
RESEARCH ARTICLE

Ratio of extracellular water to intracellular

water and simplified creatinine index as

predictors of all-cause mortality for patients

receiving hemodialysis

Takahiro YajimaID
1*, Kumiko Yajima2

1 Department of Nephrology, Matsunami General Hospital, Gifu, Japan, 2 Department of Internal Medicine,

Matsunami General Hospital, Gifu, Japan

* yajima5639@gmail.com

Abstract

The bioelectrical impedance analysis-measured ratio of extracellular water (ECW) to intra-

cellular water (ICW) reflects fluid volume and malnutrition. It may be an indicator of protein-

energy wasting and muscle wasting in hemodialysis patients. We examined the associa-

tion between the ECW/ICW ratio and simplified creatinine index, which is a new surrogate

marker of protein-energy wasting and muscle wasting, and whether their combination can

accurately predict mortality. A total of 224 patients undergoing hemodialysis for more than

6 months and having undergone bioelectrical impedance analysis for the assessment of

body composition were included. Patients were divided into two groups based on the cut-

off values of the ECW/ICW ratio (0.57) and simplified creatinine index (20.4 mg/kg/day) for

maximumly predicting mortality. Thereafter, they were cross-classified into four groups

with each cut-off point. The ECW/ICW ratio was independently associated with the simpli-

fied creatinine index (β = -0.164; P = 0.042). During a follow-up of 3.5 years (2.0–6.0

years), 77 patients died. A higher ECW/ICW ratio (adjusted hazard ratio, 3.66, 95% confi-

dence interval 1.99–6.72, P <0.0001) and lower simplified creatinine index (adjusted haz-

ard ratio, 2.25, 95% confidence interval 1.34–3.79, P = 0.0021) were independently

associated with an increased risk of all-cause mortality. The adjusted hazard ratio for the

higher ECW/ICW ratio and lower simplified creatinine index group vs. the lower ECW/ICW

ratio and higher simplified creatinine index group was 12.22 (95% confidence interval

3.68–40.57, p <0.0001). Furthermore, the addition of the ECW/ICW ratio and simplified

creatinine index to the baseline risk model significantly improved the C-index from 0.831 to

0.864 (p = 0.045). In conclusion, the ECW/ICW ratio may be a surrogate marker of muscle

wasting. Moreover, combining the ECW/ICW ratio and simplified creatinine index may

improve the accuracy of predicting all-cause mortality and help stratify the mortality risk of

hemodialysis patients.
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Introduction

Fluid overload and malnutrition are common life-threatening concerns for patients undergo-

ing hemodialysis. Volume overload can induce hypertension, left ventricular hypertrophy, and

congestive heart failure and can even lead to mortality [1, 2]. Regarding malnutrition, there

are several phenotypes, such as protein-energy wasting (PEW) and sarcopenia [3, 4]. PEW, a

malnutritional state characterized by the volume reduction of muscle and fat caused by the

decreased intake of energy and/or protein and chronic inflammation [5, 6], is highly prevalent

and associated with increased risks of all-cause mortality and cardiovascular mortality in

hemodialysis patients [7, 8]. Sarcopenia, a condition defined as the loss of skeletal muscle mass

and function, is also prevalent and associated with mortality in this population [9–11]. A com-

mon element of PEW and sarcopenia is muscle wasting or loss of muscle; therefore, hemodial-

ysis patients can concomitantly have PEW and sarcopenia [3, 4]. We recently reported that

computed tomography-measured sarcopenic indices are promising indicators of mortality in

hemodialysis patients [12–15]. According to the Asian Working Group for Sarcopenia: 2019

Consensus Update on Sarcopenia Diagnosis and Treatment, muscle function, such as muscle

strength, is considered more important than muscle mass for predicting sarcopenia and mor-

tality in the general population [10]. However, muscle function usually deteriorates, and mus-

cle wasting (loss of muscle mass) is now recognized as an important predictor of mortality in

the hemodialysis population [16]. The simplified creatinine index (SCI), which is an objective

nutritional assessment tool calculated using sex, age, single-pool Kt/V for urea (urea kinetic

modeling based on the assumption that urea is located only in one compartment of the body:

spKt/Vurea), and serum creatinine level before a hemodialysis session, has been introduced as

a marker of muscle mass volume or muscle wasting [17, 18]. The SCI, which helps to predict

infection-related, cardiovascular, and all-cause mortality [19, 20], has also been recognized as a

new indicator of PEW [21].

Bioelectrical impedance analysis (BIA) has attracted attention as a useful tool to assess the

fluid volume and monitor the nutritional status of the hemodialysis population in daily clinical

practice [22, 23]. Recently, the BIA-measured ratio of extracellular water (ECW) to intracellu-

lar water (ICW), which can simultaneously reflect fluid overload and malnutrition, has

emerged as an indicator of PEW in patients receiving hemodialysis [24]. The ECW/ICW ratio

can help predict cardiovascular mortality, cardiovascular events, and all-cause mortality in this

population [24–26]. Park et al. reported that ECW fluid overload was associated with sarcope-

nia in the general population [27]. Additionally, ICW may be representative of body cell or

skeletal muscle mass [28]; therefore, we hypothesized that the ECW/ICW ratio might be an

indicator of muscle wasting. However, the association between the ECW/ICW ratio and mus-

cle wasting in hemodialysis patients remains unclear.

This study aimed to examine the association between the ECW/ICW ratio and the SCI in

hemodialysis patients. Moreover, we evaluated whether the combination of the ECW/ICW

ratio and SCI could stratify the risks of all-cause mortality and improve the accuracy of pre-

dicting mortality in this population.

Methods

Study participants

This retrospective study included patients who had steadily received hemodialysis for more

than 6 months (three times per week for four hours) and underwent body composition mea-

surements using BIA at our institution from January 2009 to December 2019. Patient data

were anonymized before they were accessed; therefore, the requirement for informed consent
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was waived by the ethics committee of our institution. This study adhered to the principles of

the Declaration of Helsinki, and the study protocol was approved by the Ethics Committee of

Matsunami General Hospital (approval no. 523).

Baseline data collection

The following patient data were obtained from medical records: age, sex, hemodialysis vintage,

cause of end-stage kidney disease, alcohol consumption, tobacco use, and history of hyperten-

sion, diabetes mellitus, and cardiovascular events. In this study, hypertension was defined as

the use of any anti-hypertensive medications and/or systolic blood pressure�140 mmHg and/

or diastolic blood pressure�90 mmHg before a hemodialysis session. Diabetes mellitus was

defined as a history of diabetes mellitus and/or treatment with anti-diabetic agents. Cardiovas-

cular disease (CVD) events were defined as a history of angina pectoris, myocardial infarction,

congestive heart failure, stroke, or peripheral artery disease. Blood tests were performed with

the patient in the supine position before and after the hemodialysis session on a Monday or

Tuesday. BIA and chest radiographs were performed on the same day after the hemodialysis

session. Body composition data, including the ECW, ICW, and total body water, were mea-

sured using a multi-frequency (2.5–350 kHz) body composition analyzer (MLT-550N; SK

Medical, Siga, Japan) with the wrist-ankle method. The body mass index (BMI) was calculated

as follows: BMI = dry weight (kg)/height squared (m2). The geriatric nutritional risk index

(GNRI) was calculated using the serum albumin level and BMI as follows [29–31]:

GNRI = 14.89 × serum albumin level (g/dL) + 41.7 × BMI (kg/m2) / 22. When the BMI was

greater than 22 kg/m2, the variable BMI (kg/m2)/22 was set to 1. The SCI was calculated using

parameters such as age, sex, single-pool Kt/V for urea (spKt/Vurea), and the pre-hemodialysis

serum creatinine level as follows [17]: SCI (mg/kg/day) = 16.21 + 1.12 × (1 for males; 0 for

females) − 0.06 × age (years) − 0.08 × spKt/Vurea + 0.009 × pre-hemodialysis creatinine level

(μmol/L).

Follow-up and study endpoint

Patients were divided into two groups based on the cut-off values of the ECW/ICW ratio

(0.57) and SCI (20.4 mg/kg/day) for maximumly discriminating survival. Thereafter, they

were divided into four subgroups with the following cut-off points: G1, ECW/ICW ratio

<0.57 and SCI�20.4 mg/kg/day; G2, ECW/ICW ratio <0.57 and SCI<20.4 mg/kg/day; G3,

ECW/ICW ratio�0.57 and SCI�20.4 mg/kg/day; and G4, ECW/ICW ratio�0.57 and SCI

<20.4 mg/kg/day. Patients were followed-up until December 2020. The study endpoint was

all-cause mortality.

Statistical analysis

Normally distributed variables are expressed as mean ± standard deviation, and non-normally

distributed variables are expressed as the median and interquartile range. The cut-off values of

the ECW/ICW ratio and SCI for maximally predicting mortality were obtained using receiver

operating characteristic (ROC) analysis and the Youden index (the maximum sum of sensitiv-

ity and specificity minus one). To compare the differences in the baseline characteristics of the

patients who were divided into four subgroups based on the cut-off values of the ECW/ICW

ratio and SCI, a one-way analysis of variance or the Kruskal–Wallis test was performed for

continuous variables, and the chi-squared test was used for categorical variables. A univariate

linear regression analysis was performed to examine the correlations between the ECW/ICW

and baseline factors. The multivariate linear regression analysis included factors significantly

associated with the ECW/ICW ratio in the univariate analysis. The Kaplan–Meier method was
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used to estimate the survival rate, and the differences were analyzed using the log-rank test. A

univariate Cox proportional hazard regression analysis was performed to estimate hazard

ratios and 95% confidence intervals [CIs] for all-cause mortality. Multivariate Cox propor-

tional hazard regression analysis was performed by adjusting for age, sex, and variables that

had a p value of<0.1 in the univariate Cox analysis (hemodialysis vintage, history of CVD

events, hemoglobin, phosphorus, C-reactive protein (CRP), and GNRI).

To assess whether the predictive accuracy of all-cause mortality could improve when the

ECW/ICW ratio and/or SCI were added to the baseline model, the C-index, net reclassifica-

tion improvement (NRI), and integrated discrimination improvement (IDI) were calculated.

As a baseline model, variables, as mentioned above, were included. The C-index was defined

as the area under the ROC curve in the logistic regression analysis [32]. The C-index of the

enriched model with the addition of the ECW/ICW ratio and/or SCI was compared to that of

the baseline model. The NRI was a relative indicator of the number of patients with improved

predicted mortality risk, and the IDI was an indicator of the average improvement in the pre-

dicted mortality risk after adding the ECW/ICW ratio and/or SCI to the baseline model [33].

All statistical analyses were performed using R version 4.04 (R Foundation for Statistical

Computing, Vienna, Austria) and SPSS version 24 (IBM Corp., Armonk, NY, USA); P<0.05

was considered to be statistically significant.

Results

Baseline characteristics

We included 224 patients receiving hemodialysis in the present study. Their baseline charac-

teristics are summarized in Table 1. The mean age was 63.3±13.9 years, and 66.5% of the

patients were men. The median hemodialysis vintage was 0.8 years (0.6–4.7 years); 46.9% of

the patients had a history of diabetes mellitus, and 62.9% had a history of CVD events. The

hemoglobin, total cholesterol, phosphorus, CRP, GNRI, and cardiothoracic ratio (CTR) values

were 10.8±1.3 g/dL, 156±35 mg/dL, 5.1±1.3 mg/dL, 0.17 mg/dL (0.06–0.37 mg/dL), 93.2±6.4,

and 49.3±5.0%, respectively. The median ECW/ICW ratio and SCI were 0.56 (0.46–0.69) and

19.9 mg/kg/day (18.1–22.1 mg/kg/day), respectively.

Relationship between the ECW/ICW ratio and SCI

The ECW/ICW ratio was positively correlated with age, male sex, history of diabetes, CTR,

and log CRP and was negatively correlated with the GNRI and SCI. In the multivariate regres-

sion analysis, the ECW/ICW ratio was independently associated with age (β = 0.201;

P = 0.013), male sex (β = 0.298; P<0.0001), diabetes (β = 0.207; P = 0.0003), CTR (β = 0.134;

P = 0.024), GNRI (β = -0.271; P<0.0001), and SCI (β = -0.164; P = 0.042) (Table 2).

Association of the ECW/ICW ratio and/or the SCI with all-cause mortality

During a median follow-up of 3.5 years (2.0–6.0 years), 77 patients died because of the following

reasons: CVD (N = 38; 49.4%), infection (N = 22; 28.6%), cancer (N = 10; 13.0%), and other

causes (N = 7; 9.1%). The univariate Cox proportional hazard regression analysis revealed that

the ECW/ICW ratio (continuous) and the SCI (continuous) were significant predictors of all-

cause mortality (ECW/ICW ratio: HR 1.05, 95% CI 1.04–1.06, p<0.0001; SCI: HR 0.83, 95% CI

0.76–0.90, p<0.0001). However, to maximize the predictive value of all-cause mortality, the

cut-off points were determined using ROC analysis; ECW/ICW ratio: cut-off value 0.57, AUC

0.737, sensitivity 0.687, specificity 0.741, p<0.0001; SCI: cut-off value 20.4 mg/kg/day, AUC

0.623, sensitivity 0.496, specificity 0.715, p = 0.0006. The 10-year all-cause survival rates were
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26.9% in the higher ECW/ICW ratio group and 61.7% in the lower ECW/ICW ratio group

(P<0.0001) (Fig 1a); these rates were 26.7% in the lower SCI group and 64.8% in the higher SCI

group (P = 0.0002) (Fig 1b). The 10-year all-cause survival rates were 76.6% in group 1 (G1),

43.9% in group 2 (G2), 39.4% in group 3 (G3), and 0% in group 4 (G4) (P<0.0001). After

adjusting for age and sex, hemodialysis vintage, history of CVD, hemoglobin, phosphorus,

CRP, and GNRI, a higher ECW/ICW ratio (adjusted hazard ratio [aHR], 3.66; 95% CI, 1.99–

6.72; P<0.0001) and lower SCI (aHR, 2.25; 95% CI, 1.34–3.79; P = 0.0021) were independently

associated with increased risks of all-cause mortality (Table 3). Moreover, compared with G1,

the aHRs for G2, G3, and G4 were 4.29 (95% CI, 1.30–14.18; P = 0.017), 8.61 (95% CI, 2.61–

28.46; P = 0.0004), and 12.22 (95% CI, 3.68–40.57; P<0.0001), respectively (Table 3).

Table 1. Baseline patient characteristics.

All patients (N = 224) G1 G2 G3 G4 P value

(N = 63) (N = 58) (N = 31) (N = 72)

Age (years) 63.3 ± 13.9 50.2 ± 13.5 67.2 ± 10.5 64.2 ± 10.5 71.4 ± 8.9 <0.0001

Male sex 66.5 68.3 44.8 96.7 69.4 <0.0001

Underlying kidney disease 0.033

Diabetic kidney disease 44.2 31.7 44.8 38.7 56.9

Chronic glomerulonephritis 29.5 42.9 31.0 32.2 15.3

Nephrosclerosis 18.8 14.3 17.2 25.8 20.8

Others 7.6 11.1 6.9 3.2 6.9

HD duration (years) 0.8 (0.6–4.7) 1.5 (0.6–9.3) 0.6 (0.5–1.9) 5.1 (1.2–9.2) 0.6 (0.5–1.2) 0.0002

Alcohol 21.0 22.2 20.7 25.8 18.1 0.84

Smoking 26.8 31.7 27.6 19.4 25.0 0.61

Hypertension 95.5 93.7 94.8 93.5 98.6 0.40

Diabetes mellitus 46.9 31.7 51.7 45.2 56.9 0.024

History of CVD 62.9 44.4 69.0 64.5 73.6 0.0037

BMI (kg/m2) 22.0 ± 4.0 22.0 ± 3.8 22.7 ± 5.1 22.1 ± 3.5 21.5 ± 3.3 0.37

BUN (mg/dL) 60.5 ± 15.0 69.1 ± 17.6 58.7 ± 10.5 64.1 ± 14.2 53.0 ± 11.5 <0.0001

Creatinine (mg/dL) 8.9 ± 2.9 11.9 ± 2.1 7.2 ± 1.8 11.1 ± 1.4 6.9 ± 1.7 <0.0001

Albumin (g/dL) 3.6 ± 0.3 3.8 ± 0.3 3.7 ± 0.3 3.6 ± 0.3 3.5 ± 0.4 <0.0001

Hemoglobin (g/dL) 10.8 ± 1.3 11.1 ± 1.2 10.9 ± 1.3 10.6 ± 1.1 10.5 ± 1.5 0.050

T-Cho (mg/dL) 156 ± 35 152 ± 33 172 ± 34 152 ± 34 147 ± 36 0.0007

Phosphorus (mg/dL) 5.1 ± 1.3 5.8 ± 1.4 4.9 ± 1.1 5.3 ± 1.4 4.6 ± 1.2 <0.0001

Glucose (mg/dL) 138 ± 57 132 ± 59 139 ± 59 136 ± 45 143 ± 58 0.72

CRP (mg/dL) 0.17 (0.06–0.37) 0.11 (0.05–0.21) 0.18 (0.06–0.32) 0.23 (0.06–0.55) 0.21 (0.06–0.53) 0.034

GNRI 93.2 ± 6.4 95.8 ± 5.6 93.6 ± 6.6 92.3 ± 5.3 90.9 ± 6.3 <0.0001

Kt/V 1.3 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.3 ± 0.2 1.2 ± 0.3 0.0013

SCI (mg/kg/day) 20.1 ± 2.9 23.2 ± 2.1 18.2 ± 1.5 22.0 ± 1.4 18.0 ± 1.7 <0.0001

CTR 49.3 ± 5.0 47.0 ± 4.5 50.2 ± 5.3 49.0 ± 4.3 50.7 ± 5.0 0.0001

TBW (kg) 27.5 ± 5.4 28.4 ± 5.8 25.1 ± 5.5 30.0 ± 4.5 27.5 ± 4.5 0.0001

ICW (kg) 17.4 ± 3.7 19.8 ± 3.8 17.0 ± 3.6 17.7 ± 3.0 15.5 ± 2.7 <0.0001

ECW (kg) 10.0 ± 3.1 8.6 ± 2.6 8.1 ± 2.2 12.3 ± 1.9 12.0 ± 2.7 <0.0001

ECW/ICW ratio 0.59 ± 0.20 0.43 ± 0.10 0.47 ± 0.07 0.70 ± 0.10 0.78 ± 0.19 <0.0001

Data are provided as mean ± standard deviation or median and interquartile range or percentages. A one-way analysis of variance or the Kruskal–Wallis test was

performed for continuous variables, and the chi-squared test was performed for categorical variables.

BMI, body mass index; CRP, C-reactive protein; CTR, cardiothoracic ratio; CVD, cardiovascular disease; ECW, extracellular water; GNRI, geriatric nutritional risk

index; HD, hemodialysis; ICW, intracellular water; SCI, simplified creatinine index; TBW, total body water.

https://doi.org/10.1371/journal.pone.0282864.t001
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Model discrimination

The addition of the SCI alone and ECW/ICW ratio alone into the baseline risk model, includ-

ing age, sex, hemodialysis vintage, history of CVD, hemoglobin, phosphorus, CRP, and GNRI,

Table 2. Regression analysis of the relationships between the ECW/ICW ratio and baseline variables.

Variables Univariate Multivariate

r P value β P value

Age 0.487 <0.0001 0.201 0.013

Male sex 0.216 0.0011 0.298 <0.0001

Diabetes 0.216 0.0011 0.207 0.0003

CTR 0.267 <0.0001 0.134 0.024

Log CRP 0.207 0.0019 0.075 0.169

GNRI -0.349 <0.0001 -0.271 <0.0001

SCI -0.361 <0.0001 -0.164 0.042

The univariate linear regression analysis was performed to examine the correlations between the ECW/ICW and baseline factors. The multivariate linear regression

analysis was performed with significant variables in the univariate analysis.

CTR, cardiothoracic ratio; CRP, C-reactive protein; GNRI, geriatric nutritional risk index; SCI, simplified creatinine index.

https://doi.org/10.1371/journal.pone.0282864.t002

Fig 1. Kaplan–Meier survival curves for all-cause mortality. The Kaplan–Meier method was used to estimate the

survival rate, and the differences were analyzed using the log-rank test. All-cause survival rates for the two groups of

(ratio of extracellular water to intracellular water) the ECW/ICW ratio<0.57 vs. ECW/ICW ratio�0.57 (a), two

groups of the simplified creatinine index (SCI)<20.4 mg/kg/day vs. mCI�20.4 mg/kg/day (b), and four groups of the

combined ECW/ICW and SCI (c). G1 (group 1), ECW/ICW ratio<0.57 and SCI�20.4 mg/kg/day; G2 (group 2),

ECW/ICW ratio<0.57 and SCI<20.4 mg/kg/day; G3 (group 3), ECW/ICW ratio�0.57 and SCI�20.4 mg/kg/day;

and G4 (group 4), ECW/ICW ratio�0.57 and SCI<20.4 mg/kg/day.

https://doi.org/10.1371/journal.pone.0282864.g001

Table 3. Cox proportional hazards analysis of the ECW/ICW ratio and the SCI for mortality.

Variables Univariate Multivariate�

HR (95% CI) P value HR (95% CI) P value

Lower SCI (SCI <20.4 mg/kg/day) 2.73 (1.64–4.53) 0.0001 2.25 (1.34–3.79) 0.0021

Higher ECW/ICW ratio (ECW/ICW ratio�0.57) 5.33 (3.17–8.95) <0.0001 3.66 (1.99–6.72) <0.0001

Cross-classified (vs. G1) <0.0001 <0.0001

G2 5.69 (1.89–17.10) 0.0019 4.29 (1.30–14.18) 0.017

G3 11.47 (3.87–33.99) <0.0001 8.61 (2.61–28.46) 0.0004

G4 20.48 (7.11–58.95) <0.0001 12.22 (3.68–40.57) <0.0001

The univariate Cox proportional hazard regression analysis was performed to estimate hazard ratios and 95% CIs for all-cause mortality. Multivariate Cox proportional

hazard regression analysis was performed by adjusting for age, sex, and variables that had a p value of <0.1 in the univariate Cox analysis (hemodialysis vintage, history

of CVD, hemoglobin, phosphorus, C-reactive protein, and geriatric nutritional risk index).

HR, hazard ratio; CI, confidence interval; SCI, simplified creatinine index; ECW, extracellular water; ICW, intracellular water.

https://doi.org/10.1371/journal.pone.0282864.t003
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did not improve the C-index for predicting all-cause mortality; however, the addition of both

significantly improved the C-index from 0.831 to 0.864 (P = 0.045) (Table 4).

Discussion

This study demonstrated that the ECW/ICW ratio was independently associated with the SCI

and that a higher ECW/ICW ratio and lower SCI were independently associated with

increased risks of all-cause mortality. Moreover, the combination of the ECW/ICW ratio and

SCI significantly improved the predictability of all-cause mortality and stratified the risk of

mortality. These findings suggest that the ECW/ICW ratio may be an indicator of muscle wast-

ing and PEW and support the importance of assessing both the ECW/ICW ratio and SCI for

predicting mortality in the hemodialysis population.

In this study, the ECW/ICW ratio was independently associated with diabetes, CTR, GNRI,

and SCI. Nakajima et al. reported that the ECW/ICW ratio was independently associated with

albuminuria levels in patients with type 2 diabetes mellitus without renal failure and suggested

that the ECW/ICW ratio could be helpful to monitor fluid volume imbalance in patients with

type 2 diabetes [34]. Additionally, we previously reported the independent association of the

ECW/ICW ratio with CTR and GNRI, reflecting volume expansion and malnutrition, respec-

tively [24]. GNRI, which helps to assess the longitudinal nutritional status and predict mortal-

ity, is an objective marker of PEW in patients undergoing hemodialysis and is easy to calculate

[35]. Moreover, in this study, the ECW/ICW ratio was negatively and independently associ-

ated with the SCI. The SCI has been developed as a surrogate marker of muscle mass in hemo-

dialysis patients with anuria [17]. Tsai et al. recently reported that SCI was an independent

predictor of PEW [21]. Yamada et al. reported that SCI was highly associated with muscle

mass volume, measured using BIA and anthropometry [36]. Furthermore, Yamamoto et al.

reported that the SCI was correlated with handgrip strength and gait speed [37]. Therefore, in

this study, the independent association of the ECW/ICW ratio with GNRI and SCI suggests

that the ECW/ICW ratio may be an indicator of not only PEW but also sarcopenia. However,

to clarify the relationship between the ECW/ICW ratio and sarcopenia, direct associations of

the ECW/ICW ratio with skeletal muscle mass volume, muscle strength, and gait speed must

be investigated in the future. Since the ICW may be used to estimate the skeletal muscle mass

volume, methods other than BIA, such as dual-energy X-ray absorptiometry or computed

tomography, may be recommended as reference methods.

Possible mechanisms that may explain the association between the ECW/ICW ratio and

muscle wasting or sarcopenia have been considered. Fluid overload, which is an increase in

Table 4. Predictive accuracy of the ECW/ICW ratio and the SCI for all-cause mortality.

Variables C-index P value NRI P value IDI P value

Established risk factors� 0.831 (0.777–0.886) Ref. Ref. Ref.

+ SCI 0.838 (0.785–0.891) 0.31 0.348 0.011 0.008 0.24

+ ECW/ICW ratio 0.858 (0.808–0.907) 0.086 0.893 <0.0001 0.056 0.0006

+ SCI and ECW/ICW ratio 0.864 (0.816–0.912) 0.045 0.882 <0.0001 0.062 0.0002

The C-index, net reclassification improvement (NRI), and integrated discrimination improvement (IDI) were calculated to investigate the predictive accuracy of all-

cause mortality. Established risk factors� included age, sex, hemodialysis vintage, history of cardiovascular disease, hemoglobin, phosphorus, C-reactive protein, and

geriatric nutritional risk index.

NRI, net reclassification improvement; IDI, integrated discrimination improvement; SCI, simplified creatinine index; ECW, extracellular water; ICW, intracellular

water.

https://doi.org/10.1371/journal.pone.0282864.t004
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the ECW, can lead to intestinal edema and may induce inflammation via the translocation of

bowel endotoxin into the circulation [38]. This inflammatory process leads to malnutrition

caused by protein catabolism and muscle wasting [39, 40]. Moreover, the fluid overload may

impair the absorption of bowel nutrients, such as protein and vitamin D, secondary to bowel

edema and may lead to decreased muscle mass and function [41, 42]. Furthermore, a decrease

in ICW itself may directly reflect a decrease in muscle mass [28].

In this study, patients with a higher ECW/ICW ratio and those with a lower SCI were

independently associated with an increased risk of all-cause mortality in patients undergoing

hemodialysis. The ROC-derived cut-off values of the ECW/ICW ratio and SCI for maximally

predicting all-cause mortality were 0.57 and 20.4 mg/kg/day, respectively. Kim et al. reported

that the cut-off value for maximum discrimination of survival was 0.57 in hemodialysis

patients. Canaud et al. demonstrated that the SCI was higher in men than in women, and a

higher SCI (>20.5 mg/kg/day) not categorized by sex was independently associated with a

decreased risk of mortality in the hemodialysis population. Thus, the cut-off values in the

present study were consistent with those that were previously reported. However, the propor-

tion of men in G3 (the group with a higher ECW/ICW ratio and a higher SCI) was relatively

high. Therefore, we included sex as a covariate in the multivariate Cox proportional hazard

regression analysis, similar to Canaud et al.’s study. Furthermore, patients with a higher

ECW/ICW ratio and a lower SCI were at the highest risk of all-cause mortality in this popula-

tion. Regarding model discrimination, compared to the baseline risk model, including the

GNRI, the addition of both the ECW/ICW ratio and the SCI significantly improved the C-

index. Therefore, this study demonstrated that the combined evaluation of the ECW/ICW

ratio and SCI enabled the stratification of the risk of all-cause death and improved mortality

prediction.

There were some limitations to this study. First, this single-center retrospective study

included a relatively small number of patients receiving hemodialysis. In a previous study,

the sample size that was used to investigate the relationship of the ECW/ICW ratio or the

ECW/ total body water (TBW) ratio with mortality in dialysis patients had a median of 152

(77–234) [minimum: 53 (peritoneal dialysis); maximum: 753 (388 hemodialysis and 365 peri-

toneal dialysis)] (N = 11) [43]. Moreover, the median hemodialysis vintage was less than one

year. Therefore, our findings may not be applicable to patients with a longer hemodialysis

duration. Second, the number of events (death) was small; therefore, full adjustments with

covariables were difficult in the multivariate Cox analysis. Third, the ECW/ICW ratio and

the SCI were measured only at the time of study enrollment; therefore, changes in these val-

ues during follow-up periods were not considered. Fourth, this study included only Japanese

patients receiving hemodialysis; therefore, the findings of this study may not be applicable to

all patients receiving hemodialysis in other countries. Fifth, residual kidney function, which

may affect the SCI value, could not be evaluated because of the retrospective nature of this

study. Further prospective, large-scale, multicenter studies may be required to validate our

study findings.

Conclusions

The ECW/ICW ratio was independently associated with the SCI, and both the ECW/ICW

ratio and the SCI independently predicted all-cause mortality for patients receiving hemodial-

ysis. Moreover, the combination of the ECW/ICW ratio and SCI was useful for stratifying the

mortality risk and improving the accuracy of the mortality prediction. Therefore, the ECW/

ICW ratio may be an indicator of muscle wasting, and the combination of the ECW/ICW

ratio and SCI may help accurately predict all-cause mortality in this population.

PLOS ONE ECW/TBW ratio and SCI with mortality in hemodialysis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0282864 March 10, 2023 8 / 11

https://doi.org/10.1371/journal.pone.0282864


Supporting information

S1 File.

(XLSX)

Author Contributions

Conceptualization: Takahiro Yajima, Kumiko Yajima.

Investigation: Takahiro Yajima, Kumiko Yajima.

Methodology: Takahiro Yajima.

Supervision: Kumiko Yajima.

Validation: Takahiro Yajima, Kumiko Yajima.

Visualization: Takahiro Yajima.

Writing – original draft: Takahiro Yajima.

Writing – review & editing: Takahiro Yajima, Kumiko Yajima.

References
1. Shotan A, Dacca S, Shochat M, Kazatsker M, Blondheim DS, Meisel S. Fluid overload contributing to

heart failure. Nephrol Dial Transplant. 2005; 20 Supplement 7: vii24–vii27. https://doi.org/10.1093/ndt/

gfh1103 PMID: 16024828

2. Wizemann V, Wabel P, Chamney P, Zaluska W, Moissl U, Rode C, et al. The mortality risk of overhy-

dration in haemodialysis patients. Nephrol Dial Transplant. 2009; 24: 1574–1579. https://doi.org/10.

1093/ndt/gfn707 PMID: 19131355

3. Hara H, Nakamura Y, Hatano M, Iwashita T, Shimizu T, Ogawa T, et al. Protein energy wasting and sar-

copenia in dialysis patients. Contrib Nephrol. 2018; 196: 243–249. https://doi.org/10.1159/000485729

PMID: 30041234

4. Sabatino A, Cuppari L, Stenvinkel P, Lindholm B, Avesani CM. Sarcopenia in chronic kidney disease:

What have we learned so far? J Nephrol. 2021; 34: 1347–1372. https://doi.org/10.1007/s40620-020-

00840-y PMID: 32876940

5. Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, et al. A proposed nomencla-

ture and diagnostic criteria for protein-energy wasting in acute and chronic kidney disease. Kidney Int.

2008; 73: 391–398. https://doi.org/10.1038/sj.ki.5002585 PMID: 18094682

6. Obi Y, Qader H, Kovesdy CP, Kalantar-Zadeh K. Latest consensus and update on protein-energy wast-

ing in chronic kidney disease. Curr Opin Clin Nutr Metab Care. 2015; 18: 254–262. https://doi.org/10.

1097/MCO.0000000000000171 PMID: 25807354

7. Yajima T, Yajima K, Takahashi H, Yasuda K. The impact of abdominal fat levels on all-cause mortality

risk in patients undergoing hemodialysis. Nutrients. 2018; 10: 480. https://doi.org/10.3390/nu10040480

PMID: 29649164

8. Yajima T, Arao M, Yajima K, Takahashi H, Yasuda K. The associations of fat tissue and muscle mass

indices with all-cause mortality in patients undergoing hemodialysis. PLOS ONE. 2019; 14: e0211988.

https://doi.org/10.1371/journal.pone.0211988 PMID: 30759133

9. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: Revised Euro-

pean consensus on definition and diagnosis. Age Ageing. 2019; 48: 16–31. https://doi.org/10.1093/

ageing/afy169 PMID: 30312372

10. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian Working Group for Sar-

copenia: 2019 Consensus update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc. 2020;

21: 300–307.e2. https://doi.org/10.1016/j.jamda.2019.12.012 PMID: 32033882

11. Ribeiro HS, Neri SGR, Oliveira JS, Bennett PN, Viana JL, Lima RM. Association between sarcopenia

and clinical outcomes in chronic kidney disease patients: A systematic review and meta-analysis. Clin

Nutr. 2022; 41: 1131–1140. https://doi.org/10.1016/j.clnu.2022.03.025 PMID: 35430544

12. Yajima T, Arao M, Yajima K, Takahashi H. Usefulness of computed tomography-measured psoas mus-

cle thickness per height for predicting mortality in patients undergoing hemodialysis. Sci Rep. 2021; 11:

19070. https://doi.org/10.1038/s41598-021-98613-5 PMID: 34561527

PLOS ONE ECW/TBW ratio and SCI with mortality in hemodialysis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0282864 March 10, 2023 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282864.s001
https://doi.org/10.1093/ndt/gfh1103
https://doi.org/10.1093/ndt/gfh1103
http://www.ncbi.nlm.nih.gov/pubmed/16024828
https://doi.org/10.1093/ndt/gfn707
https://doi.org/10.1093/ndt/gfn707
http://www.ncbi.nlm.nih.gov/pubmed/19131355
https://doi.org/10.1159/000485729
http://www.ncbi.nlm.nih.gov/pubmed/30041234
https://doi.org/10.1007/s40620-020-00840-y
https://doi.org/10.1007/s40620-020-00840-y
http://www.ncbi.nlm.nih.gov/pubmed/32876940
https://doi.org/10.1038/sj.ki.5002585
http://www.ncbi.nlm.nih.gov/pubmed/18094682
https://doi.org/10.1097/MCO.0000000000000171
https://doi.org/10.1097/MCO.0000000000000171
http://www.ncbi.nlm.nih.gov/pubmed/25807354
https://doi.org/10.3390/nu10040480
http://www.ncbi.nlm.nih.gov/pubmed/29649164
https://doi.org/10.1371/journal.pone.0211988
http://www.ncbi.nlm.nih.gov/pubmed/30759133
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
https://doi.org/10.1016/j.jamda.2019.12.012
http://www.ncbi.nlm.nih.gov/pubmed/32033882
https://doi.org/10.1016/j.clnu.2022.03.025
http://www.ncbi.nlm.nih.gov/pubmed/35430544
https://doi.org/10.1038/s41598-021-98613-5
http://www.ncbi.nlm.nih.gov/pubmed/34561527
https://doi.org/10.1371/journal.pone.0282864


13. Yajima T. Skeletal muscle density measured by computed tomography as a predictor of mortality in

patients receiving hemodialysis. J Nephrol. 2022; 35: 1535–1537. https://doi.org/10.1007/s40620-022-

01303-2 PMID: 35290651

14. Yajima T, Arao M, Yajima K. Psoas muscle index and psoas muscle density as predictors of mortality in

patients undergoing hemodialysis. Sci Rep. 2022; 12: 10496. https://doi.org/10.1038/s41598-022-

14927-y PMID: 35729286

15. Yajima T. Skeletal muscle gauge and all-cause mortality in hemodialysis patients. J Nephrol. 2022 Oct

20. https://doi.org/10.1007/s40620-022-01480-0 PMID: 36264538

16. Bataille S, Serveaux M, Carreno E, Pedinielli N, Darmon P, Robert A. The diagnosis of sarcopenia is

mainly driven by muscle mass in hemodialysis patients. Clin Nutr. 2017; 36: 1654–1660. https://doi.org/

10.1016/j.clnu.2016.10.016 PMID: 27816311

17. Canaud B, Granger Vallée A, Molinari N, Chenine L, Leray-Moragues H, Rodriguez A, et al. Creatinine

index as a surrogate of lean body mass derived from urea Kt/V, pre-dialysis serum levels and anthropo-

metric characteristics of haemodialysis patients. PLOS ONE. 2014; 9: e93286. https://doi.org/10.1371/

journal.pone.0093286 PMID: 24671212

18. Canaud B, Ye X, Usvyat L, Kooman J, van der Sande F, Raimann J, et al. Clinical and predictive value

of simplified creatinine index used as muscle mass surrogate in end-stage kidney disease haemodialy-

sis patients-results from the international MONitoring Dialysis Outcome initiative. Nephrol Dial Trans-

plant. 2020; 35: 2161–2171. https://doi.org/10.1093/ndt/gfaa098 PMID: 32830264

19. Arase H, Yamada S, Hiyamuta H, Taniguchi M, Tokumoto M, Tsuruya K, et al. Modified creatinine index

and risk for long-term infection-related mortality in hemodialysis patients: Ten-year outcomes of the Q-

Cohort Study. Sci Rep. 2020; 10: 1241. https://doi.org/10.1038/s41598-020-58181-6 PMID: 31988325

20. Arase H, Yamada S, Yotsueda R, Taniguchi M, Yoshida H, Tokumoto M, et al. Modified creatinine

index and risk for cardiovascular events and all-cause mortality in patients undergoing hemodialysis:

The Q-Cohort study. Atherosclerosis. 2018; 275: 115–123. https://doi.org/10.1016/j.atherosclerosis.

2018.06.001 PMID: 29890446

21. Tsai MT, Tseng WC, Ou SM, Lee KH, Yang CY, Tarng DC. Comparison of simplified creatinine index

and systemic inflammatory markers for nutritional evaluation of hemodialysis patients. Nutrients. 2021;

13: 1870. https://doi.org/10.3390/nu13061870 PMID: 34070850

22. Espinosa Cuevas MA, Navarrete Rodriguez G, Villeda Martinez ME, Atilano Carsi X, Miranda Alatriste

P, Tostado Gutiérrez T, et al. Body fluid volume and nutritional status in hemodialysis: Vector bioelectric

impedance analysis. Clin Nephrol. 2010; 73: 300–308. PMID: 20353738

23. Chertow GM, Lowrie EG, Wilmore DW, Gonzalez J, Lew NL, Ling J, et al. Nutritional assessment with

bioelectrical impedance analysis in maintenance hemodialysis patients. J Am Soc Nephrol. 1995; 6:

75–81. https://doi.org/10.1681/ASN.V6175 PMID: 7579073

24. Yajima T, Yajima K, Takahashi H, Yasuda K. Combined predictive value of extracellular fluid/intracellu-

lar fluid ratio and the geriatric nutritional risk index for mortality in patients undergoing hemodialysis.

Nutrients. 2019; 11: 2659. https://doi.org/10.3390/nu11112659 PMID: 31690024

25. Kim EJ, Choi MJ, Lee JH, Oh JE, Seo JW, Lee YK, et al. Extracellular fluid/intracellular fluid volume

ratio as a novel risk indicator for all-cause mortality and cardiovascular disease in hemodialysis patients.

PLOS ONE. 2017; 12: e0170272. https://doi.org/10.1371/journal.pone.0170272 PMID: 28099511

26. Yajima T, Yajima K, Takahashi H. Annual change in the extracellular fluid/intracellular fluid ratio and

mortality in patients undergoing maintenance hemodialysis. Sci Rep. 2022; 12: 242. https://doi.org/10.

1038/s41598-021-04366-6 PMID: 34997150

27. Park KS, Lee GY, Seo YM, Seo SH, Yoo JI. The relationship between extracellular water-to-body water

ratio and sarcopenia according to the newly revised Asian Working Group for Sarcopenia: 2019 Con-

sensus Update. Aging Clin Exp Res. 2021; 33: 2471–2477. https://doi.org/10.1007/s40520-020-01766-

y PMID: 33454925
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