimorbidity

[AOR = 2.50, CI = (1.36–4.58)], anxiety [AOR = 4.30, CI =

(2.24–8.26)], hallucinations [AOR = 3.77, CI = (1.36–10.43)], and

loneliness [AOR = 2.32, CI = (1.26–4.28)] were all associated

with moderate to high physical symptom burden. The authors also

found an overall prevalence of loneliness (39.6%) higher than the

estimated prevalence among older adults in the general population

[estimated community prevalence reported from Ong et al. (42)].

The authors concluded that the high prevalence of loneliness in

aging PEH could be an important contributor to functional decline

in this group.

In a Canadian sample of 349 homeless adults with serious

mental illness, and a relatively young average age of 39.8, the

relationship between community functioning, cognitive health,

Quality of Life (QoL), resilience and experiencing homelessness

were investigated (30). After adjusting for select risk and protective

factors, composite indices of verbal learning and memory,

processing speed and cognitive flexibility, were all positively

associated with community functioning, but not with QoL, over

a 6-year period study period. Greater individual resilience levels

were independently associated with better QoL. Cognition was the

predominant predictor of community functioning, whereas select
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TABLE 3 Summarizing the relationship between cognitive impairment and functional dependence in PEH.

References Cognitive tool Cognitive impairment Relevance to frailty and adjacent
age-related decline

Rogoz and Burke

(5)

Mini-mental state

examination (MMSE)

49.1% scored 26 or less, indicating evidence

of cognitive impairment

Of PEH who scored as cognitively impaired, nearly 80%

self-reported having mental health problems; and likewise

mental health problems greatly increased the odds of also

having cognitive impairment [OR= 7.16, 95% CI= (2.31,

22.19)]

Moquillaza-Risco

et al. (34)

Pfeiffer’s test Mild cognitive impairment= 30.7%.

Moderate cognitive impairment= 23.2%.

Severe cognitive impairment= 12.5%

In a logistical regression model the probability of partial

functional dependence, measured by the KATZ index,

increased greatly with the severity of cognitive impairment,

highlighting the interrelationship between functional

impairment and degree of cognitive impairment

Gicas et al. (29) Hopkins verbal learning

test-revised

Stroop test for inhibitory

control

At baseline evaluation:

68.1% scored at or below the cut-off for

verbal learning

62.9% scored at or below the cut-off for

verbal memory.

10% scored as clinically impaired for

inhibitory control

Survival analyses established that better inhibitory control was

associated with a 6.6% decreased risk of mortality in the

sample, and this protective effect of cognition became larger by

0.3% for every additional year of life, controlling for

co-occurring chronic medical illnesses

Mahmood et al.

(33)

Montreal cognitive

assessment (MoCA)

65% impairment rate with a standard cut-off

score of 26 and 30% with a cut-off of 23

Nearly half of the participants (47%) met criteria for functional

impairment and 17% of the sample were not expected to be

capable of living independently. Participants’ functional

abilities were assessed using the University of California, San

Diego, Performance- Based Skills Assessment–Brief (UPSA-B)

which measures functional capacity by asking participants to

role play everyday tasks

risk and protective factors (childhood adversity and resilience,

respectively) were specifically associated with QoL.

The frailty framework among vulnerable populations (FFVP) is

a latent construct proposed by Salem et al. (25) which incorporates

social and psychological elements into a holistic framework

of frailty designed specifically for assessing and understanding

marginalized populations.

The FFVP was tested or applied in two studies in this review

(23, 25). In Salem et al. (25) a group of older PEH (average

age 52.4) were assessed across a number of situational, health-

related, behavioral, resource, biological, and environmental factors;

designed to capture physical, psycholgical and social frailty. These

assessments were subseuqently compared to a traditional frailty

measure [Rockwood’s Frailty Index (FI)], where the prevalence

of frailty was 54%. When comparing FI frailty scores to the

holsitic FFVPmeasures through a Pearson (r) bivariate correlation,

significant moderate negative correlations between frailty and

resilience (r = −0.395, p < 0.01), social support (r = −0.377,

p < 0.01), and nutrition (r = −0.652, p < 0.01) were found. In

the final model, age, gender, health care utilization, nutrition, and

resilience were significantly related to frailty. The squared multiple

correlation coefficients was 0.542, suggesting that 54.2% of the

variance in frailty can be predicted by and age, gender, health care

utilization, nutrition, and resilience (25).

In another study by Salem et al. (23), a sample of relatively

young, formerly incarcerated women experiencing homelessness

(average age 39 years), were assessed for physical frailty,

psychological frailty and social frailty. These frailty outcomes

were measured using the Tilburg Frailty Indicator (TFI) [see (18–

20)]. In the sample, those who had a greater number of prior

violent offenses had higher levels of physical frailty (p = 0.001);

participants with a higher PTSD symptom score (p = 0.012), or

a lower tangible support score (p = 0.001), had higher levels of

physical frailty. Greater bodily pain was also associated with greater

levels of psychological frailty (p= 0.036). Those with a higher drug

dependency score had higher physical and psychological frailty (p

= 0.047 and p = 0.033, respectively) and those who used a greater

number of drugs had a higher likelihood of being socially frail (p

= 0.009). Higher emotional regulation difficulty scores were also

associated with higher levels of social frailty (p < 0.001) (23).

Discussion

The aim of this rapid review was to examine frailty in adult

PEH. The findings establish collective evidence that frailty, either

defined as phenotypical frailty, multidimensional frailty (i.e., the

TFI) or the accumulation of relevant geriatric conditions, signs and

symptoms (i.e., indexed frailty/frailty scales), presents earlier and

at higher rates in PEH than community-dwelling cohorts. In some

studies, the comparisons are quite stark. PEH aged in their 40s and

50s had similar frailty scores and geriatric conditions as people aged

in their 70s and 80s (26, 27, 32, 36). These differences remained

when PEH were compared to a cohort with very low incomes (28,

40). This high burden of early-onset geriatric difficulties provides

further evidence that PEH are at risk of accelerated aging (7) and

consequently premature functional decline, disability and death.

This review also synthesized novel insights regarding the

antecedents of frailty in PEH, namely that psychosocial and

structural determinants of health and wellbeing are associated with

frailty onset and severity. For instance, loneliness (35), living in an

impoverished neighborhood (29), resilience (25, 30), being female

(32) and drug and alcohol use (23, 26, 31) were all associated with

functional dependence and decline in PEH. However, given most
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papers in this review were cross-sectional studies, it is not possible

to make any general claims regarding the causal relationship

between upstream determinants and frailty. This points to the

urgent need for more cohort studies in this area. Regardless, these

findings build upon previous work on early morbidity, mortality

and accelerated aging in PEH (1) by mapping health decline to a

validated construct, frailty; thereby providing a richer analysis of

unequal aging and aging-related decline in PEH (8).

A notable difficulty for many aging PEH is cognitive

impairment, which is associated with a range of negative outcomes,

including early functional dependence, reduction in autonomy

and reduced mobility. Rates of global cognitive impairment

in PEH ranged from 25% to 65% across the studies in this

review. Gicas et al. (29) found cognitive deficits, specifically in

executive functioning, to be particularly debilitating for aging PEH.

These deficits appeared for PEH in their 40s, decades earlier

than healthy community-dwelling participants (29, 43). However,

when interpreting these results it is important to note that high

impairments scores in PEH could be related to the high incidence

of mental illness such as depression or other psychiatric disorders

in many of the PEH cohorts tested. For example, in a sample

of PEH with cognitive impairments, 88.8% self-reported mental

health problems (5). This high prevalence of mental health issues

can have effects on cognitive performance scores and potentially

overstate cognitive deficits. In addition, other upstream factors

such as cultural or educational factors (including low literacy) are

known to mediate cognitive performance scores in marginalized

groups. These confounders need to be addressed in future research.

Regardless, cognitive impairments in PEH appear to have an

important, and interconnected, relationship with functional decline

and dependence (33, 34), and these issues can emerge concerningly

early in life.

This review found that the combination of poor mental and

cognitive health difficulty greatly increases the risk of comorbid

functional decline (5, 33, 34). These findings are reinforced

by a large cross-sectional study (n = 1,500) of PEH with an

average age of 41.1 (44). Stergiopoulos et al. (44) established

that PEH with mental illness experience significant neurocognitive

impairment; with nearly three quarters of PEH with mental illness

showing evidence of neurocognitive impairment (44). Collectively,

these findings indicate that cognitive impairment (both with or

without mental health commodity) is an important contributor to

functional decline in aging PEH, and subsequently the accelerated

aging and premature frailty of the group. Efforts to assess

cognitive health in PEH should be prioritized and seen as a

vital underpinning to broader health and social care efforts to

support aging PEH. Given the premature aging of the group,

cognitive assessment efforts should be considered for PEH in their

40s and 50s. Further, given the relationship between functional

dependence, cognitive impairment and other mental health issues,

cognitive assessment should be carefully considered in the broader

context of a person’s physical and mental health and the high

risk of comorbidities (including confounding disorders) across

these domains.

Another recurrent theme in this review is the impact that

drug and alcohol use and dependence can have on the health

of PEH (26, 29, 30, 36). Drug and alcohol use can cause

decline in cognitive functioning in PEH (29), particularly executive

functioning. Chronic drug and alcohol use can also increase the risk

of developing frailty by negatively impacting nutrition (45, 46) and

sleep quality (47, 48). Further, drug and alcohol use by somebody

once they are frail also increases the risk of serious falls (49),

incontinence (27) and hospitalization (50). Prioritizing drug and

alcohol assessment, treatment and management as a preventative

measure to reduce the risks of accelerated aging and frailty in later

life for PEH is of key importance.

Patanwala et al. (35) established that in an aging sample of

PEH, loneliness was an independent predictor of both functional

decline and mortality; and loneliness rates were higher in

PEH than older community dwelling adults. Loneliness is being

increasingly recognized as an important determinant of health

and wellbeing. It is a key predictor of depression, substance

disorders and cognitive decline in older people (51) and feelings

of loneliness are of particular concern for those who are at

increased risk of social disconnectedness and deprivation of

genuine connection with family, friends and communities (52).

Such risks are likely heightened for many aging PEH who live

alone or in unpredictable environments. For instance, only 9.6%

of the PEH sample in Moquillaza-Risco et al. (34) reported

having a close relative. Loneliness appears to be an important

consideration in the accelerated aging of PEH and warrants

further attention (35). Importantly, with the exception of more

holistic measures of frailty such as the TFI, the majority of

traditional frailty measures do not adequately capture measures

of social frailty like social exclusion, loneliness or sufficient

social supports.

Although frailty measures tend to focus mainly on physical

health deficits, this review has highlighted the importance of

psychological, cognitive, psychosocial and environmental factors

in relation to both the determinants of frailty, and the severity

of frailty itself. For instance, using the frailty framework among

vulnerable populations (FFVP) it was established that educational

attainment, nutrition, greater number of years homeless, being

divorced, poorer emotional regulation and those who identified

as either being Black or female all were significantly associated

with social, psychological and/or physical measures of frailty

(23, 25). These findings are important as little research has

been conducted into the etiologies of accelerated aging or

premature frailty in PEH, and even less on intersectional

aspects for this group. These findings also reinforce the

upstream and structural social factors that often contribute

to the cumulative health and social difficulties experienced by

PEH. In this regard, frailty frameworks such as the FFVP

and frailty measures such as the TFI- which actively include

measures of psychological, cognitive and social frailty—appear

relevant for PEH. However, there remains no gold standard

assessment of frailty, and many measures (including the TFI)

remain mostly underutilized and unvalidated for PEH and other

marginalized groups at risk of accelerated aging. For instance,

as summarized in Table 2, in the five studies that directly

measured frailty captured in this review four different frailty tools

were used, with only two of these directly collecting data on

psychological or social issues. It appears important to further

explore the psychosocial and environmental contributions of
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frailty within marginalized groups in the context of the broader

literature on physical frailty to ensure research consistency and

clinical usefulness.

Limitations

This review has some limitations. None of the papers in this

review examined the interrelationship between pathophysiological

dysfunction at a biological level and the environmental or lifestyle

determinants that may cause cellular deterioration. However,

by measuring frailty and other related geriatric conditions

and their associations with social, psychological and cognitive

difficulties, a number of studies examined the contribution(s)

of certain factors or determinants which appear to modify

(accelerate) the aging process, i.e., functional decline, early

mortality, etc.

As seems to be the case with much of the literature on

frailty, which specific factors are most important in a single study

depends on the way frailty is defined, measured and applied; and

how these factors relate with the biological processes of aging,

and in what context, is not always clear. This is certainly a

barrier to the application of frailty research, but not necessarily

a fatal one. As shown through this rapid review, you can analyze

differential applications of the construct concurrently and identify

patterns and overlap. An example of this is the lenient search

strategy applied in this review to capture cognitive and psychosocial

difficulties which have theoretical and practical links to frailty

yet would not usually be included in traditional frailty research.

Regardless, the fundamental differences between the two dominant

approaches to frailty, as well as contemporary multidimensional

measures and framework, have caused considerable practical

and theoretical barriers to applying the construct over the

last two decades, including disparate measures of predictive

validity, different minimum data requirements and variable

administration methods (53). Besides a lenient and dynamic

search strategy and definition of frailty, no attempt to reconcile

these differences was made in this review. Moving forward,

a standardization of concepts should be attempted. This is

increasingly important given the emergence of measures like the

TFI and conceptual frameworks like the FFVP; which although add

important contributions to the psychosocial and environmental

elements of frailty, also increase the confusion surrounding the

original construct.

Finally, the distinction between the concept of frailty

and other related constructs, namely multimorbidity, is

often difficult to define. The major distinction in the current

literature is that multimorbidity refers exclusively to the

coexistence of clinically manifest diseases, whereas frailty

refers to an increased vulnerability to stressors which could

include symptoms, signs, diseases, disabilities or laboratory,

radiographic or electrocardiographic abnormalities (54).

Although there is some attempt by the authors of this

paper to distinguish between frailty and multimorbidity

through a clear and comprehensive search criterion, the

overlap between these concepts is substantial and requires

further attention.

Implications

This rapid review has important implications for service

provision. Service providers and clinicians should be aware that

PEH aged in their 40s and 50s, or even earlier [e.g., (32)] can

be physically frail and experience geriatric conditions as well

as cognitive and functional impairments. For PEH, earlier onset

geriatric conditions and concurrent chronic diseases, mental health

issues and psychosocial problems are often accompanied by poor

access to appropriate and effective treatment (5). This contributes

to recurrent emergency department presentations (55) and high

hospital readmission rates for PEH (56); with nearly four times

the odds of being readmitted within 30-days as compared to low-

incomematched control participants (57). These difficulties further

increase the complexity and cost of health treatment (50) and

reduce the likelihood of health improvement, which underscores

the importance of early intervention for PEH.

Importantly, the findings and recommendations presented in

this rapid review should be seen as complementary to, and not a

substitute for, long term housing strategies to reduce homelessness.

Interventions to ensure stable and safe housing are essential

supports for aging PEH to access community and/or aged care

services, as well as reduce the cumulative health and social

disadvantages that people who are currently homeless experience.

As such, a suitable approach would be to strive for housing for PEH

in parallel with more holistic, and equitable, service offerings to

support PEH health and wellbeing.

To assist with timely detection of health issues, which

may facilitate early intervention or even prevention of frailty

and geriatric conditions before they emerge or progress (7),

a presentation for one condition should trigger comprehensive

health screening, including social determinants of health. Given the

rates of frailty at a relatively young age for PEH, screening should be

initiated early and often in this population. As highlighted by this

review, a focus on co-occurring psychosocial and cognitive factors

would be beneficial. Important psychosocial contributors to frailty

and/or functional decline in PEH include cognitive decline (5, 29,

33, 34), drug and alcohol use (26, 29, 36, 58) and social isolation and

loneliness (35). These factors are particularly important to detect

for aging PEH as they can potentially lead to early modification

and/or rehabilitation which may support proactive intervention

in frailty pathways. It is recommended that research and practice

exploring frailty in PEH incorporate minimum data on these

three factors and explore interventions in these spaces. Measures

such as the TFI are promising in this regard, however, require

further research to establish psychometric validity for PEH at

risk of accelerated aging. Regardless of what frailty tool is used,

it should be considered as part of a broader suite of supports

to reduce and manage frailty which often include exercise and

nutrition interventions, sensible housing strategies and traditional

geriatric services.

Finally, this review reported the structural, upstream and often

intersectional determinants which can contribute to frailty, such as

living in an impoverished neighborhood, educational attainment,

being Black or female. It is important to appreciate that many of

the contributors to accelerated frailty in PEH, including functional

and cognitive decline, drug and alcohol use and loneliness are often
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steeped in longer-term social difficulties and likely require more

holistic and/or multidimensional intervention strategies (such as

housing). Acknowledging these factors, and better understanding

the dynamic and multidimensional burden facing PEH, which can

manifest as accelerated aging and frailty conditions, is an important

first step to better supporting the health and wellbeing of PEH.
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Comparison of two frailty indices 
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Background: Frailty predicts an increased risk of postoperative morbidity and 
mortality. Comparison of the predictive performance between two deficit 
accumulation models of frailty, the modified frailty index (mFI) and the revised-
Risk Analysis Index (RAI-rev), is poorly understood. This study compared the 
predictive abilities of the above two frailty indices in predicting life-threatening 
morbidity and mortality among older patients following elective high-risk 
abdominal surgery.

Methods: This retrospective cohort study extracted perioperative data of older 
patients (age ≥65 years) undergoing elective high-risk abdominal surgery at a 
single institution between January 2018 and December 2020. Preoperative frailty 
was screened by mFI and RAI-rev scoring systems. The primary outcome was 
the composite of postoperative life-threatening morbidity and mortality during 
hospitalization. Multivariable logistic regression analyses were performed to 
investigate the association of the two frailty indices with the primary outcome. 
Receiver-operating characteristic (ROC) curve was employed to test the predictive 
performances of the two frailty instruments in predicting the composite primary 
outcome. The difference between the area under the curves (AUCs) was assessed 
by DeLong’s test.

Results: 1,132 older patients (mean age, 73.4 ± 6.2 years; 63.9% male) were 
included. Of these, 107 (9.5%) developed postoperative life-threatening morbidity 
and mortality. In multivariable logistic regression analyses, rising continuous frailty 
scores (mFI: adjusted OR 1.319 per 0.09-point increase in score, 95% CI 1.151–
1.511, p < 0.001; RAI-rev: adjusted OR 1.052 per 1-point increase in score, 95% 
CI 1.018–1.087, p = 0.002) as well as dichotomized frailty measures (mFI ≥0.27: 
adjusted OR 2.059, 95% CI 1.328–3.193, p = 0.001; RAI-rev ≥45: adjusted OR 
1.862, 95% CI 1.188–2.919, p = 0.007) were associated with increased odds of the 
primary outcome separately. ROC curve analysis showed that the discrimination 
of mFI and RAI-rev scores for the life-threatening morbidity and mortality was 
poor and comparable (AUC: 0.598 [95% CI 0.569–0.627] vs. 0.613 [95% CI 0.583–
0.641]; DeLong’s test: Z = 0.375, p = 0.7075).

Conclusion: High mFI and RAI-rev scores were associated with an increased 
risk of life-threatening morbidity and mortality in older patients undergoing 
elective high-risk abdominal surgery. However, both frailty indices displayed poor 
discrimination for postoperative life-threatening morbidity and mortality.
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Introduction

With the rapid expansion of the aging population, frailty has 
constituted a critical public health issue for healthcare providers 
worldwide. Frailty is a multidimensional geriatric syndrome 
characterized by reduced physiologic reserve, accumulated deficits, 
and decreased resistance to stressors (1, 2). With older frail individuals 
increasingly presenting for surgical interventions, clinicians have to 
face the burden and challenges brought by frailty in perioperative 
settings (3, 4). Indeed, accumulating evidence demonstrates 
preoperative frailty is associated with increased risks of adverse 
system-centered outcomes (postoperative morbidity and mortality, 
prolonged hospital stay, readmissions, etc.) and patient-centered 
outcomes (disability, lower quality of life, etc.) across various surgical 
specialties (5–11). Preoperative frailty screening and interventions are 
strongly recommended across a wide range of surgical procedures, 
including elective high-risk procedures (12).

Compared with low-risk surgery, high-risk surgery exerts greater 
physiologic stress on older individuals and is prone to higher odds of 
major morbidity and mortality (13). It is imperative for clinicians and 
patients to adequately balance the risks and benefits of high-risk 
surgery during the shared decision-making process. Frailty assessment 
and its application in predicting postoperative outcomes have 
significant influences on the consideration of the tradeoff between the 
risks and benefits of surgery and the determination of overall goals of 
care for a patient, especially in the context of high-risk surgery. 
Furthermore, frailty screening can help guide the efficient allocation 
of perioperative care resources to high-risk patients as well as identify 
the modifiable domains as targets for tailored intervention to improve 
outcomes (12). A careful selection of a practical frailty screening tool 
can help improve the safety and quality of high-risk surgery among 
the vulnerable older population.

Over the past decades, dozens of frailty assessment tools have 
been developed (5, 6, 14–21). Generally, almost all frailty 
measurements are based on the subsections of the two most accepted 
frailty models, i.e., the frailty phenotype (20) and the frailty index (21). 
The frailty phenotype defines frailty as a pre-disability syndrome, 
which is suitable for the initial screening of non-disabled individuals 
at risk of adverse events (20); however, the presence of disability 
conditions may weaken its predictive ability for poor outcomes due to 
a sort of “ceiling effect” (22). The frailty index identifies frailty by 
evaluating “accumulated deficits” across multiple dimensions such as 
functional, medical, cognitive, nutritional, and social domains (21). 
Both the modified frailty index (mFI) and revised-Risk Analysis Index 
(RAI-rev) scoring systems are based on the deficit accumulation 
model of frailty. As a shortened scale derived from the Canadian Study 
of Health and Aging Frailty Index, the mFI comprises 11 components: 
10 comorbidities and 1 item on functional status (5). RAI-rev is 
derived from the original RAI and consists of multiple domains, 
including aging, comorbidities, nutrition, cognitive ability, and 
functional and social status (6, 14). Evidence demonstrates that both 
frailty indices can predict adverse postoperative outcomes (5–10). 

Additionally, the two frailty indices can be  readily obtained from 
routine clinical practice, either prospectively or retrospectively (5, 6). 
Given the association of the two frailty indices with poor postsurgical 
outcomes and the feasibility of their implementation, it is expected 
that they have the potential to efficiently utilize existing resources and 
improve the safety and quality of high-risk surgery in older patients. 
In highly-efficient perioperative settings, it is unrealistic and 
unnecessary to apply both frailty indices to a particular patient. Thus, 
it will be interesting to explore which one is more suitable to use in the 
context of high-risk operations. As far as we know, there is a lack of 
evidence on the head-to-head comparison between the above two 
frailty indices in predicting serious morbidity and mortality among 
older patients undergoing high-risk surgery.

The present study aimed to compare the performances of mFI and 
RAI-rev in predicting the composite outcome of life-threatening 
morbidity and mortality in older patients who underwent elective 
high-risk abdominal surgery.

Methods

This retrospective cohort study was conducted in Peking 
University First Hospital, a tertiary general hospital in Beijing, China. 
The ethical approval was provided by the Biomedical Research Ethics 
Committee of Peking University First Hospital (2019 [296]). The 
Ethics Committee agreed to waive the written informed consent from 
the participants due to the retrospective nature of the study and that 
no patient follow-up was carried out. The privacy of participants was 
strictly observed.

Patient selection

Older patients (≥65 years of age) who received elective high-risk 
abdominal surgery (including general and urologic surgical 
procedures) in Peking University First Hospital from January 2018 to 
December 2020 were screened for study inclusion. We utilized the 
Operative Stress Score (OSS) system to select patients who underwent 
high-risk surgery. OSS system rates common operations according to 
physiologic stress, i.e., OSS1, very low stress; OSS 2, low stress; OSS 3, 
moderate stress; OSS 4, high stress; and OSS 5, very high stress (23). 
We defined high-risk surgery as those with high or very high stress, 
i.e., OSS 4 and 5 operations (Supplementary Table S1). Patients with 
missing or incomplete important data were excluded. All data were 
extracted from our electronic medical records.

Frailty measurement by modified frailty 
index

The 11 frailty deficits contained in the mFI were collected based 
on the National Surgical Quality Improvement Program definitions; 
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each component was allocated the same weight of 1 point 
(Supplementary Table S2). The mFI score was calculated by dividing 
the sum of deficits present by 11. The resulting index thus ranges from 
0 to 1.0, with higher scores indicating increasing frailty (5). 
Additionally, we dichotomized the continuous mFI scores into two 
categories based on our previous work (24), i.e., non-frail (mFI score 
<0.27) and frail (mFI score ≥0.27).

Frailty measurement by revised-Risk 
Analysis Index

RAI-rev score was obtained by evaluating 11 variables, i.e., age, 
sex, cancer, unintentional weight loss, poor appetite, renal failure, 
congestive heart failure, shortness of breath, residence other than 
independent living, functional status, and cognitive decline. The 
weight of each item is detailed in Supplementary Table S3. The total 
score is between 0 and 81, with higher scores implying a more severe 
frailty condition (6). In the event that more than one operation was 
performed on a patient during the same hospitalization period, only 
the first round of the surgery and the corresponding preoperative 
RAI-rev score were measured. We  dichotomized the continuous 
RAI-rev scores into non-frail (RAI-rev score <45) and frail (RAI-rev 
score ≥45) according to previous literature (7).

Covariates

Baseline characteristics not covered by mFI or the RAI-rev were 
collected, including ASA physical status classification, body mass 
index (BMI), smoking status, current alcoholism, other major 
comorbidities, and main laboratory test results. Intraoperative data 
were also gathered, including risk stratification of surgery 
categorized by OSS (i.e., OSS 4 and 5) (23), duration of surgery, type 
of anesthesia, estimated blood loss, and intraoperative 
blood transfusion.

Postoperative outcomes

The primary endpoint was the composite postoperative 
outcome of life-threatening morbidity and mortality during 
hospitalization, i.e., defined as Clavien-Dindo (CD) grade IV and 
V complications (25). CD grade IV complications refer to life-
threatening morbidity requiring intermediate care/intensive care 
unit (ICU) management, consisting of single and multiple organ 
dysfunction. CD grade V complication means the death of a patient 
(25). For patients who experienced multiple morbidities, 
we  included the most serious one in the analysis. The clinical 
diagnostic criteria for life-threatening morbidity are detailed in 
Supplementary Table S4. The secondary outcomes included time to 
life-threatening morbidity and mortality (i.e., the time interval from 
surgery to the occurrence of life-threatening morbidity and 
mortality), postoperative ICU admission, prolonged hospital stay 
(defined as greater than the 75th percentile of the length of hospital 
stay for each type of surgery), and adverse discharge destination 
(defined as discharge to destinations other than home, such as 
skilled care facility or other hospitals).

Statistical analysis

The baseline and perioperative variables were compared between 
patients with life-threatening morbidity and mortality and those 
without. We also compared the postoperative outcomes between frail 
and non-frail patients according to the dichotomized frailty measures. 
Continuous variables were analyzed with the independent samples 
t-test or Mann–Whitney U test; the Kolmogorov–Smirnov test was 
performed to check for normality. Categorical variables were analyzed 
using χ2 tests, continuity-corrected χ2 tests, or Fisher’s exact tests. 
Time-to-event variables were analyzed using the Kaplan–Meier 
estimator, with differences between groups assessed by the 
log-rank test.

Due to the non-normal distribution of the data, we  used 
Spearman’s correlation analysis to test the correlation of the two 
continuous frailty measures. The agreement of dichotomized measures 
was evaluated using the percentage of agreement and Cohen’s 
Kappa coefficient.

We used univariate and multivariable logistic regression analyses 
to calculate odds ratios (ORs) and 95% confidence intervals (CIs) of 
frailty in predicting life-threatening morbidity and mortality. We first 
analyzed the mFI score as a continuous variable and calculated the 
ORs and 95% CIs for the primary outcome per one-unit increase in 
mFI scores. Herein, to facilitate the clinical application of our findings, 
we defined one unit of the mFI score as 0.09 points (i.e., corresponding 
to 1 frailty trait). Potential confounding factors (not including the 11 
variables covered by mFI) were screened by univariate analyses and 
tested for multicollinearity by variance inflation factor analysis. 
Factors with p values <0.10 in univariate analyses were then included 
in a multivariable model to examine the covariate-adjusted 
relationship between the rising mFI score and the primary outcome. 
Next, we analyzed the mFI score as a dichotomized measure and built 
another multivariable model to determine the adjusted association of 
frailty with the primary outcome. Likewise, the above statistical 
method was employed to explore the relationship of RAI-rev scores 
with the primary outcome. Herein, we  defined each unit of the 
RAI-rev score as 1 point; similarly, the 11 variables included in 
RAI-rev were not enrolled in the corresponding multivariable models. 
All the multivariable analyses were performed with the backward 
stepwise method.

Besides, we conducted survival analysis to further explore the 
time effect of frailty (i.e., the two dichotomized frailty measures) on 
postoperative life-threatening morbidity and mortality. Herein, 
we adopted the 30-day life-threatening morbidity and mortality after 
surgery as the primary outcome in the survival analysis since almost 
all the primary endpoint events occurred within 30 days 
postoperatively in our study. The time to the endpoint event was 
calculated from the time of surgery to the date of the occurrence of 
life-threatening morbidity and mortality. Patients who were not 
observed to experience the primary outcome within 30 days and 
remained hospitalized after 30 days as well as those who did not 
undergo the endpoint event during hospitalization and were 
discharged from hospital within 30 days were all censored accordingly. 
Univariate analyses were performed using the Kaplan–Meier estimator 
with comparisons between frail and non-frail patients assessed by 
log-rank test. After multicollinearity screening, potential confounding 
factors (set at p < 0.10 in log-rank tests) were included in multivariable 
Cox proportional hazards regression models to examine the adjusted 
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relationship of frailty with the primary outcome. The factors included 
in the mFI and RAI-rev were not entered into the corresponding 
multivariable Cox regression model.

The predictive performances of mFI and RAI-rev were tested 
using the receiver-operating characteristic (ROC) curve analysis. The 
area under the ROC curve (AUC) was measured to test the 
discriminative power (ability to classify correctly) for the primary 
outcome. An AUC value of 1 indicates the best discrimination, 
whereas a value of 0.5 indicates that the predictor is no more reliable 
than chance. Generally, a predictor may be  considered useful in 
clinical decision-making when the AUC exceeds 0.7 (26). Differences 
between AUCs were assessed by the DeLong’ test.

For all analyses, two-tailed p values <0.05 were considered 
statistically significant. p-values were not corrected since no multiple 
comparison test was involved. All statistical analyses were performed 
with the SPSS version 26.0 (IBM Corp., Armonk, NY, United States) 
and MedCalc version 19.05 (Ostend, Belgium).

Results

Patient characteristics

From January 2018 to December 2020, 2,165 older patients 
(≥65 years of age) who experienced elective high-risk general and 
urologic surgical procedures were screened. Of these, 1,033 patients 
were excluded because they met the exclusion criteria (missing or 
ambiguous data on the components of mFI or RAI-rev, other 
ambiguous medical histories, or absence of necessary laboratory test 
results), leaving 1,132 patients in our analysis cohort (Figure 1).

The study population had a mean age of 73.4 ± 6.2 years; 63.9% 
(723/1132) were male. The median mFI and RAI-rev values of our 
cohort were 0.09 [IQR: 0.09–0.18] and 38 [IQR: 37–43], respectively. 
The distribution of the mFI and RAI-rev scores across the cohort is 
displayed in Figure 2. According to the mFI score cutoff of 0.27 or 
higher, 268 (23.7%) patients were classified as frail. Based on the 

RAI-rev value cutoff of 45 or greater, 251 (22.2%) patients were 
identified as frail. During surgery, 1,040 (91.9%) patients underwent 
high-stress procedures, and 92 (8.1%) experienced very high-stress 
procedures (Table  1; Supplementary Table S1). After surgery, 107 
patients (9.5%) developed postoperative life-threatening morbidity 
and death during hospitalization, of whom 94 (8.3%) and 13 (1.1%) 
developed CD IV complications and death, respectively (Table  1; 
Supplementary Table S4). Other baseline and perioperative 
characteristics are reported in Table 1.

Postoperative outcomes according to 
frailty

Compared with patients with an mFI of <0.27, those with an mFI 
of ≥0.27 had a higher rate of the composite primary outcome or life-
threatening morbidity, had a shorter time to develop the life-
threatening morbidity and mortality, had more postoperative ICU 
admissions, stayed longer in hospital, and experienced more adverse 
discharge destinations (All p < 0.05). Similarly, there were significant 
differences in the above outcomes between the patients with an 
RAI-rev score of <45 and those with a score of ≥45 (all p < 0.05; 
Table 2). In addition, we observed that the patients with an RAI-rev 
score of ≥45 developed more in-hospital death than those with a score 
of <45 (3.6% vs. 0.5%, p < 0.001); whereas we found no significant 
difference in mortality between the two mFI subgroups (1.9% vs. 
0.9%, p = 0.351; Table 2).

Correlation and agreement between the 
two frailty tools

Overall the Spearman’s correlation coefficient for the continuous 
scores was 0.243 (p < 0.001), indicating a low correlation between the 
two frailty indices. The overall percentage of agreement between the 
two dichotomized measures was 72.2% (817/1132). Specifically, 102 

FIGURE 1

Flowchart of the study. MFI, modified frailty index; RAI-rev, revised- Risk Analysis Index.
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(9.0%) and 715 (63.2%) patients were identified as frail and non-frail 
by both measures, respectively. Cohen’s Kappa test showed slight 
agreement between the two dichotomized measures (Cohen’s Kappa 
coefficient: 0.213, p < 0.001; Table 3).

Association between mFI and 
life-threatening morbidity and mortality

The univariate logistic regression analysis showed that the odds of 
life-threatening morbidity and mortality increased by 34.5% with 
every unit (i.e., 0.09 points) increase in the mFI score (unadjusted OR 
1.345 per 0.09-point increase in score, 95% CI 1.183–1.528, p < 0.001; 
Supplementary Table S5). After adjusting for confounding factors (i.e., 
age, body mass index, renal failure, hypoalbuminemia, hyponatremia, 
and risk stratification and duration of surgery), the rising mFI score 
remained to be significantly associated with an increased risk of life-
threatening morbidity and mortality (adjusted OR 1.319 per 

0.09-point increase in score, 95% CI 1.151–1.511, p < 0.001; Table 4; 
Supplementary Table S6).

Frailty, identified by mFI scores of ≥0.27, was associated with an 
increased risk of the primary outcome in both univariate analysis 
(unadjusted OR 2.184, 95% CI 1.440–3.313, p < 0.001; 
Supplementary Table S5) and multivariable analysis (adjusted OR 
2.059, 95% CI 1.328–3.193, p = 0.001) after correcting for the above 
confounding factors (Table 4; Supplementary Table S6).

Association between RAI-rev and 
life-threatening morbidity and mortality

The univariate logistic regression analysis demonstrated that 
rising RAI-rev score was related to increased odds of life-threatening 
morbidity and mortality (unadjusted OR 1.066 per 1-point increase 
in score, 95% CI 1.032–1.100, p < 0.001; Supplementary Table S5). 
After correcting for confounding factors (i.e., body mass index, 
hypertension, coronary heart disease, previous stroke, diabetes 

A

B

FIGURE 2

Distribution of frailty scores in the study cohort. (A) Modified frailty index; (B) Revised-Risk Analysis Index.
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TABLE 1  Baseline and perioperative characteristics.

All patients 
(n = 1,132)

Without life-
threatening morbidity 

and mortality 
(n = 1,025)

With life-threatening 
morbidity and 

mortality (n = 107)

p value

Baseline characteristics

Age (years) 73.4 ± 6.2 73.2 ± 6.1 75.0 ± 6.1 0.005

Body mass index 0.003

<18.5 kg m−2 68 (6.0%) 54 (5.3%) 14 (13.1%)

18.5–23.9 kg m−2 566 (50.0%) 522 (50.9%) 44 (41.1%)

≥24 kg m−2 498 (44.0%) 449 (43.8%) 49 (45.8%)

Modified frailty index scores 0.09 [0.09–0.18] 0.09 [0.09–0.18] 0.18 [0.09–0.36] 0.001

Frailty identified by mFI of ≥0.27 268 (23.7%) 227 (22.1%) 41 (38.3%) <0.001

Hypertension 558 (49.3%) 497 (48.5%) 61 (57.0%) 0.093

Coronary heart disease 206 (18.2%) 174 (17.0%) 32 (29.9%) 0.001

Peripheral vascular disease 142 (12.5%) 126 (12.3%) 16 (15.0%) 0.429

Diabetes mellitus 316 (27.9%) 275 (26.8%) 41 (38.3%) 0.012

COPD or current pneumonia 94 (8.3%) 81 (7.9%) 13 (12.1%) 0.130

CHF exacerbation within 30d 11 (1.0%) 6 (0.6%) 5 (4.7%) <0.001

Myocardial infarction within 

6 months

5 (0.4%) 3 (0.3%) 2 (1.9%) 0.073

Previous stroke 193 (17.0%) 165 (16.1%) 28 (26.2%) 0.008

Stroke with deficits 57 (5.0%) 53 (5.2%) 4 (3.7%) 0.519

Functional dependence 275 (24.3%) 238 (23.2%) 37 (34.6%) 0.009

Acutely impaired sensoriuma 3 (0.3%) 2 (0.2%) 1 (0.9%) 0.258

Revised-Risk Analysis Index scores 38 [37–43] 38 [37–43] 41 [37–45] <0.001

Frailty identified by RAI-rev of ≥45 251 (22.2%) 212 (20.7%) 39 (36.4%) <0.001

Male sex 723 (63.9%) 648 (63.2%) 75 (70.1%) 0.159

Age 0.037

65–69 366 (32.3%) 343 (33.5%) 23 (21.5%)

70–74 304 (26.9%) 278 (27.1%) 26 (24.3%)

75–79 260 (23.0%) 229 (22.3%) 31 (29.0%)

80–84 144 (12.7%) 124 (12.1%) 20 (18.7%)

≥85 58 (5.1%) 51 (5.0%) 7 (6.5%)

Cancer 1,006 (88.9%) 915 (89.3%) 91 (85.0%) 0.186

Weight lossb 260 (23.0%) 231 (22.5%) 29 (27.1%) 0.285

Poor appetite 358 (31.6%) 305 (29.8%) 53 (49.5%) <0.001

Renal failure 11 (1.0%) 8 (0.8%) 3 (2.8%) 0.130

Congestive heart failure 11 (1.0%) 6 (0.6%) 5 (4.7%) <0.001

Shortness of breath 6 (0.5%) 3 (0.3%) 3 (2.8%) 0.013

Residence other than independent 

living

7 (0.6%) 3 (0.3%) 4 (3.7%) 0.002

Cognitive decline 20 (1.8%) 17 (1.7%) 3 (2.8%) 0.638

Alzheimer’s disease 5 (0.4%) 4 (0.4%) 1 (0.9%) 0.392

Vascular dementia 11 (1.0%) 10 (1.0%) 1 (0.9%) >0.999

Parkinson’s disease 8 (0.7%) 6 (0.6%) 2 (1.9%) 0.170

(Continued)
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TABLE 1  (Continued)

All patients 
(n = 1,132)

Without life-
threatening morbidity 

and mortality 
(n = 1,025)

With life-threatening 
morbidity and 

mortality (n = 107)

p value

Functional status 0.002

Independent 857 (75.7%) 787 (76.8%) 70 (65.4%)

Partially dependent 263 (23.2%) 230 (22.4%) 33 (30.8%)

Totally dependent 12 (1.1%) 8 (0.8%) 4 (3.7%)

ASA classification <0.001

I/II 629 (55.6%) 592 (57.8%) 37 (34.6%)

III 458 (40.5%) 405 (39.5%) 53 (49.5%)

IV 45 (4.0%) 28 (2.7%) 17 (15.9%)

Current smokingc/quit ≤7 days 137 (12.1%) 124 (12.1%) 13 (12.1%) 0.987

Current alcoholismd 64 (5.7%) 56 (5.5%) 8 (7.5%) 0.391

Severe arrhythmiae 92 (8.1%) 80 (7.8%) 12 (11.2%) 0.219

Asthma 22 (1.9%) 20 (2.0%) 2 (1.9%) >0.999

Mental disordersf 29 (2.6%) 27 (2.6%) 2 (1.9%) 0.877

Visual/hearing impairment 47 (4.2%) 43 (4.2%) 4 (3.7%) >0.999

Chronic hepatic dysfunctiong 60 (5.3%) 51 (5.0%) 9 (8.4%) 0.131

Chronic corticosteroid therapyh 41 (3.6%) 38 (3.7%) 3 (2.8%) 0.838

Hyper−/hypothyroidism 29 (2.6%) 27 (2.6%) 2 (1.9%) 0.877

Anemiai 376 (33.2%) 334 (32.6%) 42 (39.3%) 0.164

Blood coagulation disorder 15 (1.3%) 12 (1.2%) 3 (2.8%) 0.336

Dyslipidemia 614 (54.2%) 554 (54.0%) 60 (56.1%) 0.689

Hypoalbuminemia <0.001

None 619 (54.7%) 576 (56.2%) 43 (40.2%)

30.0–39.9 g l−1 460 (40.6%) 408 (39.8%) 52 (48.6%)

<30.0 g l−1 53 (4.7%) 41 (4.0%) 12 (11.2%)

Na+ < 135.0 mmol l−1 91 (8.0%) 74 (7.2%) 17 (15.9%) 0.002

Intraoperative data

Risk stratification of surgery by OSSj 0.002

High stress 1,040 (91.9%) 950 (92.7%) 90 (84.1%)

Very high stress 92 (8.1%) 75 (7.3%) 17 (15.9%)

Duration of surgery (min) 237 [190–297] 231 [188–292] 256 [195–318] 0.006

Type of anesthesia 0.701

General 488 (43.1%) 440 (42.9%) 48 (44.9%)

Combined regional-general 644 (56.9%) 585 (57.1%) 59 (55.1%)

Estimated blood loss (ml) 100 [50–200] 100 [50–200] 150 [100–300] 0.008

Blood transfusion 130 (11.5%) 114 (11.1%) 16 (15.0%) 0.237

Postoperative outcomes

CD grade IV 94 (8.3%) − 94 (87.9%) −

Death 13 (1.1%) − 13 (12.1%) −

ICU admission 344 (30.4%) 258 (25.2%) 86 (80.4%) <0.001

Prolonged hospital stayk 378 (33.4%) 294 (28.7%) 84 (78.5%) <0.001

Adverse discharge destinationl 33 (2.9%) 9 (0.9%) 24 (22.4%) <0.001

(Continued)
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mellitus, hypoalbuminemia, hyponatremia, and risk stratification and 
duration of surgery), the rising RAI-rev score remained to be  an 
independent predictor of life-threatening morbidity and mortality 
(adjusted OR 1.052 per 1-point increase in score, 95% CI 1.018–1.087, 
p = 0.002; Table 4; Supplementary Table S7).

Frailty, based on RAI-rev scores of ≥45, predicted the primary 
outcome in both univariate analysis (unadjusted OR 2.199, 95% CI 
1.443–3.353, p < 0.001; Supplementary Table S5) and multivariable 
analysis (adjusted OR 1.862, 95% CI 1.188–2.919, p = 0.007) after 
adjustment for the above confounding factors (Table  4; 
Supplementary Table S7).

Time effect of frailty on 30-day 
life-threatening morbidity and mortality

In the Kaplan–Meier analysis, when compared with non-frail 
(identified by mFI scores of <0.27) patients, the frail patients 
(determined by mFI scores of ≥0.27) had a shortened time to 
develop 30-day life-threatening morbidity and mortality (log-rank 

test: p < 0.001; Table 2; Supplementary Figure S1). Similar results were 
observed when frailty was diagnosed by RAI-rev scores of ≥45 (log-
rank test: p < 0.001; Table 2; Supplementary Figure S2).

Multivariable Cox proportional hazards regression analyses 
demonstrated that frailty identified by mFI scores of ≥0.27 was 
associated with a 2-fold increased hazard of developing 30-day life-
threatening morbidity and mortality (adjusted HR 2.042, 95% CI 
1.353–3.083, p = 0.001; Supplementary Table S8). Similarly, frailty 
diagnosed by RAI-rev scores of ≥45 was linked with a 1.8-fold higher 
hazard of 30-day life-threatening morbidity and mortality (adjusted 
HR 1.822, 95% CI 1.198–2.770, p = 0.005; Supplementary Table S9).

Predictive performances of mFI and 
RAI-rev in predicting life-threatening 
morbidity and mortality

The AUCs of continuous mFI and RAI-rev scores in predicting 
life-threatening morbidity and mortality were 0.598 (95% CI 0.569–
0.627) and 0.613 (95% CI 0.583–0.641), respectively. Although the 

TABLE 1  (Continued)

Data are n (%), mean ± SD, or median [IQR]. p-values were derived from comparing the patients with life-threatening morbidity and mortality and those without. p values in bold indicate 
<0.05. COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; ASA, American Society of Anesthesiologists; Na+, serum natremia concentration; OSS, operative stress 
score; CD, Clavien-Dindo classification of complication; ICU, intensive care unit.
aRefers to acute mental status changes and/or delirium in the context of the current illness. Patients with chronic or long-standing mental status changes secondary to chronic mental illness or 
chronic dementing illnesses are not included.
bUnintentional weight loss ≥10% from baseline within 6 months, or ≥5% within 3 months, or ≥2% within 1 month.
cSmoking refers to daily smoking of cigarettes up to half a pack for at least 2 years.
dAlcoholism refers to ethanol consumption ≥40 g/d for men and ≥20 g/d for women, lasting for more than 5 years. Ethanol (g) = alcohol consumption (ml) × ethanol content (%) × 0.8.
eIncludes atrial fibrillation, frequent (>6 beats/min) or multifocal ventricular premature beat, paroxysmal supraventricular tachycardia, second/third-degree atrioventricular block, and sick 
sinus syndrome.
fInclude diagnosed depression, anxiety, schizophrenia, phobia, and hallucination.
gDefined as Child-Pugh class B and C.
hWith a duration of >1 month.
iDiagnosed according to the hemoglobin values from the last laboratory test before surgery, male: <120 g l−1, female: <110 g l−1

.
jIdentified the risk stratification of surgery by physiologic stress, i.e., operative stress score (OSS). The surgical procedures in the study were those with OSS level 4 (i.e., high stress) and OSS 
level 5 (i.e., very high stress) (23). Detailed data on surgery procedures is provided in Supplemental Table S1.
kDefined as greater than the 75th percentile of the length of hospital for each type of surgery.
lDefined as discharge to destinations other than home (e.g., skilled care facility or other hospitals).

TABLE 2  Postoperative outcomes according to frailty.

Modified frailty index Revised-Risk Analysis Index

<0.27 (n = 864) ≥0.27 (n = 268) P value <45 (n = 881) ≥45 (n = 251) p value

The primary outcome 66 (7.6%) 41 (15.3%) <0.001 68 (7.7%) 39 (15.5%) <0.001

Life-threatening 

morbidity

58 (6.7%) 36 (13.4%) <0.001 64 (7.3%) 30 (12.0%) 0.018

Mortality 8 (0.9%) 5 (1.9%) 0.351 4 (0.5%) 9 (3.6%) <0.001

Time to life-threatening 

morbidity and 

mortality (day)a

27.826 (27.289–28.363) 25.567 (24.301–

26.833)

<0.001 27.780 (27.230–

28.330)

25.506 (24.209–

26.802)

<0.001

Postoperative ICU 

admission

215 (24.9%) 129 (48.1%) <0.001 231 (26.2%) 113 (45.0%) <0.001

Prolonged hospital stay 249 (28.8%) 129 (48.1%) <0.001 266 (30.2%) 112 (44.6%) <0.001

Adverse discharge 

destination

20 (2.3%) 13 (4.9%) 0.031 17 (1.9%) 16 (6.4%) <0.001

Data are n (%) or mean [95% CI]. p values in bold indicate <0.05. ICU, intensive care unit.
aAnalyzed with Kaplan–Meier survival analysis (log-rank test).
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AUC of RAI-rev was slightly higher than that of mFI, no statistical 
difference between them was detected (DeLong’s test: Z = 0.375, 
p = 0.7075; Figure 3).

As seen in Figure 3, the performances of dichotomized mFI (0.581 
[95% CI 0.551–0.610]) and RAI-rev (0.579 [95% CI 0.549–0.608]) 
measures were also comparable in predicting the primary outcome 
(DeLong’s test: Z = 0.0675, p = 0.9462).

Discussion

This retrospective cohort study determined that rising mFI and 
RAI-rev scores were associated with a higher risk of life-threatening 
morbidity and mortality in older patients after elective high-risk 
abdominal surgery. However, both the two frailty indices performed 
poor discriminative abilities for the occurrence of life-threatening 
morbidity and mortality.

In the present study, we  found a low correlation and slight 
agreement between the two frailty indices. As shown in Table  3, 
among the 268 patients identified as frail by mFI, only 38% (102/268) 
were also diagnosed with frailty by RAI-rev; meanwhile, only 41% 
(102/251) of the RAI-rev frail patients were classified as frail by 
mFI. This finding was unsurprising since the two tools shared limited 
overlap between frailty spectrums and assigned different weights to 

components. The selection of cutoff values also affected the agreement 
between the two frailty indices. The slight agreement between them 
indicates the potential for combining the two measures to capture 
more useful patient-level information, which provides clues for 
further exploration.

The effect of frailty on major postoperative morbidity and 
mortality has been extensively studied (5–11, 14, 17, 23, 24, 27). In a 
retrospective cohort study of 9,986 adult patients receiving 
pancreaticoduodenectomy, Mogal et  al. (10) determined that 
increased mFI scores (≥0.27) predicted a 1.54-fold elevated risk of 
major complications or 30-day mortality. In the current study, 
we identified a stronger association between high mFI (≥0.27) and 
serious morbidity and mortality (adjusted OR: 2.06), which could 
be  mainly attributed to the fact that our patients were older and 
performed worse baseline status (e.g., higher prevalence of functional 
dependence) than those in the above study. In another observational 
study of ambulatory patients undergoing minor surgery, Shah et al. (7) 
examined the relationship of RAI-sev with 1-year mortality and found 
that frailty (RAI-rev score: 45–52) and severe frailty (RAI-rev score: 
≥53) were associated with hazard ratios of 2.76 and 4.83 for mortality 
(compared with normal status, i.e., RAI-rev score: 30–36), respectively. 
However, the above results were not corrected for any confounding 
factor. As far as we know, no previous studies have estimated the 
adjusted effects of rising RAI-sev score on the occurrence of serious 
morbidity and mortality after elective high-risk surgery. Our study 
filled this knowledge gap and expanded the existing evidence. Our 
findings highlighted the importance and urgent need to augment the 
application of routine frailty screening before surgery in 
older populations.

In the present study, ROC analysis results demonstrated that 
neither the mFI nor the RAI-rev was equipped with good 
discrimination for serious morbidity and mortality in older patients 
undergoing elective high-risk abdominal surgery. Our findings are 
congruent with previous studies that applicated frailty indices to 
predict postoperative morbidity (8, 9, 27). The poor discriminative 
abilities of the two frailty measures for postoperative morbidity might 
be explained by the following three reasons. First, the mFI fails to 

TABLE 3  Two way cross-tabulation of dichotomized mFI and RAI-rev 
measures.

Modified frailty index

Non-frail Frail Total

Revised-Risk Analysis Index

Non-frail 715 (63.2%) 166 (14.7%) 881 (77.8%)

Frail 149 (13.2%) 102 (9.0%) 251 (22.2%)

Total 864 (76.3%) 268 (23.7%) 1,132 (100%)

Data are n (%). The overall percentage of agreement between the two dichotomized frailty 
measures was 72.2%. Cohen’s Kappa coefficient was 0.213 (P < 0.001).

TABLE 4  Association of frailty with life-threatening morbidity and mortality (logistic regression analyses).

Univariate analyses Multivariable analyses

Unadjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Modified frailty index 

scoresa

1.345 (1.183–1.528) <0.001 1.319 (1.151–1.511) <0.001

Frailty based on mFI of 

≥0.27a

2.184 (1.440–3.313) <0.001 2.059 (1.328–3.193) 0.001

Revised-Risk Analysis 

Index scoresb

1.066 (1.032–1.100) <0.001 1.052 (1.018–1.087) 0.002

Frailty based on RAI-rev of 

≥45b

2.199 (1.443–3.353) <0.001 1.862 (1.188–2.919) 0.007

OR, odds ratio; CI, confidence interval; mFI, modified frailty index; RAI-rev, revised-Risk Analysis Index.
aAfter testing for multicollinearity, mFI (as continuous or dichotomous variable) and other factors with p values <0.10 in univariate logistic regression analyses (including age, body mass index, 
renal failure, hypoalbuminemia, hyponatremia, and risk stratification and duration of surgery) were included in the multivariable logistic regression model to identify the adjusted association 
between high mFI (per 0.09-point increase in mFI score or mFI of ≥0.27) and the primary outcome. The 11 variables covered by mFI were not separately enrolled in multivariable analyses. See 
Supplementary Table S6 for details.
bAfter testing for multicollinearity, RAI-rev (as continuous or dichotomous variable) and other factors with p values <0.10 in univariate logistic regression analyses (including body mass index, 
hypertension, coronary heart disease, previous stroke, diabetes mellitus, hypoalbuminemia, hyponatremia, and risk stratification and duration of surgery) were included in the multivariable 
logistic regression model to identify the adjusted association between high RAI-rev (per 1-point increase in RAI-rev score or RAI-rev of ≥45) and the primary outcome. The 11 variables 
covered by the RAI-rev were not separately enrolled in multivariable analyses. See Supplementary Table S7 for details.
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cover multiple frailty spectrums because it evaluates only two 
domains (comorbidity burden and functional impairment). Although 
the RAI-rev captures multiple frailty features, some of its elements 
are typically representative of acute disease processes, which are 

infrequent among elective high-risk surgery candidates. For example, 
the prevalence of congestive heart failure or shortness of breath was 
quite low in our cohort. Second, surgeons are always more cautious 
to determine the surgical candidacy of a patient when considering 

A

B

FIGURE 3

Receiver operating characteristic (ROC) curve analysis. (A) Comparison of the continuous mFI and RAI-rev scores; (B) Comparison of dichotomized 
mFI and RAI-rev measures. ROC curve analyses showed that the performances of mFI and RAI-rev were poor and comparable in predicting life-
threatening morbidity and mortality. MFI, modified frailty index; RAI-rev, revised-Risk Analysis Index.
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the upcoming procedure as high risk. In most cases, the patient 
assessed as too frail may turn to conservative treatment instead of 
receiving aggressive high-risk surgery. Thus, the exclusion of severely 
frail patients might limit the predictive performance of frailty in this 
study cohort. Indeed, existing data suggest that the association 
between frailty and adverse outcomes is stronger in low-risk surgery 
than in high-risk surgery (23, 28, 29). Third, the etiology of 
postoperative morbidity is multifactorial, and the patient-level risk 
factors alone cannot adequately account for the variation in 
complication risk. Further studies should consider the combination 
of frailty with additional risk variables, such as other baseline 
characteristics and surgical-related risk factors, to predict the risk of 
postoperative morbidity.

Our findings demonstrated clinical significance and might play 
an important role in perioperative settings. Based on the multivariable 
logistic and Cox regression analysis results, frailty was significantly 
associated with a higher risk of life-threatening morbidity and 
mortality in older patients after elective high-risk abdominal surgery. 
This finding can help clinicians forecast the elevated risk of serious 
postoperative outcomes in frail older patients and improve the shared 
decision-making process. Once a patient is screened as frail, 
determining the goals of care and selecting the optimal approach to 
achieve the goals of care constitute crucial components of shared 
decision-making. It should be  carefully considered whether 
aggressive surgical intervention or palliative care can get frail patients 
to their goals of care. Realistic expectations and appropriate decision-
making may, in turn, decrease perioperative mortality (30). 
Furthermore, this finding can help guide the more efficient allocation 
of scarce perioperative care resources to high-risk patients, such as 
necessary postoperative ICU admission and active application of 
advanced invasive or non-invasive monitoring skills, thereby 
enhancing the safety and quality of high-risk surgery in older 
patients. Based on the ROC analysis results, the two frailty indices 
presented poor discriminative power in predicting the primary 
outcome. Despite this, the above finding generates clues for further 
research. It is anticipated that the combination of frailty with other 
baseline and perioperative risk factors may emerge as a potentially 
useful model to predict serious morbidity. Additionally, larger studies 
with the recruitment of more patients with severe frailty are needed 
to draw more reliable conclusions.

Besides the retrospective nature, our study had several notable 
limitations. First, as mentioned above, the patients with severe frailty were 
inevitably excluded from the study cohort due to the high-risk nature of 
the surgery, which might lead to selection bias. Second, the primary 
outcome was limited to in-hospital serious morbidity and mortality. The 
complications below CD grade IV were not included in our analysis and 
the post-discharge outcomes were not gathered, which might 
underestimate the rate of adverse outcomes. Finally, in our study, the 
composite endpoint rate was fairly low, especially mortality. Our relatively 
limited sample size could not enable us to fully elucidate the relationship 
between frailty and mortality. Despite these, our results demonstrate 
clinical significance and generate clues for further investigation.

Conclusion

In conclusion, this study determined that high mFI and RAI-rev 
scores were associated with an increased risk of life-threatening 

morbidity and mortality in older patients following elective high-risk 
abdominal surgery. However, both frailty indices displayed poor 
discrimination for the composite outcome of life-threatening 
morbidity and mortality.
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Oral environment deterioration results from a lack of self-cleaning ability 
in patients with cognitive dysfunction but is also a risk factor for cognitive 
dysfunction. Adverse oral conditions can be alleviated and improved through a 
self-management and medical examination. In this review, the epidemiological 
evidence of previous studies is integrated to highlight the relationship between 
periodontitis, tooth loss, oral flora, oral dysfunction and cognitive dysfunction, 
emphasizing the importance of oral health for cognition. The results show that 
poor oral condition is associated with cognitive impairment. Although many 
previous studies have been conducted, there is a lack of higher-level research 
evidence, different judgment criteria, and conflicting research results. There is 
a bidirectional relationship between oral health and cognitive dysfunction. A 
comprehensive analysis of the relationship between oral health and cognitive 
dysfunction that explores the relationship and takes measures to prevent 
cognitive dysfunction and control the progression of such diseases is warranted 
in the future.

KEYWORDS

cognitive dysfunction, periodontitis, tooth loss, oral microflora, oral dysfunction

1. Introduction

Cognitive dysfunction manifests mainly as impaired memory, thinking, calculation, 
judgment, language, and other abilities, which seriously affect the normal life of patients. 
Cognitive dysfunction is a continuously developing process, from cognitive decline to mild 
cognitive impairment (MCI) to dementia. With the increase in global aging, dementia has 
gradually become a serious global public health problem. Compared with developed countries 
such as Europe and North America, the incidence of dementia continues to increase in 
low-income countries such as Asia and Africa (1). According to the World Health Organization, 
there are approximately 10 million new patients with dementia worldwide every year, and the 
number is expected to reach 82 million by 2030, with a cost of up to 2 trillion dollars (2). This 
will pose huge challenges for national healthcare and social welfare systems. Alzheimer’s disease 
(AD) accounts for 60–80% of all dementia types (3); however, there are no effective treatments 
for any type of dementia to date, including AD and MCI. The main treatment method for 
patients with dementia involves symptomatic relief and access to necessary care and services to 
maximize the quality of life. Therefore, current research has focused on discovering risk factors 
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for cognitive dysfunction in advance and taking effective and 
reasonable intervention measures to effectively reduce and delay the 
occurrence of dementia.

The oral cavity is an important part of the human body and an 
essential organ for maintaining a normal life and normal social 
communication. In recent years, numerous studies have shown 
significant associations between the oral cavity and various systemic 
diseases (cirrhosis, diabetes, sepsis, arthritis, and atherosclerosis) (4, 
5). In addition, other studies have shown that the oral cavity is related 
to nervous system diseases, and oral problems have a bidirectional 
correlation with cognitive dysfunction. Poor oral condition is a risk 
factor for cognitive dysfunction; in turn, poor cognition aggravates 
the deterioration of oral function (6). The correlation between oral 
problems and cognitive dysfunction has become a global research 
concern. In this review, we summarize the epidemiological studies on 
the effects of periodontal disease, tooth loss, oral flora, and oral 
function on cognitive dysfunction, providing scientific evidence for 
further oral and cognitive research.

2. Search strategy

We searched PubMed for articles published between 2000 and 
2022 using combinations of the following terms: “Periodontitis,” 
“Periodontal disease,” “Tooth loss,” “Oral bacteria,” “Oral microbiome,” 
“Oral microbiota,” “Oral function,” “Dental occlusion,” “Dementia,” 
“Alzheimer’s disease,” “Mild cognitive impairment,” “Cognitive 
impairment,” and “Cognitive function.” Only articles published in 
English were considered.

The inclusion criteria were as follows: (1) cohort study or case–
control study; (2) animal experiments and functional mechanism 
studies; (3) the main oral factors studied were periodontitis, tooth loss, 
oral flora, and oral dysfunction; (4) the article is in English.

In total, 1,211 articles were retrieved, and 659 articles remained 
after removing duplicates. The titles and abstracts were screened, and 
170 articles remained after 489 articles that did not meet the title, and 
abstract criteria were excluded. Finally, another 124 articles were 
further excluded, and the final 46 articles were included in this review. 
Figure 1 shows a flowchart of the research article selection process.

3. Periodontitis and cognitive 
dysfunction

Periodontitis is a common dental disease that causes chronic 
inflammation of periodontal tissues through oral bacteria activity, 
which eventually leads to tissue destruction and tooth loss. Besides 
common dental inflammation, periodontitis can also induce chronic 
systemic inflammation leading to a serum proinflammatory response 
affecting neurological function and increasing the risk of cognitive 
impairment (7, 8). This manifests in the body as an increase in 
C-reactive protein and pro-inflammatory cytokine α in the blood and 
a decrease in anti-inflammatory markers (interleukin-10) (9). When 
the body is in a pro-inflammatory state for a long time, it can cause 
the expression of tight junctions that maintain the integrity of the 
blood–brain barrier to be reduced or misallocated, resulting in the 
interruption of the blood–brain barrier. At the same time, 
inflammatory factors have toxic effects on endothelial cells, leading to 

cell apoptosis and increasing the blood–brain barrier permeability. 
The presence of inflammatory factors can also increase blood–brain 
barrier permeability by activating microglia or stimulating astrocytes 
to secrete vascular endothelial growth factor-A (10). Due to the 
blood–brain barrier increased permeability and loss of complete 
protective function, inflammatory factors or endotoxins can penetrate 
the nervous system and eventually have an impact on brain 
function (11).

In a cross-sectional study of periodontitis and cognitive 
dysfunction published in 2008, Yu et al. found that periodontitis was 
more common in participants with low cognitive function scores (12). 
In recent years, some studies have also found that periodontitis is 
related to early cognitive dysfunction and AD. People with cognitive 
dysfunction have worse oral health and a higher incidence of 
periodontal diseases, such as sparse root tips, deepening periodontal 
pockets, and dental caries (13). In addition, several epidemiological 
studies have also shown a significant link between periodontitis and 
cognitive dysfunction. Noble et  al. determined associations with 
cognitive function by measuring serum markers of periodontitis (14). 
They showed that individuals with higher Porphyromonas gingivalis 
immunoglobulin G levels had a higher rate of impaired performance 
in verbal memory and subdivision tests. This association persisted 
even after adjusting for confounding factors, such as social population 
and underlying diseases. In a Danish study, Kamer et al. used the digit 
symbol and block design tests to assess participants’ cognitive function 
(15). Compared with participants without periodontitis, those with 
periodontitis had significantly lower digit symbol test scores (p = 0.02). 
A Japanese study analyzed the correlation between periodontal disease 
and cognitive impairment in an Asian population, and the European 
Consensus criteria for the periodontal disease were used to determine 
periodontal conditions and the Mini-Mental State Examination 
(MMSE) and Hasegawa Dementia Scale-Revised criteria were used to 
determine cognitive outcome variables (16). Periodontitis and 
cognitive score were still significantly correlated after adjusting for all 
co-variables. The former score was 2.21 (1.01–4.84, p < 0.05), and the 
latter score was 4.85 (1.29–18.15, p < 0.05). In a prospective cohort 
study of over 6,000 participants, Lee et al. found that periodontitis 
patients had a significantly higher risk of developing dementia than 
healthy controls. The risk increased after adjusting for 
sociodemographic characteristics (OR = 1.16, 95% CI = 1.01–1.32) 
(17). Chen et  al. conducted a large retrospective cohort study 
including 27,963 people >50 years to determine the relationship 
between periodontitis and AD (18). Patients who had periodontitis 
for more than 10 years had more than a 1.7-fold risk of developing AD, 
which showed that long-term exposure to periodontitis has a 
significant effect on brain cognitive function. A large cross-sectional 
study by Sung et al. used Neurobehavioral Evaluation System 2 to 
judge cognitive function in participants and showed that severe 
periodontitis led to worse cognitive status, and the correlation 
remained significant after adjusting for confounding factors (19). 
Iwasaki et al. followed 179 participants for 5 years using two different 
definitions from the Periodontology Group and the American 
Academy of Periodontology to assess periodontitis severity (20). In 
this study, periodontitis severity was associated with cognitive 
impairment regardless of the standard definition.

In summary, studies have shown a correlation between 
periodontitis and cognitive dysfunction; to a certain extent, 
periodontitis is also a risk factor for cognitive impairment. However, 

115

https://doi.org/10.3389/fpubh.2023.1147026
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wei et al.� 10.3389/fpubh.2023.1147026

Frontiers in Public Health 03 frontiersin.org

most of the above studies were cross-sectional, so the causal 
relationship is difficult to explain. Although some were cohort studies, 
the cognitive judgment and diagnostic criteria for periodontitis may 
vary among them, which will inevitably lead to different results. In 
addition, the onset of dementia involves multiple mechanisms, and 
few studies have taken into account important confounding factors, 
such as family history, the susceptibility gene apolipoprotein E, 
nutrition level, and education level. In addition, periodontitis severity 
may also have different effects on cognition, but only one study 
considered the relationship between periodontitis severity and 
cognition (20). Therefore, this association requires further study. At 
present, there are few cohort studies in the field of periodontitis, and 
further large-population studies with the same diagnostic criteria are 
needed to clarify the mechanism of action linking periodontitis and 
cognitive dysfunction.

4. Tooth loss and cognitive 
dysfunction

Tooth loss is a common oral disease that is more common in the 
elderly population and is associated with age, smoking, economic 
status, poor diet, and various oral pathological factors (21). Evidence 
shows that tooth loss is related to oral health and cognitive function. 
A lack of nutrients, such as B vitamins, may have an impact on 

cognition due to changes in eating habits caused by missing teeth (22, 
23). Animal experiments have confirmed that prolonged molar 
deprivation can reduce the expression levels of brain-derived 
neurotrophic factor (BDNF), which is related to hippocampal learning 
and memory. Decreased BDNF expression is also present in patients 
with AD, and the number of hippocampal vertebral cells is decreased, 
leading to cognitive dysfunction (24, 25). In imaging studies, patients 
with tooth loss showed significant gray matter shrinkage in brain areas 
responsible for memory and cognition, such as the hippocampus, 
caudate nucleus, and temporal pole (26). In addition, tooth loss was 
associated with decreased total gray matter volume in the brain (27), 
suggesting that tooth loss increases the risk of shrinking brain regions 
associated with memory, learning, and cognition.

A prospective study including 597 older American men showed 
that each tooth lost per decade increased the risk of MMSE score 
reduction by 9–12% over 32 years of follow-up (28). In a 5-year 
follow-up study of 11,140 patients with type 2 diabetes, Batty et al. 
found that participants with no teeth had a significantly higher risk of 
dementia and cognitive decline than those with 1–22 or more teeth 
(29). In a cross-sectional study of 3,063 participants, patients with 
dementia averaged 18.7 missing teeth, compared with 11.8 and 9.3 for 
patients with MCI and normal cognition, respectively, and >16 lost 
teeth were significantly associated with dementia (OR: 1.5, 95% CI: 
1.12–2.18), indicating that tooth number is associated with cognitive 
function (30). In a longitudinal cohort study of aging in the 

FIGURE 1

Flow chart of the literature search and study selection process.
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United Kingdom, participant memory was assessed using the number 
of words they could recall. Patients without teeth had worse memory, 
recalling 0.88 fewer words than patients with teeth, as well as worse 
motor ability (31). The association between memory and motor ability 
differed significantly by age, and it was more significant in the elderly 
aged 60–74 years. A 13-year longitudinal study in China conducted by 
Li et al. found that cognitive function gradually declined with time but 
retained a significant correlation with the number of teeth (32). 
Evidently, the MMSE score decreased by 0.01 points for each missing 
tooth, and the number of teeth significantly correlated with the time 
passage. This suggests that older adults with more teeth have a better 
cognitive function and a slower rate of cognitive decline. A 5-year 
Japanese cohort study analyzed the relationship between the number 
of remaining teeth and all-cause dementia, AD, and vascular dementia 
(33). The study showed a significant association between all-cause 
dementia and tooth number, which was preserved after model 
adjustment. The number of remaining teeth was negatively associated 
with the risk of AD, but this association was not statistically significant 
after model adjustment. A prospective cohort study also partially 
confirmed the association between tooth loss and higher risk of 
dementia. In a cross-sectional study, Kato et  al. (34) evaluated 
cognitive diagnosis in elderly Japanese communities and showed that 
MMSE scores decreased along with the number of teeth. In addition, 
participants with >20 total teeth (including natural teeth and dentures) 
had significantly higher MMSE scores than those with <19 total teeth, 
suggesting that denture use may exert a protective effect on 
cognitive function.

In conclusion, the above studies show a significant association 
between tooth loss and cognitive dysfunction, which has been 
verified in longitudinal studies in Asian, European, and American 
populations. Two cross-sectional studies found similar results, where 
tooth loss indicated poorer cognitive function. Some studies use 
MMSE as a diagnostic assessment tool for cognition; however, 
considering its limitations, it can be combined with better diagnostic 
criteria to obtain more accurate results. In addition, cognitive 
diagnostic criteria are worth considering, as the diagnosis workload 
will inevitably increase due to the large number of patients involved 
and the time-consuming nature of longitudinal cohort studies. 
Moreover, different studies have used different criteria to count the 
number of teeth. In their study, Li et al. used the number of self-
reported teeth as the standard, and subsequent data cleaning and 
examination were carried out, which inevitably increased the 
workload and greatly reduced data reliability (32). Cohort studies by 
Batty et al. (29) and Takeuchi et al. (33) counted “complete/partial 
attachment to the gums as a tooth” and “healthy, treated or repaired 
teeth,” respectively, but the mechanism by which teeth affect 
cognitive function puts more emphasis on chewing. Therefore, it is 
worth studying the criterion of “complete, healthy, functional teeth 
after treatment or repair.” In addition, the effect of dentures on 
cognitive function has rarely been mentioned in cohort studies, and 
their long-term protective effect still requires further demonstration 
in large, high-quality epidemiological studies.

5. Oral flora and cognitive dysfunction

Oral cavity is a gathering place for many microorganisms, whose 
balance is essential for maintaining overall health. Oral microbial 

imbalance is the main cause of various oral diseases and an 
important risk factor for cardiovascular, digestive, and nervous 
system diseases (5). Some studies have found the presence of 
Porphyromonas gingivalis and Treponema in brain tissue, trigeminal 
ganglion, and cortex samples of patients with AD (35, 36). Therefore, 
oral bacteria appear to be involved in the development of cognitive 
dysfunction. Human immunity and saliva are crucial for maintaining 
oral health and regulating the balance of oral flora. However, with 
age increase, saliva secretion decreases, and immune function 
weakens, reducing the body’s ability to inhibit oral flora overgrowth 
and non-oral species invasion (37, 38), eventually leading to a 
pro-inflammatory response and weakening the protective effect of 
the blood–brain barrier. The spread of bacteria to the brain impacts 
brain function. In addition, oral bacteria can produce toxins such as 
lipopolysaccharides, arg-gingipain, and lys-gingipain, which damage 
the tau protein, which is responsible for neuronal function (39). Oral 
bacteria can also cross the blood–brain barrier and cause transient 
encephalitis, which leads to short-term memory impairment. 
Meanwhile, the persistent infection produces lasting cognitive 
damage in the brain (40).

Liu et al. used 16S rRNA sequencing to analyze the differences 
between the saliva microflora of patients with AD and healthy people 
(41). The variety and richness of saliva microflora from patients with 
AD were significantly lower than those of healthy controls, and the 
abundance of Moraxella, Leptotrichia micronomyces, and 
Sphaerochaeta in patients with AD increased, while Rhodotella 
abundance decreased. In addition, salivary flora diversity decreased 
in patients with AD, the bacterial community was disturbed, and it 
invaded the brain to affect neurological function. Yang et al. collected 
oral samples from 68 patients with MCI and a control group, analyzed 
the characteristics of oral microorganisms and explored their 
association with MCI inflammation markers (42). There was no 
difference in alpha- and beta-diversity between the two groups and no 
change in oral microflora. Several inflammatory factors related to 
cognitive function, such as matrix metallopeptidase 10 and 
chemokines in the cerebrospinal fluid of the MCI group, were different 
from those of the control group, and there was a correlation between 
the oral microbiome and inflammation. Wu et al. (43) analyzed the 
bacteria in the dental plaque of patients with AD and a control group 
and used alpha diversity to assess the difference between groups. Oral 
microflora diversity in the AD group was lower than that in the 
control group, and the number of Lactobacillus, Streptococcus, and 
Bacteroides increased significantly in patients with AD, while the 
number of Clostridium decreased significantly. Holmer et al. collected 
95 subgingival specimens to identify oral microflora in three case 
groups (AD, MCI, and subjective cognitive dysfunction). The 
microbial alpha diversity of subjective cognitive dysfunction was 
significantly higher than that of the control group, and the microflora 
of the MCI group was particularly rich and diverse. Compared with 
non-dementia patients, the oral microbiota showed consistent changes 
and was significantly associated with periodontal disease in three case 
groups (44). A Canadian case–control study with 90 participants 
collected oral specimens from the salivary glands on both sides of the 
mouth and under the tongue, also using 16S microbial sequencing 
technology (45). Contrary to Wu et al. (43), this study showed higher 
alpha diversity of oral microorganisms and decreased Streptococcus 
and Actinomyces abundance in patients with AD, compared 
with controls.
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In conclusion, although studies have shown no significant 
difference in oral flora between patients with MCI and healthy 
participants, oral microbes are associated with inflammatory factors 
(42), and the MCI group showed a high degree of diversity in a 
subsequent study (44). MCI is the early stage of dementia, whose 
development can be effectively controlled by detecting risk factors and 
adopting countermeasures. At present, there are few research studies 
in this field, and more large-cohort studies are needed to verify the 
current results. Moreover, four studies have analyzed the oral 
microbiota of patients with AD, two of which showed reduced 
diversity. Two of the low-diversity studies included Chinese people 
(Asian), and the other two included Swedes and Canadians 
(Caucasian), so it is worth exploring the impact of race or dietary 
differences. Moreover, confounding factors, such as daily habits, 
socioeconomic conditions, and drug use, were not taken into account 
in the study. Oral specimens were also collected from different sites in 
different studies, and the number of participants was small, which may 
also impact the results. For pathogenic bacteria, the distance from the 
mouth to the brain is shorter than that from other organs. Studies have 
shown that oral bacteria can penetrate the blood–brain barrier and 
affect brain neurological functions by causing neuroinflammation 
through soluble surface proteins or the production of 
lipopolysaccharides, exotoxins, and other substances (39, 46). 
Therefore, an in-depth exploration of the relationship between oral 
microbes and cognitive dysfunction may provide a feasible method to 
reduce the risk of cognitive dysfunction.

6. Oral and cognitive dysfunction

Commonly, oral dysfunction includes decreased chewing ability, 
decreased tongue motor ability, decreased tongue pressure, subjective 
eating, and swallowing difficulties (47). These problems can 
be  summarized as “oral fragility,” a term introduced by Japan’s 
Ministry of Health, Labor, and Welfare in 2013 to emphasize the role 
of oral function in overall health. Evidence suggests that oral fragility 
significantly increases the risk of frailty, sarcopenia, disability, and 
death in older adults and is associated with cognitive impairment 
(4, 48).

Some studies have found that chewing can increase blood 
perfusion and stimulate neural activity in the brain (4), exerting a 
positive impact on memory and improving cognitive ability (49). On 
the contrary, declining chewing function may negatively impact brain 
function and cause cognitive dysfunction (50). In a cross-sectional 
study of 502 participants, Cardoso et al. determined the number of 
functional masticatory units in participants through visual 
examination and analyzed its association with cognitive function (51). 
A positive correlation was seen between the number of functional 
masticatory units and the Mini Cognitive Examination score, as more 
chewing units indicated better cognitive function. Han et al. achieved 
similar results in a longitudinal cohort study involving 411 participants 
(52), where more functional teeth and occlusal units indicated a lower 
probability of cognitive decline. These two studies provide strong 
epidemiological evidence for an association between chewing function 
and cognitive dysfunction.

A cross-sectional study on oral and cognitive function involving 
1,118 people in Japan revealed that tongue pressure and oral 
diadochokinesis were significantly associated with MMSE scores 

after adjusting for relevant factors (53). Moreover, pathway analysis 
showed that tongue pressure was related to decreasing MMSE scores, 
and it affected cognitive function through oral diadochokinesis. 
Egashira et al. used the Japanese version of the Montreal Cognitive 
Assessment Form to assess cognitive status in a 50-person dental 
outpatient cross-sectional study, showing that tongue pressure and 
tooth count were significantly lower in the cognitively declining 
group than in the healthy group (54). A cross-sectional study by 
Suzuki et al. showed that the maximum bite force of patients with 
cognitive dysfunction was significantly reduced, and a high 
proportion of patients had tongue and lip dysfunction (55). After 
adjusting for gender and age, bite force was still correlated with 
cognitive function.

The above research shows that traditional oral diseases, such as 
periodontitis and tooth loss, are associated with cognitive 
dysfunction, as is oral dysfunction. Epidemiological studies have 
shown an association between reduced chewing function and 
cognitive impairment, but the accuracy of their results is 
questionable, given that assessments were based on direct oral 
examination, and they did not take into account socioeconomic 
levels, malnutrition caused by mastication, and other factors 
associated with cognitive impairment. The cross-sectional design 
used in studies of bite force, tongue pressure, oral coherent 
movement, and cognitive function could not establish causality 
and included a small number of participants. In all studies, scales 
were used to judge cognitive function. However, in an ideal 
situation, neuropsychological tests and imaging results should 
be used to diagnose cognition in each participant. Therefore, more 
longitudinal cohort studies in large populations are required to 
further clarify the correlation and causal relationship between oral 
function and cognitive dysfunction. Oral cavity is an important 
organ of the human body. Exploring the functional relationship 
between the oral cavity and brain organs may produce a new 
understanding of brain cognitive function. At present, most of the 
studies on oral function have been conducted in Asian populations. 
To further understand the relationship between oral function and 
cognitive function, besides longitudinal studies in large 
populations, different regions should be discussed to obtain more 
convincing results.

7. Conclusion

This review focused mainly on the relationship between 
periodontitis, tooth loss, oral flora, oral dysfunction, and cognitive 
dysfunction, and its results showed that adverse oral conditions would 
greatly impact patient cognitive function (Figure 2). Most studies on 
periodontitis and tooth loss used different judgment criteria for oral 
and cognitive status, and the included confounding factors were not 
comprehensive. Oral flora has a great impact on cognitive function, 
but the results of changes in oral flora in patients with cognitive 
impairment are conflicting. At present, there are few studies on oral 
dysfunction and cognition in which the study population is relatively 
concentrated and oral function is diverse. Longitudinal studies with 
large populations can better clarify the association. Moreover, most of 
the existing studies have analyzed a single adverse oral condition, so 
it was necessary to try to analyze the association between multiple 
adverse oral factors and cognition in the same population, which helps 
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find the association and take timely measures. To a large extent, poor 
oral health can be  improved or treated with current medical 
technology. Therefore, it is of great significance to comprehensively 
explore the association between oral health status and cognitive 
dysfunction for the prevention or early detection of risk factors for 
cognitive dysfunction. However, one limitation of this review was that 
different studies included no uniform definition for cognitive 
dysfunction and oral conditions, as well as many influencing factors. 
Therefore, the final research results should be observed with caution. 
In future studies, unified standards should be  adopted, research 
methods should be carefully designed, more rigorous tests should 
be conducted, and longitudinal cohort studies of large populations 
should be adopted more frequently to ensure representative results. 
Current medical technology can improve or treat adverse oral 
conditions to a large extent. Therefore, the relationship between oral 
problems and cognitive dysfunction is certainly invaluable to 
preventing and facilitating early detection of oral risk factors related 
to cognitive dysfunction.

Author contributions

YD, WX, and KL contributed to the conception and design of the 
study. TW, TH, and YL organized the database. TW, WX, CZ, and KL 
wrote the manuscript. All authors contributed to the manuscript 
revision and read and approved the submitted version.

Funding

This work was supported by grants from the Clinical 
Medicine Technology Innovation Program (grant no. 202019080), 
the Natural Science Foundation of Shandong Province (grant no. 
ZR2022QH106), the National Natural Science Foundation of 
China (grant nos. 81861138008 and 81772448, 82011530139, and 
82171175), the National Key R&D Program of China Ministry of 

Sciences and Technology (grant nos. 2017YFC1310100 and 
2022YFC3501404), the Academic Promotion Program of 
Shandong First Medical University (grant no. 2019QL020), the 
Integrated Traditional Chinese and Western Medicine Program 
in Shandong Province (grant no. YXH2019ZXY008), and the 
Brain Science and Brain-Like Intelligence Technology Research 
Projects of China (grant nos. 2021ZD0201801 and 
2021ZD0201808), and Shandong Provincial Key Research and 
Development Program (grant no. 2021LCZX03). The funding 
agencies had no role in the study design, data collection and 
analysis, the writing of this article, and in the decision to submit 
the work for publication.

Acknowledgments

We would like to thank all team members of the Multimodal 
Interventions to Delay Dementia and Disability in Rural China 
(MIND-CHINA) Project.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

FIGURE 2

The role of oral factors including periodontitis, tooth loss, oral flora, and oral dysfunction in cognitive dysfunction.
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Background: The association between the instrumental activities of daily living 
(IADL) score and the risk of initial cognitive function impairment is inconclusive. 
We aimed to identify distinctive IADL trajectories and examine their relationship 
with the onset of mild cognitive impairment (MCI) among Chinese older people.

Methods: The study used six-wave longitudinal data from the Chinese 
Longitudinal Healthy Longevity Survey conducted between 2002 and 2018. It 
included a total of 11,044 Chinese people aged 65 years or older. A group-based 
trajectory model was used to identify distinctive trajectories of the IADL score, 
and the Cox proportional hazards model was used to explore the hazard ratio of 
various trajectories at the onset of MCI. Interaction analysis was used to analyze 
individual modification between the IADL trajectories and the onset of MCI. Finally, 
we adopted four types of sensitivity analysis to verify the robustness of the results.

Results: During a median follow-up of 16 years, the incidence of MCI was 6.29 
cases per 1,000 person-years (95% confidence interval [CI] 5.92–6.68). Three 
distinct IADL trajectory groups were identified: a low-risk IADL group (41.4%), an 
IADL group with increasing risk (28.5%), and a high-risk IADL group (30.4%). Using 
the Cox proportional hazards model after adjusting for covariates, we found that 
compared with the low risk IADL group, the hazard ratio of the IADL group with 
increasing risk was 4.49 (95% CI = 3.82–5.28), whereas that of the high-risk IADL 
group was 2.52 (95% CI 2.08–3.05). Treating the IADL group with increasing risk 
as the reference, the hazard ratio for the high-risk IADL group was 0.56 (95% CI 
0.48–0.66). Interaction analyses showed that age and residence were significant 
moderators (P for interaction <0.05).

Conclusion: A group-based trajectory model was developed to classify older 
people into three distinct trajectory groups of the IADL score. The IADL group 
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with increasing risk had a greater risk of MCI than the high-risk IADL group. In the 
IADL group with increasing risk, city residents of ≥80 years were the most likely 
to develop MCI.

KEYWORDS

CLHLS, GBTM, IADL, MCI, Chinese older adults

1. Introduction

Mild cognitive impairment (MCI) is an intermediate state 
between normal aging and dementia, which mostly takes the form of 
Alzheimer’s disease (1). According to a meta-analysis in China, the 
prevalence of MCI has reached 12.2% (95% confidence interval [CI] 
10.6–14.2) in community residents aged over 55 years (2). To reduce 
the health burden and enhance the quality of life of older adults, the 
prevention of dementia is essential (3). Moreover, the onset of MCI is 
associated with a significant risk of cognitive impairment, which is 
exhibited by a decline in social activity (4).

Instrumental activities of daily living (IADL) are measured to 
assess the ability of older adults in independent living, social 
communication, and completing family tasks (5). If an older adult has 
lower functioning measured with IADL, it means that their capacity 
for social activity is seriously hampered (6). Studies on IADL have 
mainly focused on the prediction and assessment of chronic and 
critical diseases. The results of a longitudinal cohort study recently 
indicated that inclusion of IADL impairment in the MCI construct 
improves the prediction of future dementia (7). Several studies have 
reported that cognitive impairment and increased age are risk factors 
for IADL impairment in the social context of China (8–10).

Instrumental activities of daily living impairment and MCI 
development have been linked through ongoing research. Patients 
with MCI and dementia have impaired functioning measured with 
IADL to varying degrees. The functioning in the dementia group was 
greater impaired than in the MCI group, which is greater than the 
normal group (p < 0.05) (11). With an impairment in cognitive ability, 
the capacity for complicated social activities shows a dynamic decline, 
first displayed as a loss in instrumental ability and afterward as an 
impairment in instrumental activities with lower cognitive 
requirements (12). This trend has been reported to serve as a dynamic 
monitoring mechanism for assessing cognitive ability (7), thus 
providing a new method for predicting the diagnosis of dementia (13). 
Despite this, some disagreements have arisen in the actual application 
of the IADL tools, such as in the scoring method (14) and the 
threshold item division (15). The IADL of older people exhibit 
complex and varied patterns over time, which add complexity to the 
study of IADL trajectories.

A group-based trajectory model (GBTM) is an algorithm that can 
characterize dynamic changes in variables while simultaneously 
separating a group into multiple trajectory groups and constructing 
trajectory models within each group (16). In the current study, 
we used a GBTM to examine and identify relationships and changes 
within various latent trajectories of IADL.

There is currently a lack of a consistent methodology to accurately 
identify the risk of MCI. Therefore, we had two main aims in the 
current study involving longitudinal data from the Chinese 

Longitudinal Healthy Longevity Survey (CLHLS; 2002–2018): first, to 
investigate the dynamic IADL trajectories of community-dwelling 
Chinese elders via GBTM, and second, to predict MCI by a Cox 
proportional hazards model.

2. Materials and methods

2.1. Study population

2.1.1. Study sample
This research used data from CLHLS. The project was jointly 

conducted by the Centre for Healthy Aging and Development Studies 
at Peking University and the Chinese Centre for Disease Control and 
Prevention. It explored the changes in lifestyle and health status of 
middle-aged and older people in the changing social environment. 
The collected information included sociodemographic characteristics, 
lifestyle, health status, psychological and cognitive status, living 
environment, and death data.

Eight waves of national surveys have now been conducted by the 
CLHLS (1998, 2000, 2002, 2005, 2008, 2011, 2014, and 2018). The 
CLHLS includes 21 provinces, accounting for about 85% of the 
population of the nation, which makes it the largest longitudinal study 
of the elderly in developing nations (10). Targeted random sampling 
is used to select participants in CLHLS. In each province, roughly half 
of the cities (counties) are chosen to serve as the primary investigative 
units. To balance the age and sex of older adults, CLHLS uses a 
multistage stratified random sampling method to follow one 
nonagenarian, one octogenarian, and three people aged between 65 
and 79 years from the same street, village, or town in a primary 
sampling unit. CLHLS is regarded as a high-quality database because 
of its robust results of reliability/validity testing, little missing data, 
and its high response rate (17). Visit the following website to learn 
details about the CLHLS sampling plan: https://www.icpsr.umich.edu/
web/NACDA/studies/36179.

2.1.2. Inclusion and exclusion criteria
For inclusion, participants had to be 65 years or older from the 

Chinese community, with normal baseline cognitive abilities (based 
on the clinical diagnosis of dementia) and without dementia or a 
Mini-Mental State Examination (MMSE) score of ≥24. All participants 
voluntarily signed the informed consent form in person. Exclusion 
criteria were a lack of baseline information on living capacity (n = 29) 
and an absence of baseline information on cognitive function 
measurement (n = 2,606).

Investigating the risk prediction of early cognitive impairment 
based on long-term IADL score changes was necessary for the overall 
research objective. Consequently, we chose a fixed cohort from 2002, 
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with data available from six waves of investigations. The participants 
were 11,044 community-dwelling seniors aged 65 years and over 
(Figure 1).

2.2. Measurements

2.2.1. Instrumental activities of daily living
Instrumental activities of daily living was primarily included in 

this study’s model as a significant independent variable, which 
measured the health status associated with the social ability of older 
people in Chinese communities. There are eight sub-items in the 
IADL, including the following questions: (1) Can you  visit your 
neighbors by yourself? (2) Can you go shopping by yourself? (3) Can 
you cook a meal by yourself when necessary? (4) Can you wash clothes 
by yourself when necessary? (5) Can you walk a kilometer at a time by 
yourself? (6) Can you lift a weight of 5 kg, such as a heavy bag of 
groceries? (7) Can you continuously squat and stand up three times? 
(8) Can you take public transportation by yourself? In the CLHLS 
survey, a score of three negative answers indicates “yes, very limited,” 
a score of two negative answers denotes “yes, slightly limited,” and one 
negative answer signifies “not limited.” According to an empirical 
study, if all the eight indicators of IADL are not limited, it indicates 
that the elderly individual is fully self-dependent. If one or more items 
shows that the individual cannot take care of themselves, it suggests 
that, in respect to IADL, they are disabled (18). The overall score in 
this study, which ranged from 8 to 24, served as a reference for the 
participant’s level of IADL disability. The higher the score, the greater 
the participant’s level of IADL disability (10).

Basic activities of daily living (ADL) reflect the ability of the 
respondents to live independently. Once ADL are impaired, it means 
that the patient needs long-term care from nursing staff or family 

members to ensure their basic living needs. A higher score indicates a 
greater degree of ADL disability, with an overall score ranging from 6 
to 18 points.

2.2.2. Mini-mental state examination
Mini-Mental State Examination has been widely used to assess the 

cognitive state of older adults. It contains 11 questions related to time 
and place orientation, reaction, attention, numeracy, memory, and 
language (19). The participants were required to complete the MMSE 
questions in person as part of CLHLS to increase the validity of the 
assessment of cognitive function. A nurse and an investigator assessed 
the participants’ fundamental cognitive abilities during the evaluation. 
The question was marked as “unable to answer” if the patient was 
unable to respond (a score of 0). Higher scores on the MMSE, which 
range from 0 to 30, indicate better cognitive function (20). As 
recommended by a geriatric epidemiological survey, MCI was 
classified by education using the MMSE scale and Petersen criteria 
(21, 22). For participants who had never received education, an 
MMSE score of 17 or less was considered as cognitive impairment; for 
those who had less than 6 years of education, an MMSE score of 20 or 
less was considered as cognitive impairment; and for those who had 
more than 6 years of education, an MMSE score of 24 or less was 
considered as cognitive impairment. For each level of education, 
scores above the threshold were considered cognitively normal. 
Beginning in 2002, MMSE was followed up every 2–3 years until MCI 
occurred or the follow-up period was over.

2.2.3. Covariates
This survey included the collection of sociodemographic and 

lifestyle factors using a structured questionnaire. The socioeconomic 
factors included years of schooling (illiterate, primary, and high school), 
residence (urban and rural), marital status (living without spouse and 
living with spouse), and income (recoded into tertiles as low, medium, 
and high). Physical exercise was also divided into three categories, 
depending on whether or not do it regularly: “never”, “formal”, “present”. 
Classification variables were also used to describe smoking and drinking 
status: never, former, and present. Health variables, including physical 
indicators (age, weight, and chronic disease) and mental indicators 
(depression), were collected via self-reports and objective measurement. 
The weight of the respondents was measured in kilograms by having 
them stand on an electronic counting scale after removing their jackets 
or coats. Chronic diseases, such as hypertension, diabetes, heart disease, 
pneumonia, and pulmonary tuberculosis, were logged through self-
reports. Depression levels were assessed by a series of questions: (1) “Do 
you always look on the bright side of things?,” (2) “Do you often feel 
fearful or anxious?,” (3) “Can you make your own decisions concerning 
your personal affairs?,” (4) “Do you feel the older you get, the more 
useless you are?,” and (5) “Are you as happy as when you were younger?.” 
The overall scores ranged from 5 to 25 points, with higher scores 
indicating lower levels of depression.

2.3. Statistical analysis

Stata 16.0 (StataCorp LLC., College Station, TX, United States) 
was used for descriptive analysis and statistical inference. Continuous 
variables were described as mean ± standard deviation, whereas 
categorical variables were expressed as numbers and proportions (%).

FIGURE 1

The flow chart of sample selection in the present study. MMSE, Mini 
Mental State Examination; IADL, instrumental activities of daily living; 
MCI, mild cognitive impairment.
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We constructed GBTM to identify distinctive IADL trajectory 
groups and create profiles of the characteristics of these groups. In 
the analysis, we included all participants who had data on IADL 
scores collected during six waves from 2002 to 2018. The survey 
wave was used as a timescale for the trajectories. As a potential class 
growth model, GBTM was used to analyze longitudinal data and 
explore heterogeneity. Assuming that there are numerous potential 
subgroups with various developmental trajectories or patterns in the 
population, the goal of GBTM is to investigate how many subgroups 
with various developmental trends are present in the population and 
to identify the developmental trajectory of each subgroup (16). 
GBTM predicts the trajectory of each group, the shape of each 
trajectory, analyzes the individual’s probability of belonging to a 
group, and places individuals in the group for which they have the 
highest probability. The first step in GBTM is to determine the 
number of trajectory groups to include in the model. The fitting 
effect of the model is reflected in the Bayesian information criterion 
(BIC) and Akaike information criterion. When the values reach a 
relative minimum, the best number of trajectory groups is finalized. 
In addition, the average posterior probability, which reflects the 
probability of group members belonging to the trajectory, ought to 
be  higher than 0.70 for each group. Moreover, to identify the 
functional form of the model, each trajectory group is fitted starting 
from the high-order polynomial to the low-order. If the high-order 
parameters are not statistically significantly reflected in p values or 
the BIC of the model, the low-order parameters continue to 
be fitted.

A Cox proportional hazards model was used to investigate the 
hazard ratios (HRs) of the different trajectories at the onset of MCI, 
with 95% CIs. Model 1 was adjusted for age and sex; Model 2 was 
further adjusted for education level, income, marital status, and 
residence; Model 3 was further adjusted for smoking, alcohol 
consumption, physical activity, and social activity; and Model 4 was 
further adjusted for weight, depression, and chronic diseases. 
Possible modification effects were identified through an interaction 
effect analysis. The principle of the semiparametric Cox 
proportional hazards model was to use the product formula to 
obtain the risk probability related to the baseline risk. The model 
compensated for the limitations of the univariate Kaplan–Meier 
survival estimate, which is unable to examine continuous factors 
(23, 24).

Four distinct sensitivity studies were conducted to confirm the 
robustness of the results. The first excluded participants who died in 
the first wave of follow-up. The second excluded participants with 
baseline chronic diseases. The third involved a multiple interpolation 
method: a chained equation approach was used to specify the 
distribution of interpolation variables as the Gaussian normal 
distribution, while the continuous iterative interpolation method was 
used to interpolate the missing values. Five sets of data were 
interpolated, and the regression operation was performed. Finally, the 
regression coefficients and standard errors of the five sets of regression 
models were combined (25). In the fourth sensitivity study, a 
generalized linear mixed model was used. The IADL trajectories were 
taken as the key independent variable, the MMSE score was taken as 
the dependent variable, and the individual ID was coded as the 
second-level variable for model estimation. The hypotheses were 
tested at a two-sided significance level of α = 0.05, and statistical 
significance was accepted when p-values were < 0.05 (two-sided).

3. Results

A total of 11,044 respondents (without MCI at baseline) were 
included in the group-based trajectory analysis (Table 1). During a 
median follow-up of 16 years, the incidence of MCI was 6.29 (95% CI 
5.92–6.68). The average age of the participants was 82.8 ± 11.0 years, 
and 53.4% (n = 5,896) of participants were female. The average weight 
was 50.4 ± 10.5 kg, 53.0% (n = 5,852) of the respondents lived in rural 
areas, 57.6% (n = 6,359) were illiterate, and 37.1% (n = 4,096) lived 
with their spouses. In terms of income, 34.9% (n = 3,858) of the 
respondents had a low income, 33.8% (n = 3,727) had a middle 
income, and 31.3% (n = 3,459) had a high income. Additionally, 38.5% 
(n = 4,251) of the participants did physical exercise regularly, but only 
14.8% (n = 1,640) and 2.4% (n = 266) of the participants attended 
social activities sometimes and often, respectively. In terms of 
smoking and drinking, 62.8% (n = 6,920) had never smoked and 66% 
(n = 7,274) had never consumed alcohol. In terms of mental and 
physical status, the average depression score was 11.4 ± 3.2, the 
average IADL score was 11.8 ± 4.9, the average ADL score was 
6.4 ± 1.3, and the average MMSE score was 25.6 ± 3.2. Among the 
11,044 participants, 34.5% (n = 3,809) had one or more 
chronic diseases.

The Akaike information criterion and BIC results showed that the 
model with three trajectory groups with up to quadratic order terms 
had the best fit (BIC −7,241.49) and captured the essential features of 
the data in a more comprehensible and analytically tractable manner 
(Table  2). Table  3 shows the fitting information of the GBTM, 
including the testing intercept and linear, quadratic, and cubic 
specifications for the trajectory shapes. Three distinct trajectories of 
the community-dwelling Chinese older people were identified 
(Figure 2). Those in Group 1 (41.1%) who had an IADL score below 
2.5 were referred to as the low-risk IADL group. Those in Group 2 
(28.5%) who had an IADL score linearly increasing between 2.3 and 
3.1 were referred to as the IADL group with increasing risk. Lastly, 
those in Group 3 (30.4%) who exhibited high levels of IADL between 
2.8 and 3.1 during all waves were referred to as the high-risk 
IADL group.

Table  4 shows the associations between the IADL trajectory 
groups and the risk of MCI by four Cox proportional hazards models 
(Group 1 was used as the reference). The HRs were significant in all 
the models. The HRs for the IADL group with increasing risk and 
the high-risk IADL group compared with the low-risk IADL group 
were 4.49 (95% CI 3.82–5.28) and 2.52 (95% CI 2.08–3.05), 
respectively, as shown in Model 4. Analyzing the sexes separately, the 
research results of the Cox proportional hazards models were similar 
to those for the whole group (Supplementary Tables S1, S2). When 
the IADL group with increasing risk was used as the reference 
(Supplementary Table S3), the HR for the high-risk IADL group was 
0.56 (95% CI 0.48–0.66).

The interaction analysis results showed that age was a significant 
moderator (P for interaction <0.01). Specifically, participants aged 
80 years and above in the IADL group with increasing risk (HR 7.49, 
95% CI 5.55–10.12, compared with Group 1) were more likely to 
develop MCI than those younger than 80 years. In addition, when the 
risk of IADL was increasing, participants living in urban areas had a 
greater risk of MCI (P for interaction <0.05) than rural residents. 
Treating Group 1 as the reference, in the urban population, the HR of 
the IADL group with increasing risk was 5.99 (95% CI 4.53–7.92). The 
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onset of MCI was not associated with sex, education level, income, or 
marital status when controlling for covariates (Table 5).

Four sensitivity analysis protocols were also conducted 
(Table 6). With the multiple interpolation method, the HR in the 
IADL group with increasing risk was 4.46-fold higher than that in 
the low-risk IADL group (HR 4.46, 95% CI 3.79–5.24). The HR of 
MCI in the high-risk IADL group was 2.48-fold higher than that in 
the low-risk IADL group (HR 2.48, 95% CI 2.05–3.00). After 
participants who passed away during the first wave of follow-up 
were excluded, the adjusted HR was 3.13 (95% CI 2.65–3.70) for the 
IADL group with increasing risk and 3.15 (95% CI 2.60–3.82) for 
the high-risk IADL group. After eliminating participants with 
chronic disease at baseline, the adjusted HRs in the IADL group 
with increasing risk and the high-risk IADL group were 4.55 (95% 
CI 3.75–5.23) and 2.59 (95% CI 2.05–3.27), respectively, compared 
with the low-risk IADL group. The average MMSE score for the 
IADL group with increasing risk was 1.33-fold lower than that of 
the low-risk IADL group (95% CI −1.47, −1.19), and for the high-
risk IADL group it was 2.29-fold lower (95% CI −2.45, −2.13) than 
that of the low-risk IADL group.

4. Discussion

To the best of our knowledge, this was the first study to divide 
IADL into three trajectory groups in an older Chinese community-
dwelling population to investigate the relationship between IADL 
trajectories and the onset of MCI. The IADL group with increasing 
risk and the high-risk IADL group both had greater risks of developing 
MCI than the low-risk IADL group. The IADL group with increasing 
risk had the highest risk of developing MCI. In adults over 80 years of 
age living in cities, the risk of MCI rose with increasing IADL 
impairment, according to the interaction analysis.

In the CLHLS, the prevalence of MCI was 17.5% in the Chinese 
community aged 65 years and over at baseline. According to previous 
surveys in China, the prevalence of MCI (using the Petersen criteria) 
ranged from 11.33 to 20.80% among individuals of 65 years of age and 
older (26–28). Although the survey results show heterogeneity as a 
result of various research designs, social background differences, and 
sampling errors, a Chinese meta-analysis reported the combined 
prevalence of MCI in adults over 55 years at 12.2% (2). The findings 
reveal a latent MCI trend in Chinese communities. Therefore, effective 
assessment tools and MCI prevention strategies are necessary.

Group-based trajectory model was used to classify IADL into 
three distinctive trajectory groups in this longitudinal study: the 
low-risk IADL group, the IADL group with increasing risk, and the 
high-risk IADL group. Most previous studies on the evolution of older 
people’s daily living skills have focused on IADL. A cohort study 
conducted in Chinese community-living older people found that 
IADL trajectories either showed a sharp decline from a high starting 
point or a rapid decline from a low starting point (29). We included 
groups with increasing risk (linear change) and static high-risk or 
low-risk (constant level) related to IADL during follow-up. Among the 
three trajectory groups, the HRs for MCI were highest for the IADL 
group with increasing risk, intermediate for the high-risk IADL group, 
and lowest for the low-risk IADL group. Similar conclusions were 
made in a UK health and retirement study, which was based on a 
latent growth trajectory model. It reported that in middle-aged people 

TABLE 1  The baseline data for participants of CLHLS in 2002.

Variables Total

N = 11,044

Depression, mean (SD) 11.4 ± 3.2

IADL, mean (SD) 11.8 ± 4.9

ADL, mean (SD) 6.4 ± 1.3

MMSE, mean (SD) 25.6 ± 3.2

Age (years), mean (SD) 82.8 ± 11.0

Weight (kilogram), mean (SD) 50.4 ± 10.5

Sex, n (%)

Male 5,148 (46.6%)

Female 5,896 (53.4%)

Years of Schooling, n (%)

Illiterate 6,359 (57.6%)

Primary school 3,423 (31.0%)

High school 1,262 (11.4%)

Residence, n (%)

Rural 5,852 (53.0%)

City 5,192 (47.0%)

Marital status, n (%)

Living without spouse 6,948 (62.9%)

Living with spouse 4,096 (37.1%)

Income, n (%)

Low 3,858 (34.9%)

Medium 3,727 (33.8%)

High 3,459 (31.3%)

Smoking, n (%)

Never smoking 6,920 (62.8%)

Former smoking 1,807 (16.3%)

Present smoking 2,300 (20.9%)

Drinking, n (%)

Never drinking 7,274 (66.0%)

Former drinking 1,287 (11.6%)

Present drinking 2,465 (22.4%)

Social activity, n (%)

Never 9,138 (82.8%)

Sometimes 1,640 (14.8%)

Always 266 (2.4%)

Physical activity, n (%)

Never 5,825 (52.9%)

Former 952 (8.6%)

Present 4,251 (38.5%)

Chronic disease, n (%)

No 7,234 (65.5%)

Yes 3,809 (34.5%)

CLHLS, the Chinese Longitudinal Healthy Longevity Survey; IADL, instrumental activities 
of daily living; ADL, activities of daily living; MMSE, Mini-Mental State Examination.
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(50–64 years), worse ADL and IADL outcomes were closely associated 
with cognitive impairment (non-dementia) and predicted dementia 
in later life (30).

What are the underlying mechanisms that explain why the IADL 
group with increasing risk had the highest MCI risk among the three 
trajectory groups? The disability of the individuals in the high-risk 
IADL group cannot be ignored, and thus corresponding nursing and 
medical measures are taken promptly. By contrast, the performance 
of the individuals in the IADL group with increasing risk might 
be hidden by functional compensation, making disability harder to 
recognize. The “disability paradox” claims that senior citizens with 
self-reported severe disability still report high quality of life even 
though the disability is linked to higher healthcare costs, premature 
death, and impaired quality of life (31–33). Therefore, the “paradox” 
is influenced by the social context and external environment of the 
individual (34).

Dynamic switching between different disability states can occur 
in older people. For example, a multimodal model of disability 
transition among Chinese older people was developed to analyze the 

TABLE 3  Procedure for selecting an IADL trajectory.

Group Trajectory group Growth parameter Est. SE T-value p-value

1 1 Intercept 2.40 0.003 663.47 <0.001

Linear 0.02 0.003 6.33 <0.001

Quadratic −0.003 0.001 −5.21 <0.001

Cubic 0.0001 0.001 5.49 <0.001

2 1 Intercept 2.19 0.004 586.30 <0.001

Linear 0.007 0.002 4.49 <0.001

Quadratic 0.001 0.001 7.61 <0.001

2 Intercept 2.70 0.006 469.56 <0.001

Linear 0.05 0.003 18.81 <0.001

Quadratic −0.002 0.001 −6.82 <0.001

3 1 Intercept 2.18 0.004 543.47 <0.001

Linear −0.01 0.002 −8.34 <0.001

Quadratic 0.002 0.001 16.93 <0.001

2 Intercept 2.257 0.006 371.85 <0.001

Linear 0.06 0.001 59.35 <0.001

3 Intercept 2.83 0.006 459.36 <0.001

Linear 0.058 0.004 16.42 <0.001

Quadratic −0.003 0.001 −8.01 <0.001

Est., parameter estimate; SE, standard error of parameter estimate.

FIGURE 2

Instrumental activities of daily living (IADl) trajectory groups 
showing differences across waves. Group 1 named as “low-risk 
IADL group,” Group 2 named as “IADL group with increasing risk,” 
and Group3 named as “high-risk IADL group.” IADL, instrumental 
activities of daily living.

TABLE 2  Summary information on good-of-fit of IADL trajectory.

Group AIC BIC AvePP

Trajectory Group 1 Trajectory Group 2 Trajectory Group 3

1 −11814.78 −11833.05 1

2 −8630.77 −8660.01 0.918 0.899

3 −7201.28 −7241.49 0.751 0.801 0.882

AIC, Akaike information criterion; BIC, Bayesian information criterion; AvePP, the average posterior probability.
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transition rate of four modes: no disability, mild disability, severe 
disability, and death. According to this study, aging significantly 
reduced the rate of change from a disabled to a non-disabled status 
(35). From the perspective of social stratification, rural areas had a 
higher rate of mild disability rehabilitation than urban areas (35). The 
transition to severe disability was more common than improvement 
among individuals older than 85 years of age (36).

We found that in the IADL group with increasing risk, individuals 
over 80 years of age and those living in the city had a higher risk of 
developing MCI than those under 80 and those living in rural areas 
(p < 0.05). In China’s rural areas, the standard of medical and health 
care is lower, and high-quality medical care facilities are more sparsely 
concentrated (37). Senior residents in rural areas also tend to have less 
medical knowledge, which could contribute to a shorter life span than 
their urban counterparts (38). In the absence of health education and 
exercise facilities, rural residents have a low self-reported rate of 
regular physical exercise (39). However, the rural residents in our 
study had a significantly lower risk of MCI than urban residents in the 
IADL group with increasing risk, indicating that the environment had 
an impact on the disability of these community elders. An underlying 
mechanism related to “survival choice” needs to be  taken into 
consideration. Owing to the poorer access to medical services in rural 
areas, older people who are frail in these areas may die prematurely, 
whereas the older people who survive may have some stronger 
characteristics (such as genes and behaviors) against disability. This 
process leads to regional inequality in MCI related to IADL 
disability (40).

Increasing age was identified as an essential factor regulating 
IADL from an individual perspective, consistent with the findings of 
previous studies. Elderly people have weaker immune systems, are less 
physically active, and have less capacity for recovery compared with 

TABLE 4  Cox proportional hazards model for hazard ratio of MCI 
according to changes in IADL.

Model IADL Trajectory Group, HR (95%CI)

Low-risk 
IADL 

group

IADL group 
with increasing 

risk

High-risk 
IADL 

group

Model 1 1.00 4.44 (3.78–5.20) 2.38 (1.99–2.84)

Model 2 1.00 4.39 (3.74–5.15) 2.41 (2.01–2.89)

Model 3 1.00 4.45 (3.97–5.22) 2.49 (2.07–2.99)

Model 4 1.00 4.49 (3.82–5.28) 2.52 (2.08–3.05)

Model 1 adjusted for age, sex. Model 2 adjusted for variables in Model 1 and education level, 
income, marital status, and residence. Model 3 adjusted for variables in Model 2 and 
smoking, alcohol consumption, physical activity, and social activity. Model 4 adjusted for 
variables in Model 3 and weight, depression, and chronic diseases.

TABLE 5  Interaction analysis of hazard ratio of IADL trajectory on MCI.

Variables IADL trajectory group, HR (95%CI) P for interaction

Low-risk IADL 
group

IADL group with increasing 
risk

High-risk IADL group

Age (year) <0.001

≤80 1.00 3.27 (2.65–4.04) 2.05 (1.44–2.94)

>80 1.00 7.49 (5.55–10.12) 3.93 (2.91–5.30)

Sex 0.89

Male 1.00 4.61 (3.63–5.85) 2.53 (1.86–3,43)

Female 1.00 4.39 (3.51–5.49) 2.49 (1.94–3.20)

Years of schooling 0.18

Illiterate 1.00 3.90 (3.14–4.84) 2.42 (1.90–3.07)

Primary school 1.00 5.18 (3.84–6.98) 2.69 (1.85–3.92)

High school 1.00 5.82 (3.80–8.91) 2.35 (1.26–4.38)

Residence 0.02

Rural 1.00 3.81 (3.12–4.66) 2.36 (1.87–2.99)

City 1.00 5.99 (4.53–7.92) 2.85 (2.06–3.94)

Income

Low 1.00 4.03 (3.16–5.13) 2.50 (1.88–3.33) 0.40

Medium 1.00 4.29 (3.22–5.71) 2.17 (1.55–3.04)

High 1.00 5.85 (4.15–8.25) 3.22 (2.17–4.80)

Marital status 0.27

Never married 1.00 4.99 (4.01–6.21) 2.79 (2.20–3.53)

Married 1.00 3.78 (2.94–4.86) 2.21 (1.54–3.16)

HR (95%CI) adjusted for age, sex, years of schooling, income, marital status, smoking, alcohol consumption, physical activity, social activity, weight, depression, and chronic diseases (remove 
grouping variables). HR, hazards ratio.
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younger older people, which reduces their chances of recovering from 
injuries or illnesses (41). Moreover, a “male–female health-survival 
paradox” has been reported in which male people typically have fewer 
disabilities than female people but have shorter lives (42). In the 
sensitivity analyses, to limit the effect of the choice paradox, 
we excluded participants with chronic diseases at baseline or those 
who had died by the first follow-up to confirm that the results were 
still robust. This supported our findings that IADL impairment 
increased the risk of MCI and that this risk was higher for the IADL 
group with increasing risk than for the high-risk IADL group.

Our study had several strengths. First, we used GBTM to classify 
older individuals into three distinct trajectory groups of the IADL 
score to examine the risk of MCI in these different groups. To our 
knowledge, this is the first study to document the connection between 
the trajectory of IADL and MCI risk. We assessed the effect of the 
IADL trajectory on MCI using the Cox proportional hazards model. 
The long-term follow-up from 2002 to 2008 and the sizable sample 
size offered adequate statistical power. Furthermore, four types of 
sensitivity analyses were used to confirm that the IADL trajectory 
estimations were reliable as indicators of MCI risk.

There were some limitations to our study. First, as the participants 
were older individuals, there were deaths during the follow-up period, 
resulting in loss of some sample information to estimate the model. Most 
variables in the present study were obtained by self-reported 
questionnaires, especially in terms of information on chronic diseases. 
More physical examinations and laboratory objective indicators should 
be considered in future to reduce the Hawthorne effect. In addition, five 
depression-related questions were self-compiled by CLHLS investigators 
to assess the depressive status of the respondents before 2018; thus, a 
complete depression scale was lacking. Finally, the MMSE scale was used 
to measure MCI. Although this method has been verified in population 
studies, it is not a method used in clinical diagnoses. Some objective 
means, such as molecular targets and iconography methods, may 
be more helpful in clarifying the diagnosis of MCI.

5. Conclusion

A GBTM was developed to classify community-dwelling 
Chinese seniors into three distinct trajectory groups of the IADL 
score. The participants’ age and place of residence had various 
effects on how IADL impairment affected MCI incidence. 
Individuals of ≥80 years of age living in urban rather than rural 
locations in the IADL group with increasing risk were the most 
likely to develop MCI. Our study provides evidence for monitoring 
IADL change in older adults. In terms of MCI management, the 

findings underline the need for basic medical and health services 
for older people living in cities.
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This review examines the current literature to identify biomarkers of frailty 
across patients with solid tumors. We  conducted the systematic review using 
preferred reporting items for systematic reviews and meta-analysis guidelines 
(PRISMA). PubMed, Web of Science, and Embase databases were searched from 
their inception to December 08, 2021, for reports of biomarkers and frailty. 
Two reviewers independently screened titles, abstracts, and full-text articles. 
A quality assessment was conducted using NHLBI Quality Assessment Tool for 
Observational Cohort and Cross-Sectional Studies, and Quality Assessment of 
Case-Control Studies. In total, 915 reports were screened, and 14 full-text articles 
were included in the review. Most studies included breast tumors, were cross-
sectional in design, and measured biomarkers at baseline or pre-treatment. 
Frailty tools varied with Fried Frailty Phenotype and the geriatric assessment most 
frequently used. Increased inflammatory parameters (i.e., Interleukin-6, Neutrophil 
Lymphocyte Ratio, Glasgow Prognostic Score-2) were associated with frailty 
severity. Only six studies were rated as good quality using assessment ratings. 
Together, the small number of studies and heterogeneity in frailty assessment 
limited our ability to draw conclusions from the extant literature. Future research 
is needed to identify potential target biomarkers of frailty in cancer survivors that 
may aid in early detection and referral.

KEYWORDS

biomarkers, molecular biomarkers, solid tumors, frailty, deficit accumulation, cancer 
survivors

1. Introduction

Cancer and cancer therapies may contribute to the development of early onset frailty, a 
geriatric syndrome that is indicative of multi-system decline and often precipitates mortality 
(1–4). The prevalence of frailty has been reported to range from 8% in adult survivors of 
childhood cancer to 59 percent in older adult cancer survivors using phenotypic and deficit 
accumulation frailty measures (5). Sustained or worsening phenotypic frailty measured prior-to 
post-cancer diagnosis significantly increases the risk of mortality in patients with solid tumors 
(breast, lung, colorectal, ovarian, and endometrial) (6). Thus, there is an increased need for early 
identification of patients at risk for developing frailty to aid in timely therapeutic interventions.

Two commonly used, but conceptually distinct constructs of frailty, include: (i) phenotypic 
frailty, where frailty is a defined and measurable state (e.g., fried frailty phenotype) (7) and (ii) 
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the accumulation of deficits, where frailty is more of a stochastic 
process, in which random deficits lead to increased vulnerability (8). 
While phenotypic frailty evaluates signs/symptoms (e.g., weight loss, 
exhaustion, and weakness) and may exist independent of medically 
classified conditions as a pre-disability syndrome, deficit accumulation 
frailty is based on a long checklist of signs/symptoms and medically 
classified conditions, including disability (9). Phenotypic frailty is 
most useful if the goal is to define risk factors and mechanisms with a 
degree of specificity for sub-clinical and clinical frailty because 
individuals are stratified into distinct risk categories and specific 
pathways can be identified for prevention and remediation. Stochastic 
deficit accumulation frailty may be  helpful for individual 
prognostication and targeting shared risk factors or biological 
mechanisms (10). To encompass the two conceptual definitions, in 
this review, frailty will be operationalized as both phenotypic frailty 
(7) and deficit accumulation frailty (8).

Cancer and cancer treatments may accelerate aging which may 
be measured using correlates or biomarkers representative of hallmarks 
of aging (e.g., telomere attrition, epigenetic alteration, loss of 
proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, 
senescence, and inflammation) and may in turn lead to early frailty 
states (2, 5, 11). Indeed, several studies report that completion of 
primary cancer therapy (post-treatment) accelerates biological aging in 
cancer survivors, as evidenced by increased expression of cytokines (12, 
13), senescence-associated p16INK4 (13), and decreased telomere length 
(14). However, little is known about the association of these biological 
measures of aging with frailty in cancer survivors with solid tumors. 
For example, several recent reviews and/or meta-analyses evaluated 
common frailty biomarkers in older adults, but few included oncologic 
studies (15–18). The search for sensitive and specific biomarkers of 
frailty in oncological populations is crucial for early detection of aging-
related consequences of cancer and its treatments on cancer survivors 
(2). Such biomarkers may offer diagnostic and prognostic utility by 
aiding clinical assessment of frailty signs/symptoms and may help 
evaluate the effectiveness of interventions designed to mitigate (or 
potentially reverse) phenotypic and deficit accumulation frailty. Given 
the heterogeneity in the biology, treatments, and frailty rates (19, 20) 
between hematologic and solid cancers, this review evaluates 
biomarkers of frailty specific to cancer survivors with solid tumors.

Potential target biomarkers of frailty may be  used to identify 
cancer survivors at risk for the development of frailty. To fill this gap, 
this systematic review synthesizes current literature by examining (i) 
frailty measures and (ii) biomarkers evaluated in association with 
phenotypic frailty and deficit accumulation in patients with solid 
tumors across all age groups.

2. Methods

A systematic review was conducted using Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines (21).

2.1. Eligibility criteria

Inclusion criteria were: (a) published in the English language, (b) 
molecular measures that correlate with the aging process (hallmarks 

of aging) (11): telomere attrition, epigenetic alteration, loss of 
proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, 
senescence, and inflammation, (c) evaluated phenotypic frailty or 
deficit accumulation, and (d) measured an association between the 
biomarker and phenotypic frailty/deficit accumulation. Studies with 
non-solid tumors and non-human subjects were excluded.

2.2. Literature search strategy

A medical librarian (D.C.) conducted electronic database searches 
of PubMed, Web of Science, and Embase databases of publications 
from the date of inception to December 08, 2021. Frailty was 
operationalized as both the phenotypic frailty (7) and deficit 
accumulation frailty (8) consistent with prior reviews on frailty and 
biomarkers (15, 16). The search terms included: solid tumors (brain, 
breast, colon, lung, pancreatic, prostate, and ovarian), biomarkers 
(cytokines, extracellular vesicles, microRNA, mitochondrial DNA, 
telomere length, cell senescence markers, inflammageing, epigenetic 
alterations, mitochondrial dysfunction, and stem cell exhaustion), and 
outcomes (accelerated aging, frailty, functional decline, and deficit 
accumulation). The complete search strategy with MeSH terms and 
Boolean operators for each database is detailed in 
Supplementary Table S1. References from retrieved reviews and 
Google Scholar were scanned for additional studies using key 
search terms.

2.3. Data collection

Two reviewers (D.S. and B.P.S.) independently screened titles and 
abstracts and subsequently full-text articles for study eligibility using 
the covidence systematic review software (Veritas Health Innovation, 
Melbourne, Australia). Any incongruencies were resolved upon 
discussion and consultation with the third researcher (T.S.A.). Two 
reviewers (D.S. and B.P.S.) completed data abstraction and 
D.S. reviewed all the final abstracted information. To preserve integrity 
of the data, the authors kept written communication records of 
decisions on incongruencies related to data abstraction. Data were 
extracted using a standardized form for key variables (sample, tumor 
type, stages, time points, study design, frailty instruments, molecules 
measured, statistical methods, and key findings).

2.4. Risk of bias assessment

Risk of bias assessment was conducted using the National Heart, 
Lung, and Blood Institute quality assessment tool for observational 
cohort and cross-sectional studies and a tool for case–control studies 
(22). The tools consist of 12–14 methodological quality items rated as 
“yes,” “no,” or “other (cannot determine, not reported, not applicable)” 
(Supplementary Table S2). The questions evaluate the internal validity 
of each study, considering the potential risk of biases such as 
information bias, measurement bias, or outcome bias. The greater the 
bias (higher number of items rated as “no”), the lower the assigned 
rating. Reviewers (D.S. and B.P.S.) conducted independent quality 
assessments. Incongruencies were discussed with the third reviewer’s 
input (T.S.A.) and concordance was reached upon discussion. To 

133

https://doi.org/10.3389/fpubh.2023.1171243
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sass et al.� 10.3389/fpubh.2023.1171243

Frontiers in Public Health 03 frontiersin.org

grade the overall quality of the studies, the percentage of items free of 
bias (items rated as “yes”) out of all possible items was calculated. 
Studies were assigned overall quality ratings according to the following 
categories: poor (<50%), fair (≥50% and ≤70%), and good (>70%).

2.5. Data analysis

Descriptive statistics were calculated (such as mean, range, and 
standard deviation) for variable age using either the reported mean or 
median. Where available, data on race/ethnicity (white vs. non-white) 
and sex (male vs. female) was extracted.

3. Results of synthesis

3.1. Study selection

The study selection process is detailed in a PRISMA flow diagram 
(Figure 1). Briefly, 910 reports were retrieved from the databases. Five 
additional articles were identified through screening references of 
relevant reviews and Google Scholar using the search criteria. After 
removing 19 duplicate reports, search results were uploaded to the 
covidence software where an additional five reports were identified as 
duplicates. Two reviewers (D.S. and B.P.S.) independently screened 
888 titles and abstracts, of which 844 reports were deemed irrelevant 
(Supplementary Table S3). Five additional reports were located 
through Google Scholar and 49 reports were retrieved for full-text 
review. In total, 14 full-text articles were included in the review. Of the 

35 excluded reports, 13 did not measure frailty, 12 were conference 
abstracts, six were not primary research studies, two were not in 
human subjects, and two did not measure an association between 
frailty and biomarkers. Although the study by Falandry and authors 
(23) did not explicitly use the term “frailty,” the study met the inclusion 
criteria for measuring “decline in functional reserve” using the 
geriatric vulnerability score consistent with deficit 
accumulation definition.

3.2. Study and participant characteristics

Characteristics of the included studies are presented in Table 1. 
All 14 studies were observational study designs. Seven studies were 
longitudinal cohort studies (23, 26–31), six were cross-sectional (32–
37), and one study was a case-control design (38). Across the 14 
studies, a total of 2,178 participants were included, with the sample 
size of each study ranging from 20 to 581. The mean age across all 
studies was 72 years (standard deviation = 7, range: 53–80 years). 
Thirteen studies reported information on sex and the distribution was 
63% female and 37% male. Four studies reported information on race/
ethnicity (28, 29, 37, 38), of which 82% of participants were white and 
18% non-white.

The most commonly studied solid tumor was breast (n = 6, 43%) 
(27–29, 32–34), followed by prostate tumor (n = 3, 21%) (26, 36, 38) 
(Table 1). Stages of cancer varied greatly ranging from stage I to IV 
(or localized to metastasized) and most studies were initiated at 
pre-treatment (i.e., at the diagnosis, pre-inclusion, prior to surgery 
or adjuvant treatments) (n = 11) (23, 27–35, 37) (Table 1). Among 

FIGURE 1

PRISMA flow diagram.
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TABLE 1  Study and participants characteristics.

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Brouwers 2015

Aging

Belgium

162 participants (old 

group)

Age:

(median 76)

Sex:

Not reported

Race/ethnicity:

Not reported

Note: only old group had 

frailty assessment and is 

included in this review

Breast Cancer

Stages:

Grade I-III Unknown

Time Points:

Pre-treatment

Cross-sectional 	•	 Balducci score

	•	 Leuven Oncogeriatric 

Frailty Score (LOFS)

Balducci Frail criteria: 

presence of any of the 

below criteria (24):

≥85 years

≥1 ADl dependence

≥1 Comorbidity

≥1 Geriatric syndrome

Components of LOFS:

	•	 ADL

	•	 Comorbidities

	•	 iADL

	•	 Mental state

	•	 Nutritional scale

	•	 IGF-1

	•	 IL-6

	•	 MCP-1

	•	 RANTES

	•	 Telomere length

	•	 Kruskal-Wallis test (Balducci score)

	•	 Spearman correlation (LOFS)

Balducci score:

	•	 IL-6 was higher in pre-frail 

and frail groups

LOFS:

	•	 IL-6 also correlated with 

worse LOFS.

Limitations:

	•	 Did not report power analysis

	•	 Frailty and biomarker 

measurements are limited to 

old group alone

	•	 Did not report post-hoc or 

multivariate analyses

Buigues 2020

Cancers

Spain

39 participants

31% Frail

65% Pre-Frail

17% Robust

Note: at follow up, 59% 

had worsening frailty 

while 41% improved.

Age:

(mean 71.9, SD 9.8)

Sex:

Male 100%

Race/ethnicity:

Not reported

Prostate Cancer

Stages:

all stages

Time Points:

	•	 During treatment 

(≥6 months of ADT)

	•	 Follow-up (~1 year 

follow-up)

Prospective 

longitudinal

	•	 Fried 

Frailty Phenotype

Components of 

Assessment:

	•	 Fatigue

	•	 Physical activity

	•	 Walking speed

	•	 Weakness

	•	 Weight loss

	•	 Basophils

	•	 CRP

	•	 Eosinophils

	•	 Fibrinogen

	•	 IL-1β

	•	 IL-6

	•	 IL-8

	•	 Lymphocytes

	•	 Monocytes

	•	 Neutrophils

	•	 TNF-α

Kruskal–Wallis test followed by 

multinomial logistic regression 

controlling for age, gleason 

score, presence of metastatic 

disease, prostatectomy, and 

comorbidity index.

≥6 months on ADTa

	•	 Higher IL-6, IL-8, and 

lymphocyte count associated 

with frailty

Follow upa

	•	 IL-6 associated with frailty

Progressiona

	•	 Higher baseline IL-6 and lower 

lymphocytes associated with 

frailty progression.

Limitations:

	•	 Did not report power analysis

	•	 Small sample

(Continued)
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Bylow 2011

Urology

United States

134 participants

	•	 63 ADT group

	•	 71 Control (non-

ADT) group

Age:

ADT group

(mean 72.1, SD 7.0)

Control group (mean 70.5, 

SD = 6.3)

Sex:

Male 100%

Race/ethnicity:

ADT group:

African-American 32%

White 67%

Other 2%

Control group:

African American 45%

White 46%

Other 4%

Prostate Cancer

Stages:

Not reported

Time Points:

During treatment (≥6 months 

on ADT)

Note: control group was post-

surgery or radiation without 

ADT

Case-Control 	•	 Fried 

Frailty Phenotype

	•	 Modified Fried 

Frailty Phenotype

	•	 Components of 

Assessment – Fried 

Frailty Phenotype:

	•	 Exhaustion

	•	 Physical activity

	•	 Walking speed

	•	 Weakness

	•	 Weight loss

	•	 Modified Fried Frailty

Phenotype:

	•	 Weight loss replaced 

by obesity

	•	 Albumin

	•	 CRP

	•	 Hemoglobin

	•	 HDL

	•	 Glucose

	•	 IL-6

	•	 LDL

	•	 Total cholesterol

	•	 Triglycerides

T-tests and Fisher’s Exact test Hemoglobin was lower in ADT 

compared to non-ADT group.

Note: ADT group had higher 

percentage of frail participants 

using modified FFP.

Limitations:

	•	 Did not report power analysis

	•	 Small sample

Did not report multivariate 

analyses for molecular correlates 

(hemoglobin)

(Continued)
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Corona 2014

Journal of Cellular 

Physiology

Italy

89 participants

	•	 49 Fit

	•	 23 Unfit

	•	 17 Frail

Age:

(median 77, range 70–97)

Sex

Female 100%

Race/ethnicity:

Not reported

Breast Cancer

Stages:

Mixed

Time Points:

Pre-treatment

Cross-sectional 	•	 Comprehensive 

Geriatric 

Assessment (CGA)

Components of 

Assessment:

No description of 

components

40 acylcarnitines

45 aminoacids

150 phospholipids

ANOVA post residual model 

adjusting for age.

	•	 Unfit &Frail (compared to 

Fit)a: greater age-adjusted 

3-methyl-hystidine

	•	 Unfit & Frail (compared to 

Fit)a: depletion of several 

age-adjusted sphingolipids 

and glycerol-phospholipids 

(SM (OH) C16:1, SM (OH) 

C24:1, PC aa C32:3, PC aa 

C34:4, PC aa C36:3, PC aa 

C36:4, PC aa C38:5, PC ae 

C32:2, PC ae C34:0, PC ae 

C34:1, PC ae C34:2, PC ae 

C34:3, PC ae C36:2, PC ae 

C36:3, PC ae C36:4, PC ae 

C36:5, PC ae C38:4, PC ae 

C38:5, PC ae C42:2, lysoPC 

a C18:1,

lysoPC a C20:4).

Limitations:

	▪	 Did not report power analysis

	▪	 Small sample

(Continued)
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Dalmasso 2018

BioMed Central 

(BMC) Cancer

Belgium

89 participants

	•	 46 Chemotherapy 

(chemo) group

	•	 43 Non-chemo group

Age retrieved from (25):

	•	 Chemo group (n = 57, 

median = 73.5, 

range = 70–80)

(n = 52, median 75, 

range = 70–90)

Sex:

Female 100%

Race/ethnicity: Not 

reported

Note: Demographic and 

clinical data was reported 

on full sample (25)

Breast Cancer

Stages:

	•	 Locally-advanced

	•	 Non-metastatic

Time Points:

	•	 Inclusion/Pre-treatment 

(post-surgery and 

pre-chemo for 

chemo group)

	•	 3 months after inclusion or 

the day of last chemo for 

chemo group

	•	 1 year after inclusion

Prospective 

longitudinal

	•	 Balducci score*

	•	 LOFS

	•	 Flemish Triage Risk 

Screening Tool 

(fTRST)*

	•	 G8*

Components of LOFS:

	•	 ADL

	•	 Comorbidity Index

	•	 iADL

	•	 Mental state

	•	 Nutritional state

Note: Balducci, fTRST and 

G8 components not 

described.

	•	 miR-34a

	•	 miR-320b

	•	 miR-378a

	•	 miR-20a

	•	 miR-30b

	•	 miR-106b

	•	 miR-191

	•	 miR-301a

	•	 miR-374a

Note: authors also 

measured 

telomere 

length, IL-6, 

IL-10, 

TNF-α, 

RANTES, 

MCP-1, 

IGF-1, but 

did not 

correlate to 

frailty.

Spearman correlation

followed by multivariable model

Associations with frailty 

reported at inclusion not 

separated by groups:

LOFSa:

	•	 Higher LOFS associated with 

higher miR374a and lower 

miR-320b levels

fTRSTa:

	•	 miR-301a negatively 

correlated with higher frailty

G8a:

	•	 Lower miR-106b, miR-191, 

miR320b and higher miR374a 

served as predictors for 

total G8

Note: No correlations with 

Balducci scorea

Limitations:

	•	 Did not report power analysis

	•	 Small sample

Falandry 2015

Aging

France

109 participants

Age:

(median 78, range 70–93)

Sex:

Female 100%

Race/ethnicity:

Not reported

Ovarian Cancer

Stages:

FIGO Stage III-IV

Time Points:

Pre-treatment

Prospective 

longitudinal

	•	 Geriatric 

Vulnerability Score

Components of 

Assessment:

	•	 ADL

	•	 iADL

	•	 HADS

	•	 Hypoalbumenia

	•	 Lymphopenia

Telomere length 

(TL)

Linear regression GVS ≥3a associated with shorter 

TL group cross-sectionally

Limitations:

	•	 Did not report power analysis 

for effect of TL on GVS

(Continued)
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Gilmore 2020

Journal of Geriatric 

Oncology

United States

286 participants

	•	 144 Cancer group

	•	 142 Non-cancer group

Age:

Cancer group (mean = 60, 

range 50–76)

Non-cancer group (mean 

59, range 50–81)

Sex:

Female 100%

Race/ethnicity:

Cancer group:

90% White

10% Non-White

Non-cancer group:

96% White

4% Non-White

Breast Cancer

Stages:

I-IIIC

Unknown

Time Points:

	•	 Pre-treatment (within 7 days 

prior to chemotherapy)

	•	 Post-treatment (4 weeks 

after chemotherapy 

completion)

Prospective 

longitudinal

	•	 Modified Fried 

Frailty Phenotype

Components of 

Assessment:

	•	 Exhaustion

	•	 Physical activity

	•	 Walking speed

	•	 Weakness

	•	 IL-6

	•	 sTNFRI

	•	 sTNFRII

Linear regression controlling for pre-

chemotherapy frailty scores

Cancer groupa:

	•	 Greater levels of pre-chemo 

IL-6, sTNFRI and sTNFRII 

associated with worse post-

chemo frailty in cancer groups

Note: No associations  were 

found in non-cancer group 

Limitations:

	•	 Did not report power analysis

	•	 Cytokines levels are 

dichotomized due to skewed 

pre-treatment cytokine 

distributions

Gilmore 2021

Breast Cancer 

Research

United States

	•	 581 Pre-chemotherapy

	•	 547 post-chemotherapy

	•	 506 six months 

post-chemotherapy

Age: (baseline mean 53.4, 

range 22–81)

Sex:

Female 100%

Race/ethnicity:

White 89%

Non-White 11%

Breast Cancer

Stages:

I-IIIC

Time Points:

	•	 Pre-treatment 

(within 7 days)

	•	 Post-treatment (within 

4 weeks after)

	•	 Post-treatment 

(6 months after)

Retrospective 

longitudinal

	•	 Modified Fried 

Frailty Phenotype

Components of 

Assessment:

	•	 Exhaustion

	•	 Physical activity

	•	 Walking speed

	•	 Weakness

	•	 Albumin

	•	 Hemoglobin

	•	 Hematocrit

	•	 Lymphocytes

	•	 LMR

	•	 Monocytes

	•	 Neutrophils

	•	 NLR

	•	 Platelets

	•	 Total WBC

Linear regression analyses controlling 

for baseline frailty, age, race, 

marital status, and education, 

and number of days between 

blood draw and start or last day 

of chemo

Pre-chemoa:

	•	 Total WBC, neutrophils, NLR 

associated with 

pre-chemo frailty

Post-chemoa:

	•	 Increase from pre-to-post 

chemo levels of total WBC, 

neutrophils, and NLR 

associated with post-chemo 

(4 weeks after treatment) 

frailty and in participants who 

received growth factors 

with chemo.

Note: no significant 

associations from 

pre-chemo to 6 months 

post-chemo 

.Limitations:

	•	 Did not report power analysis
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Harneshaug 2019

Journal of Geriatric 

Oncology

Norway

255 participants

	•	 127 Frail

	•	 128 Non-frail

Age: (mean = 76.7)

Frail group (mean = 77.4)

Non-frail (mean 75.5)

Sex:

Female 44%

Male 56%

Race/ethnicity: Not 

reported

Mixed Sample:

	•	 Breast

	•	 Prostate

	•	 Other GI

	•	 Lung

	•	 Colorectal

	•	 Other

Stages:

	•	 Localized

	•	 Locally-advanced

	•	 Metastatic

Time Points:

Pre-treatment

Prospective 

longitudinal

	•	 Modified GA domains 

for Balducci’s criteria

Components of 

Assessment:

	•	 ADL

	•	 Comorbidity 

Cognitive function

	•	 Depressive symptoms

	•	 Falls

	•	 Nutritional status

	•	 Physical function

	•	 Polypharmacy

	•	 GPS (ratio of 

Albumin 

and CRP)

	•	 IL-6

	•	 TNF-α

Logistic regression controlling for 

tumor type, stage of disease, 

BMI, use of anti-

inflammatory meds.

	•	 GPS 2a significantly associated 

with frailty

Limitations:

	•	 Heterogenous sample and 

treatment modalities

	•	 Higher detection level on 

ELISAs (higher ULD)

	•	 Did not report power analysis

Hatse 2014

Public Library of 

Science (PLOS) One

Belgium

20 Validation Cohort

	•	 10 Older Fit

	•	 10 Older Frail

Note: only validation 

cohort of older adults 

received frailty assessment 

and is included in this 

review.

Age:

Older fit (mean 78, range 

71–83)

Older non-fit (mean 78, 

range 73–91)

Sex:

Female 100%

Race/ethnicity:

Not reported

Breast Cancer

Stages:

I-III

Time Points:

Pre-treatment

Cross-sectional 	•	 Balducci

	•	 LOFS

Balducci: presence of any 

of the below criteria (24):

≥85 years

≥1 ADl dependence

≥1 Comorbidity

≥1 geriatric syndrome

Components of LOFS:

	•	 ADL

	•	 iADL

	•	 Comorbidities

	•	 Mental state

	•	 Nutritional scale

miR-320b

miR-301a

miR-210

miR-21

miR-376a

miR-378

miR-374a

miR-423-5p

miR-20a-3p

let-7d

miR-191

miR-200c

miR-30b-5p

miR-140-5p

miR-106b

Two group tests with Dunn-Bonferroni 

correction

No differences between fit and 

frail groups (Balducci and LOFS)

Limitations:

	•	 Did not report power analysis

	•	 Small sample size

	•	 Did not report multivariate 

analyses

(Continued)
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Lealdini 2015

Journal of Geriatric 

Oncology

Brazil

52 participants

Age: (median 72.5, range 

65–97)

Sex:

56% Male

44% Female

Race/ethnicity: Not 

reported

Mixed Sample:

Breast

Prostate

Stomach

Colorectal

Head and Neck

Lung

Endometrial

Stages:

Localized

Metastasized

Time Points:

Pre-treatment

Cross-sectional 	•	 Edmonton Frailty 

Scale (EFS)

Components of 

Assessment:

	•	 ADL

	•	 Cognition

	•	 Depression/mood

	•	 General health status

	•	 Incontinence

	•	 Nutrition

	•	 Physical function

	•	 Polypharmacy

	•	 Social support

mGPS, (ratio of 

Albumin 

and CRP)

ANOVA with Bonferroni test or 

Student T test followed by 

logistic regression to establish 

relative risk.

mGPS 0:

	•	 Patients with lower mGPS (0) 

had lower scores on EFS 

compared to the mGPS of 2

mGPS 2a:

	•	 Patient with mGPS of 2 were 

7.5 more likely to have 

severe frailty

Limitations:

	•	 Did not report power analysis

	•	 Small sample size

	•	 Did not report multivariate 

analyses

Navarro-Martinez, 

2019

In Urologic 

Oncology: Seminars 

and Original 

Investigations

Spain

92 participants

46 Cancer group

46 Control group

Age (cancer group):

(mean 72.2, SD = 9.4)

Sex (cancer group):

Male 100%

Race/ethnicity:

Not reported

Prostate Cancer

Stages:

I-IV

Time Points:

During treatment (ADT)

Cross-sectional 	•	 Fried Frailty Phenotype

Components of 

Assessment:

	•	 Exhaustion

	•	 Physical activity

	•	 Walking speed

	•	 Weakness

	•	 Weight loss

	•	 CRP

	•	 Creatinine

	•	 Erythrocytes

	•	 Fibrinogen

	•	 Glomerular 

filtration rate

	•	 Glucose

	•	 Hemoglobin

	•	 IL-1β

	•	 IL-6

	•	 IL-8

	•	 Leukocytes

	•	 Lymphocytes

	•	 Platelets

	•	 TNF-α

ANOVA or Kruskal Wallis with posthoc 

Tukey test for CBC values

ANOVA or Kruskal Wallis followed by 

logistic regression for cytokines

	•	 Cancer groupa: higher log 

IL-6 and fibrinogen were 

associated with higher odds 

ratio of being frail

	•	 Control group: significant 

difference in IL-6, IL-8, CRP 

with frailty syndrome 

(Kruskal Wallis).

Limitations:

	•	 Demographic data not 

reported for the control group

	•	 Did not report post-hoc or 

multivariate analyses for the 

control group

	•	 Did not report power analysis

	•	 Small sample
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TABLE 1  (Continued)

Author Year 
Journal 
Country

Sample Tumor Type Stages 
Time Points

Study design Frailty 
instruments

Molecules 
measured

Statistical methods Key findingsa,b

Nishijima 2017

Aging

United States

133 participants

Age:

(median 74, range 65–92)

Sex:

Female 80%

Male 20%

Race/ethnicity:

White 88%

Non-White 12%

Mixed Sample:

Breast

Genitourinary

Gastrointestinal

Lung

Other

Stages:

I–IV

Time Points:

Pre-treatment

Cross-sectional 	•	 Carolina Frailty 

Index (CFI)

Components of 

Assessment:

	•	 iADL

	•	 Cognitive Function

	•	 Comorbidities

	•	 Hearing

	•	 Falls

	•	 Medications

	•	 Mental health

	•	 Mobility

	•	 Nutritional status

	•	 Physical function

	•	 Social activity

	•	 Vision

	•	 Lymphocytes

	•	 LMR

	•	 Neutrophils

	•	 NLR

	•	 Monocytes

	•	 Platelets

	•	 PLR

	•	 Total WBC

Spearman correlation test followed by 

multivariable linear and logistic 

regression controlling for age, 

sex, race, education, marital 

status, cancer type, cancer stage

	•	 NLR positively correlated 

with CFI

Pre-frail vs fraila:

	•	 Patients with NLR at top 

teritles had higher odds of 

being pre-frail and frail.

Limitations:

	•	 Did not report power analysis

Ronning 2010

Age and Aging

Norway

137 participants

Age: (median 80

range 70–94)

Sex:

Female 55%

Male 45%

Race/ethnicity:

Not reported

Colorectal Cancer

Stages:

	•	 Localized

	•	 Regional lymph 

Node metastases

	•	 Distant metastasis

	•	 Not determined

Time Points:

Pre-treatment

Prospective 

longitudinal

	•	 Fried 

Frailty phenotype

	•	 CGA frailty categories

Components of

Fried 

frailty phenotype:

	•	 Exhaustion

	•	 Walking speed

	•	 Weakness

	•	 Weight loss

	•	 Low physical activity

Components of CGA 

frailty:

	•	 ADL

	•	 Comorbidities

	•	 Cognitive function

	•	 Depression

	•	 Functional Dependence

	•	 Nutritional Status

	•	 Polypharmacy

	•	 CRP

	•	 IL-6

	•	 TNF-a

	•	 D-dimer

Kruskal-Wallis followed by Mann–

Whitney U test with Bonferroni 

correction

FFP resultsb:

	•	 CRP and IL-6 were higher in 

frail versus pre-frail groups for 

both frailty phenotypes

	•	 TNF-α levels were also 

significantly higher in pre-frail 

versus robust group

CGA resultsb:

	•	 CRP and IL-6 were higher in 

intermediate versus fit and 

frail versus 

intermediate groups

	•	 TNF-α was significantly 

higher in frail than 

intermediate group

Limitations:

	•	 Did not report power analysis

	•	 Did not report multivariate 

analyses for frailty outcomes

	•	 Small sample
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studies which included participants on treatment (n = 6, 43%), three 
studies in prostate cancer (n = 3, 21%) had patients receiving ADT 
and three studies with participants with breast cancer had patients 
on adjuvant or neoadjuvant chemotherapy and/or 
endocrine treatment.

Evaluation of the association between biomarker levels and frailty 
occurred cross-sectionally in 11 studies (Figure  2). Two studies 
reported an evaluation of the association between the biomarker and 
frailty at multiple time points (26, 29). Buigues and authors (26) 
evaluated the association during treatment (six months or greater on 
treatment) and at one-year follow-up, notably, authors do not indicate 
one-year follow-up as post-treatment. Another study (29) evaluated 
the association of pre-treatment cell counts with pre-treatment frailty 
scores and an increase in cell counts from pre-treatment to four weeks 
or six months post-treatment with post-treatment frailty scores. 
Gilmore and authors (28) evaluated pre-treatment levels of cytokines 
as predictors of post-treatment frailty, but not at each time point.

3.3. Assessments of phenotypic frailty/
deficit accumulation

Frailty measurements varied greatly across the 14 studies. Fried 
frailty phenotype (FFP) was the most common instrument used 
(n = 6). The instrument’s prespecified criteria were applied across four 
studies (26, 31, 36, 38), where “frail” was defined as the presence of 
three or more components, “pre-frail” with one to two components, 
and “robust” with zero components (7). However, three studies used 
a modified version of the FFP, where two reports did not include 
unintended weight loss (28, 29) and one study replaced unintended 
weight loss with obesity (38).

Eight studies measured frailty as a deficit accumulation index or 
geriatric vulnerability scores using the Leuven Oncogeriatric Frailty 
Score (27, 32, 34), Balducci criteria (27, 30, 32, 34), Flemish Triage 
Risk Screening Tool (fTRST) (27), G8 (27), geriatric assessment 
domains (30, 31), the geriatric vulnerability score (23), the Edmonton 
frailty scale (35), and the Carolina frailty index (37). One study (23) 
used geriatric assessment domains that also included 
hypoalbuminemia and lymphopenia as two additional vulnerabilities 
calculated into the total geriatric vulnerability score. Two studies did 
not report which domains were assessed in comprehensive geriatric 
assessment (CGA) (33), Flemish Triage Risk Screening Tool, Balducci, 
or the G8 (27).

Four studies used multiple deficit accumulation frailty tools 
(Table 1). Two reports used the Balducci frailty category together with 
Leuven Oncogeriatric Frailty Score (32, 34); whereas, one study added 
the Flemish Triage Risk Screening Tool and G8, in addition to 
Balducci and Leuven Oncogeriatric Frailty Score (27). Although the 
frailty scores differed based on the instrument applied to either 
continuous scoring and/or frailty group categories, the authors 
reported frailty scores and their association with biomarkers across all 
the tools used (27, 31, 32, 34).

3.4. Blood-based biomarkers

Peripherally circulating blood-based markers were measured 
across all 14 studies to evaluate their association with frailty. Only one A
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report found no significant association with frailty in any of the 
markers measured (34). The statistically significant findings (p values 
< 0.05) identified in this review are presented below and categorized 
into six categories: cytokines/cytokine receptors and acute phase 
reactants; complete blood count; Glasgow Prognostic Score; 
microRNAs; telomere length; and metabolomics (Figure 3).

3.5. Cytokines, cytokine receptors, and 
acute phase reactants

Cytokines, cytokine receptors, and acute phase reactants 
associated with frailty included: interleukin (IL)-6, IL-8, tumor 
necrosis factor (TNF)-α, soluble TNF receptor I (TNFR I), soluble 
TNFR II, C-reactive protein (CRP), and fibrinogen (Figure 3). Results 
are separated by frailty construct and time points for 
frailty measurements.

3.5.1. Phenotypic frailty: pre-treatment
Pre-treatment levels of IL-6, TNF-α, and CRP were significantly 

associated with increased phenotypic frailty in colorectal tumors (31). 
Of note, while Gilmore and authors (28) measured pre-treatment 
levels of IL-6, the associations were tested with post-treatment frailty 
scores, therefore, the results are described below.

3.5.2. Phenotypic frailty: during treatment
Higher levels of IL-6 were associated with higher phenotypic 

frailty in prostate cancer during androgen deprivation treatment 
(ADT) (26, 36) and at one-year follow-up (26). However, IL-6 
and CRP were not associated with higher phenotypic frailty on 
six months of ADT in another prostate cancer cohort (38). While 
Buigues and authors (26) found that higher levels of IL-8 were 
associated with frailty at inclusion (six months or greater on 
ADT), IL-8 was no longer associated with frailty at one-year 
follow-up from inclusion. Similarly, another study (36) reported 
null findings during treatment, whose cohort had an average of 
106 months from diagnosis. The two cohorts reported mixed 
findings on the association of fibrinogen with phenotypic frailty, 
where Navarro-Martinez and authors (36) found that higher 
levels of fibrinogen were associated with frailty, but Buigues and 
authors (26) reported null findings. Findings were also null for 
CRP, IL-1β, and TNF-α in these two prostate cancer cohorts 
(26, 36).

Of note, while Navarro-Martinez and authors (36) also included 
a non-cancer control group, the adjusted results with posthoc analysis 
were reported for the ADT group but not the control group, making 
their comparison challenging. Unadjusted higher levels of CRP, IL-6, 
and IL-8 were associated with greater frailty in the non-cancer 
control group.

FIGURE 2

Time-points for frailty and biomarker assessments. T-1 = pre-treatment (pre-surgery or post-surgery but pre-adjunctive therapy), T-2 a = during 
treatment (T-2 b = follow up since treatment beginning but not post-treatment), T-3 = 4 weeks post-treatment, T-4 = 6 months or greater post-treatment, 
BCa = breast cancer, PCa = prostate cancer, mix = mix solid tumors, Oca = ovarian cancer, CCa = colorectal cancer, B1 = cytokines, cytokine receptors, and 
acute phase proteins, B2 = molecules from complete blood count, lipid panel, or chemistry panel, B3 = glasgow prognostic score (GPS), B4 = micro 
RNAs, B5 = telomere length, B6 = metabolomics, F1 = physical frailty phenotype measured by fried frailty phenotype tool, F2 = deficit accumulation or 
geriatric vulnerability based frailty measured by geriatric assessment (GA) or GA domains (Balducci score, Leuven Oncogeriatric Frailty Score, 
Comprehensive Geriatric Assessment, Flemish Triage Risk Screening Tool, geriatric vulnerability score, Edmonton Frailty Scale, and Carolina Frailty 
Index). * = timeline is the same for cancer group with chemotherapy and without. ^control group with history of PCa, post-surgery or radiation therapy. 
Biomarker levels, frailty scores, and the association was measured between the two, pre-treatment biomarkers were associated with post-treatment 
frailty scores, biomarker levels and frailty scores were measured but did not evaluate the association between the two.
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3.5.3. Phenotypic frailty: post-treatment
Pre-treatment levels of IL-6, soluble TNFR I  and II were 

significantly associated with four weeks post-treatment phenotypic 
frailty in the breast cancer group. Notably, no associations were found 
with any of the biomarkers in the age-matched non-cancer 
group (28).

3.5.4. Deficit accumulation frailty: pre-treatment
In pre-treatment studies, IL-6 was significantly associated with 

increased deficit accumulation frailty (Balducci and Leuven 
Oncogeriatric Frailty Score) in breast cancer (32). In patients with 
colorectal cancer (31), authors reported increasing trends of IL-6 and 
CRP across stratified levels of deficit accumulation frailty (geriatric 
assessment domains) ranging from fit to frail. Authors also found 
higher levels of TNF-α in frail versus intermediate groups (31). 
However, no association between IL-6 or TNF-α and greater frailty 
(Balducci criteria) was found in mixed solid tumors (30).

3.6. Complete blood count

Five studies investigated the association between markers of 
complete blood count and frailty (26, 29, 36–38).

3.6.1. Phenotypic frailty: pre-treatment
At pre-treatment, greater total white blood cell (WBC) count, 

neutrophils, and neutrophil-lymphocyte ratio (NLR) were 
associated with phenotypic frailty in patients with breast cancer 
(29). However, hemoglobin was not associated with frailty in the 
same cohort (29).

3.6.2. Phenotypic frailty: during treatment
During ADT, Buigues and authors (26) found that a higher 

lymphocyte count was associated with significant odds of being frail 
in patients six months or greater on ADT. In contrast, a lower 
lymphocyte count was associated with frailty progression at a 
one-year follow-up (26). In another prostate cancer cohort, lower 
hemoglobin was found in the ADT group compared to the 
non-ADT control group (38). The authors did not find a significant 
association with other cell markers. Similarly, total WBC, leukocyte 
counts, or hemoglobin did not predict frailty states in another 
study (36).

3.6.3. Phenotypic frailty: post-treatment
Pre-to post-treatment increases in WBC, neutrophils, and NLR 

predicted greater four-week post-treatment frailty in breast cancer, 
however, none of these markers were significant predictors of six 
months post-treatment frailty (29). Null findings were reported for 

FIGURE 3

Potential biomarkers of frailty in solid tumors. IL, interleukin, GA, geriatric assessment, TNF-α, tumor necrosis factor-α, CRP, C-reactive protein, miRNA, 
micro RNA, GPS, glasgow prognostic score, sTNFR I, soluble TNF receptor I, NLR, neutrophil to lymphocyte ratio, WBC, white blood cells.
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hemoglobin or other cell markers in breast cancer post-
treatment (29).

3.6.4. Deficit accumulation frailty: pre-treatment
One study was found to evaluate complete blood count with 

deficit accumulation frailty at pre-treatment in mixed tumor types. 
Authors (37) found that greater NLR was associated with frailty 
(Carolina Frailty Index), however, they found null findings in total 
WBC or other cell counts.

3.7. Glasgow prognostic score

3.7.1. Deficit accumulation frailty: pre-treatment
Glasgow Prognostic Score (GPS), the ratio between CRP and 

albumin, was tested as a biomarker of frailty in two studies (30, 35). 
Both studies included patients with mixed solid tumors in the 
pre-treatment phase (30, 35) and found GPS 2 (elevated CRP and 
hypoalbuminemia) to be  significantly associated with deficit 
accumulation frailty (Balducci criteria and Edmonton Frailty Scale).

3.8. MicroRNAs

3.8.1. Deficit accumulation frailty: pre-treatment
Two studies evaluated microRNAs (miRNAs) as biomarkers of 

deficit accumulation frailty (Balducci, Leuven Oncogeriatric Frailty 
Score, Flemish Triage Risk Screening Tool, G8) in patients with breast 
cancer (27, 34) at pre-treatment. Dalmasso and authors (27) found 
that higher miR374a and lower miR-320b levels were associated with 
lower frailty using the Leuven Oncogeriatric Frailty Score and levels 
of miR-301a negatively correlated with frailty using Flemish Triage 
Risk Screening Tool scores. In addition, lower miR-106b, miR-191, 
miR-320b, and higher miR-374a emerged as independent predictors 
of deficit accumulation frailty using G8 (27). In comparison, Hatse 
and authors (34) reported null findings for 15 evaluated miRNAs and 
deficit accumulation frailty (Balducci, Leuven Oncogeriatric 
Frailty Scores).

3.9. Telomere length

3.9.1. Deficit accumulation frailty: pre-treatment
Two studies evaluated the relationship between telomere 

length and deficit accumulation frailty (Balducci, Leuven 
Oncogeriatric Frailty Score, geriatric vulnerability score) at 
pre-treatment (23, 32). In patients with ovarian cancer, shorter 
telomere length was associated with a geriatric vulnerability 
score ≥3 (23). However, findings were null in patients with breast 
cancer (32).

3.10. Metabolomics

3.10.1. Deficit accumulation frailty: pre-treatment
The search yielded only one study that evaluated a metabolomic 

profile of different amino acids, acylcarnitines, and phospholipids as 

biomarkers of deficit accumulation frailty (comprehensive geriatric 
assessment) in patients with breast cancer (33). The authors found 
greater age-adjusted ß3-methyl-hystidine levels in unfit and frail 
groups compared to the fit group. Similarly, they found depletion of 
several sphingolipids and glycerol-phospholipids in unfit and frail 
groups compared to fit (Table 1).

3.11. Risk of bias and quality assessment

The risk of bias and quality assessment results are presented in 
Table 2. Interrater reliability for cross-sectional and cohort studies 
between the two reviewers was 83 and 67% for the case–control study. 
Six studies were rated as good (23, 26, 27, 29–31), while the remaining 
eight were rated as fair. Several areas of potential bias in this body of 
literature were identified: participant sampling procedures, power 
analyses, measurement biases, instrumentation, and statistical 
methods. Most of the cohort studies (12/13) reported selecting 
participants during the same period and applying inclusion criteria 
uniformly (23, 26–35, 37). One study selected prostate cancer group 
undergoing ADT and the control group from nursing home facilities, 
thus the two groups differed in diagnosis, active treatment, clinical 
setting and therefore were rated as dissimilar or “no” for the criterion 
on sampling methodology (question 4) (36).

None of the included studies reported sample size justification 
through power analysis. Among the observational longitudinal 
cohorts, four studies (23, 28, 30, 31) measured biomarkers at only 
one-time points, while reporting longitudinal outcomes such as 
survival. Thus, these four studies received a “no” rating for the 
repeated exposure measurement criterion. Among the evaluation 
of outcome (frailty), over half of the reports either did not use 
previously validated cut-off scores or modified existing tools 
without prior validation. All studies were either missing blinding 
procedures or failed to report them, thus potential risk for bias 
could not be  determined. Only seven studies (23, 26–30, 37) 
controlled for confounders through multivariate analyses. Lack of 
multivariate analyses may introduce potential confounding bias in 
overestimation or underestimation of markers’ impact on frailty. In 
the single case-control study, the investigators did not provide 
sample size justification or blinding procedures (38). The 
investigators also did not specify if concurrent controls were used 
or if 100% of eligible cases were recruited, thus, it was unclear if 
participants in the control group were recruited at the same time as 
cases. Measures of association or effect sizes were not reported or 
partially reported in seven included studies (28, 31–33, 35, 36, 38; 
Supplementary Table S4).

4. Discussion

In our review evaluating biomarkers of frailty in solid tumors, 
we identified IL-6, NLR, and GPS 2 as potential biomarkers of frailty 
found across two or more studies. To our knowledge, this is the first 
systematic review evaluating existing biomarkers of frailty in patients 
with solid tumors. While the inclusion criteria included all solid 
tumors, the search yielded findings in breast, prostate, mixed solid 
tumors, ovarian, and colorectal cancers with no studies identified in 
brain, pancreatic, lung, or other solid organ cancers. The included 
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TABLE 2  Quality assessment.

Author and 
year

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 # of 
items 
free of 

bias

% of 
items free 

of bias

Qualitative 
rating

Observational cohorta

Buigues et al. 
2020

Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes CD Yes Yes 12 86 Good

Dalmasso et al. 
2018

Yes Yes Yes Yes No Yes Yes Yes Yes Yes No CD Yes Yes 11 79 Good

Falandry et al. 
2015

Yes Yes Yes Yes No Yes Yes Yes Yes No Yes CD Yes Yes 11 79 Good

Gilmore et al. 
2020

Yes Yes NR Yes No Yes Yes Yes Yes No No CD Yes Yes 9 64 Fair

Gilmore et al. 
2021

Yes Yes NR Yes No Yes Yes Yes Yes Yes No CD Yes Yes 10 71 Good

Harneshaug et al. 
2019

Yes Yes Yes Yes No Yes Yes Yes Yes No No CD Yes Yes 10 71 Good

Ronning et al. 
2010

Yes Yes Yes Yes No Yes Yes Yes Yes No Yes CD Yes No 10 71 Good

Cross-sectionala

Brouwers et al. 
2015

Yes Yes NR Yes No No* No* Yes Yes No* No CD No* No 5 50 Fair

Corona et al. 2014 Yes Yes Yes Yes No No* No* Yes Yes No* No CD No* No 6 60 Fair

Hatse et al. 2014 Yes Yes Yes Yes No No* No* Yes Yes No* No CD No* No 6 60 Fair

Lealdini et al. 
2015

Yes Yes NR Yes No No* No* Yes Yes No* Yes CD No* No 6 60 Fair

Navarro-Martinez 
et al. 2019

Yes Yes NR No No No* No* Yes Yes No* Yes CD No* CD 5 50 Fair

Nishijima et al. 
2017

Yes Yes NR Yes No No* No* Yes Yes No* Yes CD No* Yes 7 70 Fair

Case–controlb

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 # of items 
free of 
bias

% of 
items free 
of bias

Qualitative rating

Bylow et al. 2011 Yes Yes No Yes Yes Yes CD CD Yes Yes CD No 7 58 Fair

*Questions that were not applicable to cross-sectional design studies were not counted toward overall score.aCohort and cross-sectional studies were evaluated using NIH quality assessment tool for observational cohort and cross-sectional.
bCase-control study was evaluated using the quality assessment tool for case-control studies.
cCancer group had multivariate analyses but not the control group.
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studies used two distinct frailty constructs, phenotypic frailty and 
deficit accumulation, which are described in prior literature (10, 39, 
40). These distinct frailty paradigms make synthetization challenging. 
We  found that biomarkers were most frequently evaluated and 
associated with phenotypic and deficit accumulation frailty at 
pre-treatment although associations were found across the 
cancer continuum.

Inflammatory molecules were most frequently measured and 
significantly associated with phenotypic and deficit accumulation 
frailty, on par with prior reviews that evaluated biomarkers of frailty 
primarily in older individuals with mixed diagnoses (15–18). 
Cytokines, cytokine receptors, and acute phase reactants were among 
the most commonly measured, perhaps due to their role as modulators 
of cell-to-cell communication in inflammatory responses and cancer 
biology (41, 42).

Five studies reported elevated levels of IL-6, a pleiotropic 
pro-inflammatory cytokine, in patients with higher phenotypic 
and deficit accumulation frailty across the breast, prostate, and 
colorectal tumors (26, 28, 31, 32, 36). Elevated levels of IL-6 have 
been documented in aging, cancer progression, and the 
development of cancer cachexia (43). Moreover, IL-6 can 
be  elevated in both acute and chronic immune responses by 
exerting stimulatory effects on T and B cells and producing acute-
phase reactants (44). Included studies reported higher levels of 
IL-6 associated with phenotypic and deficit accumulation frailty 
evaluated at pre-treatment, during treatment, and four weeks 
post-treatment. However, two studies reported null findings: six 
months on ADT with phenotypic frailty (38) and with 
pre-treatment deficit accumulation frailty (30). Bylow and authors 
(38) did not find significance when comparing their ADT group 
(more frail group) to their non-ADT group (less frail group), 
which suggested that ADT-associated frailty may not be related to 
circulating increases in IL-6. Harneshaug and authors (30) found 
a significant association with pre-treatment deficit accumulation 
frailty, but the findings were null after adjustment for confounders. 
That coupled with the absence of multivariate analyses in the 
studies with positive findings (31, 32), suggests elevated IL-6 may 
be related to the clinical confounders and analytical adjustments 
are necessary to parse the relationships. IL-6, as a multifaceted 
cytokine, has been shown to be elevated in chronic inflammatory 
states such as aging, cancer, obesity (43, 45) and plays a role in 
underlying pathology of worsening disease states (18). 
We hypothesize that elevated levels of IL-6 in worsening frailty 
may be explained by a greater number of inflammation related 
symptoms and conditions (18).

IL-8, a pro-inflammatory chemokine, was evaluated in two of the 
studies (26, 36) and found to serve as a correlate of frailty during 
treatment (six months or greater on ADT), but not at one-year 
follow-up (26). In contrast, null findings were reported during 
treatment in another prostate cancer group (36). Although both 
studies (26, 36) studied IL-8 and phenotypic frailty during ADT, their 
discrepant findings may be owed to their analytical methods: namely, 
post-hoc statistical adjustment versus multivariate regression. 
Additionally, Navarro-Martinez and authors (36) did not report a list 
of variables included in the multinomial regression which made it 
difficult to compare to Buigues and authors (26). Thus, although IL-8 
has been postulated to rise during ADT (46), the evidence remains 
inconclusive and is limited by these two studies with varying methods 

and small sample sizes (26, 36). A possible explanation for the 
association between IL-8 and frailty could be that frail individuals may 
be more susceptible to acute inflammatory response during treatment, 
which may manifest as reduced physical activity and increased frailty 
symptomology (2).

TNF-α was evaluated in four reports (26, 30, 31, 36) and found 
to associate with pre-treatment phenotypic and deficit accumulation 
frailty in colorectal cancer (31). The associations were null in 
pre-treatment deficit accumulation in mixed tumors (30) or during 
treatment with phenotypic frailty in prostate tumors (26, 36). The 
incongruencies for phenotypic frailty may relate to the heterogeneity 
in tumor types and time from treatment: pre-treatment (31) versus 
during treatment (26, 36). Findings were also incongruent for 
pre-treatment deficit accumulation frailty, where one study (31) 
found higher levels of TNF-α in the frail group, but another (30) 
had null findings after adjustment for confounding variables in the 
multivariate analysis. Importantly, the study by Ronning and 
authors (31) lacked multivariate adjustments altogether. Soluble 
TNFR I and II, members of the TNF superfamily, were measured 
only in one study with post-treatment phenotypic frailty, and 
findings, albeit significant, are exploratory and thus warrant 
additional corroborations (28). Thus, the relationships between 
phenotypic and deficit accumulation frailty severity and TNF-α, 
soluble TNFR I and II remain unclear.

Consistent with a previous meta-analysis of frailty biomarkers 
in primarily non-cancer diagnoses of older adults (18), CRP and 
fibrinogen emerged as correlates of phenotypic and deficit 
accumulation frailty at pre-treatment (31) and with phenotypic 
frailty during treatment (36). Importantly, CRP was not significant 
in three studies of patients with prostate tumors on ADT (26, 36, 
38), whereas fibrinogen was not significant in one report (26). The 
finding by Ronning and authors (31) of elevated pre-treatment 
CRP in frail groups may correlate with tumor-mediated 
inflammatory response (47). However, further extrapolation 
would yield ambiguous conclusions, given the cross-sectional 
time points and lack of pre-treatment levels for comparison across 
all four reports. Collectively, findings for IL-6, IL-8, TNF-α, CRP, 
and fibrinogen suggest that higher levels of pro-inflammatory 
cytokines and acute phase reactants may play a role in frailty states 
in patients with solid tumors. Increased levels of inflammation 
markers may be related to cancer and its treatment effects on frail 
and pre-frail cancer survivors. Additionally, although we did not 
restrict the age of the participants for the inclusion criteria in this 
review, the average age across 14 studies was 72 years. Older age 
has a linear relationship with low grade chronic inflammation and 
is subsequently associated with increased comorbidity and higher 
vulnerability to disease, which may, in turn, be  manifested as 
frailty signs/symptoms such as weakness, decreased physical 
activity, and exhaustion (16, 18).

Perturbations in neutrophils, lymphocytes, total WBC, and NLR 
may be related to both tumor promoting and immune suppressive 
roles associated with poor outcomes in solid tumors (48–52). Across 
the five studies that evaluated markers of complete blood counts, 
NLR, a quotient of neutrophil and lymphocyte counts, emerged as a 
significant predictor of pre-treatment and post-treatment phenotypic 
frailty in breast cancer (29) and pre-treatment deficit accumulation 
frailty in mixed tumor types (37). High NLR has been shown to 
associate with greater phenotypic and deficit accumulation frailty in 
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cancer survivors, patients with cardiovascular disease, and 
community dwelling older adults (15). Notably, the study by Gilmore 
and authors (29) found associations between increased NLR, total 
WBC, neutrophils and frailty scores pre-chemotherapy and four 
weeks post-chemotherapy; however these markers and frailty scores 
returned to baseline six months post treatment. We hypothesize the 
observed elevations in NLR, total WBC, neutrophils and their 
association with increased frailty symptomology may be related to an 
acute inflammatory response to cancer pathology and 
treatment effects.

Higher lymphocyte levels were associated with phenotypic 
frailty during treatment in patients on ADT six months or greater 
prior to inclusion; however, when evaluating progression to frailty 
at one year follow-up, lower lymphocyte levels associated with the 
likelihood of being frail (26). The discrepancy may relate to the 
frailty scores at inclusion versus one year follow-up, reflecting the 
long-term effect of ADT on frailty progression and the potential 
effect on lymphopoiesis (53). Additionally, decreased physical 
activity (a component of frailty phenotype) was previously reported 
to be associated with lower lymphocyte counts, whereas increased 
physical activity was associated with higher lymphocyte counts. 
Prior scoping review also documented an association between 
lower lymphocyte counts in the presence of frailty (15). Lymphocyte 
counts did not associate with phenotypic frailty pre-or post-
treatment in the breast (29) or pre-treatment deficit accumulation 
in mixed solid tumors (37). The discrepant findings across the three 
studies may be related to heterogeneity in the types of solid tumors 
and frailty definitions.

Hemoglobin, a marker of anemia, was evaluated in three studies 
and was found to be associated with phenotypic frailty in patients 
with prostate tumors six months on ADT (38). However, this 
association was not corroborated by the other two reports with 
phenotypic frailty before and during treatment in neither prostate 
nor breast tumors (29, 36). The association found by Bylow and 
authors (38) may relate to the inverse relationship between androgen 
deprivation treatment and hemoglobin levels, where treatment may 
cause decline in hemoglobin (53). ADT-related lower hemoglobin 
(i.e., anemia) has been associated with symptoms such as fatigue and 
decreased activity (53), thus, it is plausible that lower hemoglobin in 
the study by Bylow and authors (38) may be related to the exhaustion 
and decreased physical activity symptoms/components of the 
phenotypic frailty.

GPS, the ratio between CRP and albumin, has been extensively 
validated as a biomarker of poor prognosis in cancer (54). GPS 
includes scores of 0, 1, 2, with scores ≥2 signifying both 
hypoalbuminemia (<35 g/L) and elevated CRP levels (>10 mg/L) 
(54). While CRP is a pro-inflammatory molecule, 
hypoalbuminemia reflects poor nutritional status associated with 
increased mortality in patients with cancer (55). In this review, 
two reports found GPS 2 to significantly associate with deficit 
accumulation frailty at pre-treatment with moderate to excellent 
specificity (30, 35). Previously, GPS 2 was shown to associate with 
cancer-related cachexia, weight loss, and poor performance status 
(54, 56); however, the two reports which evaluated frailty with 
GPS in the present review did not measure weight loss. 
Additionally, pronounced inflammatory response induces 
hypoalbuminemia (57), and the aging process, itself has been 

linked to lower levels of albumin (58). Because the patients 
included in the aforementioned reports were >70 years of age with 
mixed solid tumors, stages, and treatments (30, 35), 
we  hypothesize that GPS 2 (i.e., elevated CRP and 
hypoalbuminemia) may be related to the physiological processes 
underlying cancer, aging, and geriatric vulnerabilities which 
comprised the deficit accumulation frailty scores.

Epigenetic alterations are another hallmark of aging (11) and are 
causally related to miRNA dysregulations in cancer (59). Among the 
reports included, two studies evaluated aging-related miRNAs as 
molecular correlates of pre-treatment deficit accumulation frailty. 
Dalmasso and authors (27) found an association between higher levels 
of aging-related miR-320b and higher frailty using the Leuven 
Oncogeriatric Frailty Score (LOFS) but not with the Balducci score. 
They also report an inverse relationship with G8 scores and miR-106b, 
miR-191, and miR320b, suggesting lower levels are associated with 
higher scores. Given the established link between the miRNAs with 
aging process (11) and their dysregulation in cancer biology (59), 
we hypothesize the exploratory findings reported by Dalmasso and 
colleagues (27) may be related to the older age of participants included 
(median age > 74 years), cancer biology, and amalgamation of geriatric 
deficits comprising LOFS and G8. In contrast, a report by Hatse and 
authors (34) did not find these associations in a smaller cohort of older 
frail (n = 10) patients with breast cancer. The validation study by Hatse 
and authors (34) was used as pilot validation cohort and nonsignificant 
findings in relation to frailty may relate to the smaller sample size. 
Additional studies are warranted to further extrapolate relationship 
between aging miRNAs and phenotypic/deficit accumulation 
frailty phenotypes.

Telomere length also associates with pre-treatment deficit 
accumulation frailty. Telomeres are nucleoprotein structures located 
at the chromosomal ends and telomere length attrition is attributed to 
telomerase deficiency and lack of DNA repair (11, 60). Telomere 
dysfunction, linked to cell senescence, apoptosis (11), and tissue 
inflammation, gives rise to diseases with inflammatory components 
such as cancer (60). While shorter telomere length was associated with 
greater pre-treatment deficit accumulation frailty in patients with 
ovarian cancer (23), findings were null in patients with breast cancer 
(32). This discrepancy may be due to the varying geriatric domains 
that comprise the geriatric vulnerability score (23), Baducci, and the 
Leuven Oncogeriatric Frailty Score (32). Given the previously 
established bidirectional link between inflammation and telomere 
attrition (61), it is plausible that the shorter telomere length found in 
the ovarian cancer cohort (23) relates to inflammation and 
hypoalbuminemia components of GVS. Conversely, shortened 
telomere length may also relate to differences in stages of cancer: 
stages I–III in the breast cancer cohort (32) compared to stages III–IV 
in the ovarian cancer cohort (23). The evidence presented here does 
not support the extrapolation of the link between shorter telomere 
length and frailty state in solid tumors. Additional studies investigating 
telomere capacity as biomarkers of frailty are needed to compare frail 
versus non-frail cohorts with similar age, disease, and treatment 
before this finding can be confirmed.

Only one study incorporated a global approach by using 
metabolomics to investigate a comprehensive profile of amino 
acids, acylcarnitines, and phospholipids in association with 
pre-treatment deficit accumulation frailty (33). Metabolomics is 
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a powerful tool that enables researchers to profile endogenous 
metabolites and metabolic pathways underlying disease (62, 63). 
Researchers propose that metabolomics may capture the 
multifactorial frailty profiles (63). Corona and authors (33) found 
that age-adjusted 3-methylhistidine (3MHis) was elevated and 
levels of sphingolipids and glycerophospholipids were decreased 
in frail patients with breast cancer. Higher 3MHis relates to 
skeletal muscle loss observed with older age (64) in healthy adults, 
whereas the dysregulation of sphingolipids and 
glycerophospholipids relates to the progression of metabolic 
disease (65). A recent study evaluating the metabolomic profile of 
frailty phenotype in healthy older adults stratified by gender 
identified modulators of prefrailty phosphatidylglycerol (26:1) 
and dimethyloxazale for men and threonine, fructose, mannose, 
dihydroxyphenyl acetic acid, and 2,4-aminobutyric acid for 
women (66). While the metabolites in the two studies differed, the 
metabolomics results suggest perturbations in the metabolites 
may be associated with frailty, but further validation in each solid 
tumor type is needed.

Interpreting these results requires caution due to several 
limitations. First, the studies’ frailty instruments measured different 
constructs of frailty, including phenotypic versus deficit 
accumulation frailty. Our findings here highlight variations in the 
constructs, operationalization, and instruments used to assess 
frailty, of which some were validated. These issues are echoed by 
findings from previous reviews (40, 67) and a clinician survey (68) 
of limited validity across instruments and different 
operationalizations of the frailty concept. Modification of existing 
tools and lack of validity and reliability support for novel tools 
collectively threaten the internal and external validity of findings in 
this body of literature.

Second, great heterogeneity in analysis was found across studies. 
While some reports incorporated multiple logistic regression, others 
used bivariate correlations and tests by three groups (e.g., Kruskal-
Wallis) to draw associations between the molecular correlates and 
frailty scores. We found that several studies did not report multiple 
comparison corrections and adjustments for significant covariates, 
which would introduce type II error and the potential for 
multicollinearity. The variation in statistical approach makes it difficult 
to synthesize findings across studies.

Third, included studies did not report power analyses, 
although the majority reported smaller sample sizes. This 
indicates that the evidence is, at this point, largely exploratory and 
warrants larger corroborative investigations. Moreover, only half 
the included studies reported measures of association/effect sizes 
for statistically significant results, which limits our ability to 
comment on clinically meaningful effect. Future investigations 
would benefit from reporting effect size calculations to better 
inform science of biomarker discovery for frailty phenotypes. 
Fourth, molecule selections were often limited to a few nonspecific 
markers of inflammation. This reflects the state of science in 
biomarker development for frailty. Fifth, most of the included 
studies lacked control groups (i.e., non-cancer or healthy 
controls), thus it was challenging to determine the strength of 
association with frailty in the absence of solid tumors and 
treatments. In addition, IL-6, TNF-α, and CRP are repeatedly 
found to be  elevated in a myriad of conditions linked to 
inflammation, such as obesity and smoking (45, 69). Therefore, 

future studies should include these relevant health characteristics 
as covariates in biomarker discovery studies. Additionally, there 
was heterogeneity in the type of treatments received among 
studies during treatment and/or post-treatment. Future studies 
may benefit from comparing the effects of different treatment 
types and modalities on frailty profiles and biomarker oscillation. 
Lastly, current literature lacks stratification by sex, race, and 
ethnicity, which decreases the generalizability and specificity of 
the results, and may also hinder our progress in developing 
targeted interventions.

5. Conclusion

In summary, IL-6, NLR, and GPS 2 emerged as potential 
biomarkers of frailty found in two or more of the included studies 
(Figure 3). Although IL-6 emerged as potential biomarker in five 
out of seven reports that measured this cytokine, findings remain 
inconsistent. Findings are inconclusive and were limited by number 
of reports found for all other measures. Our findings show that the 
current literature employs varying conceptual definitions of and 
instruments measuring frailty and that the genesis of frailty in solid 
tumors may be  multifactorial, impacted by time since cancer 
diagnosis, treatments, and unique biology of individual solid 
tumors. Our findings highlight a need for further instrument 
validations and clear conceptual and operational definitions of 
frailty within the oncology field. Only two reports evaluated 
associations with biomarkers longitudinally. These two reports 
found that higher levels of inflammatory markers may serve as 
predictors of phenotypic frailty four weeks post-treatment (29) or 
at one year follow-up in patients with prostate cancer on ADT (26), 
however, further investigations are warranted with longer follow-up 
times. Post-treatment phenotypic frailty was captured four weeks 
(28, 29) and six months post-treatment (29), without data for 
pre-treatment (28) or during treatment (28, 29). The evidence 
highlights a substantial gap in long-term survivorship and frailty 
biomarkers evaluated longitudinally from pre-treatment to months 
and years post-treatment.

Collectively, the reports included in this review suggest that 
inflammatory pathways related to the proliferation of immune 
cells at the time of diagnosis and treatment are associated with 
frailty development and symptomology. Limited reports (one 
each) also implicate telomere shortening and epigenetic 
alterations such as perturbations in aging miRNAs as potential 
correlates of deficit accumulation frailty. Additionally, metabolic 
pathways underlying deficit accumulation frailty may be  of 
potential value when identifying target biomarkers. Given the 
paucity of evidence across the diverse set of biomarkers searched, 
the field of frailty biomarkers in solid tumors is largely 
underexplored. Future studies will benefit from longitudinal 
studies with a comprehensive set of biomarkers adjusted for 
cancer stages, time since diagnosis and treatment, and type of 
treatment; larger sample sizes, robust control groups, and 
multiple time points by sex, gender, and race/ethnicity. Such 
investigations will aid the development of robust biomarker 
profiles, early identification of cancer survivors at risk for 
developing frailty, and timely referral to therapeutic interventions.
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Background: Data on which frailty scales are most suitable for estimating risk

in Chinese community populations remain limited. Herein we examined and

compared four commonly used frailty scales in predicting adverse outcomes in

a large population-based cohort of Chinese older adults.

Methods: A total of 5402 subjects (mean age 66.3 ± 9.6 years, 46.6% male)

from the WHO Study on global AGEing and adult health (SAGE) in Shanghai

were studied. Frailty was measured using a 35-item frailty index (FI), the frailty

phenotype (FP), FRAIL, and Tilburg Frailty Indicator (TFI). Multivariate logistic

regression models were performed to evaluate the independent association

between frailty and outcomes including 4-year disability, hospitalization, and 4-

and 7-year all-cause mortality. The accuracy for predicting these outcomes was

determined by evaluating the area under the curve (AUC). The prevalence of frailty,

sensitivity, and specificity were calculated using our proposed cut-o� points and

other di�erent values.

Results: Prevalence of frailty ranged from 4.2% (FRAIL) to 16.9% (FI). FI, FRAIL

and TFI were comparably associated with 4-year hospitalization, and 4- and

7-year mortality (adjusted odds ratios [aORs] 1.44–1.69, 1.91–2.22 and 1.85–2.88,

respectively). FRAIL conferred the greatest risk of 4-year disability, followed by FI

and TFI (aOR 5.55, 3.50, and 1.91, respectively). FP only independently predicted

4- and 7-year mortality (aOR 1.57 and 2.21, respectively). AUC comparisons

showed that FI, followed by TFI and FRAIL, exhibited acceptable predictive

accuracy for 4-year disability, 4- and 7-year mortality (AUCs 0.76–0.78, 0.71–0.71,

0.65–0.72, respectively), whereas all scales poorly predicted 4-year hospitalization

(AUCs 0.53–0.57). For each scale, while specificity estimates (85.3–97.3%) were

high and similar across all outcomes, their sensitivity estimates (6.3–56.8%)

were not su�cient yet. Prevalence of frailty, sensitivity, and specificity varied

considerably when di�erent cut-o� points were used.

Conclusion: Frailty defined using any of the four scales was associated with

an increased risk of adverse outcomes. Although FI, FRAIL and TFI exhibited
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fair-to-moderate predictive accuracy and high specificity estimates, their

sensitivity estimates were not su�cient yet. Overall, FI performed best in

estimating risk, while TFI and FRAIL were additionally useful, the latter perhaps

being more applicable to Chinese community-dwelling older adults.

KEYWORDS

frailty, predictive accuracy, older Chinese, population-based, longitudinal study, adverse

outcomes

1. Introduction

Frailty describes a non-specific state reflecting cumulative

declines in multiple physiological systems with aging, leading

to decreased resilience to stressors (1). Routine screening for

frailty among older adults has been called for (2); however, no

uniformly accepted operational definition for frailty is currently

available (1, 3). Most commonly, frailty has been operationalized

as the frailty phenotype (FP) based on the biologic syndrome

model proposed by Fried and colleagues (4). In comparison, the

frailty index (FI) was developed as a scale of deficit accumulation

model to measure the cumulative burden of, for example, diseases,

symptoms, and conditions (5). Furthermore, the FRAIL, proposed

by the International Academy of Nutrition Health and Aging

(IANA) and developed as a simple measure that combines elements

from both the FI and FP models, as well as the Tilburg Frailty

Indicator (TFI), described in line with an integral conceptual

model of frailty by a group of Canadian researchers based on

interview-based questions, are also frequently used (6).

A substantial number of frailty scales including the four above,

irrespective of the frailty definition used, have been shown to

predict a variety of adverse outcomes (7), while in practice choosing

a scale is sometimes arbitrary, e.g., based solely on available

data, yet how frailty is conceptualized affects aging research. For

example, given that multiple frailty-related health outcomes, such

as disability, hospitalization and all-cause death, can affect lots

of people, it is crucial to determine whether one frailty scale

has advantages over others in identifying and predicting high-

risk groups. As a result, comparisons between frailty scales in

estimating risk have been performed but the results are still

controversial (8–11), partially attributed to differences in study

populations, settings, outcomes, follow-up periods, and even the

criteria selected to operationalize frailty. This highlights the need

for careful examination of the predictive properties of frailty scales

for health outcomes in different populations and settings for

subsequent research.

In China, the largest developing country with a rapidly aging

population, several longitudinal cohorts have explored frailty and

risk of adverse outcomes, including the Chinese Longitudinal

Health and Longevity Study (CLHLS) (12, 13), the Beijing

Longitudinal Study of Aging (BLSA) (14, 15) and the Rugao

Longevity and Aging Study (RuLAS) (16, 17), the majority of which

focus on the relationship between FI and/or FP and mortality. In

an earlier longitudinal study of 4,000 Hong Kong Chinese aged

65 and older (8), the FRAIL scale was found comparable with FI

and FP in the prediction of mortality and physical limitations over

4 years of follow-up. Recently, another longitudinal study of 302

Chinese hospitalized older patients (median age 86 years) found

that four different frailty scales showed similar performance in

predicting 1-year in-hospital mortality (18). However, data on the

relationship between multiple frailty scales and adverse outcomes

are still limited, and even to date, no longitudinal studies have

compared multiple frailty scales in predicting long-term health

outcomes within the same timeframe in the samemainlandChinese

community-dwelling population, making it difficult to determine

which frailty scale should be used as an outcome measure.

To fill the above gap, we analyzed the results of a population-

based cohort study involving 5,402 Chinese community-dwelling

adults aged 50 and older, in which four frailty scales were explored

and compared. Some related frailty scales were not included

because they are more focused on relatively small scopes (e.g.,

timed-up-and-go test, scarcopenia) or are less directly applicable

to population-based settings (e.g., laboratory-based biomarkers),

or cannot be constructed using the present data (e.g., Clinical

Frailty Scale). In this longitudinal study, we sought to examine and

compare the utility of four commonly used frailty scales adapted

from existing frailty approaches in identifying frailty, together with

their ability to predict several adverse outcomes (4-year disability,

hospitalization, and 4- and 7-year all-cause mortality), for the sake

of identifying at-risk groups and potentially reversing established

frailty status.

2. Materials and methods

2.1. Study sample

Participants were drawn from a large ongoing population-

based cohort study, the WHO Study on global AGEing and adult

health (SAGE) in Shanghai. Details concerning the SAGE have

been previously described (19). Briefly, SAGE is a longitudinal

study on the health and wellbeing of adults aged 50 and older

in six low- and middle-income countries (LMICs): China, Ghana,

India, Mexico, Russian and South Africa. In China, the study was

constructed including wave 1, implemented in 2009/10, wave 2

in 2014/15 and wave 3 in 2018/19. We enlarged the sample size

of SAGE in Shanghai, China to obtain a sub-state representative

sample using the same multistage clustered sampling method and

survey assessment. In particular, wave 2 served as the baseline

and wave 3 as the follow-up of the current study, as they

contained a more comprehensive set of assessments. A longer

follow-up through December 31, 2021 was additionally conducted
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FIGURE 1

Flow chart of the selection of subjects for the cohort study.

to ascertain the participants’ survival status. At baseline (2014/15),

5,402 community dwellers aged 50 and older were recruited from

five districts of Shanghai, China and included in the analysis for

mortality. After 4 years, 5,077 subjects (325 had died) were invited

to undergo the follow-up assessment, while 1,592 were excluded

(1334 did not return, 52 declined, and 206 had unrecognized

disability or hospitalization); leaving 3,485 participants eligible

for the analysis for disability and hospitalization (Figure 1).

Comparisons of the non-responders with respondents in terms

of baseline age, sex, and frailty status were conducted (see

Supplementary material S1) and results suggested that the issue of

the representativeness should not represent a potential bias, despite

a response rate of 68.6%.

2.2. Frailty scales

The four frailty scales are briefly described below. An

overview of all items constructed in each scale can be found in

Supplementary material S2. In particular, to maximize the use of

available data, a scale was included in subsequent analyses if no

more than 20% of all items were missing (11); meanwhile, missing

items for FP, FRAIL, and TFI were imputed with 0 (having no

this deficit), whereas no substitution procedure was required for FI

because of its distinctive derivation method used in this study.

Frailty index (FI). The FI is based on the cumulative deficit

model that identifies frailty based on a range of variables across

multiple domains, such as diseases, symptoms, and conditions,

collectively referred to as deficits. It has been suggested that an

index with 30–40 variables is sufficiently accurate for predicting

adverse outcomes. Following a standard procedure (20), we

created a 35-item FI comprising 7 components: self-rated health,

medically diagnosed conditions (9 items), medical symptoms

(6 items), functional activities assessments (11 items), cognitive

function assessments (5 items), body mass index (BMI), and

physical performance tests (2 items). The included variables were

dichotomous, ordinal or continuous. Dichotomous variables were

coded as 0 as non-deficit and 1 being a deficit; ordinal and

continuous variables were converted as a certain proportion of the

deficit. For each participant, these deficits were summed up and

then divided by the total possible deficit to derive the FI. In line with

previous SAGE studies in Chinese populations (21, 22), individuals

with an index of 0.20 or greater were considered to be frail.

Frailty phenotype (FP). The FP was constructed using an

adapted phenotypic definition based on the criteria of five

components proposed by Fried et al. (4): slowness, weight loss,

low grip strength, exhaustion, and low physical activity. It has

been previously operationalized in SAGE (23–25), and the same

criteria were applied in this study. In short, exhaustion and

physical activity are self-report questions, while slowness, weight

loss and low grip strength are performance-based measures.
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TABLE 1 Baseline characteristics and the di�erence between participants with and without adverse outcomes.

Variable All (n = 5402) 4-year disability
(n = 125)

4-year hospitalization
(n = 720)

4-year mortality (n = 325) 7-year mortality
(n = 516)

Value p† Value p† Value p† Value p†

Mean (SD)

Age (years) 66.3 (9.6) 72.6 (9.1) <0.001 67.1 (8.4) <0.001 78.3 (9.7) <0.001 78.5 (9.8) <0.001

BMI (kg/m2) 19.5 (3.0) 19.0 (2.9) 0.026 19.6 (3.1) 0.730 18.8 (3.4) <0.001 18.8 (3.4) <0.001

Number (%)

Sex (male) 2515 (46.6) 56 (44.8) 0.856 357 (49.6) 0.016 170 (52.3) 0.032 265 (51.4) 0.022

Marital status <0.001 0.507 <0.001 <0.001

Not partnered 767 (14.2) 28 (22.4) 93 (12.9) 116 (35.7) 183 (35.5)

Partnered 4635 (85.8) 97 (77.6) 627 (87.1) 209 (64.3) 333 (64.5)

Educational level <0.001 <0.001 <0.001 <0.001

No education 1049 (19.4) 48 (38.4) 166 (23.1) 129 (39.7) 198 (38.4)

Less than primary 718 (13.3) 20 (16.0) 128 (17.8) 49 (15.1) 68 (13.2)

Primary 1026 (19.0) 24 (19.2) 157 (21.8) 49 (15.1) 84 (16.3)

Secondary 1534 (28.4) 24 (19.2) 168 (23.3) 49 (15.1) 90 (17.4)

Higher 1075 (19.9) 9 (7.2) 101 (14.0) 49 (15.1) 76 (14.7)

Smoking status 0.475 0.904 0.440 <0.001

Never smoked 3825 (70.8) 92 (73.6) 518 (72.0) 235 (61.7) 334 (64.7)

Former smoker 232 (4.3) 7 (5.6) 29 (4.0) 17 (7.0) 35 (6.8)

Current smoker 1345 (24.9) 26 (20.8) 173 (24.0) 73 (31.3) 147 (28.5)

Frailty status (frail)∗

FI 888 (16.9) 64 (51.2) <0.001 150 (21.0) <0.001 154 (55.0) <0.001 258 (56.8) <0.001

FP 648 (12.6) 26 (20.8) 0.002 109 (15.2) 0.002 63 (30.6) <0.001 117 (34.1) <0.001

FRAIL 224 (4.2) 32 (25.6) <0.001 45 (6.3) <0.001 56 (19.5) <0.001 91 (19.6) <0.001

TFI 385 (7.3) 28 (22.4) <0.001 72 (10.0) <0.001 75 (27.3) <0.001 117 (26.2) <0.001

SD, Standard Deviation; BMI= Body Mass Index; FI, Frailty Index; FP, Frailty Phenotype; TFI, Tilburg Frailty Indicator.

†p value for comparison of difference between adverse outcome groups: t-test or Wilcoxon rank-sum test (depending on distribution) for continuous variables, Chi-square test for categorical variables.
∗Due to missing data, small differences between n and numbers of participants reported for each scale can occur.
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TABLE 2 Comparison of adverse outcomes between baseline frail and non-frail participants during follow-up.

4-year disability 4-year hospitalization 4-year mortality 7-year mortality

Adjusteda OR
(95% CI)

p Adjusteda OR
(95% CI)

p Adjusteda OR
(95% CI)

p Adjusteda OR
(95% CI)

p

FI 3.50 (2.19, 5.61) <0.001 1.44 (1.11, 1.88) 0.006 2.22 (1.42, 3.48) <0.001 2.88 (2.03, 4.08) <0.001

FP 1.06 (0.64, 1.76) 0.816 1.15 (0.89, 1.50) 0.278 1.57 (1.12, 2.20) 0.008 2.21 (1.53, 3.20) <0.001

FRAIL 5.55 (3.20, 9.62) <0.001 1.64 (1.07, 2.52) 0.024 1.91 (1.05, 3.46) 0.035 2.29 (1.43, 3.66) <0.001

TFI 1.91 (1.12, 3.27) 0.018 1.69 (1.21, 2.37) 0.002 1.94 (1.18, 3.20) 0.010 1.85 (1.24, 2.76) 0.003

FI, Frailty Index; FP, Frailty Phenotype; TFI, Tilburg Frailty Indicator; OR, Odds Ratio; CI, Confidence Interval.
aLogistic regression models adjusted for baseline age, sex, educational level, marital status, BMI, and smoking status.

Likewise, participants were classified as frail if 3 or more criteria

were present.

FRAIL scale. We used an adaption of the IANA FRAIL scale

(26), which considers deficits accumulated in five domains: fatigue,

resistance, ambulation, illness, and loss of weight. FRAIL has

not been explored in SAGE before. Fatigue was measured on

a 5-point Likert scale by asking respondents whether they had

enough energy for daily activities. This criterion was considered

present if participants answered “Not at all” or “A little”.

Resistance and ambulation were obtained by asking “Do you

have any difficulty standing for long periods” and “Do you have

any difficulty walking 1 kilometer”, respectively. Resistance or

ambulation was considered present if subjects answered “Severe”

or “Extreme/Cannot do”. Participants were classified as ill if they

had 5 or more out of 9 self-reported chronic diseases including

diabetes mellitus, stroke, cataracts, angina pectoris, arthritis,

asthma, chronic lung disease, depression and hypertension. The

weight loss criterion was ascertained based on the lowest quintile

of BMI. Individuals with 3 or more criteria were recognized

as frail.

Tilburg Frailty Indicator (TFI). The TFI, developed as an

integral conceptual model of frailty, comprises two subscales

(27). One subscale addresses the determinants of frailty such as

socio-demographics, the latter addresses the level of frailty across

physical (8 items), psychological (4 items) and social domains (3

items), and is used in this study, yet it has not previously been

explored in SAGE. Memory problems were measured using a

delayed recall memory test and the cut-off point was the worst-

performing 10th centile. Anxiety was assessed using a question

about irritability, and coping was obtained by asking the individual

“How often have you found that you could not cope with all

the things that you had to do?”, and was considered present if

people answered, “Fairly often” or “Very often”. Social deficits

were assessed by asking the individual “What is the total number

of people who live in your household?”, “How satisfied are

you with your personal relationships” and “Were you supported

for the last time when you needed it?”. Theoretical scores of

the TFI range from 0 to 15, with a score of 5 or greater

defining frailty.

2.3. Outcome measures

Outcome measures were new development of disability,

hospitalization at 4 years, and 4- and 7-year all-cause mortality.

Disability was assessed both during 2014/15 and 2018/19

using eight activities of daily living (ADL) tasks (moving around,

bathing, dressing, maintaining appearance, getting up from lying

down, eating, toileting, and controlling urine) (28). For each

ADL task, participants were asked, “Do you have difficulty in”

performing the task in the preceding 30 days? The response was in

a Likert scale format ranging from “None” to “Extreme/Cannot”.

Respondents were considered to have ADL disability if they

reported severe or extreme difficulties in performing at least one

of the eight tasks listed above; then, the onset of a new disability

was defined as a newly identified disability during 2018/19. For

hospitalization, participants were asked “whether you had stayed

at least overnight in a hospital since the last interview, i.e.,

in the prior 4 years?” during 2018/2019. Finally, 4- and 7-

year all-cause mortality was determined by linking data to the

Shanghai Death Registry during 2018/2019 and on December 31,

2021, respectively.

2.4. Covariates

Using the literature on disability, hospitalization, and mortality

in older adults as a guide (9, 16, 17), commonly cited

risk factors were selected as potential covariates and then

identified in the dataset. Hence, covariates included age, sex

(male or female), marital status (partnered [married/cohabiting],

not partnered [separated/divorced/widowed or never married]),

educational level achieved (no education, less than primary,

primary, secondary or higher), smoking status (never smoked,

current smoker or former smoker) and body mass index

(BMI). For smoking status, respondents were first asked “Have

you ever smoked tobacco or used smokeless tobacco?” Those

who answered “No” were classified as never smoked, while

those who answered “Yes” were then asked “Do you currently

use (smoke, sniff or chew) any tobacco products such as
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cigarettes, cigars, pipes, chewing tobacco or snuff?” If the

respondents answered “Yes” again, they were classified as current

smokers, otherwise they were classified as former smokers.

Measured height and weight were used to calculate a standard

BMI (calculated as weight in kilograms divided by height in

meters squared).

2.5. Statistical analysis

Descriptive statistics were presented as either means (standard

deviations) or frequencies (percentages), with comparisons

between four different outcome groups using t-tests/Wilcoxon

rank-sum tests or chi-square tests, as appropriate. Logistic

regression models were measured to investigate the association of

dichotomized frailty status [frail, non-frail (reference)] identified

by each scale with adverse outcomes, with results reported as odds

ratios (ORs) and 95% confidence intervals (CIs). All regression

models were performed and adjusted for the same multiple

covariates above (fixed model). For each outcome, a receiver

operator characteristic (ROC) curve based on the continuous

scores of each scale was created and the area under the curve

(AUC) was calculated with their corresponding 95% CIs to assess

the unadjusted ability of each scale to differentiate between the frail

and non-frail participants; AUCs between frailty scales were then

compared using Wilcoxon tests to ascertain if there is a statistical

difference. The prevalence of frailty, sensitivity and specificity for

each scale and for each outcome were also calculated using our

proposed cut-off points as well as those points one above and

one below our proposed values (0.05 for the FI). We used the

following acceptable minimum thresholds: ≥0.60 for AUC (29),

≥0.8 for sensitivity (30), and ≥0.6 for specificity (30). Statistical

analyses were performed using the SAS software (version 9.4, SAS

Institute, Inc., Cary, NC), and a 2-sided p < 0.05 was considered

statistically significant.

3. Results

The baseline characteristics of the cohort are described in

Table 1. Of 5,402 participants, 2,515 (46.6%) were men and 2,887

(53.4%) were women. The participants ranged in age from 50 to

97 years, with a mean age of 66.3 (SD: 9.6) years. Most (85.8%) of

the participants were currently partnered, while few (19.4%) were

illiterate. Approximately one-quarter (24.9%) of the participants

were current smokers. The prevalence of frailty varied between

scales: FRAIL, 4.2%; TFI, 7.3%; FP, 12.6%; FI, 16.9%, although

between 103 (1.9%) and 244 (4.5%) participants were unable to be

assessed by the four scales due to missing data (>20% items) (see

Supplementary material S3).

After 4 years of follow-up, 325 (6.0%) of 5,402 participants had

died; of 3,485 responders, 125 (3.6%) developed a new disability

and 720 (20.7%) reported one or more new hospitalizations,

respectively. Additionally, after a longer 7-year follow-up, a total of

516 participants died, resulting in a greater mortality rate of 9.6%.

Compared with their counterparts, those with adverse outcomes

generally were older, less educated, and frailer using any scale at

baseline (all p < 0.01) (Table 1).

For each scale of interest, Table 2 details the risk of selected

adverse outcomes in frail compared to non-frail participants.

Multivariate logistic regression found frailty by any of the FI, FP,

FRAIL, and TFI scales to be a strong predictor of all-causemortality

(all p < 0.05), with adjusted ORs of 2.22, 1.57, 1.91, and 1.94 for

4-year mortality, 2.88, 2.21, 2.29, and 1.85 for 7-year mortality,

respectively. The risk of 4-year disability was also associated with

frailty by any scale (except FP), but the association was stronger for

FRAIL (adjusted OR 5.55) than for either FI (adjusted OR 3.50) or

TFI (adjusted OR 1.91) (all p < 0.05). Frailty by these three scales

was additionally comparably associated with 4-year hospitalization

(adjusted ORs 1.44–1.69, all p < 0.05). Of note, the independent

association with risk of 4-year either disability or hospitalization

did not reach statistical significance for FP (both p >0.05).

We further estimated and compared the predictive accuracy

of each scale for each adverse outcome in Figure 2. Per adverse

outcome, AUC comparisons showed that the four scales had

distinctive predictive accuracy; regarding 4-year disability, 4- and

7-year mortality, FI was more predictive than the other scales

(AUC 0.76–0.78), followed by TFI (AUC 0.71) and FRAIL (AUC

0.65–0.72), which performed better than FP (AUC 0.57–0.59)

(Figures 2A, C, D). By contrast, all scales had poor accuracy in

predicting new hospitalizations at 4-year follow-up, with FI (AUC

0.57) being a better predictor than FRAIL, which was equivalent to

both FP and TFI (AUC 0.53–0.54) (Figure 2B).

We also determined the prevalence of frailty as well as the

associated sensitivity and specificity based on different cut-off

points, as described in Table 3. With our proposed cut-offs in the

current study, the prevalence of frailty in this population varied.

Regarding the associated diagnostic values, each scale showed high

and similar levels of specificity for all outcomes (FI: 85.3–87.7%,

FP: 88.2–89.0%, TFI: 93.8–95.0%, FRAIL: 96.7–97.3%). In contrast,

sensitivity estimates varied widely within lower ranges: for 4-

year disability, 4- and 7-year mortality, each scale showed similar

levels of sensitivities, while FI had higher estimates (51.2%, 55.0%

and 56.8%, respectively) compared to the other three scales, the

latter showed similar sensitivity estimates at lower levels (range

20.8–34.1% for FP, 19.5–25.6% for FRAIL, and 22.4–27.3% for TFI,

respectively); for 4-year hospitalization, lowest sensitivity estimates

were found across all scales (FI 21.0%, FP 15.2%, FRAIL 6.3%,

TFI 10.0%). Furthermore, the sensitivity and specificity for each

scale were found to vary considerably when higher or lower cut-

off points were applied. For all frailty scales, with increasing levels

of frailty, the specificity fell and the sensitivity increased, and yet no

scale had both acceptable sensitivity and specificity.

4. Discussion

To date, this large-scale prospective cohort study has been

the first attempt to simultaneously identify and compare the

four validated frailty scales for their utility in identifying frailty,

together with their ability to predict adverse outcomes in mainland

Chinese community dwellers. In this study, we found a low

prevalence of frailty as assessed by the FI, FP, FRAIL, and TFI

among Chinese community-dwelling older adults. With four frailty

scales, frailty was associated with multiple adverse outcomes,

including 4-year disability (except FP), hospitalization (except FP),
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FIGURE 2

Comparing area under the curve (AUC) for the four frailty scales per

adverse outcome. (A) 4-year disability. AUC contrasts: Frailty Index

(FI) vs. Frailty Phenotype (FP), p < 0.001; FI vs. FRAIL, p = 0.018; FI vs.

Tilburg Frailty Indicator (TFI), p = 0.002; FP vs. FRAIL, p < 0.001; FP

vs. TFI, p < 0.001; FRAIL vs. TFI, p = 0.549. (B) 4-year hospitalization.

AUC contrasts: FI vs. FP, p < 0.001; FI vs. FRAIL, p = 0.014; FI vs. TFI,

(Continued)

FIGURE 2 (Continued)

p = 0.001; FP vs. FRAIL, p = 0.135; FP vs. TFI, p = 0.256; FRAIL vs.

TFI, p = 0.722. (C) 4-year mortality. AUC contrasts: FI vs. FP, p <

0.001; FI vs. FRAIL, p < 0.001; FI vs. TFI, p < 0.001; FP vs. FRAIL, p <

0.001; FP vs. TFI, p < 0.001; FRAIL vs. TFI, p < 0.001; (D) 7-year

mortality. AUC contrasts: FI vs. FP, p < 0.001; FI vs. FRAIL, p < 0.001;

FI vs. TFI, p < 0.001; FP vs. FRAIL, p < 0.001; FP vs. TFI, p < 0.001;

FRAIL vs. TFI, p < 0.001.

and 4- and 7-year all-cause mortality. However, the four frailty

scales showed mixed predictive accuracy as well as associated

sensitivity and specificity for the outcomes of interest, indicating

that different frailty scales may point to various risks of further

adverse outcomes.

In this large representative sample of Chinese community

dwellers, we found 4.2% up to 16.9% of Chinese adults aged 50 years

or older were frail between the scales. The low frailty prevalence

estimates in our cohort are consistent with previous studies (14,

21), although widely varying frailty prevalence estimates have also

been observed among community dwellers in LIMICs (31) due

to differences in population and the myriad of frailty scales used.

By using the most commonly used scales, FI and FP, more than

10% of our cohort fulfilled the criteria for frailty, whereby only

7.3% or 4.2% would have been frail by TFI or FRAIL, respectively.

In a European study (32), albeit among hospitalized patients, a

higher proportion of the cohort was considered frail on FI and

TFI compared with the FRAIL scale. We found that, unlike the

multidimensional FI and TFI, FRAIL did not capture psychological

and social components, which may have contributed to its lower

detection rates of frailty. In addition, compared with FRAIL and

TFI, FP was largely guided by physical performance, including

walking speed and grip strength, yielding a higher prevalence

estimate of frailty.

Previous studies have simultaneously validated the studied

scales longitudinally in different European populations. However,

these results may not be generalizable because the exposure pattern

and disease spectrum of Europeans are quite different from those

of the Chinese, especially for older adults. FI, FRAIL, and TFI

demonstrated independent predictive validity against all outcomes

of interest in this study, suggesting that they could identify

high-risk Chinese older adults, as measured by 4-year disability,

hospitalization, and 4- and 7-year all-cause mortality. The results

are consistent with those of other studies (10, 11, 18), althoughmost

of them focus on mortality. Furthermore, while these three scales

were comparably associated with 4-year hospitalization and 4- and

7-yearmortality, their strengths of association with 4-year disability

were different; FRAIL conferred the greatest risk, followed by

FI and TFI (adjusted OR 5.55, 3.50 and 1.91, respectively, all

p < 0.05). Notably, there was no evidence of an independent

association between FP and 4-year disability or hospitalization

in the multivariate analysis, which contrasted with previously

published data (33, 34). This discrepancy may be attributable to

the partially modified components as well as different covariates

adjustments used in our study. Nevertheless, we found that FP was

independently associated withmortality, even allowing for different

follow-up periods.
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TABLE 3 Prevalence of frailty, sensitivity, and specificity for di�erent cuto�s of each scale for each outcome.

Frailty
scale

Cuto� Frail [n
(%)]∗

4-year disability 4-year hospitalization 4-year mortality 7-year mortality

Sens (%) Spec (%) Sens (%) Spec (%) Sens (%) Spec (%) Sens (%) Spec (%)

FI ≥ 0.15 1704

(32.4)

72.8 71.7 39.6 72.6 70.0 69.8 71.2 71.3

≥ 0.20 888

(16.9)

51.2 87.3 21.0 87.7 55.0 85.3 56.8 86.9

≥ 0.25 560 (10.6) 33.6 92.8 13.0 93.1 45.0 91.3 44.9 92.6

FP ≥ 2 2482

(48.1)

63.2 53.0 51.1 53.3 69.4 52.8 71.7 53.6

≥ 3 648

(12.6)

20.8 88.5 15.2 89.0 30.6 88.2 34.1 89.0

≥ 4 26 (0.5) 0 99.6 0.4 99.6 2.9 99.6 3.2 99.7

FRAIL ≥ 2 406 (7.7) 39.2 94.8 11.7 95.0 31.7 93.7 29.5 94.4

≥ 3 224 (4.2) 25.6 97.3 6.3 97.1 19.5 96.7 19.6 97.3

≥ 4 78 (1.5) 4.8 99.0 2.1 99.1 7.7 98.9 7.5 99.1

TFI ≥ 4 847 (16.1) 43.2 86.5 19.3 86.7 45.8 85.6 44.4 86.6

≥ 5 385 (7.3) 22.4 94.6 10.0 95.0 27.3 93.8 26.2 94.5

≥ 6 171 (3.2) 11.2 97.6 5.2 97.9 12.7 97.3 12.8 97.6

FI, Frailty Index; FP, Frailty Phenotype; TFI, Tilburg Frailty Indicator; Sens, Sensitivity; Spec, Specificity.

The proposed cutoff values used in this study are highlighted in bold.
∗Due to missing data, small differences between n and numbers of participants reported for each scale can occur.

Notably, differences were also evident between our unadjusted

logistic models where the predictive accuracy (estimated using

AUC) of FI was significantly higher than that of either FRAIL

or TFI, all of which offered an advantage over FP. This is

perhaps unsurprising, as multidimensional geriatric measures may

provide better identification of frailty-related outcomes than a

unidimensional index exclusively focused on muscular fitness.

Moreover, regarding 4-year disability and 4-and 7-year mortality,

AUCs for FI, FRAIL and TFI were acceptable and slightly higher

than those of other population-based studies (16, 33, 35); all

studied scales, however, were least able to discriminate 4-year

hospitalization, which was consistent with these studies. For

example, FI, FP, and FRAIL were investigated in the African

American Health (AAH) cohort (10), and the findings showed

AUCs of 0.69, 0.66 and 0.68 respectively, for 9-year disabilities,

0.64, 0.57 and 0.53 for 9-year mortality. A retrospective study in

the Australian Longitudinal Study of Aging (ALSA) (33) revealed

that both FI and FP had a low ability to discriminate hospitalization

(AUC <0.6). In short, we demonstrated that in this Chinese older

population, FI, FRAIL, and TFI are useful predictors for predicting

4-year disability and 4- and 7-year all-cause mortality, whereas

none of the four scales should be used as the sole tool for screening

for risk of hospitalization.

Another interesting finding in our study was that although

the AUC for adverse outcomes was different between the scales,

similar performances were found in their diagnostic values

of sensitivity and specificity. The high and similar specificity

estimates indicated that all frailty scales can be comparably useful

in identifying non-frail participants in those without adverse

outcomes. Correspondingly, sensitivity estimates for different

frailty scales varied within low ranges; regarding 4-year disability

and 4- and 7-year mortality, the FI showed similar levels of

sensitivity (range 51.2–56.8%), and the other three scales showed

similar sensitivity at poor levels (range 20.8–34.1% for FP, 19.5–

25.6% for FRAIL, and 22.4–27.3% for TFI, respectively), and lowest

sensitivities were found for each scale in the prediction of 4-year

hospitalization (range 6.3-21.0%). These findings were consistent

with those of a previous study conducted in an older Australian

population (33), and the low sensitivity suggested a lack of

identification of frail participants at risk for adverse outcomes with

our proposed cut-off points. Recently, a similar population-based

study (9) of Dutch community-dwelling older people examined

the predictive accuracy of FI, FP, and TFI for adverse outcomes

including death, hospitalization, and ADL dependency, with a 2-

year follow-up. It reported comparable specificity values for FP

79.6–86.2%; however, the sensitivity values were slightly better:

24.7–44.5%. For TFI, the Dutch study reported higher sensitivity

values of 70.5–80.6% than those of 10.0–27.3% in the present

study, while its specificity values were lower (36.5–45.7%). In

addition, compared to the FI used in the Dutch study with a cut-

off value of 0.25, the FI with a lower cut-off value of 0.2 used

in our Chinese population was found to have higher sensitivity

(except for hospitalization) and specificity. A possible reason for

this disparity is that our study used the cut-off points proposed

by the original authors for FP, FRAIL, and TFI, however, these

cutoffs may not be sensitive enough to detect small changes in

frailty status when applied to the Chinese population, especially

given that we observed higher sensitive values when lower cut-offs

were applied (Table 3). Previous studies (36, 37) on the validation

of frailty scales also suggested that for the TFI and FRAIL scales

used in Chinese community-dwelling older adults, the optimal cut-

off points for frailty were 4 and 2, respectively, which were slighter
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lower than the original values. Additionally, we speculate that

different components of the scales and definitions of the outcomes

may also have contributed to this disparity.

In general, good frailty scales should have high predictive

ability and sensitivity, the latter of which will be the most relevant

criterion, as higher sensitivity means a lower risk of withholding

additional investigation and, if available, possible treatments from

people who might need it. In the current study, while the scales

(except FP) showed distinctively acceptable predictive ability, none

of them had both acceptable sensitivity and specificity, nor when

the cutoffs were increased or decreased. Therefore, we recommend

that choosing a scale will greatly depend on the purpose and setting

for frailty assessment. From this perspective, FI, TFI, and FRAIL are

useful predictors and frailty screening tools for the development

of disability and death in intervention programs such as being

inclusion criteria for clinical trials, in which higher specificity is

preferred over sensitivity, as it is preferable to correctly identify

frail individuals, although some frail individuals will be missed.

When screening for geriatric conditions in primary care, a highly

sensitive test is preferred, as it is better to identify as many frail

individuals as possible, rather than to miss those who are actually

frail. Considering our low sensitivity across all scales, the used

cut-off points of specific scales can be changed. A strategy for

maximizing the feasibility of frailty screening would be to conduct

a stepwise process of increasingly more detailed assessment, that is,

to combine the existing frailty scales for a comprehensive geriatric

assessment. In addition, as good frailty scales should also be simple

to apply, another consideration when choosing a scale is the time

that is needed to complete it. FRAIL has the advantage of being

easy and quick to administer, score and interpret. Conversely,

while FI and TFI provide broader coverage of deficits and allow

for better identification of high-risk individuals, they are more

time-consuming. Thus, we suggest that while FI performs best for

estimating risk, the FRAIL scale may be more practical to apply

in the Chinese community-dwelling population. However, the

increasing use of electronic health records (e.g., general practices)

enables ready access to health measures across multiple domains.

Then, both FI and TFI can be easily used as screening tools.

Strengths of this research include the longitudinal cohort

design, a large, well-defined population-based sample, a wide range

of baseline age, and a repeated comprehensive set of health-related

assessments. These enable the operationalization and comparison

of these four scales in the same Chinese population within the

same timeframe.

Our study also has several potential limitations. A potential

limitation is the reliance on self-reported questionnaires. We

cannot rule out recall bias (e.g., regarding hospitalization over the

past 4 years). Furthermore, the scales used here were adapted from

the original definitions to utilize the data available from SAGE in

shanghai, some important aging-specific variables, therefore, were

not included, which may have influenced how each scale predicted

outcomes. In particular, we used the lowest BMI for self-reported

weight loss, which may have modified the scale characteristics,

although this modification has been used previously in many

studies. The modified measures, however, may be advantageous.

For example, our measure of memory performance (assessed using

a verbal recall test instead of a single self-reported question)

can predict functional decline (38) and, unlike the self-reported

memory used in the original scale, relies on objective assessment. A

third limitation is that those who were excluded from the analyses

of a scale due to missing data had a higher proportion of 4-

and 7-year mortality (see Supplementary material S3). This study

may slightly underestimate the ability of scales to predict all-cause

mortality. Future studies could focus on verifying the usefulness of

our operational approaches to frailty by replicating and extending

our findings in other populations and settings.

5. Conclusion

In conclusion, we found that different approaches to frailty

result in different estimates for the prevalence of at-risk individuals.

Frailty defined using FI, FP, FRAIL, and TFI was independently

associated with 4-year disability (except FP), hospitalization (except

FP), and 4- and 7-year all-cause mortality in Chinese community-

dwelling older adults. However, only FI, FRAIL and TFI were able

to reliably predict these outcomes (except 4-year hospitalization),

with fair-to-moderate predictive accuracy.Moreover, all four scales,

while performing well at ruling out high-risk groups through high

specificity estimates, were likely to miss large numbers of frail

individuals as measured by adverse outcomes due to low sensitivity

estimates. According to our study, FI performs best in estimating

risk, while TFI and FRAIL are additionally useful, especially the

latter, as a simple and faster screening tool, which may be more

practical to apply in Chinese community-dwelling older adults

either for the screening or diagnosis of frailty.
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