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Abstract

Background Frailty pervades the demographic of individuals afflicted by chronic kidney disease (CKD) and exhib-
its a robust correlation with a less favorable prognosis. Nonetheless, the evaluation and prognostication of frailty
within the incipient stages of dialysis initiation remain shrouded in ambiguity. The necessity arises for an uncompli-
cated metric that holistically assesses frailty among aged CKD patients, one which lends itself to pragmatic clinical
application.

Methods In our prospective endeavor, we conducted assessments using the “KIHON checklist (KCL),"a questionnaire
comprising 25 points, thoughtfully crafted by the Japanese Ministry of Health, Labour and Welfare to provide a thor-
ough evaluation of the elderly population. This assessment was administered at the commencement of hemodialysis

or succumbing to mortality.

in patients aged 65 years or older. Subsequently, we analyzed the prognostic ramifications of the initial KCL scores
on the composite primary endpoint, which encompassed the undesirable outcomes of either being bedridden

Results A total of 24 patients (median age 76 years, 20 men) were included. The median KCL score was 6 [4, 10]
points, and it was significantly correlated with the number of components in the revised Japanese Cardiovascular
Health Study, which is a diagnostic criterion for frailty (p < 0.05). The group with a KCL score > 10 points had a signifi-
cantly lower 1-year freedom from the primary endpoints than the other group (43% versus 87%, p < 0.05). Among
the components of the KCL, physical strength was significantly associated with the prognosis (p < 0.05).

Conclusion The screening protocol employing the KCL during the commencement of hemodialysis among elderly
individuals proved to be a valuable tool for the anticipation of both the state of being bedridden and mortality.

Keywords Bedridden persons, Cardiovascular diseases, Chronic renal insufficiency, Frailty, Sarcopenia

Introduction

The number of patients initiating hemodialysis is increas-
ing in Japan, especially among the elderly cohort [1]. The
average age of patients starting hemodialysis was 71 years
at the end of 2021 [2]. The quality of life of elderly
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patients deteriorates when they have multiple comorbidi-
ties including sarcopenia and malnutrition. Patients with
end-stage renal disease (ESRD) often have these comor-
bidities, in addition to diabetes mellitus and osteoporosis
[3, 4], resulting in progressive frailty [5]. Patients depend-
ent on hemodialysis have higher mortality when frailty is
present [6, 7]. Patients dependent on hemodialysis have
as high as 58% of mortality and worsening activity of
daily life (ADL) during 1-year hospice stay [8]. Patients’
worsening activity increases the burden on medical staff
and caregivers.
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The indication for aggressive hemodialysis in the
elderly patients with chronic kidney disease (CKD) and
other multiple comorbidities remains controversial.
Some studies have highlighted the risk of death rather
than those of ESRD in this cohort [9-11]. Others have
denied the superiority of hemodialysis over medical ther-
apy in this cohort [12, 13]. Thus, the prognostic impact
of frailty on risk stratification and decision-making for
hemodialysis therapy in this cohort is of great concern.

However, there is no established tool in the daily clini-
cal practice to risk stratify patients’ prognosis and guide
to discuss the indication of hemodialysis in the elderly
cohort. Scales should be easy to calculate, practical, and
applicable to Japanese patients.

The Japanese government has published a “KIHON
checklist (KCL)” to screen the patients who will require
nursing care in the near future [14]. The KCL consists of
25 items (yes/no) divided into seven categories: activities
of daily living, physical strength, nutrition, oral function,
isolation, memory and mood; and the sum of all indices
ranges from O (no frailty) to 25 (severe frailty); a higher
score indicates worse functioning. KCL had a good cor-
relation with other frailty scale and predicated mortality
and/or ADL decline in elderly patients with various dis-
eases in individuals of various countries [15-19]. How-
ever, prognostic impact of KCL score in patients with
hemodialysis remains unknown. We hypothesized that
KCL score could predict mortality and worsening ADL in
the elderly patients initiating hemodialysis.

Materials and methods

Patient selection

Eligibility criteria encompassed patients aged 65 years
or older who commenced hemodialysis at our facility
during the period spanning from January 2020 to April
2022. Patients lacking baseline KCL data were subject to
exclusion. The decision to initiate hemodialysis was made
under the discernment of attending, board-certified
nephrologists in adherence to the directives delineated by
the Japanese Society for Dialysis Therapy [20]. Informed
consents were obtained from all participants beforehand.

Evaluation of KCL and frailty

KCL was obtained at index discharge from hospitaliza-
tion for the initiation of hemodialysis (Additional file 1:
Table 1). KCL was defined as an independent variable in
this study [21]. A revised Japanese version of the Cardio-
vascular Health Study (J-CHS) was also obtained in the
same timing (Additional file 1: Table 2) [22]. In this cri-
teria, patients satisfying 1-2 items were assigned to pre-
frailty and those satisfying 3 or more items were assigned
to frailty.
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Other collected data

Baseline characteristics including demographics,
comorbidity, and laboratory data were obtained dur-
ing index hospitalization prior to the initial hemodi-
alysis. Charlson comorbidity index was tabulated from
medical record information as an indicator of overall
complications [23]. Serum creatinine was measured by
enzymatic method. Estimated glomerular filtration rate
(eGFR) was calculated using GFR estimation formula
for Japanese [24].

Primary endpoint

The primary endpoint was delineated as a composite
outcome, encompassing both mortality and the state of
being bedridden subsequent to the index discharge. For
the purpose of this study, the day of the index discharge
was deemed as day 0. The condition of being bedridden
was characterized by the requisite for complete assis-
tance in transitioning from the bed.

Statistical analysis

Continuous variables were articulated in terms of the
median and interquartile range, while categorical vari-
ables were delineated by the number and correspond-
ing percentage. To discern differences between the two
groups, the Mann—Whitney U test was employed for the
analysis of continuous variables, and Fischer’s exact test
was employed for the analysis of categorical variables.

Spearman test was applied to determine the rela-
tionship between KCL score and the number of frailty
components of J-CHS. The association between KCL
and other clinical characteristics was assessed by linear
regression analysis. In this linear regression analysis,
we included age, sex, comorbidities, and pre-existing
medical conditions, as well as vitamin D use; body mass
index as a physical index; albumin, cholesterol, and tri-
glycerides as nutritional indices; hemoglobin, eGFR, and
C-reactive protein as indicators of general status; and
grip strength and walking speed as incorporated into the
diagnostic criteria for frailty.

Receiver-operating characteristic curve was applied
to determine the cutoff value of KCL for primary end-
point. Survival time analysis comparing the higher KCL
score group with the lower was performed with log-rank
test. The prognostic impact of KCL score upon the pri-
mary endpoint was assessed by Cox proportional hazard
ratio regression model including age and sex. The likeli-
hood ratio test was used to test the goodness of fit for the
model.
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Table 1 Baseline characteristics

Factor All patients (N=24) Lower KCL (N=17) Higher KCL (N=7) p value
Demographics

Age (years old) 76 [70,78] 76 [69,78] 77 [71,80] 0.63
65—69 y.0 (number, %) 4(16.0) 5(29.4) 2(28.6)

70—74 y.o (number, %) 3(120) 2(11.8) 1(14.3)

Over 75 y.o (number, %) 18 (72.0) 10 (58.8) 4(57.1)

Men (number, %) 20(83.3) 13 (76.5) 7 (100) 0.28
Current smoke (number, %) 4(174) 1(6.2) 3(429) 0.067
Body height (cm) 164 [159, 169] 164 [159, 167] 164156, 172] 0.78
Body weight (kg) 59.1 [52.6,654] 56 [52.7,65.0] 61.6 [55.6,69.8] 0.59
Body mass index (kg/mz) 22,0206, 24.4] 20.91[204, 23.3] 231[21.8,25.8] 039
Systolic blood pressure (mmHg) 139[119, 149] 142 [122,152] 129116, 139] 0.22
Diastolic blood pressure (mmHg) 65 [58, 78] 68 [57, 85] 62 [58, 65] 0.28
Diagnosis

Glomerulosclerosis (number, %) 12 (50.0) 9(52.9) 3(429) 0.13
Diabetic nephropathy (number, %) 6 (25.0) 5(29.4) 1(14.3)

Chronic glomerulonephritis (number, %) 2(83) 0(0.0) 2(28.6)

Other (number, %) 4(174) 3(186) 1(14.3)

Comorbidity

Diabetes mellitus (number, %) 9(37.5) 7(41.2) 2(286) 0.67
History of cardiovascular disease (number, %) 16 (66.7) 12 (70.6) 4(57.1) 0.65
History of bone fracture (number, %) 3(125) 1(5.9) 2(286) 0.19
History of hospitalization for infectious disease 5(20.8) 2(11.8) 3(429) 0.13
(number, %)

History of malignancy (number, %) 5(20.8) 4(23.5) 1(14.3) 1
Malignancy (number, %) 3(12.5) 3(17.6) 0(0.0) 0.53
Charlson comorbidity index (point) 81[7,9] 81[7,8] 81[6,10] 0.72
Medication

Angiotensin Il receptor blocker (number, %) 13 (54.2) 9(52.9) 4(57.1) 1
Statin (number, %) 9(37.5) 6(35.3) 3(429) 1
Insulin (number, %) 3(12.5) 3(17.6) 0(0.0) 0.53
Vitamin D receptor agonist (number, %) 2(8.3) 0(0.0) 2(28.6) 0.070
Laboratory

Hemoglobin (g/dL) 9.51[8.5,99] 9.6[84,99] 9419.3,99] 063
Total protein (g/dL) 591[5.8,6.7] 6[5.9,6.7] 5.81[4.9,6.7] 0.35
Albumin (g/dL) 3.2[3.0,3.5] 33[3.0,3.6] 3[25,32] 0.13
Serum urea nitrogen (mg/dL) 72.51[53.9,79.6] 73.0[504, 81.6] 72.01[59.7,77.5] 0.78
eGFR (mL/min/1.73 m?) 75(55,84] 7515.2,84] 7.51[7.0,83] 0.57
C-reactive protein (mg/dL) 0.33[0.15,0.57] 0.25[0.09, 0.38] 0.64 [0.40, 0.84] 0.045*
Triglyceride (mg/dL) 12979, 152] 121 (67, 145] 150 [94, 179] 033
Total cholesterol (mg/dL) 160 [146, 188] 6[596.7] 581[496.7] 035

Continuous variables are presented as median and interquartile. Categorical variables are presented as number and percentage. *p <0.05 by Mann-Whitney U test for
continuous variables and Fischer’s exact test for categorical variables

Charlson comorbidity index is calculated from age, diabetes with diabetic complications, congestive heart failure, peripheral vascular disease, chronic pulmonary

disease, mild and severe liver disease, hemiplegia, renal disease, leukemia, lymphoma, metastatic tumor and acquired immunodeficiency syndrome

y.0, years old; eGFR, estimated glomerular filtration rate; KCL, KIHON checklist
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In all analyses, 2-tailed p<0.05 was considered sta-
tistically significant. Analyses were performed using R
software version 3.5.2 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results
Baseline characteristics
A total of 59 patients started hemodialysis during the
observation period. Ten patients aged under 65 years
were excluded. One patient with bedridden at baseline
were excluded. Five patients with lost follow-up were
excluded. Both KCL and J-CHS were not obtained from
19 patients. Finally, we included 24 patients (Table 1).
Median age was 76 [70, 78] years and 18 (72%) had
age over 75 years. Twelve patients (83%) were men.
Median body mass index was 22.9 [20.6, 24.4] and 9
(38%) had diabetes mellitus. eGFR was 7.5 [5.5, 8.4] mL/
min/1.73 m?.

KCL score and frailty components of J-CHS

KCL and J-CHS were assessed 7 [2, 10] days after initial
dialysis. Distribution of KCL score is displayed in Fig. 1A
and detailed scores in each question are summarized
in Table 2. A median value of KCL score was 6 [4, 10]
points. Seventeen patients (71%) had 0-9 points and 7
patients (29%) had > 10 points.

Distribution of the number of frailty components of
J-CHS is displayed in Fig. 1B and detailed scores in each
question are summarized in Table 2. A median value
was 2 [1, 3] components. Three patients (13%) had 0

A. Kihon checklist
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component (robust), 12 (50%) had 1-2 components (pre-
frailty), and 9 (38%) had >3 components (frailty).

KCL score was significantly associated only with
decreased gait speed and not with age, grip strength or
other background factors (Table 3). KCL score and the
number of frailty component of ]-CHS showed a signifi-
cant positive correlation (r=0.46, p=0.024).

Calculating cutoff of KCL score

Patients were followed for 429 [174, 623] days on median
after the index discharge. During the observation period,
4 patients had bedridden. One patient had bedridden and
died later due to chronic myelogenous leukemia. Another
patient died due to circulatory failure. Thus, 6 patients
(25%) achieved the primary endpoint. All primary end-
points were encountered during the first one year. The
baseline age of patients who reached the primary end-
point ranged between 69 and 79 years old.

A cutoft of KCL score to best distinguish the primary
endpoint was calculated as 10 points with sensitivity
0.67 and specificity 0.83 (area under the curve 0.722, 95%
confidence interval 0.448-0.997. Figure 2). Patients were
stratified into two groups: a lower group with KCL 0-9
points (N=17) and a higher group with KCL>10 points
(N=7).

Patients’ baseline characteristics were compared
between the two groups (Table 1). A higher group tended
to have higher prevalence of current smokers (43% ver-
sus 6%, p=0.067). C-reactive protein was higher in the

B. Revised Japanese version of
Cardiovascular Health Study

Frequency
N
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Fig. 1 Distribution of the KIHON checklist score (A) and applicable components of revised Japanese version of Cardiovascular Health Study (B). In
(A), the red bars indicate patients with a KCL score of 10 points or higher. In (B), the light blue bars indicate patients who diagnosed as pre-frailty
and the blue bars indicate patients who diagnosed as frailty. KCL, KIHON checklist
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Table 2 Results of KIHON checklist score and revised Japanese version of the Cardiovascular Health Study criteria

Category of questions of KCL or component of J-CHS Number (%)
or Median
[interquartile]

KIHON checklist

Activities of daily living, Q1-5 (points) 1100,2]

Physical strength, Q6-10 (points) 111, 2]
Nutrition, Q11,12 (points) 01[0,0]

Oral function, Q13-15 (points) 100, 1]
Isolation, Q16,17 (points) 00,1
Memory, Q18-20 (points) 010, 1]

Mood, Q21-25 (points) 210, 3]

All questions, Q1-25 (points) 6[4,10]
Revised Japanese version of cardiovascular health study criteria

Shrinking (number, %) 5(20.8)
Weakness (number, %) 18 (75.0)

Grip strength, Men (kg) 20.5[17.5,28.0]
Grip strength, Women (kg) 13.5[11.0, 14.5]
Exhaustion (number, %) 9(37.5)
Slowness (number, %) 11 (45.8)

Gait speed (m/sec) 1.00[0.76, 1.13]
Low activity (number, %) 4(16.7)

Total number of frailty component 21[1,3]

KCL, KIHON checklist; J-CHS, revised Japanese version of the Cardiovascular Health Study criteria; Q, the question number of KIHON checklist

Table 3 Association between KIHON checklist and other clinical parameters

Factor Beta value (95% confidence interval) p value
Age 0.09 (-0.24 t0 0.41) 0.58
Men 2.05(-2.81t0691) 0.39
Body mass index —-0.31(-087t00.24) 0.25
Diabetes mellitus —1.00 (—4.78 t0 2.78) 0.59
History of cardiovascular disease 0.50 (=34t044) 0.79
History of bone fracture 348 (—1.88 t0 8.83) 0.19
History of hospitalization for infectious disease 3.08 (=1.24t0 7.47) 0.15
History of malignancy 1(=4.23104.84) 0.89
Malignancy -1 48( 7.01 to 4.06) 0.59
Use of vitamin D receptor agonist 495 (—134to0 11.25) 0.12
Hemoglobin —0.14 (—=1.73to 1.45) 0.86
Albumin —2.55(=5.71t00.59) 0.1
Estimated glomerular filtration rate 038 (-041t0 1.15) 032
C-reactive protein 238 (—=1.09 to 5.85) 0.17
Total cholesterol —0.01 (=0.06 to 0.05) 0.75
Triglyceride 0.00 (—0.04 t0 0.03) 0.78
Grip strength —-0.13(=0.32t0 0.07) 0.19
Gait speed —545(—=1043to—047) 0.033*

*p <0.05 by linear regression analysis
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Spearman test, r = 0.46, p = 0.024*
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Fig. 3 Receiver-operating characteristic curve to determine
the cutoff value of KIHON checklist for primary endpoint

higher group (p =0.045). There was no inter-group differ-
ence in the Charlson comorbidity index, consisting of the
presence of cardiovascular disease, chronic organ disor-
der, autoimmune disease, and others.

Prognostic impact of KCL score upon primary endpoint
Among 7 patients assigned to the higher group, 4 patients
had the primary endpoint. A 1-year freedom from the
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primary endpoint was significantly lower in the higher
group than the lower group (43% versus 87%, p=0.008;
Fig. 3).

A higher KCL score was independently associated with
the primary endpoint with a hazard ratio of 6.41 (95%
confidence interval 1.14-36.0, p=0.035), which was
adjusted for age and sex (Table 4).

In this cohort, diagnosis of frailty by J-CHS was not
associated with the primary endpoint. The prognos-
tic impact of KCL score was also significant when it
was assumed as continuous variable (adjusted hazard
ratio 1.24, 95% confidence interval 1.01-1.53, p=0.042).
Among each question of KCL, only a physical strength
was significantly associated with the primary endpoint
(p=0.007) (Fig. 4).

Discussion

In this investigation, we delved into the prognostic impli-
cations of the KCL score concerning mortality and bed-
ridden status in elderly patients suffering from ESRD who
embarked on hemodialysis. Our findings are as follows:
(1) The baseline KCL score exhibited a considerable vari-
ance among patients with CKD commencing hemodialy-
sis; (2) a discernible correlation was observed between
the KCL score and the level of frailty, as assessed by the
J-CHS scale; (3) a KCL score of>10 displayed a sig-
nificant association with a heightened incidence of both
mortality and the development of bedridden status fol-
lowing the initiation of hemodialysis.

Frailty in patients with CKD

Frailty, a reversible physiological decline in multiple body
systems, is defined as a state of increased vulnerability
to the stress that carries an increased risk of disability,
functional decline, hospitalization and mortality in older
adults, and is a precursor to the need for long-term care
[25]. CKD has a significant association with frailty, due to
uremic syndrome, chronic inflammation, malnutrition,
and abnormal muscle metabolism [3]. Frailty has a nega-
tive prognostic impact in patients with any stage of CKD.
Patients dependent on hemodialysis have more advanced
frailty and a higher prevalence of frailty [4]. However,
the prognostic impact of frailty in patients dependent on
hemodialysis has not yet been well clarified so far, prob-
ably due to the complexity to quantifying the degree of
frailty.

KCL to screen frailty

The CHS, which was originally proposed by Fried and
colleagues, consists of weakness, slowness, fatigue, low
activity, and weight loss, and is one of the practical tools
to diagnose frailty [26, 27]. However, several procedures
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Table 4 Prognostic impact of KIHON checklist or revised Japanese version of the Cardiovascular Health Study criteria upon the

primary endpoint in elderly hemodialysis initiation patients

Hazard ratio 95% Confidence p value p by Likelihood Concordance

interval ratio test index
KCL score, per 1 point 124 1.01-1.53 0.042* 0.07 0.790
KCL higher, 10-25 points (vs 0-9 points) 641 1.14-36.0 0.035*% 0.06 0.803
Activities of daily living, Q1-5, per 1 point 1.60 0.98-2.61 0.063 0.1 0.798
Physical strength, Q6-10, per 1 point 2.71 1.30-5.63 0.007* 0.02% 0.824
Nutrition, Q11,12, per 1 point 2.83 0.68-11.7 0.15 0.2 0.676
Oral function, Q13-15, per 1 point 1.18 0.29-4.83 0.82 0.5 0.651
Isolation, Q16,17, per 1 point 1.58 045-5.56 048 04 0.697
Memory, Q18-20, per 1 point 1.38 0.55-3.44 0.50 04 0.710
Mood, Q21-25, per 1 point 1.14 0.67-1.94 0.63 04 0.735
Diagnose of frailty by J-CHS criteria (vs robust 0.62 0.12-3.07 0.56 04 0.685

and pre-frail)

*p <0.05 by Cox proportional hazard model adjusted by age and sex

KCL, Kihon checklist; J-CHS, revised Japanese version of the Cardiovascular Health Study; Q, the question number of KIHON checklist
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Fig.4 Freedom from death and bedridden stratified by KIHON
checklist score. *p < 0.05 by log-rank test. Patients were stratified
at the cutoff 10 points of KIHON checklist score

are required to complete CHS, including grip test and
gait speed, which are sometimes challenging to perform
in busy clinics.

The KCL is a recently proposed tool to screen elderly
patients who will need care in the near future. KCL con-
sists of only a few closed-ended questions and is easy to
complete [14]. KCL has a good correlation with J-CHS in
the general elderly cohorts [28, 29]. Therefore, we pre-
ferred the KCL to the J-CHS to assess the degree of frailty
in this study.

In a large study of the general elderly population, a KCL
score of 8 was taken as a cutoff point [15]. On the other

hand, some reported 13 points, so there is no settled
opinion [17].

We consider that the KCL was related to gait speed
because there were questions about the ability to walk
and stand up, or the range of activities. On the other
hand, there was no question on muscle strength, which
is one of the diagnostic criteria for sarcopenia, suggesting
that the screening for frailty or sarcopenia may be inad-
equate in this respect.

Prognostic impact of KCL score
There are several reports on the relationship between
prognosis and indices used to assess elderly patients in
the initiation phase of dialysis [8, 30—32]. For all meas-
ures, poorer scores were associated with worse prog-
nosis. Some of these indices require testing of physical
function, some are uniaxial (ADL only), and some include
comorbidities in their assessment. The KCL appears to be
superior in that it comprehensively assesses function in
the elderly in seven categories and is easy to use, but the
impact of clinical information that is not included on the
accuracy of prognostic prediction should be considered.
Among several questions of the KCL, physical strength,
which is one of the main components of sarcopenia, was
dominantly associated with the primary endpoint. Sar-
copenia is a syndrome characterized by progressive and
generalized loss of skeletal muscle mass and strength
with a risk of adverse outcomes such as physical dis-
ability, poor quality of life, and death. Sarcopenia plays a
key role in frailty [33]. In patients with CKD, as in frailty,
multifactorial effects lead to loss of muscle homeostasis
and sarcopenia, which is directly associated with reduced
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muscle strength, and indirectly with poorer quality of
life, increased susceptibility to adverse outcomes such
as falls, reduced independence, and ultimately higher
rates of hospitalization and mortality [34]. The KCL also
includes nutritional category. In our cohort, serum albu-
min tended to be lower in the group with higher KCL.
The prognosis of hemodialysis patients has been shown
to be significantly worse when hypoalbuminemia and
decreased muscle mass are concomitantly present [35].

Clinical implication of KCL

We may estimate the incidence of death or bedridden
in the near future despite hemodialysis therapy by using
KCL, which can be easily calculated. KCL may be useful
in shared decision-making among clinicians, patients,
and their relatives and determining the indication of
hemodialysis. Clinical implication of KCL-guided shared
decision-making should be validated in the next study.

Limitations

This study is a proof-of-concept including a small sam-
ple size. The sample size may have been insufficient to
demonstrate statistical significance in some of our analy-
ses. The frailty is a reversible concept, and further stud-
ies are needed to investigate the trajectory of frailty after
dialysis intervention. We assessed KCL just before index
discharge, when hemodynamics was stable. Neverthe-
less, we cannot complexly deny the vulnerability of data.
Body weight can be increased soon after the initiation of
hemodialysis, and the body weight loss as a sign of pro-
gressive frailty may have been masked. It is possible that
the improvement in uremia with dialysis also affected the
KCL. Attempts to improve KCL score in patients with
end-stage renal failure and prognosis is a subject for fur-
ther study. The cutoff for KCL remains also debatable.

Conclusions

The employment of the KIHON checklist for screening
during the commencement of hemodialysis in elderly
patients demonstrated its utility in forecasting both
bedridden status and mortality after the initiation of
hemodialysis. The clinical implication of KCL-guided
management remains the next concern.
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