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ABSTRACT
Objective  To investigate the risk factors of cognitive frailty 
in elderly patients with chronic kidney disease (CKD), and 
to establish an artificial neural network (ANN) model.
Design  A cross-sectional design.
Setting  Two tertiary hospitals in southern China.
Participants  425 elderly patients aged ≥60 years with 
CKD.
Methods  Data were collected via questionnaire 
investigation, anthropometric measurements, laboratory 
tests and electronic medical records. The 425 samples 
were randomly divided into a training set, test set and 
validation set at a ratio of 5:3:2. Variables were screened 
by univariate and multivariate logistic regression analyses, 
then an ANN model was constructed. The accuracy, 
specificity, sensitivity, receiver operating characteristic 
(ROC) curve and area under the ROC curve (AUC) were 
used to evaluate the predictive power of the model.
Results  Barthel Index (BI) score, albumin, education 
level, 15-item Geriatric Depression Scale score and Social 
Support Rating Scale score were the factors influencing 
the occurrence of cognitive frailty (p<0.05). Among them, 
BI score was the most important factor determining 
cognitive frailty, with an importance index of 0.30. The 
accuracy, specificity and sensitivity of the ANN model were 
86.36%, 88.61% and 80.65%, respectively, and the AUC of 
the constructed ANN model was 0.913.
Conclusion  The ANN model constructed in this study has 
good predictive ability, and can provide a reference tool 
for clinical nursing staff in the early prediction of cognitive 
frailty in a high-risk population.

INTRODUCTION
The number of people aged 60 years and over 
is expected to double by 2050, according to a 
new report released by the WHO, with ageing 
and super-ageing becoming increasingly 
serious worldwide.1 As the most populous 
country in the world, China has a particu-
larly prominent ageing problem.2 According 
to the Social Bulletin of the National Bureau 
of Statistics in 2019, by the end of 2019, the 
population over the age of 60 in China had 
reached 254 million,3 and it is expected 
that by 2050, the total elderly population 

over the age of 60 in China will reach 498 
million.4 Chronic kidney disease (CKD) is a 
chronic decomposing metabolic disease that 
has become a major global public health 
problem among the elderly, with a preva-
lence of 32%–37% in the elderly population,5 
and increases with age.6 Ageing is associated 
with physical frailty and cognitive decline.7 
The incidence of cognitive decline in the 
elderly in China is 22%, increases with age 
and is especially high in patients with chronic 
diseases such as CKD.8 Cognitive decline can 
affect the social function and quality of life 
of the elderly to varying degrees, and even 
death.9

Physical frailty is a geriatric syndrome 
characterised by a cumulative decline in 
multisystem physiological functions.7 The 
incidence of physical frailty in elderly patients 
with CKD can be as high as 73%, and is closely 
related to adverse health outcomes such as 
prolonged hospital stay, increased risk of 
falls, cardiovascular events and even death.10 
Several studies have shown a tight and 
interactive relationship between frailty and 
cognitive decline due to many common risk 
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factors and mechanisms.11 12 Elderly patients are consid-
ered to have cognitive frailty when having both physical 
frailty and cognitive decline, excluding dementia, which 
increases the risk of adverse health outcomes.13 It has 
been reported that the incidence of cognitive frailty in 
communities and hospitals is 1.0%–39.7%.14 15 Elderly 
patients with CKD are often at greater risk of cognitive 
frailty due to anaemia, inflammatory vascular diseases 
and various metabolic disorders.16 Several studies have 
found that the prevalence of cognitive frailty in elderly 
haemodialysis patients ranges from 4.6% to 25.9%.17 18 
However, there are still few studies and limited evidence 
on cognitive frailty in elderly patients with CKD, and the 
reported prevalence varies greatly due to differences in 
the population studied and the measurement tools used. 
In addition, the influencing factors of cognitive frailty 
include physiological, psychological, social and geriatric 
syndromes. Previous literature has shown that gender, 
age, education level, income level, physical exercise, 
disease type, nutrition, sleep and psychological status, 
creatinine, haemoglobin, albumin and other factors are 
related to the occurrence of cognitive frailty.18–21 More-
over, the reversible characteristics of cognitive frailty make 
it possible to be prevented, delayed or reversed through 
early prediction and intervention. Therefore, it would be 
of great significance to construct a prediction model of 
cognitive frailty for accurate prediction and intervention 
in high-risk population.

However, at present, prediction models have been 
mainly based on traditional regression analysis, and 
less on other machine learning algorithms. An artificial 
neural network (ANN) is a multilayer complex model 
with multiple neurons as nodes and synaptic connec-
tions.22 Studies show that, in various systems, compared 
with traditional rule-based or regression-based models, 
ANNs have stronger predictive ability and can efficiently 
identify diseases and high-risk groups.23–26 Moreover, 
ANN models have obvious advantages in data processing, 
identification and data fitting.27 Therefore, this study 
constructed an ANN model for early risk prediction of 
cognitive frailty in elderly patients with CKD, aiming to 
provide a new reference tool for the early prediction 
of cognitive frailty in elderly patients with CKD, as well 
as assist clinical medical workers to quickly identify the 
risk of cognitive frailty in elderly patients with CKD, and 
provide a basis for the formulation and implementation 
of early intervention.

METHODS
Study design and setting
This cross-sectional study was conducted from October 
2020 to August 2021 in two tertiary hospitals in 
Shantou, Guangdong Province, China. Convenience 
sampling was used to collect data in the Department of 
Nephrology.

Data collection and ethical considerations
After we contacted and obtained the consent of the two 
department directors, we invited the department nurses 
to assist in collecting data. We introduced the purpose of 
this study to patients in a unified guidance language. After 
obtaining written informed consent from the patient, a 
one-to-one survey was conducted by two uniformly trained 
investigators, and grip strength and body weight were 
measured by using uniform methods and equipment. 
The data in this study were obtained from questionnaire 
investigation, anthropometric measurements, laboratory 
tests and electronic medical records.

Participants
A total of 430 elderly patients with CKD were recruited 
from southern China. For selection criteria, subjects 
were required to have been (1) diagnosed with CKD, 
(2) at least 60 years of age, (3) without dementia, visual 
or hearing impairment, and (4) a voluntary participant 
in the study. Of the 430 participants, five were excluded 
for complicated malignancies, chronic malnutrition or 
having acute kidney injury within 3 months. Ultimately, a 
total of 425 patients were included, with a response rate 
of 98.84%.

Sample size was calculated according to the sample 
size estimation method used in epidemiological cross-

sectional studies, ‍n =
Z21−∂/2∗P

(
1−P

)
d2 ‍ *(1+20%), where n is 

the sample size, Z represents statistic, 1-α/2 represents a 
two-sided test, P is the disease prevalence and d represents 
precision. Previous studies found that the prevalence of 
cognitive frailty in elderly patients with CKD was 25.9%.18 
We assumed a confidence level of 95% with a precision 
of 5% and adopted a two-sided test, taking into account a 
20% non-response rate. Therefore, the minimum sample 
size required for this study was 295 cases.

Survey instrument
Frailty
Frailty status was assessed by the frailty phenotype defined 
by Fried et al.28 The scale includes five components: unin-
tentional weight loss, grip strength decline, self-rated 
exhaustion, low gait speed and physical activity. The total 
score ranges from 0 to 5, and patients with three or more 
components were classified as frail, whereas those with 
fewer than three components were classified as non-frail.

Functional status
The Barthel Index (BI) was used to assess the capacity 
for daily living.29 The scale consists of 10 items, for a total 
score of 100 points, and is graded as severe dependency 
(score≤40), moderate dependency (41≤score≤60), mild 
dependency (61≤score≤99) and complete independence. 
The Cronbach’s alpha coefficient of the BI was 0.88, indi-
cating good reliability and validity.30

Nutritional status
In the survey, the Mini-Nutritional Assessment-Short 
Form (MNA-SF) was used to assess nutritional status, and 
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was simplified from the MNA by selecting six items to 
evaluate the risk of malnutrition over the past 3 months.31 
The total score of the MNA-SF ranges from 0 to 14, with 
a score of less than 11 indicating malnutrition. According 
to previous research, the scale has good specificity and 
sensitivity.32

Sleep quality
Sleep quality was evaluated by the Pittsburgh Sleep Quality 
Index (PSQI) in the survey, which was created from Buysse 
et al.33 The scale is a validated measurement tool to screen 
for sleep disturbances, and includes 19 self-rated items 
and five other rated items of which seven components are 
composed of 18 self-rated items. The seven components 
are as follows: subjective sleep quality, falling asleep time, 
sleep duration, sleep efficiency, sleep disturbances, use 
of sleeping medication and daytime dysfunction. Each 
component is scored from 0 to 3 points, and the total 
score ranges from 0 to 21 points by summing the seven 
component scores. A total score greater than 7 points 
indicates poor sleep quality. It has been widely used in 
the Chinese population, and the Cronbach’s alpha coeffi-
cient for the PSQI was 0.842.34

Cognitive status
The Mini-Mental State Examination (MMSE) was used 
to screen cognitive status in the survey. The MMSE 
comprised seven dimensions with 30 items, and the 
total score ranges from 0 to 30, with a higher score indi-
cating higher level of cognitive function.35 The scale was 
divided according to the education level of participants: 
≤17 points—illiterate; ≤20 points—primary school; ≤24 
points—secondary school and above. The Cronbach’s 
alpha coefficient of the MMSE was 0.898.36

Depressive symptoms
The 15-item Geriatric Depression Scale (GDS-15) was 
used to assess depression within the past week, and was 
simplified from Sheikh and Savage.37 The total score of 
the GDS-15 ranges from 0 to 15, with a score of 8 or more 
indicating the presence of depressive symptoms. The 
Cronbach’s alpha coefficient of GDS-15 was 0.793 in the 
elderly population of China.38

Social function
The Social Support Rating Scale (SSRS) was used to 
evaluate the level of family social support.39 The SSRS 
comprised three dimensions with 10 items, including 
objective support, subjective support and utilisation of 
social support, which ranges from 12 to 66 points. The 
higher the score, the better the family social support; 
among them, ≤22 is classified as low-level, 23–44 as 
medium-level and ≥45 as high-level support. The Cron-
bach’s alpha coefficient of the SSRS was 0.825–0.896.

Covariates
The covariates included sociodemographic data, phys-
ical indicators, living habits, physical health status and 
laboratory indices. Sociodemographic data included age, 

gender, education level, occupation before retirement, 
monthly income, hospitalisation payment method and 
mobility aids (yes or no) such as walking stick or wheel-
chair. Living habits were included, such as smoking, 
drinking, falling down in the past year (yes or no) and 
the number of times of exercise per week. Physical health 
status (CKD stage, dialysis status, comorbidity, poly-
pharmacy) and laboratory indices (C-reactive protein, 
parathormone, ferritin, albumin, blood urea nitrogen, 
creatinine, total cholesterol, triglycerides, white cells, 
haemoglobin, glomerular filtration rate) were obtained 
from the electronic medical records. Physical indicators 
(height, body weight, body mass index (BMI), blood 
pressure, grip strength) were measured by two trained 
interviewers by using the electronic grip dynamometer 
(Xiangshan EH101), the electronic sphygmomanometer 
arm, the scale and the flexible rule.

Statistical analysis
Data were double entered using EpiData V.3.1, and SPSS 
V.25.0 and SPSS Modeler V.18.0 software were used 
for statistical analysis and construction of the predic-
tive model. Count data were presented as frequencies 
and percentages, and the comparison between groups 
was performed by the χ2 test. When metrological 
data conformed to a normal distribution, results were 
expressed as mean±SD, and the t-test was used for compar-
ison of the groups. Otherwise, median and IQR were 
used for statistical description, and the comparisons were 
analysed by the Mann-Whitney U test. Variable screening 
was conducted by using univariate analysis with an alpha 
significance level of 0.05. The variables that conformed 
to colinear diagnosis and were statistically significant 
(p<0.05) were included in the binary logistic regression 
analysis for inclusion in the final model. Through the 
binary logistic regression analysis in the study, the results 
showed that there were five variables with statistical signif-
icance (p<0.05) and were ultimately included in the 
prediction model.

Cognitive frailty was considered as a dichotomous 
dependent variable in the study, and the 425 samples 
were randomly divided into a training set, test set and vali-
dation set at a ratio of 5:3:2 by using a multilayer percep-
tron ANN. The random number seed was 1 234 567. The 
training set was used for building the model, the vali-
dation set was used to optimise the model parameters, 
whereas the test set was used for evaluation. Due to the 
large difference in the samples of target variables (93 
cases of cognitive frailty and 332 cases of non-cognitive 
frailty), in order to avoid the problem that unbalanced 
data sets lead to the degradation of model prediction 
power, the balance node in SPSS Modeler was used to 
conduct random oversampling 3.57 times of cognitive 
frailty samples in the training set,40 and the sample size 
involved a 1:1 ratio of cognitive frailty to non-cognitive 
frailty cases, after which the ANN model was built. The 
accuracy, sensitivity, specificity, receiver operating char-
acteristic (ROC) curve and area under the ROC curve 
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Table 1  Characteristics of the study population

Variables Total (n=425) Cognitive frailty (n=93)
Non-cognitive frailty 
(n=332)

Statistic 
values P value

Age, years, M (P25, P75) 67 (63, 73) 69 (64, 76.50) 67 (63, 72) −2.387* 0.017

BMI, mean±SD 22.91±3.53 22.10±3.56 23.14±3.49 2.511† 0.012

Gender, n (%) 3.661‡ 0.056

 � Male 256 (60.2) 64 (68.8) 192 (57.8)

 � Female 169 (39.8) 29 (31.2) 140 (42.2)

Education level, n (%) 32.173‡ <0.001

 � Primary school and below 250 (58.8) 31 (33.3) 219 (66.0)

 � Junior high/high school 144 (33.9) 50 (53.8) 94 (28.3)

 � College and above 31 (7.3) 12 (12.9) 19 (5.7)

Occupation before 
retirement, n (%)

4.652‡ 0.199

 � Farmer 77 (18.1) 12 (12.9) 65 (19.6)

 � Worker 53 (12.5) 8 (8.6) 45 (13.6)

 � Intellectual 13 (3.1) 3 (3.2) 10 (3.0)

 � Others 282 (66.4) 70 (75.3) 212 (63.9)

Monthly income (¥), n (%) 4.157‡ 0.125

 � ≤3000 185 (43.5) 32 (34.4) 153 (46.1)

 � 3000–5000 169 (39.8) 44 (47.3) 125 (37.7)

 � ≥5000 71 (16.7) 17 (18.3) 54 (16.3)

Mobility aids, n (%) 15.137‡ <0.001

 � No 377 (88.7) 72 (77.4) 305 (91.9)

 � Yes 48 (11.3) 21 (22.6) 27 (8.1)

Exercise (times/week), n (%) 17.013‡ <0.001

 � 0 328 (77.2) 86 (92.5) 242 (72.9)

 � 1–2 39 (9.2) 5 (5.4) 34 (10.2)

 � ≥3 58 (13.6) 2 (2.2) 56 (16.9)

CKD stage, n (%) 0.191‡ 0.662

 � CKD stages 2–3 27 (6.4) 5 (5.4) 22 (6.6)

 � CKD stages 4–5 398 (93.6) 88 (94.6) 310 (93.4)

Dialysis, n (%) 0.348‡ 0.555

 � No 208 (48.9) 43 (46.2) 165 (49.7)

 � Yes 217 (51.1) 50 (53.8) 167 (50.3)

Heart failure, n (%) 5.010‡ 0.025

 � No 296 (69.6) 56 (60.2) 240 (72.3)

 � Yes 129 (30.4) 37 (39.8) 92 (27.7)

Hyperuricaemia, n (%) 4.947‡ 0.026

 � No 393 (92.5) 91 (97.8) 302 (91.0)

 � Yes 92 (7.5) 2 (2.2) 30 (9.0)

SHPT, n (%) 5.812‡ 0.016

 � No 359 (84.5) 86 (92.5) 273 (82.2)

 � Yes 66 (15.5) 7 (7.5) 59 (17.8)

BI score, M (P25, P75) 90 (70, 95) 65 (50, 80) 95 (80, 95) −8.940* <0.001

MNA-SF score, M (P25, P75) −6.071* <0.001

Malnutrition 8（7, 10） 8（6, 9） 9（7, 10）

Continued
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(AUC) were used to evaluate the predictive power of the 
ANN model.

Patient and public involvement
The patients were not involved in the formulation of the 
study questions or the design of the study. The results of 
the study are not intended to be released to the partic-
ipants, but anthropometric measurements taken during 
the survey were provided to the participants.

RESULTS
Study sample characteristics
Of the 430 participants enrolled in the study, five were 
excluded for comorbidity with other severe diseases, 
and the questionnaire had a 98.8% response rate. The 
majority of the participants were male (60.2%) and the 
mean age was 68.5 years. There was a predominance of 
individuals who were primary school graduates and below 
(58.8%), and had other occupations (66.4%) before 
retirement, low monthly income (43.5%), little to no 
movement (77.2%) and normal BMI (18.5≤BMI<24.9, 
64.2%), and moved without mobility aids (88.7%). The 
prevalence was 21.9% (n=93) for cognitive frailty and 
78.1% (n=332) for non-cognitive frailty. Participants with 
cognitive frailty were more likely to be older, have lower 
levels of education, move without mobility aids, lack exer-
cise, have comorbidity with other chronic diseases and 
take three or more medications. The capacity for daily 

living, nutritional status, sleep quality and social activity 
were also poor, and depressive symptoms and abnormal 
laboratory indices were also common (table 1).

Logistic regression analysis of cognitive frailty in elderly 
patients with CKD
The variables that conformed to colinear diagnosis and 
were statistically significant (p<0.05) in univariable anal-
ysis were included as independent variables, cognitive 
frailty was included as the dependent variable in the 
binary logistic regression analysis and variable assign-
ments are shown in table  2. The results of the binary 
logistic regression analysis showed that education level, 
BI score, albumin, GDS-15 score and SSRS score were the 
factors for cognitive frailty (p<0.05) (table 3).

Construction and validation of the cognitive frailty risk 
prediction model
The neural network prediction model in this study 
included one input layer, one hidden layer and one output 
layer. Variables with statistical significance (p<0.05) in the 
binary logistic regression analysis were considered as the 
input layer, and included five variables. Whether cogni-
tive frailty was regarded as the output layer, the hidden 
layer had six neurons, and a hyperbolic tangent function 
was used for activation. In order to avoid the problem of 
unbalanced target variables, the samples were randomly 
divided into training set (311 cases), test set (110 cases) 
and validation set (104 cases) after random oversampling 

Variables Total (n=425) Cognitive frailty (n=93)
Non-cognitive frailty 
(n=332)

Statistic 
values P value

Eutrophy 12（11, 13） 12（11, 13） 12（11, 13）
PSQI score, M (P25, P75) 8 (5, 12) 10 (6.5, 14.5) 7 (5, 12) −3.284* 0.001

GDS-15 score, M (P25, P75) 6 (3, 9) 9 (6, 11) 4 (2.25, 8) −7.457* <0.001

SSRS score, M (P25, P75) 38 (34, 43) 36 (32, 38) 39.5 (35, 44) −5.807* <0.001

CRP, M (P25, P75) 10.9 (3.15, 29.33) 25.3 (6.14, 60.2) 8.46 (2.79, 29.33) −4.474* <0.001

Parathormone, M (P25, P75) 252.1 (109.95, 412.35) 265.80 (118.75, 358.80) 248.40 (109.53, 425.08) −0.449* 0.653

Ferritin, M (P25, P75) 288.6 (125.25, 408.3) 350.21 (184.55, 500.1) 266.95 (118.7, 397.38) −2.264* 0.024

Albumin, mean±SD 31.12±5.4 29.80±4.99 31.48±5.47 2.667† 0.008

BUN, M (P25, P75) 21.47 (15.43, 29.63) 21.26 (15.22, 29.31) 21.68 (15.50, 29.64) −0.341* 0.733

Scr, M (P25, P75) 641.21 (411.05, 868.28) 616.87 (464.75, 820.42) 645.64 (400.23, 880.75) −0.406* 0.685

TC, M (P25, P75) 4.31 (3.29, 5.31) 3.7 (3.02, 4.92) 4.42 (3.45, 5.41) −3.141* 0.002

Triglycerides, M (P25, P75) 1.29 (0.88, 1.82) 1.17 (0.79, 1.80) 1.30 (0.92, 1.82) −1.579* 0.114

White cell, M (P25, P75) 7.03 (5.67, 8.75) 7.57 (6.11, 9.07) 6.92 (5.61, 8.59) −2.059* 0.040

Haemoglobin, M (P25, P75) 90 (75, 105.5) 87 (72, 102.5) 91 (76, 106) −1.294* 0.196

GFR, M (P25, P75) 6.96 (5.1, 11.51) 7.48 (5.79, 10.41) 6.73 (4.97, 12.08) −1.050* 0.294

*Z value.
†T value.
‡2 value.
.BI, Barthel Index; BMI, body mass index; BUN, blood urea nitrogen; CKD, chronic kidney disease; CRP, C-reactive protein; GDS-15, 15-item 
Geriatric Depression Scale; GFR, glomerular filtration rate; MNA-SF, Mini-Nutritional Assessment-Short Form; PSQI, Pittsburgh Sleep Quality 
Index; Scr, serum creatinine; SHPT, secondary hyperparathyroidism; SSRS, Social Support Rating Scale; TC, total cholesterol.

Table 1  Continued
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3.57 times of cognitive frailty samples in the training set. 
Then, the prediction model of the multilayer perceptron 
neural network was constructed (see online supplemental 
file 1). The accuracy, specificity and sensitivity of the ANN 
model were 86.36%, 88.61% and 80.65%, respectively. 
The AUC was 0.913, the ROC curve as shown in online 

supplemental file 2. In order, the normalised importance 
of the independent variables of the ANN model was as 
follows: BI score, SSRS score, albumin, GDS-15 score and 
education level (see online supplemental file 3).

DISCUSSION
Cognitive frailty is a reversible or potentially reversible 
heterogeneous clinical syndrome that can significantly 
increase the risk of a series of adverse health outcomes, 
such as falls, hospitalisation, cardiovascular events and 
even death in the elderly. In particular, older adults 
with chronic diseases such as CKD are at greater risk.16 
It is undeniable that early cognitive frailty screening and 
effective intervention can greatly aid in reversing cogni-
tive frailty. However, the reported prevalence of cognitive 
frailty varies widely due to differences in study popula-
tions and assessment methods. In this study, we found 
that 21.9% of older patients with CKD have cognitive 
frailty, which is comparable to a previous study involving 
cognitive frailty of haemodialysis patients in China,18 but 
quite different from a study on the prevalence of cognitive 
frailty in haemodialysis patients in the USA.17 In addition, 
our findings suggest that the main influencing factors for 
cognitive frailty are BI score, albumin, education level, 
GDS-15 score and SSRS score.

We found that the capacity for daily living is an inde-
pendent risk factor for cognitive frailty, indicating that 
a substantial percentage of elderly patients with CKD 
are not fully independent of daily living, which is in line 
with a previous study in the USA.41 Research has shown 
that when the capacity for daily living is impaired, the 
perception of the external environment also can be 
correspondingly abated, thus reducing brain activity, at 
the same time, leading to muscle atrophy and strength 
decline, thereby increasing the patient’s physical fatigue, 
and further leading to increased risk of cognitive frailty.42 
However, impairment of the capacity for daily living is 
common in elderly patients with CKD, which also high-
lights the importance of the capacity for daily living 
assessment. The BI was used to assess the capacity for 
daily living in our study, which is common in the clinic. It 
enables nursing staff to identify problems with the living 
ability of patients early, in order to determine a nursing 
and intervention plan as soon as possible to improve the 
patient’s quality of life.43

In this study, we show that serum albumin is one of 
the important indexes for evaluating cognitive frailty 
in patients, and a normal range of serum albumin may 
reduce the risk of cognitive frailty, which is consistent with 
other studies.18 44 45 However, due to the decline of renal 
function, long-term restriction of protein intake, inflam-
mation, long-term dialysis and other reasons, elderly 
patients with CKD are prone to protein loss and malnu-
trition, resulting in sarcopenia, which is also related to 
cognitive frailty.16 All in all, medical staff should regu-
larly monitor patient serum albumin, haemoglobin and 
other nutritional indicators, and take positive treatment 

Table 2  Assignment of independent variables

Variables Assignment method

Cognitive frailty Non-cognitive frailty=0; cognitive 
frailty=1

Age Original value entry

BMI Original value entry

Gender Female=0; male=1

Education level Primary school and below=0; junior 
high/high school=1; college and 
above=2

Occupation before 
retirement

Farmer=0; worker=1; intellectual=2; 
others=3

Monthly income (¥) ≤3000=0; 3000–5000=1; ≥5000=2

Mobility aids No=0; yes=1

Exercise (times/week) 0=0; 1–2=1; ≥3=2

CKD stage CKD stages 1–3=0; CKD stages 
4–5=1

Dialysis No=0; yes=1

Heart failure No=0; yes=1

Hyperuricaemia No=0; yes=1

SHPT No=0; yes=1

BI score Original value entry

MNA-SF score Malnutrition=0; Eutrophy=1

PSQI score Original value entry

GDS-15 score Original value entry

SSRS score Original value entry

CRP Original value entry

Parathormone Original value entry

Ferritin Original value entry

Albumin Original value entry

BUN Original value entry

Creatinine Original value entry

TC Original value entry

Triglycerides Original value entry

White cell Original value entry

Haemoglobin Original value entry

GFR Original value entry

BI, Barthel Index; BMI, body mass index; BUN, blood urea 
nitrogen; CKD, chronic kidney disease; CRP, C-reactive protein; 
GDS-15, 15-item Geriatric Depression Scale; GFR, glomerular 
filtration rate; MNA-SF, Mini-Nutritional Assessment-Short 
Form; PSQI, Pittsburgh Sleep Quality Index; SHPT, secondary 
hyperparathyroidism; SSRS, Social Support Rating Scale; TC, total 
cholesterol.

https://dx.doi.org/10.1136/bmjopen-2021-060633
https://dx.doi.org/10.1136/bmjopen-2021-060633
https://dx.doi.org/10.1136/bmjopen-2021-060633
https://dx.doi.org/10.1136/bmjopen-2021-060633
https://dx.doi.org/10.1136/bmjopen-2021-060633
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measures for patients with malnutrition and chronic 
inflammation, so as to maintain the nutritional status of 
patients and prevent the occurrence of cognitive frailty. 
In addition, encouraging patients to adhere to a Medi-
terranean diet may reduce the risk of cognitive decline to 
some extent.46

Previous studies have shown that education level is 
an independent risk factor for cognitive frailty, and the 
rate of cognitive frailty is lower among those with high 
education levels.47 48 On the one hand, the reason may 
be related to the fact that the early education training 
received by patients with a high education level can effec-
tively increase brain reserve and delay brain degener-
ation.48 On the other hand, older patients with higher 
education have a better grasp of disease-related knowl-
edge, which can further improve patient treatment 
compliance and prevent the occurrence and progression 
of cognitive frailty.49 However, the results of this study 
showed that educational level was positively correlated 
with cognitive frailty, which may be caused by the imbal-
ance in the proportion of education level among the 
patients included in this study because most of them were 
primary school graduates and below. Further verification 
needs to be conducted by expanding the sample size in 
the future. Therefore, nursing staff should pay attention 
to elderly people with different education levels and CKD, 
formulate corresponding health education content and 
intervention measures according to the specific needs of 
each patient and guide patients to be familiar with and 
master knowledge of the disease, so as to prevent or delay 
the occurrence and progression of cognitive frailty.

The results of our study also suggest that depression 
and low social support are risk factors for cognitive 
frailty, which is consistent with Malek Rivan et al’s20 study. 
Elderly patients with CKD are prone to anxiety, depres-
sion and other adverse emotions due to the long course 
of the disease and long-term frequent dialysis and hospi-
talisation, as well as the weakening of social participation 
and functions.49 In addition, there is a similar patho-
logical basis between depression and cognitive frailty, 
which makes the two closely related.50 Paying attention 
to a patient’s emotional changes, communicating with 
the patient more, encouraging the patient to participate 
in social activities and encouraging family members 
and friends to listen to and accompany the patient can 

relieve bad mood to a certain extent. Social support is 
closely related to physical and mental health, and affects 
individual emotion, thought and behaviour, which plays 
a key role in the trajectory of cognitive frailty. High levels 
of social support are a protection factor in cognitive 
frailty because patients receive emotional and financial 
support, and obtain access to more health information 
resources, such as diet or exercise guidance, through 
the transfer and use of social resources, all of which can 
effectively improve the patient’s physical and mental 
health.51

Through various training algorithms, ANNs can analyse 
the input variables that affect the dependent variables, 
and construct a predictive model with higher accuracy 
than the traditional logistic regression model.22 In our 
study, we incorporated physiological, psychological, social 
and geriatric syndromes and other aspects into an ANN 
to predict cognitive frailty in elderly patients with CKD. 
Five variables were ultimately included through univar-
iate and multivariate analyses to construct an ANN model. 
The accuracy, specificity and sensitivity of the ANN model 
were 86.36%, 88.61% and 80.65%, respectively, and the 
AUC of the constructed ANN model was 0.913, indicating 
that the model has good predictive power for the occur-
rence of cognitive frailty in elderly patients with CKD. In 
addition, the results of our study also suggest that the BI 
score is the most important factor determining cognitive 
frailty in the analysis of independent variables, with an 
importance index of 0.30. Therefore, elevating patient 
capacity for daily living can protect against cognitive 
frailty in elderly patients. In clinical practice, the proba-
bility of cognitive frailty of elderly patients with CKD can 
be obtained by a neural network algorithm, based on the 
actual situation of the patients and the corresponding 
independent variables, with high accuracy and practica-
bility in the clinic.

Two limitations should be mentioned in our study. 
In terms of the machine learning model, the larger 
the sample size, the better the prediction power of the 
model. In the future, it will still be necessary to increase 
the sample size to improve the prediction power of the 
model. In addition, the study was conducted in only one 
city in China, which could affect the generalisability of 
the findings.

Table 3  Logistic regression analysis for cognitive frailty

Variables β SE Wald χ2 P value OR 95% CI

Constant 15.383 5.178 8.826 0.003 – –

Education level 2.566 0.401 40.896 <0.001 13.009 5.926 to 28.560

BI score −0.035 0.010 12.908 <0.001 0.965 0.947 to 0.984

Albumin −0.070 0.033 4.462 0.035 0.932 0.873 to 0.995

GDS-15 score 0.183 0.061 9.053 0.003 1.201 1.066 to 1.354

SSRS score −0.111 0.033 11.053 0.001 0.895 0.838 to 0.955

BI, Barthel Index; GDS-15, 15-item Geriatric Depression Scale; SSRS, Social Support Rating Scale.
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CONCLUSIONS
This cross-sectional study showed a 21.9% prevalence of 
cognitive frailty among older Chinese patients with CKD. 
BI score, albumin, education level, GDS-15 score and 
SSRS score are the main influencing factors for cognitive 
frailty. An ANN model, based on these factors, has good 
predictive accuracy, can provide a new reference tool for 
the early prediction of cognitive frailty in elderly patients 
with CKD and enables a basis for the implementation of 
early intervention.
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