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Abstract
Object:

Using long-term longitudinal data to determine the cognitive function and the frailty trajectory of
Chinese elderly. To understand the prevalence of cognitive frailty and explore the mechanism of various
factors on cognitive frailty using health ecology as the theoretical framework. And build the Chinese
elderly cognitive frailty risk prediction model, and choose the optimal model, In order to provide practical
suggestions for the community to accurately and efficiently identify high-risk groups, formulate targeted
health management programs and preventive measures to delay the development of cognitive frailty of the
elderly, so as to improve the health level of the elderly and reduce the social and economic burden and
family care burden.

Methods:

This study used the five tracking data from 2005 to 2018 in the Chinese Longitudinal Health and
Longevity Survey (Chinese Longitudinal Healthy Longevity Survey, CLHLS), 20,161 cases of elderly
people aged over 65 years who met the Inclusion and exclusion criteria and were tracked for three periods
were selected. The group trajectory model was used to explore the change of the prevalence of cognitive
function and frailty in the elderly over time and the specific trajectory classification of the two changes.
The overall prevalence of cognitive frailty and differences in sex and age groups were calculated separately.
Based on the theory of health ecology, Logistic regression was used to explore the influencing factors of
cognitive frailty in the elderly in China from five dimensions: personal characteristics, psychological and
behavioral factors, family and community network factors, living and working environment factors, and
policy environment factors. Combined with the variable screening results of LASSO and Boruta algorithm,
the logistic regression model, random forest model and XGBoost model were used to construct the
cognitive frailty risk prediction model. The model performance of the three prediction models was
compared by using the confusion matrix, AUC, accuracy and F1-Score, and the optimal prediction model
was selected. At the same time, the SHAP interpretability analysis of the optimal prediction model was
conducted to evaluate the importance and influence direction of each predictor in the prediction model.
Results:

1. Basic situation of the elderly in China: In 2005, the average age of the elderly in China was 75.23,
among which the elderly aged 65-74 had the highest proportion, 54.8%; in 2008, the average age of the
elderly in China was 84.57, among which the elderly aged 75-84 accounted for the highest proportion,
51.7%.

2. The prevalence of cognitive frailty in the elderly in China: the initial scores of cognitive function
and frailty in the elderly in China were both good. According to the change level and speed of the two, the

cognitive function was divided into rapid decline group, slow decline group and stable group, and the



estimated score of each group was 5.4% (1089), 11.7% (2359) and 82.9% (16713), respectively; The frailty
was divided into low-level group, medium level group and gradually rising group; The estimated grouping
ratio of each group was 20.5% (4133), 51.1% (10302) and 28.4% (5726), respectively. From 2005 to 2018,
2585 elderly people in China suffered from mild cognitive impairment, accounting for 12.8%; The number
of frailty was 5383, accounting for 26.7%; Finally, 1818 people suffered from cognitive frailty, and the
overall prevalence rate was 9%. There was significant difference in the prevalence of cognitive frailty
between different genders (p<0.05). The prevalence of cognitive frailty in women was higher than that in
men, and the difference gradually increased during the follow-up. There was significant difference in the
prevalence of cognitive frailty between different ages (p<0.05). The prevalence of cognitive frailty in the
elderly aged 65-75 was low. The prevalence of cognitive frailty in the elderly over 75 years old increased
gradually, and the differences among different age groups increased gradually.

3. Influencing factors of cognitive frailty in Chinese elderly: based on the theory of health ecology,
the correct percentage of model prediction with variables added layer by layer increased from 91.0% to
93.9%; and R? gradually increased, which means that the overall fitting effect of the model was good. The
results of the Logistic-regression analysis showed that among the factors of personal characteristics, sex,
increased age, worse self-rated health, worse health status in the past year, BMI (emaciated), hearing
difficulties, and visual impairment were risk factors for cognitive frailty in the elderly; Among the
psychological and behavioral factors, no exercise, the lower the score of the healthy diet, the higher ADL
and IADL scores, not to participate in reading books and newspapers, raising poultry and livestock, playing
cards and playing mahjong, watching TV and listening to the radio and other leisure activities will increase
the risk of cognitive frailty in the elderly; In the living and working environment layer, Living in the eastern
and central regions is a protective factor for cognitive frailty of the elderly.

4. Construction of cognitive frailty risk prediction model for Chinese elderly: among the three models
constructed, the AUC value of XGBoost model is 0.9457, which is higher than that of logistic regression
model and random forest model. The F1 value of random forest is the lowest among the three models.
Although the accuracy of logistic regression is higher than that of XGBoost model, its F1 value is slightly
lower than that of XGBoost model. Considering AUC and F1 value comprehensively, XGBoost model is
better than other models in the performance evaluation of cognitive frailty risk prediction model in Chinese
elderly.

5. SHAP interpretation results of the optimal prediction model: the order of importance of each
variable in the XGBoost model is IADL score, hearing difficulty, mental health status, whether watching
TV, ADL score, age groups, visual impairment, healthy diet classification, regional distribution, BMI ,
chronic diseases, self-rated health, whether reading the newspaper, gender and changes in health status.

Conclusion:



1. The trajectory of long-term cognitive function in Chinese elderly mainly includes three categories:
rapid decline group, slow decline group and stable group; the trajectory of frailty is also divided into three
categories: low level group, middle level group and gradual rise group.

2. From 2008 to 2018, the prevalence of mild cognitive impairment and frailty in Chinese elderly
showed an overall upward trend, and the increasing trend of frailty prevalence was more obvious. The
prevalence of cognitive frailty also showed an overall upward trend, and the overall prevalence of cognitive
frailty from 2008 to 2018 was 9%, which should be paid more attention to.

3. Combined with the theoretical framework of health ecology, the variables that have an influence on
cognitive frailty were found. Among them, the personal characteristics level, gender, age group, self-rated
health, health status in the past year, BMI, hearing difficulties, and visual impairment are the influencing
factors of cognitive frailty in the elderly;at the psychological and behavioral level, exercise, healthy diet
classification, ADL and IADL scores, participation in reading books and newspapers, raising poultry and
livestock, playing mahjong, watching TV and listening to radio and other leisure activities can affect the
prevalence of cognitive frailty in the elderly;and the regional distribution of the living and working
environment level can also affect the possibility of cognitive frailty in the elderly.

4. In this study, we compared the prediction models of cognitive frailty, and selected the XGBoost
model with better performance. The internal and external verification results of the model showed good
prediction ability. Based on this model, the high risk elderly with cognitive frailty can be identified, so as to
adopt targeted interventions.

5. In the constructed prediction model, the predictor variables were ranked by importance, and IADL
score was the first one, followed by hearing difficulty, mental health status score and ADL score. Emphasis
should be placed on the risk predictors of cognitive frailty at the forefront.

Key words: Cognitive Frailty; Predictive Model; Older People; Group Trajectory Model
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