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Is Frailty a Modifiable Risk Factor of Future Adverse Outcomes in 
Elderly Patients with Incident End-Stage Renal Disease?

Little is known about the clinical significance of frailty and changes of frailty after dialysis 
initiation in elderly patients with end-stage renal disease (ESRD). We prospectively enrolled 
46 elderly patients with incident ESRD at a dialysis center of a tertiary hospital between 
May 2013 and March 2015. Frailty was assessed by using a comprehensive geriatric 
assessment protocol and defined as a multidimensional frailty score of ≥ 10. The main 
outcome was the composite of all-cause death or cardiovascular hospitalization, as 
determined in June 2016. The median age of the 46 participants was 71.5 years, and 
63.0% of them were men. During the median 17.7 months follow-up, the rate of 
composite outcome was 17.4%. In multivariate logistic regression analysis, after adjusting 
for age, sex, diabetes, body mass index (BMI), and time of predialytic nephrologic care, 
female sex, and increased BMI were associated with increased and decreased odds of 
frailty, respectively. In multivariate Cox proportional hazards analysis, after adjusting for 
age, sex, diabetes, BMI, and time of predialytic nephrologic care, frailty was significantly 
associated with the composite adverse outcome. In repeated frailty assessments, the 
multidimensional frailty score significantly improved 12 months after the initiation of 
dialysis, which largely relied on improved nutrition. Therefore, frailty needs to be assessed 
for risk stratification in elderly patients with incident ESRD.
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INTRODUCTION

As human life expectancy increases, the proportion of elderly 
population also increases. In parallel, the prevalence of chronic 
kidney disease is increasing worldwide, and initiation of dialy-
sis in the elderly is not uncommon (1). In the United States, the 
peak incidence of treated end-stage renal disease (ESRD) has 
increased in the 80–85-year-old age group (1). In Korea, one of 
the most rapidly aging countries, the proportion of those aged 
≥ 65 years among patients with incident ESRD was 39.5% (2).
 However, it is controversial whether the initiation of dialysis 
is beneficial in all elderly patients. In some studies, elderly pa-
tients who underwent dialysis showed better survival (3,4). How-
ever, the survival advantage of dialysis was diminished in sub-
groups of patients with high comorbidities, particularly those 
with ischemic heart disease (4). Similarly, dialysis initiation in 
frail elderly patients residing in nursing home facilities did not 
seem beneficial. Kurella et al. (5) analyzed 3,072 nursing home 
residents in the United States who started dialysis during June 
1998 to October 2000. They reported that the 1 year mortality 
reached 58% and the functional status of patients was abruptly 

decreased after dialysis initiation.
 Frailty is a distinct multidimensional clinical syndrome (6-8). 
About 30% of patients with ESRD were frail (9), and frailty with 
ESRD was associated with increased risks of fall, fractures, and 
mortality (9-12). However, most of the previous studies includ-
ed patients from all age groups. Only a few of the participants 
were Asian. Moreover, a few studies have evaluated the change 
of frailty after dialysis initiation. Therefore, we performed the 
current study to identify the association between frailty and ad-
verse outcomes, and the change of frailty before and after dialy-
sis initiation in the elderly Asian ESRD population, by using data 
from a prospective observational cohort. 

MATERIALS AND METHODS

Study patients
This was a prospective study of patients with incident dialysis 
from a single dialysis center at Seoul National University Bun-
dang Hospital (SNUBH), a tertiary care hospital, recruited be-
tween May 2013 and March 2015. The inclusion criteria were 
age ≥ 65 years with estimated glomerular filtration rate (eGFR) 
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just before dialysis initiation < 15 mL/min/1.73 m2 and evidence 
of uremic symptoms or laboratory abnormalities. The exclusion 
criteria were as follows: 1) diagnosis of malignancy within 3 
months before dialysis initiation and 2) dialysis initiation be-
cause of acute kidney injury. At the dialysis center in SNUBH, 
about 150 patients were initiated on dialysis in a year, and half 
of them were aged ≥ 65 years. The target number of cohort par-
ticipants was 49. Of the 49 patients, 3 withdrew from joining the 
study. Finally, we started to follow the clinical course of the re-
maining 46 patients until June 2016, by interviewing them at 
the outpatient clinic or through regular telephone interviews 
performed by a trained research nurse. The maximum observa-
tional period for the development of adverse outcomes was 24 
months after dialysis initiation.

Frailty
For frailty assessment, we used the comprehensive geriatric as-
sessment (CGA) protocol (7,8,13). Using the scores of nine items 
in CGA protocol: diagnosis of malignancy, Charlson comorbid-
ity index (14), serum albumin levels, activities of daily living 
(ADL) based on the modified Barthel index (15), instrumental 
ADL (IADL) based on the Lawton and Brody index (16), demen-
tia according to the Korean Mini-Mental State Examination score 
(17), risk of delirium according to the Nursing Delirium Screen-
ing scale (18), malnutrition based on the Mini Nutritional As-
sessment (MNA) score (19), and mid-arm circumference, we 
can calculate the multidimensional frailty score, which was de-
veloped to predict all-cause mortality rates in geriatric patients 
undergoing surgery (7). The multidimensional frailty score was 
also validated in other conditions (20,21). We defined frailty as 
a multidimensional frailty score of ≥ 10, the highest quartile of 
the whole participants.

Measurements and definitions
At enrollment, a trained research nurse collected baseline in-
formation including date of birth, sex, date of dialysis initiation, 
vascular access type, weight (kg), height (cm), alcohol drinking 
and smoking status, comorbidities (hypertension, diabetes, cere-
brovascular disease, and cancer), systolic and diastolic blood 
pressure, and routine laboratory test results of blood and urine 
samples from participant interviews and medical record review. 
Blood pressure was measured before hemodialysis. Body mass 
index (BMI) was calculated as weight (kg) per square of height 
(m2). The eGFR was calculated by using the Chronic Kidney 
Disease Epidemiology Collaboration equation (22). The out-
come was the composite of all-cause death or cardiovascular 
hospitalization. Cardiovascular hospitalization included admis-
sion due to cardiac events such as cardiac arrest and ventricular 
tachycardia and vascular events such as peripheral vascular 
ischemia and aortic aneurysm.

Statistical analysis
Values are expressed as median (interquartile range [IQR]) for 
continuous variables and percentage for categorical variables. 
The difference was analyzed by using the Mann-Whitney U-test 
for continuous variables and the χ2 or Fisher’s exact test for cat-
egorical variables. We considered P < 0.05 to be statistically sig-
nificant. Event-free survival was estimated by the Kaplan-Meier 
method and compared with the log-rank test. The hazard ratio 
(HR) and its 95% confidence interval (CI) were analyzed by us-
ing Cox proportional hazards analysis, and the odds ratio (OR) 
was calculated by using logistic regression analysis. The assump-
tion of proportional hazards of frailty was tested by using the 

Fig. 1. Distribution of multidimensional frailty score.
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Fig. 2. Components of multidimensional frailty score. Higher scores of multidimen-
sional frailty score and its components indicate more frail conditions. 
CCI = Charlson comorbidity index, IADL = instrumental activities of daily living, ADL = 
activities of daily living.
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log minus log plot. In multivariate analysis, variables with mini-
mal missing rates ( < 5%) and P < 0.100 in univariate analysis 
were chosen as covariates along with age and sex. The differ-
ence of CGA results before and 12 months after dialysis initia-
tion was evaluated by using the Wilcoxon signed ranks test for 
continuous variables and the McNemar test for categorical vari-
ables. All analyses were performed with SPSS statistics (version 
22; IBM Corporation, Armonk, NY, USA).

Ethics statement
The study protocol complied with the Declaration of Helsinki, 
and the Institutional Review Board (IRB) of Seoul National Uni-
versity Bundang Hospital approved the study (IRB No. B-1303/ 
196-006) with exemption of informed consent.

RESULTS

The median (IQR) age of the 46 participants was 71.5 (67.8–76.3) 
years, and 63.0% of them were men. All patients started hemo-
dialysis. None of the patients resided in a nursing home facility. 
During the median (IQR) follow-up of 17.7 (12.4–21.1) months, 
four patients died (one of sepsis, one of lung cancer, one of liver 
cirrhosis, and one of an unidentified cause). Moreover, four pa-
tients were admitted to the hospital owing to a cardiovascular 
cause. The rate of composite outcome was 17.4% (8 of 46). De-
tailed description of multidimensional frailty score was sum-
marized in Supplementary Table 1. At baseline, the median (IQR) 
multidimensional frailty score was 8.0 (7.0–10.0), and 32.6% of 
patients were classified into the frailty group (Fig. 1). Of the pa-
tients, 93.5% showed a high comorbidity burden with depen-
dence in IADL. Most of the patients exhibited poor nutrition at 

Table 1. Baseline characteristics of the study patients according to frailty 

Parameters No frailty (n = 31) Frailty (n = 15) P value

Age, yr 73.0 (69.0–76.0) 71.0 (67.0–80.0) 0.605
Women, % 25.8 60.0 0.024
Alcohol drinking, % 9.7 6.7 1.000
Current smoking, % 19.4 13.3 1.000
Hypertension, % 96.8 100.0 1.000
Anti-hypertension drug, counts 4.0 (1.0–6.0) 4.0 (3.0–7.0) 0.346
ARB use, % 45.2 46.7 0.923
ACEI use, % 9.7 6.7 1.000
BB use, % 51.6 66.7 0.334
CCB use, % 41.9 73.3 0.063
Diuretics use, % 74.2 60.0 0.327
Diabetes, % 67.7 40.0 0.073
Cerebrovascular disease, % 54.8 66.7 0.445
Cancer, % 9.7 20.0 0.375
Time of predialytic nephrologic care, mon 37.1 (11.4–62.5) 11.1 (1.5–36.6) 0.094
Vascular access type, % 0.226
   Arteriovenous fistula 22.6 20.0
   Arteriovenous graft 16.1 0.0
   Central venous catheter 61.3 80.0
BMI, kg/m2 22.3 (20.9–25.6) 20.5 (18.6–22.3) 0.016
Systolic BP, mmHg 138.0 (128.0–149.0) 150.0 (122.0–159.0) 0.460
Diastolic BP, mmHg 70.0 (63.0–82.0) 82.0 (63.0–89.0) 0.205
Hemoglobin, g/dL 9.9 (9.0–10.7) 10.2 (9.3–11.3) 0.255
BUN, mg/dL 56.0 (39.0–84.0) 45.0 (34.0–61.0) 0.108
Serum creatinine, mg/dL 5.9 (4.8–8.2) 6.2 (4.3–7.2) 0.504
eGFR, mL/min/1.73 m2 8.0 (5.0–10.3) 7.2 (6.2–9.9) 0.842
Total cholesterol, mg/dL 146.0 (126.0–181.0) 158.0 (136.0–184.0) 0.379
Albumin, g/dL 3.4 (3.2–3.6) 3.2 (2.7–3.3) 0.005
MNA, score 22.0 (19.0–24.0) 18.0 (12.0–20.0) 0.001
Serum sodium, mmol/L 135.0 (130.0–138.0) 132.0 (130.0–136.0) 0.184
Serum potassium, mmol/L 4.3 (3.9–4.9) 4.2 (3.5–4.5) 0.405
Serum total CO2, mmol/L 23.0 (20.0–25.0) 23.0 (20.0–25.0) 0.916
Urinary albumin, mg/day* 1,126.0 (387.0–2,075.0, n = 29) 622.5 (193.8–3,355.3, n = 12) 0.710

Values are expressed as median (IQR) for continuous variables and percentage for categorical variables. Differences were evaluated by using Mann-Whitney U-test for continu-
ous variables, and χ2 or Fisher’s exact test for categorical variables.
ARB = angiotensin II receptor blocker, ACEI = angiotensin converting enzyme inhibitor, BB = beta blocker, CCB = calcium channel blocker, BMI = body mass index, BP = blood 
pressure, BUN = blood urea nitrogen, eGFR = estimated glomerular filtration rate, MNA = Mini Nutritional Assessment, IQR = interquartile range.
*V.0350ariable with missing values. 
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Table 2. Risk factors associated with frailty 

Risk factors Adjusted OR (95% CI) P value

Age (per 1 yr increase) 0.86 (0.73–1.02) 0.077
++Sex (women vs. men) 11.60 (1.70–79.10) 0.012
BMI (per 1 kg/m2 increase) 0.58 (0.38–0.88) 0.011
Diabetes (yes vs. no) 0.70 (0.14–3.54) 0.665
Time of predialytic nephrologic care  
   (per 1 mon increase)

0.98 (0.96–1.01) 0.232

Adjusted OR was calculated by using multivariate logistic regression analysis, and the 
adjusted covariates were age and variables with P < 0.100 in univariate analysis. 
OR = odds ratio, CI = confidence interval, BMI = body mass index.

Table 4. Changes of multidimensional frailty score before and after dialysis initiation 
(n = 29)

Items of scores Before dialysis
After dialysis  

(12 mon)
P value

Multidimensional frailty score 8.0 (7.0–9.5) 6.0 (5.0–7.5) < 0.001
Serum albumin, g/dL* 3.4 (3.2–3.7) 4.1 (4.0–4.4) < 0.001
Malnutrition (MNA)* 21.0 (18.3–23.0) 23.0 (20.0–25.3) 0.008
Mid-arm circumference, cm* 22.5 (21.3–24.2) 24.2 (23.3–25.8) 0.015
ADL (modified Barthel index)* 100.0 (94.0–100.0) 100.0 (93.0–100.0) 0.753
IADL (Lawton and Brody index) 5.0 (5.0–5.0) 5.0 (4.0–5.0) 0.134
Dementia (K-MMSE)* 25.0 (20.0–27.0) 25.0 (20.0–28.0) 0.363
Risk of delirium (NDS ≥ 2%)   6.9   6.9 1.000
CCI ≥ 3, % 89.7 93.1 1.000

Values are expressed as median (IQR) for continuous variables and percentage for 
categorical variables. Differences were evaluated by using Wilcoxon signed ranks test 
for continuous variables and the McNemar test for categorical variables.
MNA = Mini Nutritional Assessment, ADL = activities of daily living, IADL = instrumen-
tal activities of daily living, K-MMSE = Korean Mini-Mental State Examination, NDS =  
Nursing Delirium Screening, CCI = Charlson comorbidity index, IQR = interquartile 
range.
*Markers that suggest improvement when the scores increase. If not specified, a de-
creased score signifies an improved condition.

Table 3. HR of frailty for composite adverse outcomes

Variables HR (95% CI) P value

Univariate analysis
   Frailty (yes vs. no) 4.03 (0.96–16.93) 0.057
Multivariate analysis
   Frailty (yes vs. no) 23.58 (1.61–346.03) 0.021
   Age (per 1 yr increase) 1.09 (0.94–1.27) 0.262
   Sex (women vs. men) 0.27 (0.03–2.42) 0.243
   Diabetes (yes vs. no) 0.08 (0.01–0.60) 0.013
   BMI (per 1 kg/m2 increase) 1.75 (1.08–2.85) 0.023
   Time of predialytic nephrologic care  
      (per 1 mon increase)

0.99 (0.96–1.01) 0.330

HR was calculated by Cox proportional hazards regression analysis. In multivariate 
analysis, the covariates were age and variables with P < 0.100 in univariate analysis 
for either frailty or composite adverse outcome.
HR = hazard ratio, CI = confidence interval, BMI = body mass index.

Fig. 3. Kaplan-Meier survival curve for the composite adverse outcome according to 
frailty status.
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baseline showing 63.0% of albumin score 2 (< 3.5 g/dL), 17.4% 
of malnutrition score 2 (< 17 MNA score), and 82.6% in mid-arm 
circumference score 2 (< 24.6 cm). Nonetheless, only 19.6% of 
the patients were fully dependent in ADL, in parallel to the low 
proportions of patients with dementia and delirium (Fig. 2).
 The comparison results according to frailty status were shown 
in Table 1. There were more women in the frailty group than in 
the no frailty group. Patients with frailty showed significantly 
lower BMI than those without frailty. There were no definite dif-
ferences in other baseline characteristics. In multivariate logis-
tic regression analysis, female sex and increased BMI were as-
sociated with increased and decreased odds of frailty, respec-
tively (Table 2). In the Kaplan-Meier curve, the frailty group show-
ed significantly poorer event-free survival compared to the no 
frailty group (P = 0.040; Fig. 3). In multivariate Cox proportional 
hazards analysis (Table 3), after adjusting for age, sex, diabetes, 
BMI, and time of predialytic nephrologic care, frailty group show-
ed 23.58-times higher hazard of composite outcome develop-
ment (95% CI, 1.61–346.03; P = 0.021) than non-frailty group. 
Every 1 score increase of the multidimensional frailty score was 
associated with 1.63-times higher hazard of composite outcome 

development (95% CI, 1.01–2.65; P = 0.047).
 The result of changes of the multidimensional frailty score 
before and after dialysis initiation was shown in Table 4. Of the 
total of 46 patients, 29 patients (60.4%) underwent follow-up 
CGA for 12 months. When we compared the baseline charac-
teristics depending on the availability of 12 months follow-up 
CGA data, patients with 12 months follow-up CGA did not show 
significant differences from those without 12 months follow-up 
CGA (Supplementary Table 2). In 29 patients for whom 12 months 
follow-up CGA data were available, the median multidimen-
sional frailty score was significantly decreased (P < 0.001). This 
improvement largely relied on improved nutrition: increased 
serum albumin levels (P < 0.001), increased MNA scores (P =  
0.008), and increased mid-arm circumference (P = 0.015). Oth-
er components of the multidimensional frailty score were not 
ffected by dialysis initiation. 
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DISCUSSION

As human life expectancy increases, dialysis initiation in elderly 
people has become prevalent (1,2). However, when to start di-
alysis in elderly patients and whether the practice is beneficial 
are largely controversial among clinicians. In general, dialysis 
has been shown to prolong the life span of the elderly popula-
tion (3,4). However, recent data suggested that dialysis initia-
tion did not improve the risk of death and quality of life of pa-
tients, and the functional status decreased abruptly after dialy-
sis initiation among frail elder patients with incident ESRD who 
resided in nursing home facility (5). In the meantime, frailty has 
been highlighted as a key feature of elderly people, and suggest-
ed as a risk factor of falls, disabilities, and mortality (6). Howev-
er, prospective studies that explored the effect of frailty on ad-
verse outcomes in elderly patients with ESRD are sparse, par-
ticularly in the Asian population. Moreover, whether frailty is 
improved by dialysis in elderly patients with ESRD is still incon-
clusive. In this study, we identified that frail elderly patients with 
ESRD were at a higher risk of developing adverse clinical out-
comes than their nonfrail counterparts. Fortunately, however, 
frail conditions in elderly patients with ESRD may be improved 
by dialysis initiation, particularly owing to improved nutrition.
 In this study, we identified that female sex and decreased BMI 
were risk factors of frailty among elderly patients with incident 
ESRD. In many previous studies, female sex was recognized as 
a risk factor of frailty, regardless of the method of frailty mea-
surement (10,23-28). However, BMI showed different results. 
Many previous studies reported that BMI was not associated 
with frailty (10,11,23,27,28). In contrast, Delgado et al. (25) ana-
lyzed 80 patients undergoing hemodialysis (58% black) and re-
ported that frail patients showed higher BMI than nonfrail pa-
tients (28.8 vs. 24.9 kg/m2, P = 0.010). McAdams-DeMarco et al. 
(29) also reported that frail patients showed a higher rate of obe-
sity than nonfrail patients (51.8% vs. 23.9%, P < 0.001). We be-
lieve this different association of BMI with frailty derives from 
the use of different frailty measurement tools (23). For example, 
Salter et al. (30) reported that obesity was associated with de-
creased odds of nephrologist-perceived frailty (OR, 0.21) or nurse 
practitioner-perceived frailty (OR, 0.44), whereas it was not as-
sociated with measured frailty. The result of the hazardous im-
pact of increased BMI on adverse outcome also needs cautious 
interpretation since there is a reverse epidemiology between 
BMI and mortality in ESRD patients (31). As with previous stud-
ies (10,11,23,24), frailty defined by the multidimensional frailty 
score was also associated with an increased risk of death or car-
diovascular hospitalization. Up until recently, the reason why 
frailty was associated with adverse clinical outcomes has been 
unclear. Subjects with frailty tended to have endothelial dysfunc-
tion (32) and inflammation (33). These subclinical pathophysi-
ologic disturbances may explain the intimate association be-

tween frailty and various comorbidities, such as diabetes and 
cardiovascular diseases (10,11,23,24,27,28,30). Subsequent stud-
ies are needed to find out a pathophysiologic link between frail-
ty and adverse outcome in elderly ESRD patients.
 Our study has several strengths. This was the first study to sug-
gest that frailty can be improved by dialysis in elderly patients. 
In the current study, the multidimensional frailty score signifi-
cantly improved 12 months after dialysis initiation. During the 
study period, only 8.7% of the patients died, and their function-
al and cognitive capacities were not deteriorated by dialysis. To 
our best knowledge, only one study evaluated the change of 
frailty in patients with ESRD (34). McAdams-DeMarco et al. (34) 
reported that frailty ultimately improves after renal replacement 
therapy (RRT) in patients with ESRD. However, the study by Mc-
Adams-DeMarco et al. (34) was not comparable with the cur-
rent study because the RRT in their study was kidney transplan-
tation, not dialysis, and they included patients with ESRD of all 
ages. Kurella et al. (5) reported that most of the participants in 
their study died, and the functional status of patients sharply 
declined 1 year after dialysis initiation. Unlike the current study, 
they did not use the concept of frailty, thus making a direct com-
parison with the current study impossible. Nonetheless, the high-
er death rate with functional deterioration after dialysis initia-
tion in the study by Kurella et al. (5) was rather different from 
the results of the current study. We assume that the participants 
in the study of Kurella et al. (5) may be more frail than those in 
the current study; all of the participants in the study of Kurella 
et al. (5) resided in nursing home facilities, and the serum albu-
min level was lower than that in the current study. On the basis 
of the aforementioned study results, we hypothesized that dial-
ysis may have a beneficial effect on clinical outcomes even for 
elderly patients with ESRD, if the patients are not severely frail. 
Second, there have been several studies which suggested that 
poor nutrition was a risk factor of adverse outcome in ESRD pa-
tients (35-37). Malnutrition is a key feature of frailty (38). In this 
study, the improved frailty was largely attributed to improved 
nutrition. Therefore, the current study may provide the link be-
tween nutrition, frailty and adverse outcome, particularly in el-
derly ESRD patients. Third, the study population was solely com-
posed of patients with Asian ethnicity, the proportion of which 
was very low in previous studies (5,10,11), and we only includ-
ed elderly patients with ESRD.
 Our study also has several limitations. First, frailty defined by 
the multidimensional frailty score in elderly patients with ESRD 
was used for the first time in the current study. However, this 
limitation may be acceptable as the CGA protocol for calculat-
ing multidimensional frailty score is well validated in various 
conditions (7,8,13), and the study results were concordant with 
those of previous studies (10,11,23,24). Moreover, unlike previ-
ous frailty definitions that mainly focused on physical weakness 
(6), our frailty definition was more “multidimensional” as it em-
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phasized nutrition and mental weakness, along with physical 
weakness. Future studies to validate our study results need to 
follow. Second, not all participants repeated the CGA protocol 
12 months after the dialysis. However, the baseline characteris-
tics depending on the availability of 12 months follow-up CGA 
data were not different between participants with and those 
without follow-up CGA (Supplementary Table 2). Third, the study 
sample was small, and the observational period was short. There-
fore, the studied cohort may not be representative of elderly ESRD 
patients, and the event rate was erroneously low. Some contro-
versial results including the association between BMI and ad-
verse outcome should be confirmed in subsequent large pro-
spective studies. Finally, the generalizability might be limited 
because this was a single-nation and single-center study.
 In conclusion, frailty is associated with an increased risk of 
adverse outcomes in elderly patients with incident ESRD. Ac-
cording to our study results, frailty may be improved by dialysis, 
even when applied to elderly patients with ESRD. A future large 
study needs to be conducted to confirm our study results. 
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Supplementary Table 1. Multidimensional frailty score 

Items
Score

0 1 2

Malignant disease Benign disease Malignant disease NA
CCI 0 1–2 ≥ 3
Albumin, g/dL > 3.9 3.5–3.9 < 3.5
ADL (modified Barthel index) 100 (independent) 75–99 (partial dependent) < 75 (full dependent)
IADL (Lawton and Brody index) 0 ≥ 1 (dependent) NA
Dementia (K-MMSE) ≥ 25 (normal) 17–24 (mild cognitive impairment) < 17 (dementia)
Risk of delirium (NDS) 0–1 ≥ 2 NA
Malnutrition (MNA) > 23.5 (normal) 17–23.5 (risk of malnutrition) < 17 (malnutrition)
Mid-arm circumference, cm > 27.0 24.6–27.0 < 24.6

NA = not applicable, CCI = Charlson comorbidity index, ADL = activities of daily living, IADL = instrumental activities of daily living, K-MMSE = Korean Mini-Mental State Ex-
amination, NDS = Nursing Delirium Screening, MNA = Mini Nutritional Assessment.
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Supplementary Table 2. Baseline characteristics of study patients according to availability of repeated frailty assessment 1 year after dialysis initiation

Characteristics Unavailable (n = 17) Available (n = 29) P value

Age, yr 70.0 (67.0–76.5) 72.0 (69.5–77.5) 0.332
Women, % 47.1 31.0 0.277
Alcohol drinking, % 5.9 10.3 1.000
Current smoking, % 5.9 24.1 0.226
Hypertension, % 94.1 100.0 0.370
Diabetes, % 47.1 65.5 0.220
Cerebrovascular disease, % 70.6 51.7 0.210
Cancer history, % 17.6 10.3 0.655
Vascular access type, % 0.561
   Arteriovenous fistula 17.6 24.1
   Arteriovenous graft 5.9 13.8
   Central venous catheter 76.5 62.1
BMI, kg/m2 22.0 (19.5–25.6) 22.2 (20.2–24.6) 0.900
Systolic BP, mmHg 135.0 (117.5–156.0) 138.0 (131.0–151.0) 0.393
Diastolic BP, mmHg 69.0 (60.5–81.0) 76.0 (64.0–85.0) 0.154
Hemoglobin, g/dL 10.2 (9.1–11.2) 10.0 (9.2–10.9) 0.882
BUN, mg/dL 56.0 (35.5–69.5) 52.0 (37.0–78.5) 0.909
Serum creatinine, mg/dL 6.2 (4.8–7.7) 5.9 (4.6–7.6) 0.937
eGFR, mL/min/1.73 m2 8.0 (5.3–9.3) 7.6 (5.9–10.5) 0.955
Total cholesterol, mg/dL 158.0 (126.0–181.0) 151.0 (132.0–181.5) 0.936
Urinary albumin, mg/day* 480.5 (132.5–2,242.0, n = 14) 1,126.0 (540.0–2,325.0, n = 27) 0.182
Frailty, % 47.1 24.1 0.109
Death, % 17.6 3.4 0.135
Cardiovascular admission, % 11.8 6.9 0.619

Values are expressed as median (IQR) for continuous variables and percentage for categorical variables. Differences were evaluated by using Mann-Whitney U-test for continu-
ous variables, and χ2 or Fisher’s exact test for categorical variables.
BMI = body mass index, BP = blood pressure, BUN = blood urea nitrogen, eGFR = estimated glomerular filtration rate, IQR = interquartile range.
*Variable with missing values.


