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Introduction: Elderly people are at increased risk of falls, disability and death due to
reduced functional reserve, decline in multiple systems functions, which affects their activ-
ities of daily living (ADL) and eventually develop into frailty. The ADL assessment is
conducive to early detection to avoid further serious situations. Previous studies on patients’
activities of daily living with chronic kidney disease (CKD) are mainly focused on dialysis
patients. Little information is available on non-dialysis patients.

Patients and Methods: A total of 303 elderly patients with CKD stage 3—5 who were
admitted to our hospital were selected. ADL evaluation was performed on patients at
admission, with Barthel index (BI) as the evaluation tool. They were divided into two groups
based on BI (260 and <60). Demographic information, lifestyle and clinical profile were
collected. The risk factors related to ADL were analyzed by univariate and multivariate
models.

Results: The data of 303 patients enrolled in this study were analyzed. The average age of
patients was 84.48+ 7.14 years and 62.05% were male. There were 88 patients (29.04%) in
BI <60 group and 215 patients (70.96%) in the BI >60 group. The average age of subjects in
the two groups was 87.47 + 5.85 years and 83.26+ 7.28 years, respectively. On univariate
analysis, ADL impairment was associated with many factors, such as age, body mass index,
blood lipid, heart rate, smoking history, Charlson comorbidity index (CCI), hemoglobin,
serum albumin, BNP, eGFR, etc. Multivariate logistic regression showed that age (OR 1.08,
95% CI 1.00-1.17, P=0.0390), Charlson comorbidity index (OR 4.75, 95% CI 1.17-19.30,
P=0.0295), and serum albumin (OR 0.80, 95% CI 0.70-0.92, P=0.0012) were the indepen-
dent risk factors of ADL impairment.

Conclusion: Decline of ADL in CKD patients was independently correlated with age,
Charlson comorbidity index and serum albumin. ADL and its influential factors in the elderly
CKD patients deserve further attention.
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Introduction

The global population is aging rapidly and inevitably because of the increase in
human life expectancy and the decrease in fertility rate. China, the world’s most
populous country, is also experiencing a dramatic increase in its aging population.
The number of people aged 60 and over in China is expected to grow from
22.6 million by 2013 to 402 million by 2040." Aging is one of the main risk factors
for chronic kidney disease (CKD). The incidence of CKD gradually increases with
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age. According to The Global Burden of Disease, Injuries,
and Risk Factors Study (GBD) 2017, the prevalence of
CKD was about 9.1% in the world’s population.” Elderly
people are at increased risk of falls, disability and death
due to reduced functional reserve, cumulative decline in
multiple systems functions of the body, which often affects
their activities of daily living and eventually develops into
frailty.® One review suggested that CKD is a risk factor for
cognitive impairment and frailty in older adults.* The
incidence of frailty in patients with chronic kidney disease
is higher than that in the general elderly population due to
changes in protein metabolism, inflammation, oxidative
stress, anemia and other reasons.” It has been pointed out
that the incidence of frailty in the healthy elderly is about
11%, while the incidence of frailty in the elderly with
CKD is about 6 times (up to 60%) as that in the healthy
elderly.® Frailty patients are characterized by fatigue,
weight loss, muscle weakness and decreased functioning,
often leading to an increased risk of falls, disability and
hospitalization.”

The current assessment methods of frailty, such as
frailty index® and comprehensive geriatric assessment
(CGA),” all include the assessment of physical functions
of the elderly, one of which is activities of daily living
(ADL). ADL is a convenient way to assess a person’s
functional level, referring to the ability of a person to
perform his or her daily activities. It ranges from complete
independence to heavy dependence, including basic activ-
ities of daily living (BADL) and instrumental activities of
daily living (IADL), reflecting the overall health of a -
person.'® The Barthel index (BI) is one of the most com-
monly used methods to assess a person’s basic self-care
ability and the intensity of care required. The total score is
100, and the lower the score, the stronger the dependence
on daily life. In studies of patients with stroke, acute heart
failure and peripheral artery disease, it was found that low
BI score was associated with poor prognosis.'''* The
ADL assessment method is simple, which is conducive
to early detection of impaired functional activities, with
a view to early intervention to avoid further serious situa-
tions such as falls and disability. At present, studies on
patients’ abilities of daily living are mainly focused on
patients with surgical surgery and cerebrovascular dis-
eases. Related studies on patients with chronic kidney
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disease are also focused on dialysis patients,
little information is available on non-dialysis patients.
The aim of this study was to explore the main risk

factors related to the decline of activities of daily living in

CKD non-dialysis patients, so as to identify and screen
frailty population in the early stage, and propose relevant
intervention measures to improve the quality of life.

Patients and Methods
Study Design and Subjects

This was a case—control study. We collected 303 patients
from the clinical Scientific Research platform. They were
admitted to the department of Internal Medicine, Beijing
Chaoyang Hospital, Capital Medical University between
October 2017 to December 2018. This study was reviewed
and approved by the Medical Ethics Committee of Beijing
Chaoyang Hospital, Capital Medical University. The
informed consents were signed after the eligible patients
agreed to participate in the study and allowed access to
their clinical data. The inclusion criteria for all subjects
were as follows: 1) 65 years old and over, 2) Diagnosis of
CKD stage 3-5, 3) non-dialysis, whether hemodialysis or
peritoneal dialysis. The glomerular filtration rate was esti-
mated by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula.'” The estimated glo-
merular filtration rate (eGFR) of less than 60 mL/min per
1.73 m? was defined as CKD stage 3-5."%

Data Collection and Outcomes

Age, gender, smoking history, body mass index (BMI),
heart rate (HR),
(LVEF), medical history, psychological components (anxi-

Left ventricular ejection fraction

ety, depression), cause of hospital admission, length of
stay, and laboratory test were collected and extracted
from clinical Scientific Research platform. The patient’s
anxiety and depression status was assessed by
a neuropsychologist, or they had a prior history of anxiety
or depression and were taking antianxiety or antidepres-
sant medications. Since height and weight were recorded
at admission, BMI could be calculated by the following
formula: BMI = weight (kg)/height (m?). The Charlson
comorbidity index (CCI) is a weighted score of the num-
ber and severity of various diseases to predict 1-year
mortality.' It should be noted that the selected population
in our study were all patients with chronic kidney disease,
so the renal disease was not taken into account.

ADL evaluation was performed on patients at admis-
sion, with Barthel index (BI) as the evaluation tool. BI
consists of 10 items, including feeding, dressing, transfer-
ring, grooming, bathing, bowel control, bladder care, toi-

leting, walking, ascending and descending stairs, with
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a total score ranging from 0 tol100.'" Higher BI score
indicates lower dependency with ADL. It is reported that
BI score >60 is classified as basic self-care in life,
score<60 indicates functional dependency.?’ In our study,
the BI cut-off value of patients divided into two groups

was 60, which was consistent with previous studies.'''*2!

Statistical Analysis

R 3.3.2 statistical software was used to perform all ana-
lyses. For measurement data, the normality of data was
tested using the Shapiro test. And homogeneity of var-
iance was tested by Levene test. The variables such as
B-type natriuretic peptide (BNP) that presented non-
uniformity were transformed via natural logarithm. The
variables such as age, BMI, HR, CCI, ¢eGFR and labora-
tory test with normal distribution or large samples (n>30)
were presented as the mean + standard deviation (SD) and
then were assessed by Student’s z-test. Small samples or
non-normal distribution data were represented by median
(upper quantile-lower quantile), and Wilcox test was
adopted. The count data, such as gender, smoking history,
LVEF<55%, psychological components were presented as
a percentage, then, were compared with the Chi-square
test or Fisher’s exact test according to the theoretical
frequency. Variables with P<0.2 in the univariate analysis
were incorporated into the multivariable models. The
multivariable analyses were carried out using the multi-
nomial logistic regression, decision tree and Bayesian
model. The odds ratio (OR) was calculated by using
logistic regression analysis. The receiver operating char-
acteristic curve and decision curve analysis were con-
ducted for three methods to test the wvalidity of
prediction, and the area under the curve (AUC) was
established.

Results

Baseline Characteristics

The data of 303 patients enrolled in this study were ana-
lyzed. Baseline characteristics of the patients are shown in
Table 1. The average age of patients was 84.48+ 7.14 years
and 62.05% were male. After assessing ADL with Barthel
index, subjects were divided into two groups, Bl <60
group and BI >60 group. There were 88 patients
(29.04%) in BI <60 group and 215 patients (70.96%) in
the BI >60 group. The average age of subjects in the two
groups was 87.47 + 5.85 years and 83.26+ 7.28 years,
respectively.

The two groups were balanced for gender, LVEF, psy-
chological components, Hemoglobin A1C (HbA1C) level,
C-reactive protein (CRP) level, high-density lipoprotein
cholesterol (HDL-C) level, total bilirubin level, direct
bilirubin level and indirect bilirubin level. The BI <60
group was older, had a higher percentage of males, and
had a lower mean BMI and eGFR than the BI >60 group.
Furthermore, the levels of hemoglobin and serum albumin
were lower and the levels of BNP were higher in the BI
<60 group than in the BI >60 group. The prevalence of
smoking history was higher in the BI<60 group than in the
BI >60 group. The main causes of admission were cere-
brovascular disease (28.05%), respiratory disease
(22.44%), cardiovascular disease (13.53%). The length of
stay was longer in the low BI group. Meanwhile, our study
found that the risk of adverse events was significantly
higher in the low BI group than in the other group.

Risk Factors of ADL Impairment

Risk factors analysis is shown in Table 2. Age (p<0.001),
heart rate (p=0.024), BMI (p=0.179), smoking history
(p=0.073), hemoglobin level (p=0.037), serum albumin
level (p<0.001), log transformed BNP level (p=0.004),
low density lipoprotein cholesterol level (LDL-C)
(p=0.086), triglyceride (TG) level (p=0.084), Charlson
comorbidity index (p=0.181), eGFR (p=0.143), respiratory
disease (p=0.058) and cerebrovascular disease (p=0.187)
were found to be associated with low BI score in the
univariate analysis (Table 1).

Patients with missing data on more of the included
variables were excluded from the multivariable analyses.
After the collinear analysis, there was no strong collinear
between any two factors. Charlson comorbidity index was
divided into two groups on 3.5 point calculated by ROC.
Then, a total of 12 variables, 132 cases sample entered into
the multivariate analysis model. With the step-wise selec-
tion and Akaike information criterion (AIC) as the criteria
for variables selection, the multivariable logistic regres-
sion model with the lowest AIC was finally obtained,
including four variables. LDL-C was not associated with
ADL impairment (P=0.0997). Age, serum albumin level
and Charlson comorbidity index were independently sig-
nificant predictors of ADL impairment. Among them, age
(OR=1.08, 95% CI 1.00-1.17, P=0.0390), Charlson
index (OR=4.75, 95% CI 1.17-19.30,
P=0.0295) were risk factors for ADL impairment, and
serum albumin (OR=0.80, 95% CI 0.70,-0.92, P=0.0012)
was protective factor for ADL impairment (Table 2).

comorbidity

Clinical Interventions in Aging 2020:15

submit your manuscript

611

Dove


http://www.dovepress.com
http://www.dovepress.com

Chang et al

Dove

Table | Baseline and Univariate Analysis of the Risk Factors of ADL in CKD Stage 3-5 Patients

Total (n=303) BI<60 (n =88) BI=60 (n = 215) p value
Age (years) 84.48+7.14 87.47+5.85 83.26 £ 7.28 <0.001
Male, n (%) 188 (62.05) 58 (65.91) 130 (60.47) 0.450
BMI (kg/m?) 25.20+3.93 (n=242) 24.45+3.37 (n=41) 25.36+4.03 (n=201) 0.179
HR (beats per min) 77.21%15.62 (n=284) 80.41+16.39 (n=85) 75.85x15.11 (n=199) 0.024
Smoking, n (%) 176 (60.07) (n=293) 59 (68.60) (n=86) 117 (56.52) (n=207) 0.073
LVEF<55%, n (%) 18 (13.85) (n=130) 4 (12.90) (n=31) 14 (14.14) (n=99) I
Ccl 1.84+1.56 (n=286) 2.04+1.73 (n=83) 1.76£1.49 (n=203) 0.181
Psychological components (anxiety, depression), n (%) 13 (4.55) (n=286) 5 (6.02) (n=83) 8 (3.94) (n=203) 0.532
Laboratory Test
HbAIC, % 6.55+1.3 (n=182) 6.60+1.58 (n=48) 6.52 £ |.19 (n=134) 0.724
Hemoglobin(g/L) 107.38+21.46 (n=278) 103.20£20.17 (n=81) 109.10£21.79 (n=197) 0.037
Albumin(g/L) 36.04+4.39 (n=251) 33.59+4.1 (n=70) 36.99+ 4.13 (n=181) <0.001
CRP(mg/L) 3.74+6.81 (n=97) 4.63+4.8 (n=28) 3.37% 7.48 (n=69) 0412
In(BNP) (ng/L) 5.15£1.04 5.44+0.96 5.01%1.06 0.004
TG (mmol/L) 1.51£0.92 (n=251) 1.35£0.60 (n=71) 1.57£1.01(n=180) 0.084
LDL-C (mmol/L) 2.25+0.85 (n=251) 2.39+0.81 (n=71) 2.19+0.86(n=180) 0.086
HDL-C (mmol/L) 1.01£0.32 (n=251) 0.97+0.30 (n=71) 1.02+0.33 (n=180) 0.281
Total bilirubin (umol/L) 12.19£10.73 (n=248) 12.90£13.44 (n=67) 11.93+9.57(n=181) 0.528
Direct bilirubin (umol/L) 5.09+6.88 (n=248) 5.93+9.78 (n=67) 4.78+5.44(n=181) 0.242
Indirect bilirubin (umol/L) 7.10£5.44 (n=248) 6.97+4.51 (n=67) 7.15£5.75(n=18l) 0.814
eGFR (mL/min per 1.73 m?) 40.76£13.65 (n=291) 38.91+14.66 (n=83) 41.51£13.23 (n=208) 0.143
Cause of Admission
Respiratory disease, n (%) 68 (22.44) 26 (29.55) 42 (19.53) 0.058
Cardiovascular disease, n (%) 41 (13.53) 10 (11.36) 31 (14.42) 0.480
Gastrointestinal disease, n (%) 16 (5.28) 6 (6.82) 10 (4.65) 0.444
Cerebrovascular disease, n (%) 85 (28.05) 20 (22.73) 65 (30.23) 0.187
Diabetes, n (%) 10 (3.30) 3 (341) 7 (3.26) 0.946
Cancer, n (%) 37 (12.21) 10 (11.36) 27 (12.56) 0.773
Others, n (%) 46 (15.18) 13 (14.77) 33 (15.35) 0.899
Length of stay, days 8.58+3.08 9.32+3.66 8.27+2.77 0.017
Bl scores at discharge 70.69+26.09 (n=298) 40.35+ 24.14 (n=85) 82.79+14.38 (n=213) <0.001
Mortality, n (%) 6 (1.98) 5 (5.68) 1(0.47) 0.532

Note: For Fisher exact test.

Abbreviations: BMI, body mass index; HR, heart rate; LVEF, left ventricular ejection fraction; CCI, Charlson comorbidity index; eGFR, estimated glomerular filtration rate;
CRP, C-reactive protein; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Predicting ADL Impairment

In order to explore the main risk factors for the decline of
those patients’ ADL, three different models, logistic regres-
sion, decision tree and naive Bayes were used to predict
ADL impairment. Logistic regression is a regression model
in which the dependent variable is the categorical variable
and the probability of events is modeled as a linear function
of a set of predictive variables. A decision tree is a tree
structure in which each internal node represents a test on an
attribute, each branch represents a test output, and each leaf
represents a category. Naive Bayes method is to use the prior
probability of an object to calculate its posterior probability
by using the Bayesian formula.*

Variables like demographics and laboratory test at
admission were added into models. To achieve a better
performance in discrimination and prediction, severe index
is shown in Table 3. Compared with the logistic regression
model, naive Bayes model demonstrated a higher perfor-
mance in AUC (0.82 vs 0.77), F-score (0.51 vs 0.47),
specificity (0.96 vs 0.92) and positive predictive value
(PPV) (0.86 vs 0.64), whereas a lower performance in
accuracy (0.73 vs 0.77), sensitivity (0.37 vs 0.38) and
Negative predictive value (NPV) (0.70 vs 0.79). While
decision tree model demonstrated a higher accuracy (0.86
vs 0.77), F-score (0.55 vs 0.47), sensitivity (0.61 vs 0.38),
NPV (0.94 vs 0.79), but a lower AUC (0.74 vs 0.77),
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Table 2 Multivariate Logistic Regression Analysis of the Risk
Factors of ADL in CKD Stage 3-5 Patients

OR 95% ClI p value
Age 1.08 1.00, 1.17 0.0390
LDL-C 1.65 0.91, 2.98 0. 0997
Albumin 0.80 0.70, 0.92 0.0012
Cccl 4.75 1.17, 19.30 0.0295

Abbreviations: LDL-C, low-density lipoprotein cholesterol; CCI, Charlson
comorbidity index.

specificity (0.90 vs 0.92) and PPV (0.50 vs 0.64) compar-
ing with the logistic regression model.

Receiver operating characteristic curve (Figure 1A)
demonstrated that naive Bayes model had the best overall
classification performance compared with logistic regres-
sion model and decision tree model. Likewise, decision
curve analysis (Figure 1B) showed a similar result that the
overall net benefit of naive Bayes model surpassed that of
the logistic regression model and decision tree model
throughout the threshold ranges.

Discussion
ADL reflects the functional status and self-care ability of
the elderly. CKD patients often suffer from a decline in
their living ability due to a variety of reasons. Patients
with CKD often have a decline in their living ability due to
a variety of reasons, which not only significantly reduces
their quality of life but also affects the mental health level
and social adaptability of the elderly. In addition, it will
also bring a heavy burden to the family and society. The
study of ADL in elderly CKD patients and its influencing
factors can help early detection of risk groups and early
intervention to improve the quality of life of the elderly.
In the current practice of nephropathy, the number of
patients with non-dialysis CKD (ND-CKD) is increasing.
Those patients are characterized by a higher burden of
multimorbidity, such as hypertension, diabetes and cardi-
ovascular (CV) disease.”> The high prevalence of both
traditional and non-traditional cardiovascular risk factors
probably explains the massive burden of cardiovascular

Table 3 Prediction Performance Evaluation

disease in this population. De Nicola et al found a linear
correlation between cardiovascular risk and LDL levels in
patients with non-dialysis CKD.>* Moreover, proteinuria
was found to be a risk factor of cardiorenal outcome in
these patients. The severity of GFR injury was positively
correlated with the level of proteinuria.”> A multicenter
prospective study using proteinuria indexed to eGFR
showed that filtration-adjusted proteinuria (F-Uprot)
could better estimate ESRD risk. In all CKD stages, the
risk of ESRD significantly increased with the increase of
F-Uprot.® Another study showed that CKD patients had
a relatively high risk of developing ESRD even with long-
term care and low proteinuria.”> The aggravation of the
burden of CV and renal diseases also leads to the decline
of the patients’ quality of life and functional status.

There were a lot of studies about kidney function and
ADL. A study of older rehabilitation patients showed that
GFR and BI were independent risk indicators for survival.?’
A study of people receiving home care for CKD showed
a significant correlation between GFR and BI. When GFR
decreased, BI scores decreased.”® However, in our study,
GFR was associated with low BI in univariate analysis but
did not enter the regression analysis model. The effect of
GFR on BI was not significant. This may be due to differ-
ences in the study population and GFR calculation methods.

Our study used BI scores as a basis for grouping
patients. However, BI has some limitations. The score of
BI may be influenced by the environment depending on
the availability of additional aids. Furthermore, cognitive
impairment affects ADL regardless of the patient’s health
status. Although BI has some drawbacks, it is still valuable
in the study of risk stratification and prognosis. A study by
Murcia et al used BI to group patients to investigate
whether BI
pneumonia.”® A study of patients with severe limb ische-

predicted mortality in patients with
mia also compared patients with high BI and low BI to
determine whether BI is useful for risk stratification after
bypass surgery.*°

It is well known that the dependence of the elderly on
the abilities of daily living increases with age.

Model AUC (95% CI) Accuracy F-score Sensitivity Specificity PPV NPV
LR 0.77 (0.66,0.88) 0.77 (0.68,0.83) 0.47 0.38 0.92 0.64 0.79
DT 0.74 (0.63,0.84) 0.86 (0.79,0.92) 0.55 0.6l 0.90 0.50 0.94
NB 0.82 (0.72,0.91) 0.73 (0.64,0.80) 0.51 0.37 0.96 0.86 0.70

Abbreviations: AUC, area under curve; LR, logistic regression; DT, decision tree; NB, naive Bayes; PPV, positive predictive value; NPV, negative predictive value.
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Figure | Comparison of three models predicting ADL. (A) Comparison of three
models using receiver operating characteristic curve; (B) decision curve for pre-
diction of three models.

A study on the factors influencing the daily life of
elderly people in China found that older age was
a relevant factor for the loss of activities of daily living.*'
In a systematic review of 25 studies, age was identified as
one of the risk factors for ADL in elderly community
residents in several studies.®” Similar results have been
found in studies of patients with chronic kidney disease.>
In our study, age showed a strong correlation with ADL in
both univariate and multivariate analyses, confirming the
effect of age on ADL in patients with chronic kidney

disease. Therefore, ADL evaluation should be paid more
attention as age increases.

CCI is the most commonly used tool to evaluate
comorbidity. It used 604 hospitalized patients as the
study object to assign values to patients with different
diseases, evaluate their 1-year mortality rate, and verify
their ability to predict the risk of death in 685 breast
cancer patients.19 CCI, as an independent factor, affects
the prognosis and mortality of patients, which has been
verified in several studies.***> The present study demon-
strated that a higher comorbidity index was associated
with functional decline in elderly patients with CKD.
The elderly are prone to a variety of chronic diseases,
and complications have been proven to be one of the risk
factors for functional decline, disability, and dependence
in multiple studies.**® This is consistent with our find-
ings. Therefore, the management of chronic diseases of the
elderly should be strengthened.

Our study found that serum albumin levels were an
important predictor of ADL declined in elderly CKD
patients, which was consistent with previous studies.**~’
Epidemiological studies have shown that there is a certain
relationship between serum albumin and ADL.*® A 12-year
cohort study of the elderly in Japan found that a decline in
activities of daily living was significantly associated with
lower serum albumin levels.*' Serum albumin is a common
index to evaluate the nutritional status of patients with
chronic kidney disease.** Hypoproteinemia is more common
in patients with CKD, which may be due to the impaired
gastrointestinal function of CKD patients, resulting in
decreased appetite and food intake. Low albumin levels
have been associated with poor prognosis in a variety of
diseases, including coronary heart disease,43 cancer,44 cere-
brovascular diseases,” CKD and so on. A study on patients
with CKD stage 3—4 found that patients with low serum
albumin levels had a higher incidence of adverse endpoint
events and a worse prognosis.*® Therefore, active nutritional
intervention is very necessary for CKD patients to improve
their malnutrition and poor prognosis.

Our study found that the risk of adverse events during
hospitalization was significantly higher in the low BI group.
A recent review of studies indicates that patients with low BI
scores in CKD and dialysis populations have a significantly
higher risk of death than those with low BI scores.*’” BI has an
important impact on the prognosis and mortality of patients,
which has been verified in postoperative patients and patients
with acute heart failure.'""'> A Danish cohort study based on
the geriatric database explored the relationship between BI
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and mortality in elderly patients. The results showed that BI
was negatively correlated with the mortality of patients, and
the higher the BI score, the lower the mortality of patients.*®
However, our study did not further follow up with the patients.
Follow-up information should be further increased in later
studies.

A recent cross-sectional study in Japan examined the
relationship between serum bilirubin levels and ADL in
elderly diabetics, and found that serum bilirubin is an
important predictor of daily activity disorders in elderly
diabetics.*” Some studies have shown that serum bilirubin
plays a certain role in predicting the progression of CKD
in patients with diabetes.’™! Liu et al found in the study
of non-dialysis patients with chronic kidney disease that
serum bilirubin was a protective factor for the prognosis of
CKD patients, and patients with high serum bilirubin
levels had a better prognosis of kidney.”> We also included
this indicator in our study, but there was no significant
statistical difference between the two groups in our study.
The possible reason is that the patients in our study were
older and had more chronic diseases, and the influence of
liver function and drugs has not been ruled out.

Several machine-learning algorithms have been used
for ADL classification and prediction.> A study used
machine-learning methods, namely logistic regression,
support vector machine, and random forest, to predict the
state of BI in post-stroke patients.>* Similarly, our study
used decision tree, naive Bayes, logistic regression to
predict patients’ ADL. The result demonstrated that naive
Bayes model surpassed that of the other two models in
overall performance, although the decision tree model has
higher accuracy and sensitivity. Naive Bayes model has
a high potential for predicting ADL impairment.

CKD patients are more prone to functional decline.
A prospective study of 1000 elderly people in the community
showed that patients with CKD had a threefold decrease in
ADL compared with patients without CKD.>> The specific
mechanism of CKD leading to the decline of daily living
ability is still unclear. There are some possible mechanisms
to explain the relationship between the two. First, CKD
patients are prone to multiple systemic complications, such
as volume and acid-base balance disorders, anemia,’® dysli-
pidemia, and increased cardiovascular risk, which may lead
to fatigue, bone pain, walking difficulties, weakness, and
decreased exercise endurance. These complications, by
themselves or as part of multimorbidity, complicated the
physical status in patients with CKD and may explain the
risk of functional decline. Second, CKD patients may also

have abnormal metabolism of calcium and phosphorus, para-
thyroid hormone, vitamin D and other minerals, which may
cause CKD-related mineral bone disease (CKD-MBD), pro-
mote vascular calcification and osteoporosis, and increase the
risk of cardiovascular disease and fracture,”’ and thus affect
the quality of life and daily activities of patients. Lastly,
patients with CKD are often in a state of chronic catabolism,
which may lead to muscle atrophy and decreased exercise
endurance. In addition, low protein intake, metabolic acido-
sis, lack of exercise, oxidative stress and inflammation often
occur in CKD patients, which affect muscle quality and
increase the incidence of sarcopenia in this population, and
may also be a factor leading to the decline of ADL.®
Although the association between CKD and functional
decline has been widely studied, more studies are needed in
the future to further explore the biological mechanism of
functional decline in patients with CKD.

There are some limitations to this study that should be
taken into consideration. First, this was a single-center study
in tertiary care hospital. The potential sources of bias may be
due to the monocentric design and the ethnic homogeneity of
the sample. Second, follow-up should be added in the later
period to clarify the prognosis of the patients. In addition,
polypharmacy, cognitive impairment, social factors, physical
activity are not included in our study, and these may also be
related to patients’” ADL decline.

Conclusion

In conclusion, the present study shows that age, CCI and
serum albumin were independently correlated with ADL
impairment in CKD patients. Further studies are needed to
better understand the relevant biological mechanisms and
identify interventions to limit the decline of ADL in CKD
patients.
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