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Abstract

Background: Chronic kidney disease (CKD) is prevalent in older adults. In the aging CKD population, cognitive frailty
is more common, but its prevalence and associated risk factors need to be further investigated.

Methods: This is a cross-sectional study that enrolled patients aged > 60 years with a diagnosis of CKD from Janu-
ary 2018 to February 2021. Patients were assessed for frailty and cognition with the FRAIL and the Mini-Mental State
Examination (MMSE) scales and were divided into the cognitive frailty and non-cognitive frailty groups. Risk factors
for cognitive frailty were identified by univariate and multivariate logistic regression analyses. A prediction model for
cognitive frailty was built and a nomogram was plotted. The performance of the nomogram was evaluated by using a
concordance index (C-index) and calibration plots.

Results: A total of 1015 older patients with CKD were enrolled, among whom 607 (59.8%) were males and 408
(40.2%) were females, with an age ranging from 60 to 98 years, and an cognitive frailty prevalence of 15.2%. The preva-
lence of cognitive frailty varied among the CKD stages 1-5, with rates of 4.7%, 7.5%, 13.8%, 18.5%, and 21.4%, respec-
tively. Multivariate logistic regression analysis showed that age (OR=1.11, 95%Cl 1.08-1.14, p < 0.001), depression
(OR=252,95%Cl 1.54-4.11, p<0.001), low social support (OR=2.08, 95%Cl 1.28-3.39, p=0.003), Charlson comorbid-
ity index (CCI) (OR=1.92, 95%Cl| 1.70-2.18, p < 0.001), eGFR (OR=10.98, 95%Cl 0.96-0.99, p < 0.001) and albuminuria
(OR=5.93, 95%Cl 3.28-10.74, p <0.001) were independent risk factors affecting the association with cognitive frailty

in older patients with CKD. A nomogram for assessing cognitive frailty was established and well-calibrated with a
C-index of 0.91 (95%CI 0.89-0.94).

Conclusions: The prevalence of cognitive frailty was higher in older patients having CKD. Advanced age, comorbid-
ity, depression, low social support, eGFR and albuminuria were independent risk factors for CKD accompanied with
cognitive frailty.
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Background
With the progress of medical technology and increased
life expectancy, population aging is becoming an evident
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There are 190 million people aged more than 65 years,


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-022-03366-z&domain=pdf

Chang et al. BMC Geriatrics (2022) 22:681

attributing to 13.5% of the overall population [1]. The
health of older adults vary greatly, Many older adults
are not in good health despite just entering their mature
years, while some are very hale and hearty. Therefore,
age cannot fully reflect the health status of older people.
Frailty, in turn, indicates a decline in reserve capacity and
anti-stress ability of an organism, standing as an impor-
tant indicator of health status [2—4].

Older people usually experience comorbidities and
endure functional decline, leading to frailty and cognitive
impairments in a high proportion of the older population.
Frailty and cognitive impairment interact in a vicious
cycle, which can increase the risk of adverse outcomes,
such as disability, falling, hospitalization, and death [5, 6].
In this context, the International Academy on Nutrition
and Aging (IANA) and the International Association of
Gerontology and Geriatrics (IAGG) jointly proposed the
concept of cognitive frailty in 2013 [7]. Cognitive frailty
is defined as frailty and cognitive dysfunction without a
definitive clinical diagnosis of dementia. Cognitive frailty
poses a serious threat to the quality of life and health of
the elderly population. In recent years, researchers have
intensified their studies in this field. A study by Ruan
et al. [8] found that cognitive frailty was a pathological
state, which was a precursor to brain aging and neuro-
degeneration. A meta-analysis including 14 studies with
57,559 older adults suggested that the prevalence of cog-
nitive frailty was 2.5%-50% [9].

Likewise, the prevalence of chronic kidney disease
(CKD) increases with age. Previous studies have shown
that CKD affects about 119.5 million Chinese individu-
als, with an overall prevalence rate of 10.8% and a higher
prevalence of 33% in people aged 60-89 years [10].
Because CKD patients suffer from chronic inflammation,
cardiovascular diseases, metabolic disorders, malnutri-
tion, anemia, and other conditions, a higher incidence of
physical and cognitive frailty is observed in these patients
than in the general population. If cognitive frailty can
be screened out in the early stages of CKD, successful
aging and independence in the clinical prognosis of CKD
patients may be achieved [11]. Therefore, it is important
to assess the prevalence of cognitive frailty in older adults
with CKD and investigate the risk factors associated with
this disease.

Methods

Study design and population

In this study, a cross-sectional survey was conducted.
Subjects admitted as inpatients at the Department of
Internal Medicine and the Department of Nephrology,
Beijing Chaoyang Hospital, Capital Medical Univer-
sity, from January 2018 to February 2021, were enrolled.
Patients aged 60 years or above who were diagnosed
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with CKD met the inclusion criteria. According to the
Kidney Disease Improving Global Outcomes (KIDIGO)
guideline, a patient was diagnosed with CKD when he/
she had abnormal kidney structure or function for more
than 3 months, which had an impact on health, and an
estimated glomerular filtration rate (¢GFR) below 60 mL/
min/1.73 m?, or developed albuminuria [12]. The exclu-
sion criteria were: 1) those with severe visual, hearing, or
verbal communication impairments, or unable to answer
the questionnaire; and 2) patients diagnosed with Alzhei-
mer’s disease, dementia or other psychiatric illness. The
experimental protocol was reviewed and unanimously
approved by the Medical Ethics Committee of Beijing
Chaoyang Hospital, Capital Medical University, Beijing,
China (approval number 2017-ke-98). All patients signed
an informed consent form. Patient who was illiteracy
signed the informed consent from the legally authorized
representative or from the guardians.

Diagnosis and definitions

Patients with both frailty and cognitive impairment were
considered to suffer cognitive frailty, while those without
both complications were regarded as having no cognitive
frailty. The patients were divided into the cognitive frailty
group and the non-cognitive frailty group, according to
whether they developed cognitive frailty. Frailty assessed
by the FRAIL scale, which consisted of 5 aspects: fatigue,
resistance, ambulation, illness, and weight loss. Fatigue
was defined as whether the patient endured most or all
of the frailty in the past month. Resistance referred to
inquiring whether the subjects had difficulty going up one
floor alone without resting. Ambulation referred to an
assessment of how difficult it was to walk a block alone.
Illness referred to the test of the presence of 5 abnormali-
ties of the following conditions: hypertension, diabetes,
malignancy, chronic lung disease, asthma, acute heart
attack, congestive heart failure, angina, arthritis, stroke,
and kidney disease. Weight loss examined whether the
reduction in weight was greater than 3 kg or>5% in
the past year. Each item was scored as 1 point, and the
maximum overall score was 5. A score of >3 indicated
frailty [13]. Cognitive assessment was performed using
the Mini-Mental State Examination (MMSE) scale, with
a score > 30 suggesting a conserved cognitive function.
Since MMSE scores were influenced by educational level,
cognitive decline was defined as illiteracy MMSE <17,
elementary school graduate MMSE <20, middle school
graduate MMSE <22, and higher education graduate
MMSE < 24 [14].

Clinical data collection
Patients’ demographic information (including height,
weight, etc.) and general clinical data (e.g., blood and



Chang et al. BMC Geriatrics (2022) 22:681

biochemical routines, past medical history, etc.) were col-
lected. Body mass index (BMI) was calculated by dividing
body weight (kg) by the square of height (m). CKD-EPI
formula was applied to calculate eGFR [15]. CKD stages
1-5 were defined as eGFR>90 mL/min/1.73m2 with
albuminuria, 60-89 mL/min/1.73m2 with albuminu-
ria, 30-59 mL/min/1.73m? 15-29 mL/min/1.73m?
and <15 mL/min/1.73m? respectively [12]. The circum-
ference of the thickest part of the mid-calf was measured
with a soft ruler and recorded as calf circumference.
Grip strength was measured by dynamometer maxi-
mal strength and rapid force processing. No arm flexion
or swinging, squatting, bending or foot-stomping were
allowed when measuring force. For proper use, care had
to be taken to ensure that the grip dynamometer did not
touch the body or clothing during the evaluation, and the
highest value was recorded by taking 2 measurements
at least 15 s apart. Depression of patients was assessed
using the Geriatric Depression Scale-15 (GDS-15), a sim-
plified version of the 15-question GDS [16]. In this case,
the patients answered questions by yes or no, obtaining a
score of 1 or 0, respectively, with a maximum total score
of 15. The higher the score was, the greater the degree
of depression would be implicated. A score equal to or
greater than 5 indicated depression, while a score of 0—4
suggested no illness. Social support was measured with
the SSRS scale, which involved three objective supports
(4-16 points), four subjective supports (5-38 points),
and three levels of social support (3—-12 points). The
higher the total score was, the higher the level of social
support became. The reliability and validity of the SSRS
scale were considered satisfactory [17]. According to the
results, social support was rated as low or high. Comor-
bidities were measured using the Charlson Comorbidity
Index (CCI), which was adapted to assess common dis-
eases in older adults and weighted as per its potential
impact on outcomes [18].

Statistical methods

Statistical analysis and mapping were performed using
SPSS 22.0 (IBM, Armonk, New York, USA) and R 4.1.1
for Windows (Lucent Technologies, Jasmine Hill, New
Jersey, USA). Measurement data with normal distribu-
tion were presented as mean =+ standard deviation (SD),
while non-normally distributed data were expressed as
quartiles. Independent-sample t-test was applied to com-
pare age, BMI, CCI, Grip strength, calf circumference,
serum albumin and other blood and biochemical routine
parameters between the two groups. Chi-square test was
used to compare the count data. The risk factors for cog-
nitive frailty in elderly patients with CKD were analyzed.
For this purpose, a univariate analysis was performed to
statistically derive related variables. Cognitive frailty was
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designed as the dependent variable and independent var-
iables included the relevant indexes, age, sex, educational
level, marital status, depression, SSRS, smoking, drink-
ing, CCIL, BMI, grip strength, calf circumference, serum
albumin, total cholesterol (CHOL), low density lipopro-
tein (LDL), eGFR, hemoglobin (HGB), and albuminuria.
Multivariate logistic regression analysis was performed
to identify independent risk factors for cognitive frailty
in older adults with CKD and useful factor combina-
tions that could be used to predict cognitive frailty. The
variables that were found statistically significant in uni-
variate analysis were employed as independent variables
in multivariate logistic regression analysis (a;,=0.05,
Aoy =0.10). P-values<0.05 were considered statistically
significant. All probabilities were two-tailed. The relevant
influencing factors were further employed to establish a
nomogram for predicting the risk of cognitive frailty in
older patients with CKD. Receiver operating character-
istic (ROC) curve was drawn to judge the discrimina-
tive capability of the prediction model. An area under
the curve (AUC) of greater than 0.75 indicated that the
prediction model had a good discrimination ability. In
logistic regression predictive models, the concordance
index (C-index), defined as the AUC of ROC, which was
a numerical measure of discriminative power used for
reflecting predictive accuracy. Then, calibration plots
curve with bootstrap samples were drawn, which was
a graphical evaluation of predictive power to compare
the observed probabilities with those predicted by the
nomogram.

Results

General characteristics of patients

As shown in the screening flow chart (Fig. 1), a total of
1,015 elderly CKD patients out of 8875 inpatients were
enrolled, with an age ranging from 60 to 98 years (mean
77.3+£9.2 years). Based on FRAIL and MMSE assess-
ments, 154 (15.2%) patients were categorized in the
cognitive frailty group and 861 (84.8%) patients were
in the non-cognitive frailty group. Among those with
cognitive frailty, 87 patients (56.5%) were males and 67
(43.5%) were females. In the non-cognitive frailty group,
520 (60.4%) were male and 341 (39.6%) were female. As
shown in Fig. 2, the number of CKD cases with cogni-
tive frailty at stages 1-5 was 2, 7, 68, 36, and 41, respec-
tively, with a prevalence of 4.7%, 7.5%, 13.8%, 18.5%, and
21.4%, respectively. Compared with the non-cognitive
frailty group, those with cognitive frailty featured older
age (82.0+8.6 vs 76.5+£9.0, p<0.01), a lower frequency
of having spouses (60.4% vs 80.7%, p<0.01), lower BMI
(23.23£3.67 vs 25.07 +3.80, p<0.01), higher frequency
of depression (45.5% vs 14.1%, p <0.01), higher frequency
of albuminuria (33.8% vs 17.9%, p<0.01), higher CCI
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(6.59+£1.93 vs 3.11+£1.72, p<0.01), lower grip strength
(14.73+£5.84 vs 21.28+7.01, p<0.01), and lower calf
circumference (31.64+5.73 vs 34.95+5.23, p<0.01), as
shown in Table 1.

Risk factors for cognitive frailty in elderly patients

with CKD

Univariate logistic regression analysis was conducted
to identify the risk factors for cognitive frailty (Table 2).
Age, education, marital status, depression, social sup-
port, comorbidity index, BMI, grip strength, calf
circumference, total cholesterol, eGFR, HGB and albu-
minuria were found statistically significant variables in

Table 1 Characteristics of cognitive frailty in patients with
chronic kidney disease

Cognitive frailty Non-Cognitive P value

(n=154) frailty (n=861)

Age (years) 820+86 76.5+9.0 <0.001
Sex, n(%)

Male 87 (56.5%) 520 (60.4%) 0.363

Female 67 (43.5%) 341(39.6%)
Marital status, n(%)

Married 93(60.4%) 695(80.7%) <0.001

Divorced /Widowed 61(39.6%) 166(19.3%)
BMI (kg/mz) 23.23+367 25.07+3.80 <0.001
Smoking 53 (34.4%) 308 (35.8%) 0.746
Drinking, n(%) 40 (26.0%) 198(23.0%) 0422
Educational level

illiteracy, n(%) 16(10.4%) 17(2.0%) <0.001

Primary school, n(%) 36(23.4%) 133(15.4%)

Junior high school, 48(31.2%) 350(40.7%)
n(%)

High school or above, 54(35.4%) 361(41.9%)
n(%)
SSRS, n(%)

Low level, n(%) 71(46.1%) 152(17.8%) <0.001

High level, n(%) 83(53.9%) 708(82.2%)
Depression, n(%) 70(45.5%) 121(14.1%) <0.001
[«@ 6594193 3114+1.72 <0.001
Grip strength(kg) 14734584 21.28+7.01 <0.001
Calf circumference(cm)  31.6445.73 34954523 <0.001
Serum albumin (g/L) 35.22+527 36.16 567 0.056
CHOL(mmol/L) 414£1.17 445+1.41 0.010
LDL(mmol/L) 1.854+0.84 206+1.26 0.053
eGFR(mI/min) 31.88+£20.94 39.87+24.20 <0.001
HGB(g/L) 106.78 +£20.93 114094 21.01 <0.001
Albuminuria, n(%) 52 (33.8%) 154 (17.9%) <0.001

BMI Body mass index, SSRS Social Support Rating Scale, CC/ Charlson
Comorbidity Index, CHOL total Cholesterol, HDL High density lipoprotein,
LDL Low density lipoprotein, eGFR estimated Glomerular filtration rate, HGB
Hemoglobin
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univariate analysis. Then, multivariate logistic regres-
sion analysis was performed to identify the independent
risk factors for cognitive frailty, and a stepwise method
was adopted to identify the useful combination of fac-
tors that could predict cognitive frailty (Table 3). As
a result, age (OR=1.11, 95%CI 1.08-1.14, p<0.001),
depression (OR=2.52, 95%CI 1.54—4.11, p<0.001), low
social support (OR=2.08, 95%CI 1.28-3.39, p=0.003),
CCI (OR=1.92, 95%CI 1.70-2.18, p<0.001), eGFR
(OR=0.98, 95%CI 0.96-0.99, p<0.001) and albuminuria
(OR=5.93, 95%CI 3.28-10.74, p<0.001) were identified
as independent risk factors for cognitive frailty in older
CKD patients.

Finally, a nomogram for predicting cognitive frailty was
established based on the multivariate logistic regression
model (Fig. 3). The nomogram could be applied to esti-
mate the risk of cognitive frailty for each patient in clini-
cal practice. ROC curve (Fig. 4) was drawn to judge the
discriminative power of the cognitive frailty prediction
model. The AUC was 0.91 (95%CI 0.89-0.94), indicating
that the prediction model had a good discrimination abil-
ity. Calibration plots with bootstrap samples were drawn
(Fig. 5). The x-axis represented the predicted probability
of cognitive frailty, and the y-axis denoted the observed
probability of cognitive frailty. The results indicated that
the predictions made by the model were close to the
observed outcomes, further demonstrating the reliabil-
ity of the nomogram in estimating the risk of cognitive
frailty in older CKD patients.

Discussion

Cognitive frailty constitutes a serious threat to the quality
of life and health of the elderly population. CKD is one of
the most common chronic diseases, and the prevalence
of frailty is higher in older adults with CKD. Frailty and
cognitive impairment are closely correlated and interact
in a vicious cycle, which may increase the risk of adverse
outcomes such as disability, falls, hospitalization, and
death. Nevertheless, multidimensional interventions
incorporating physical exercise, cognitive stimulation,
dietary counselling psychosocial support and microvas-
cular health perhaps improve the prognosis of older CKD
patients complicated with cognitive frailty [11, 19].

In this observational study, a total of 1,015 consecu-
tive patients aged 60 years or above who suffered CKD
and frailty were enrolled for a cognitive function assess-
ment. Our results suggested that the prevalence of cog-
nitive frailty in older adults with CKD was 15.2%, which
was within the previously reported data range of 2.5-50%
[9]. The large difference in prevalence was due to differ-
ent methods of assessment used in different studies. At
present, there is no consensus on the assessment of cog-
nitive frailty. On the other hand, the severity of renal
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Table 2 Univariate Logistic regression analysis of cognitive frailty in older patients with CKD

Variables B SE WaldX? P OR 95%C]/
Age 0.07 0.01 45.16 <0.001 1.08 1.05-1.10
Sex 0.16 0.18 0.83 0.363 117 0.83-1.66
Educational level -0.44 0.10 18.83 <0.001 0.64 0.53-0.79
Marital status -1.01 0.19 2949 <0.001 0.36 0.25-0.52
Depression 1.63 0.19 74.07 <0.001 5.10 3.52-7.39
SSRS 1.38 0.19 55.54 <0.001 3.96 2.76-5.68
Smoking -0.06 0.18 (AN 0.746 0.94 0.66-1.35
Drinking 0.16 0.20 0.64 0422 118 0.79-1.74
ca 0.64 0.05 152.68 <0.001 1.89 1.71-2.09
BMI -0.14 0.03 29.32 <0.001 0.87 0.83-0.92
Grip strength -0.14 0.02 72.50 <0.001 0.87 0.85-0.90
Calf circumference -0.09 0.02 29.15 <0.001 0.92 0.89-0.95
Serum albumin -0.03 0.02 363 0.057 0.972 0.944-1.001
CHOL -0.20 0.08 6.70 0.010 0.822 0.71-0.95
LDL -0.16 0.08 3.74 0.053 0.85 0.72-1.00
eGFR -0.02 0.01 14.39 <0.001 0.99 0.98-0.99
HGB -0.02 0.01 15.29 <0.001 0.98 0.98-0.99
albuminuria 0.85 0.19 19.57 <0.001 2.34 1.61-341

BMI Body mass index, SSRS Social Support Rating Scale (low), CC/ Charlson Comorbidity Index, CHOL total Cholesterol, HDL High density lipoprotein, LDL Low density

lipoprotein, eGFR estimated Glomerular filtration rate, HGB Hemoglobin

Table 3 Multivariate Logistic regression analysis of risk factors associated with cognitive frailty in older patients with CKD

Variables B SE Waldx? P OR 95%Cl
Age 0.10 0.02 46.44 0.001 1.1 1.08-1.14
Depression 092 0.25 1362 0.001 252 1.54-4.11
SSRS 073 0.25 8.75 0.003 2,08 1.28-339
ccl 066 0.06 104.85 <0001 192 1.70-2.18
eGFR -0.02 001 15.69 <0001 0.98 0.96-0.99
albuminuria 1.78 0.30 34.56 <0.001 593 3.28-10.74

SSRS Social Support Rating Scale (low), CCI Charlson Comorbidity Index, eGFR estimated Glomerular filtration rate, HGB Hemoglobin

dysfunction is independently correlated with cognitive
impairment [20]. Our study found that the risk of cog-
nitive frailty in CKD patients may further increase with
CKD progression.

We further investigated the risk factors associated with
cognitive frailty in CKD elderly patients, and found that the
main risk factors were age, albuminuria, eGFR comorbid-
ity, depression, and low social support. The nomogram was
drafted with these factors, and applied to estimate the risk
of cognitive frailty for each patient in clinical practice. It
is known that the prevalence of cognitive frailty increases
with age [21, 22]. For older people, the functions of various
tissues and organ systems of the body gradually undergo
degenerative changes, resulting in a decline in the physi-
ological functions and activities of the body. The organ-
ism reacts strongly to minor stimuli, leading to episodes of
frailty. In addition, the weight and volume of brain tissue

gradually decrease, cerebral white matter gradually atro-
phies, sensory receptors degenerate and the activities of
synaptic connections and neurotransmitters decrease. Fur-
thermore, cerebral vascular sclerosis, ischemia and hypoxia
may arise, and the overall function of the nervous system
declines, which means more frequent nerve cell degenera-
tion, apoptosis or necrosis. All these changes predispose
cognitive impairment. It was reported that lower eGFR and
albuminuria were associated with cognitive decline [23],
and albuminuria predicted worse memory function [24].
Another risk factor for cognitive frailty was comorbidity,
which was assessed with the Charlson Comorbidity Index.
It was suggested that the more severe comorbidity was, the
more likely cognitive frailty would occur. Patients with CKD
often suffer from multiple chronic diseases, which together
increase the risk of frailty and cognitive frailty. This process
involves physiological decline and a decrease in the reserve
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function of multiple systems throughout the body, affect-  deficiency, and protein-energy depletion. As a result, muscle
ing the daily activities of the patients [25]. In addition, CKD  mass and strength are affected, along with abnormal neuro-
patients are more susceptible to vasculopathy, vitamin D  trophic factor metabolism, leading to cerebral white matter
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damage, reduced white matter integrity, and accumulation
of neurotoxic amyloid in the brain. Due to this physiologi-
cal scenario, patients are at increased risk to develop physi-
cal and cognitive frailty. Therefore, attention should be paid
to the management of comorbidities in clinical practice,
including timely assessment and intervention, in order to
control or reverse the risk factors for cognitive frailty and
further delay the development of this cognitive impairment.

This study found that depression and reduced social
support were independent risk factors for cognitive
frailty. In particular, depressed patients were 2.5 times
more likely to develop this condition than non-depressed
patients. In turn, those with poor access to social sup-
port were about 2.1 times more likely to develop cog-
nitive frailty than patients with better social support.
In this regard, Rivan et al. analyzed a population of
Malaysian seniors in a 5-year follow-up study [26] and
discovered that the prevalence of cognitive frailty was
7.1%, with depression being one of the major risk factors
(OR=1.20, 95%CI: 1.05-1.37, p<0.05). Depression has
been shown to be strongly associated with cognitive dys-
function and frailty, which may be due to the common
risk factors and similar pathological basis, including oxi-
dative stress, chronic inflammation, cerebral white mat-
ter lesions, and mitochondrial dysfunction [19, 27].

Poor social support may produce psychological and
emotional consequences. Lack of moral support and
social engagement can lead to weak volition and retar-
dation of thinking in patients. Eventually, their social
interaction decreases and potentially develop cognitive
frailty. Quality social support can reduce the occur-
rence of depression and cognitive frailty [28]. Therefore,

health care professionals should fully assess the psycho-
logical status of their patients and consider the degree
to which they feel social support. Providing targeted
psychological therapy and encouraging patients to
actively participate in social activities are important to
further prevent the development of cognitive frailty.

The strength of this study was the nomogram based on the
above risk factors. The nomogram prediction model has the
advantage of visualization. It can predict the cognitive frailty
quickly and accurately based on clinical data. The prob-
ability of cognitive frailty in older patients with CKD can be
obtained easily by using a series of convenient clinical data.

This study was limited by a cross-sectional single-
center design and a relatively small sample size, The
prediction model established in this study needed to be
further validated. The study samples were collected in
one region, further investigations at different regions
were warranted.

Conclusions

The prevalence of cognitive frailty was high in older
patients with CKD. Advanced age, comorbidity, depres-
sion, reduced social support, eGFR and albuminuria
were independent risk factors for this condition. For
earlier diagnosis and better clinical prognosis, cognitive
frailty assessment should be highlighted in older CKD
with these characteristics.
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