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Annual change in the extracellular
fluid/intracellular fluid ratio

and mortality in patients
undergoing maintenance
hemodialysis

Takahiro Yajima'*, Kumiko Yajima? & Hiroshi Takahashi?

We aimed to investigate whether annual change in the extracellular fluid to intracellular fluid (AECF/
ICF) ratio can accurately predict mortality in hemodialysis patients. Totally, 247 hemodialysis patients
were divided into two groups according to the median baseline ECF/ICF ratio of 0.563 and AECF/

ICF 2 0% or < 0% during the first year, respectively. Thereafter, they were divided into four groups
according to each cutoff point and were followed up for mortality assessment. The ECF/ICF ratio
increased from 0.566 +0.177 to 0.595 + 0.202 in the first year (P=0.0016). During the 3.4-year median
follow-up, 93 patients died (42 cardiovascular-specific causes). The baseline ECF/ICF20.563 and
AECF/ICF 2 0% were independently associated with all-cause mortality (adjusted hazard ratio [aHR]
4.55, 95% confidence interval [C]] 2.60-7.98 and aHR 8.11, 95% Cl 3.47-18.96, respectively). The

aHR for ECF/ICF=0.563 and AECF/ICF = 0% vs. ECF/ICF <0.563 and AECF/ICF < 0% was 73.49 (95% Cl
9.45-571.69). For model discrimination, adding the AECF/ICF (0.859) alone and both the baseline ECF/
ICF and AECF/ICF (0.903) to the established risk model (0.746) significantly improved the C-index.
Similar results were obtained for cardiovascular mortality. In conclusion, the AECF/ICF ratio could

not only predict all-cause and cardiovascular mortality but also improve predictability of mortality in
hemodialysis patients.

Protein-energy wasting (PEW), a malnutritional status defined as loss of body proteins and fuel reserves due to
chronic inflammation, is prevalent and associated with morbidity and mortality in patients undergoing hemo-
dialysis (HD)'-*. We have recently proposed that bioelectrical impedance analysis (BIA)-measured extracellular
fluid to intracellular fluid (ECF/ICF) ratio, which simultaneously reflects ECF volume and body cell mass, may
be a novel marker of PEW in patients undergoing maintenance HD*. The ECF/ICF ratio can also be used as a
promising predictor of cardiovascular events and all-cause and cardiovascular mortality in this population*>.

However, the nutritional status may change constantly; therefore, a regular nutritional assessment may be
recommended®. We have recently reported that the geriatric nutritional risk index (GNRI), a marker of PEW,
significantly decreased during the first follow-up year, and its annual change improved the predictability of all-
cause and cardiovascular mortality in patients undergoing maintenance HD’. Thus, we hypothesized that the
ECF/ICF ratio might also constantly change during the follow-up period, and an increase in the ECF/ICF ratio
may be associated with an increased risk of mortality. However, the association between change in the ECF/ICF
ratio and mortality remains unknown in this population.

The present study aimed to examine the relationship between the annual change in the ECF/ICF ratio (AECF/
ICF ratio) with all-cause and cardiovascular mortality in patients undergoing HD. Moreover, we also investi-
gated whether the AECF/ICF ratio could improve the predictive accuracy for mortality when it was added to
the established risk factors.
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Results

Baseline characteristics. A total of 247 patients (age, 63.7+13.9 years; male, 67.6%; HD vintage, 0.86
[0.55-4.78] years) were included at baseline, and the characteristics of the present study are summarized in
Table 1. A history of CVD was seen in 62.8% of the patients. Serum creatinine, high-density lipoprotein (HDL)
cholesterol, phosphorus, and C-reactive protein levels were 8.8 +2.9 mg/dL, 44+ 15 mg/dL, 5.1+ 1.3 mg/dL, and
0.15 (0.06-0.38) mg/dL, respectively. The cardiothoracic ratio (CTR) was 49.4 +5.2%. The baseline GNRI was
93.2+6.6. The mean and median ECF/ICF ratios were 0.60+0.21 and 0.563 (0.455-0.714), respectively.

The associations of the baseline ECF/ICF ratio with all-cause and CVD mortality. During the
median follow-up of 3.4 (1.9-5.6) years, 93 patients died due to CVD (N=42, 45.2%), infection (N=27, 29.0%),
cancer (N=13, 14.0%), and other causes (N=11, 11.8%).

In the multivariate Cox proportional hazard analysis, the baseline ECF/ICF ratio was a significant predictor
of all-cause mortality (adjusted hazard ratio [aHR], 10.96; 95% confidence interval [CI], 3.41-35.19; P <0.0001)
even after adjusting for sex and age, serum creatinine, HDL cholesterol, phosphorus, C-reactive protein, history
of CVD, CTR, and GNRI, which were significant covariates in the univariate analysis. When the patients were
divided according to the median baseline ECF/ICF ratio of 0.563 into lower and higher groups (baseline ECF/
ICF ratio <0.563 vs. baseline ECF/ICF ratio 2 0.563), the 11-year all-cause survival rates in the lower and higher
groups were 66.8% and 11.6%, respectively (P <0.0001). A higher baseline ECF/ICF ratio was independently
associated with an increased risk of all-cause mortality (aHR, 4.24; 95% CI 2.37-7.61; P <0.0001). Similar results
were obtained for cardiovascular mortality.

The associations of the AECF/ICF ratio and baseline ECF/ICF ratio with all-cause and CVD mor-
tality. During the first year, 28 patients died (CVD, 13; infection, 6; cancer, 6; other causes, 3), 13 patients
transferred to another HD unit, and 8 patients lacked BIA data after 1 year (Fig. 1). These 49 patients were
excluded, and the remaining 198 patients were analyzed to evaluate the associations of the AECF/ICF ratio and
baseline ECF/ICF ratio with all-cause and CVD mortality (Fig. 1). The ECF/ICF ratio significantly increased
from 0.566+0.177 to 0.595+0.202 (P=0.0016) during the first year. The AECF/ICF ratio was significantly cor-
related with the baseline ECF/ICF ratio (p=-0.187, P=0.0083). In the multivariate Cox proportional hazards
analysis, the AECF/ICF ratio was an independent predictor of all-cause mortality (aHR, 1.02; 95% CI 1.01-1.03;
P=0.0002) (Table 2). When patients were divided by the decreased or increased AECF/ICF ratio in the first year
(AECF/ICF <0% vs. AECF/ICF20%), the 10-year all-cause survival rates were 89.8% and 26.0%, respectively
(P<0.0001) (Fig. 1). The increased AECF/ICF ratio was an independent predictor of all-cause mortality (aHR,
8.22; 95% CI 3.44-7.61; P <0.0001) (Table 2). Moreover, when patients were divided by the median of the base-
line ECF/ICF ratio and the increased or decreased AECF/ICF ratio into G1, G2, G3, and G4 groups, the 10-year
all-cause survival rates were 94.1%, 84.9%, 51.6%, and 0% in G1, G2, G3, and G4, respectively (P <0.0001)
(Fig. 2). The all-cause death number, observational period, and all-cause crude mortality rate were also shown in
Table 3. The aHRs for all-cause mortality were as follows: 5.43 (95% CI 0.59-50.29, P=0.14) for G2 vs. G1, 11.52
(95% CI 1.51-87.98, P=0.019) for G3 vs. G1, and 73.49 (95% CI 9.45-571.69, P <0.0001) for G4 vs. G1 (Table 2).
Similar results were obtained for cardiovascular mortality (Fig. 2, Table 2).

Model discrimination. In the model discrimination of all-cause mortality, the C-index tended to increase
from 0.746 to 0.795 (P=0.071) when the baseline ECF/ICF ratio was added to the established risk model includ-
ing sex and age, serum creatinine, HDL cholesterol, phosphorus, C-reactive protein, history of CVD, CTR, and
GNRI (Table 4). The C-index significantly increased when AECF/ICF alone (0.859, P=0.0002) and both baseline
ECF/ICF and AECF/ICF (0.903, P <0.0001) were added to the established risk model, respectively (Table 4).
Furthermore, the net reclassification improvement (NRI) and integrated discrimination improvement (IDI) for
all-cause mortality significantly improved by adding the ECF/ICF ratio alone, AECF/ICF ratio alone, and both
baseline ECF/ICF ratio and AECF/ICF ratio to the established risk model, respectively. For cardiovascular mor-
tality, the addition of the baseline ECF/ICF ratio and AECF/ICF ratio to the established risk model tended to
improve the C-index from 0.714 to 0.774 (P=0.076) and significantly improved the NRI (0.624, P=0.0009) and
IDI (0.047, P=0.0005) (Table 4).

Discussion

The present study demonstrated that the ECF/ICF ratio increased in the first year and that an increased AECF/
ICF ratio was independently associated with an increased risk of mortality in patients undergoing HD. Moreover,
the predictability for mortality significantly improved when the AECF/ICF ratio alone or both baseline ECF/ICF
ratio and AECF/ICF ratio were added to the established risk model. Therefore, our findings suggest that repeated
measurements of the ECF/ICF ratio may be useful to precisely predict mortality in this population.

The ECF/ICF ratio measured by BIA has emerged as an indicator that simultaneously reflects the ECF volume
and nutritional status in HD patients, with an increase in ECF indicating an excess of ECF and a decrease in
ICF indicating a reduced body cell mass or skeletal muscle mass®’. Both fluid overload and malnutrition have
already been reported as major risk factors for morbidity and mortality in HD patients'*-'. Fluid overload itself
may be directly associated with malnutrition, due to the following pathophysiology: fluid overload causes bowel
edema, and immune activation can occur due to the translocation of bowel endotoxins into the circulation'“. This
inflammatory response may lead to malnutrition via an increase in protein catabolism and muscle wasting'>'6.
Moreover, fluid overload may increase vessel wall stress, thereby leading to atherosclerosis'’. Kim et al.” reported
that the ECF/ICF ratio might reflect malnutrition, inflammation, and atherosclerosis, which are the core elements
of PEW'. They also showed that the ECF/ICF ratio is an indicator of new cardiovascular events and all-cause
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Baseline (N=247)

The four groups (N=198)

All patients G1 (N=44) G2 (N=36) G3 (N=66) G4 (N=52) P value
Age (years) 63.7£13.9 57.0£13.9 67.9+10.7 59.9+14.7 68.7+10.4 <0.0001
Male (%) 67.6 59.1 77.8 62.1 76.9 0.10
Underlying kidney 0.030
disease
Diabetic kidney
disease (%) 437 409 417 424 50.0
Chronic glomerulo-
nephritis (%) 283 38.6 13.9 39.4 25.0
Nephrosclerosis (%) | 19.0 9.1 36.1 15.2 17.3
Others (%) 9.0 114 8.3 3.0 7.7
HD duration (years) | 0.86 (0.55-4.78) | 0.69 (0.55-2.95) 0.60 (0.54-2.42) 1.51 (0.57-6.33) | 1.94 (0.61-8.27) 0.0079
Alcohol (%) 222 15.9 27.8 19.7 25.0 0.54
Smoking (%) 259 34.1 30.6 242 23.1 0.57
Hypertension (%) | 95.1 97.7 94.4 93.9 98.1 0.60
Diabetes (%) 53.8 455 472 424 53.8 0.66
History of CVD (%) | 62.8 50.0 63.9 62.1 78.8 0.032
Dw (kg) 5731124 59.6+13.4 58.5£9.0 58.5+13.6 559+11.1 0.47
BMI (kg/m?) 22.143.9 22.6£4.0 21.8+2.6 227+4.1 21.6%3.8 0.39
CTR (%) 494452 47.6£4.0 49.1+4.8 49.0£5.1 50.3+4.7 0.056
BUN (mg/dL) 59.2+15.7 61.0+14.7 57.8+13.0 66.4+16.9 54.6+13.8 0.0003
Creatinine (mg/dL) | 8.8+2.9 9.4+2.7 7.8+2.4 99436 8.3+2.4 0.0013
Albumin (g/dL) 3.6+0.4 3.8+0.3 35403 38403 3.640.3 <0.0001
Hemoglobin (g/dL) | 10.8+1.3 10.8+1.1 104+1.4 11013 107+1.3 0.075
T-Cho (mg/dL) 154436 161+36 146 £36 160+36 148 +36 0.097
HDL-C (mg/dL) | 44#15 46+15 43+12 46+16 41411 0.10
TG (mg/dL) 119478 115469 106455 150109 103+48 0.0050
Uricacid (mg/dL) |6.9+1.7 7613 62%1.9 74%1.9 6.5+ 1.6 0.0003
Calcium (mg/dL) | 8.9+0.8 8.7+0.8 8.7+0.8 9.1£0.7 9.1£0.9 0.021
g]}j;’sﬁ’homs mg/ 51413 52+12 50+13 55+14 47%1.1 0.018
iPTH (pg/mL) 123 (55-223) 140 (73-255) 145 (71-232) 114 (53-207) 100 (16-230) 0.45
Glucose (mg/dL) | 140+61 137£58 135£55 136 £65 147 £63 0.73
CRP (mg/dL) 0.15(0.06-0.38) | 0.10 (0.05-0.23) 0.21 (0.06-0.34) | 0.12 (0.05-0.25) | 0.15 (0.05-0.53) 0.27
GNRI 93.2+6.6 96.1+6.4 92.0+4.8 95.6+5.0 924454 0.0001
ECF/TBW ratioat |, 37, g 0.31+0.04 0.42+0.05 0.31£0.05 0.4240.05 <0.0001
baseline
ICE/TBW ratioat | 55, 08 0.69+0.04 0.58+0.05 0.69+0.05 0.58+0.05 <0.0001
baseline
ECF/TBW ratioat |\ 0.29+0.05 0.39+0.05 0.34+0.05 0.42+0.06 <0.0001
one year later
ICE/TBW ratioat |\ 0.71+0.05 0.61+0.05 0.66+0.05 0.58+0.06 <0.0001
one year later
AECF/TBW ratio | NA :g'g)(’ 126t :Z'Z)(’ 148t 127 (71-19.6) | 1.1(=60t09.1) | <0.0001
AICF/TBW ratio | NA 2.6 (3.4-5.0) 5.1 (1.5-10.5) —51(-85t0-32)| —1.2(-5.7t04.3) | <0.0001
ECF/ICFratioat | o 64021 0.46+0.08 0.75+0.15 0.44+0.09 0.70+0.13 <0.0001
baseline
ECF/ICF ratioat | ;4 0.40£0.09 0.63+0.15 0.54+0.12 0.81+0.18 <0.0001
one year later
AECF/ICF ratio (%) | NA :g'g)(" 17.3t0 - é45')6 (230t | 509 (105t031.4) | 154(6310229) | <0.0001

Table 1. Baseline characteristics of the study participants. BMI, body mass index; BUN, blood urea
nitrogen; CRP, C-reactive protein; CTR, cardiothoracic ratio; CVD, cardiovascular disease; Dw, dry weight;
ECEF, extracellular fluid; ICE, intracellular fluid; TBW, total body water; ECF/ICF ratio, extracellular fluid/
intracellular fluid ratio; AECF/ICF ratio, annual change in the ECF/ICF ratio; GNRI, geriatric nutritional risk
index; HD, hemodialysis; HDL-C, high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone;
NA, not available; T-Cho, total cholesterol; TG, triglycerides. G1, ECF/ICF ratio <0.563, and AECF/ICF

ratio < 0%; G2, ECF/ICF ratio = 0.563 and AECF/ICF ratio < 0%; G3, ECF/ICF ratio < 0.563 and AECF/ICF
ratio > 0%; G4, ECF/ICF>0.563 and AECF/ICF > 0%.
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Figure 1. Flow diagram of the present study. ECF/ICF ratio, extracellular fluid/intracellular fluid ratio; HD,

hemodialysis.
Univariate Multivariate

Variables HR (95% CI) Pvalue | HR (95% CI) P value
All-cause mortality
ECF/TBW ratio* 1.14 (1.11-1.17) <0.0001 | 1.10 (1.06-1.14) <0.0001
AECF/TBW ratio 0.99 (0.98-1.01) 033 | 1.00 (0.99-1.02) 0.76
ICF/TBW ratio* 0.88 (0.85-0.90) <0.0001 | 0.91 (0.88-0.94) <0.0001
AICF/TBW ratio 1.01 (0.98-1.04) 0.37 0.99 (0.97-1.02) 0.76
ECF/ICF ratio (continuous) 47.04 (20.19-107.18) <0.0001 | 10.96 (3.41-35.19) <0.0001
AECF/ICF ratio (continuous) 1.02 (1.01-1.03) 0.0005 | 1.02 (1.01-1.03) 0.0002
ECF/ICF ratio>0.563 7.17 (4.27-12.03) <0.0001 | 4.24 (2.37-7.61) <0.0001
AECF/ICF ratio > 0% 7.31 (3.16-16.94) <0.0001 | 8.22 (3.44-19.65) <0.0001
Cross-classified (vs. G1) <0.0001 <0.0001
G2 10.29 (1.19-88.71) 0.034 | 5.43 (0.59-50.29) 0.14
G3 11.56 (1.54-86.93) 0.017 | 11.52 (1.51-87.98) 0.019
G4 86.67 (11.72-640.80) | <0.0001 | 73.49 (9.45-571.69) | <0.0001
Cardiovascular mortality
ECF/TBW ratio* 1.13 (1.09-1.18) <0.0001 | 1.07 (1.02-1.13) 0.0062
AECF/TBW ratio 0.99 (0.97-1.01) 0.46 | 1.00 (0.98-1.03) 0.90
ICF/TBW ratio* 0.88 (0.85-0.92) <0.0001 | 0.93 (0.88-0.98) 0.0070
AICF/TBW ratio 1.01 (0.97-1.06) 0.56 0.99 (0.95-1.04) 0.81
ECF/ICF ratio (continuous) 46.72 (12.54-165.11) <0.0001 | 6.62 (1.22-35.79) 0.028
AECF/ICF ratio (continuous) 1.02 (1.01-1.03) 0.0047 | 1.03 (1.01-1.05) 0.0009
ECF/ICF ratio >0.563 6.50 (3.12-13.56) <0.0001 | 3.69 (1.56-8.71) 0.0029
AECF/ICF ratio > 0% 4.71 (1.64-13.55) 0.0040 | 6.11 (2.01-18.65) 0.0015
Cross-classified (vs. G1) <0.0001 0.0001
G2 7.25 (0.74-70.88) 0.088 | 5.13(0.42-63.30) 0.20
G3 6.84 (0.87-53.45) 0.067 |9.56 (1.11-81.84) 0.039
G4 40.36 (5.10-319.50) 0.0005 | 44.72 (4.54-440.47) 0.0011

Table 2. Cox proportional hazards analysis of the ECF/ICF ratio and the AECF/ICF ratio for all-cause and
cardiovascular mortality. *Per 0.01 increased. ECF, extracellular fluid; ICF, intracellular fluid; TBW; total body
water; AECF/TBW ratio, annual change in ECF/TBW ratio; AICF/TBW ratio, annual change in ICF/TBW
ratio; AECF/ICF ratio, annual change in ECF/ICF ratio. G1, ECF/ICF ratio < 0.563 and AECF/ICF ratio < 0%;
G2, ECF/ICF ratio >0.563 and AECF/ICF ratio < 0%; G3, ECF/ICF ratio <0.563 and AECF/ICF ratio > 0%;
G4, ECF/ICF20.563 and AECF/ICF > 0%. All-cause mortality: adjusted by age, sex, history of cardiovascular
disease, creatinine, phosphorus, C-reactive protein, high-density lipoprotein cholesterol, cardiothoracic

ratio, and the geriatric nutritional risk index. Cardiovascular mortality: adjusted by age, sex, history of
cardiovascular disease, phosphorus, cardiothoracic ratio, and the geriatric nutritional risk index.
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Figure 2. Kaplan-Meier survival rate for all-cause and cardiovascular mortality. All-cause mortality for the
ECF/ICF ratio <0.563 vs. the ECF/ICF ratio >0.563 (a), AECF/ICF ratio < 0% vs. AECF/ICF ratio >0% (b),
and among the four groups divided by the baseline ECF/ICF ratio and AECF/ICF ratio (c). Cardiovascular
mortality for the ECF/ICF ratio <0.563 vs. the ECF/ICF ratio 2 0.563 (d), AECF/ICF ratio < 0% vs. AECF/ICF
ratio 2 0% (e), and among the four groups divided by the ECF/ICF ratio and the AECF/ICF ratio (f). G1, ECF/
ICF ratio <0.563 and AECF/ICF ratio < 0%; G2, ECF/ICF ratio >0.563 and AECF/ICF ratio < 0%; G3, ECF/ICF
ratio <0.563 and AECF/ICF ratio > 0%; G4, ECF/ICF >0.563 and AECF/ICF > 0%. ECF/ICF ratio, extracellular
fluid/intracellular fluid ratio; AECF/ICF ratio, annual change in ECF/ICF ratio.

All-cause crude mortality rate (%)
All-cause death number (cardiovascular) | Observational period (years) | (cardiovascular)
Gl (N=44) |1(1) 58+3.5 2.3(2.3)
G2 (N=36) 5(3) 44+25 13.9 (8.3)
G3 (N=66) 17 (10) 6.0£3.5 25.8 (15.2)
G4 (N=52) 42 (15) 3.6+2.0 80.8 (28.8)

Table 3. All-cause and cardiovascular death number, observation period, and crude mortality rate in the
divided four groups.

mortality’. We have recently demonstrated that the ECF/ICF ratio is independently associated with GNRI, a
well-known marker of PEW*. Moreover, we have also suggested that the ECF/ICF ratio may be a promising
predictor of all-cause and cardiovascular mortality and that the combination of the ECF/ICF ratio and GNRI
could increase the predictability of mortality*.

The nutritional status can change constantly; therefore, it may have to be assessed repeatedly. We recently
reported that the annual change in GNRI improved the predictive accuracy for mortality; we also predicted all-
cause and cardiovascular mortality in patients undergoing HD’. In this context, although no study has evaluated
the relationships between the change in ECF/ICF ratio and clinical outcomes in this population, we speculated
that the AECF/ICF ratio could also predict mortality and improve the predictability for mortality.

According to the clinical guideline from the Japanese Society for Dialysis Therapy, the assessment of blood
pressure, lower extremity edema, and cardiothoracic ratio are recommended to set dry weight, but there is no
description for BIA'S. Thus, in this study, dry weight was mainly determined by CTR, which can reflect fluid
overload. Indeed, the CTR increased in the order of G1 to G4, and an increased CTR was associated with an
increased risk of all-cause and cardiovascular mortality. On the other hand, BIA-measured ECF/TBW ratio was
used as a reference tool to set dry weight in the daily practice in our clinic. We did not set the specific target value
of ECF/TBW ratio, but relative change of ECF/TBW ratio was assessed to set dry weight in individual HD patient.
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Variables C-index ‘ P value ‘ NRI ‘ P value ‘ IDI ‘ P value
All-cause mortality

Established risk factors* 0.746 (0.671-0.821) Ref Ref

+ECF/ICF ratio 0.795 (0.727-0.862) 0.071 |0.724 <0.0001 | 0.069 0.0003
+ AECF/ICF ratio 0.859 (0.806-0.913) 0.0002 | 0.943 <0.0001 | 0.188 <0.0001

+ECF/ICF ratio and AECF/ICF ratio 0.903 (0.859-0.948) <0.0001 | 0.919 <0.0001 | 0.307 <0.0001

Cardiovascular mortality

Established risk factors** 0.714 (0.609-0.819) Ref Ref
+ECF/ICF ratio 0.713 (0.606-0.821) 0.97 0.285 0.078 | 0.009 0.13
+ AECF/ICEF ratio 0.764 (0.671-0.858) 0.13 0.466 0.010 | 0.061 0.0003

+ECF/ICF ratio and AECF/ICF ratio 0.774 (0.684-0.865) 0.076 | 0.624 0.0009 | 0.047 0.0005

Table 4. Predictive accuracy of the ECF/ICF ratio and/or the AECF/ICF ratio for all-cause and cardiovascular
mortality. ECF/ICF ratio, extracellular fluid/intracellular fluid ratio; AECF/ICF ratio, annual change in ECF/
ICF ratio. *Age, sex, history of cardiovascular disease, creatinine, phosphorus, C-reactive protein, high-density
lipoprotein cholesterol, cardiothoracic ratio, and the geriatric nutritional risk index. **Age, sex, history of
cardiovascular disease, phosphorus, cardiothoracic ratio, and the geriatric nutritional risk index.

Therefore, these might have naturally affected the results of the ECF/ICF ratio. Thus, in the present study, the
ECF/ICF ratio was adjusted by CTR in the Cox analysis, and CTR was also included in the baseline risk model.

On the other hand, some previous studies reported that ECF/TBW ratio was a maker of the fluid volume
status and was sometimes used to set dry weight in HD patients'>?°. Recently, Kim et al.?! and Pérez-Morales
et al.”” have demonstrated that volume overload assessed by BIA-measured ECF/TBW ratio was a predictor
of all-cause and cardiovascular mortality. However, Kim et al.’ previously reported that ECF/ICF ratio but
not ECF/TBW ratio was an independent predictor of all-cause and cardiovascular event. They speculated that
ECF/TBW ratio did not reflect changes within the body fluid volume, because changes in the ECF volume was
accompanied by simultaneous changes in the ECF components of TBW: an increase of ECW/TBW ratio may be
caused by a reduction in TBW because of a loss of ICW. In the present study, although baseline ECF/TBW ratio
but not AECF/TBW ratio was an independent predictor for mortality, both ECF/ICF ratio and AECF/ICF ratio
were independent predictors for all-cause and cardiovascular mortality. Therefore, our findings may suggest
that longitudinal changes of ECF/ICF ratio may be superior to those of ECF/TBW ratio for evaluating mortality.

In the present study, the ECF/ICF ratio was found to be significantly increased during the first year; however,
the AECF/ICF ratio was negatively correlated with the baseline ECF/ICF ratio. In addition, patients with an
increased AECF/ICF ratio had a higher risk of mortality than those without an increased AECF/ICF ratio, even
in patients with a lower baseline ECF/ICF ratio. These findings may suggest that patients with a good baseline
nutritional status but a subsequently deteriorated nutritional status may have increased risks for mortality;
therefore, repeated measurements of the ECF/ICF ratio may be useful to stratify the risks for all-cause and
cardiovascular mortality in this population.

Regarding model discrimination, the C-index for all-cause mortality significantly improved by adding the
AECF/ICF ratio alone to the established risk model, including the GNRI. Moreover, the C-index was maximized
when both the baseline ECF/ICF ratio and AECF/ICF ratio were added to the established risk model. In addition,
for cardiovascular mortality, the C-index tended to improve, and the NRI and IDI significantly improved with
the addition of both the baseline ECF/ICF ratio and AECF/ICF ratio to the established risk model. Therefore,
these results may also support the clinical usefulness of regular measurements of the ECF/ICF ratio in predicting
all-cause and cardiovascular mortality in HD patients.

Several limitations should be considered in this study. First, this retrospective study included a relatively small
number of patients undergoing maintenance HD at a single center. Second, this study included both prevalent
HD patients who have already undergone HD before January 2008 and incident HD patients who initiated HD
therapy after January 2008. The latter accounted for more than half, therefore HD vintage was relatively short.
Thus, our findings might not be simply applicable to all HD patients. Third, the present study included only
Japanese HD patients; therefore, our findings might not be generalizable to patients undergoing HD in other
countries. Fourth, the associations between the AECF/ICF ratio and mortality were examined in this study;
however, the optimal duration of the changes in the ECF/ICF ratio remains unclear. Further prospective large-
scale multicenter studies are needed to validate our results.

In conclusion, the ECF/ICF ratio increased in the first year, and an increased AECF/ICF ratio was indepen-
dently associated with an increased risk of all-cause and cardiovascular mortality in patients undergoing HD.
Moreover, the predictive accuracy of mortality improved after the addition of the AECF/ICF ratio to a model
with established risk factors, including the GNRI and baseline ECF/ICF ratio. Therefore, it is recommended that
the ECF/ICF ratio be serially evaluated to accurately predict mortality in this population.

Methods

Study participants. We conducted a retrospective study including 247 patients who underwent mainte-
nance HD for at least 6 months and regularly underwent BIA between January 2008 and December 2019. In
our clinic, BIA was performed once a month unless being hospitalized in the entire HD patients. This study was
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conducted using the medical charts of the outpatient clinic at the Matsunami General Hospital (Kasamatsu,
Gifu, Japan) between January 2008 and December 2019. Patient data were fully anonymized prior to access, and
the ethics committee of Matsunami General Hospital waived the requirement for informed consent. This study
adhered to the principles of the Declaration of Helsinki, and the study protocol was approved by the ethics com-
mittee of Matsunami General Hospital (No. 482).

Data collection. The following data were collected from medical charts: age, sex, dialysis vintage, history of
hypertension, diabetes, cardiovascular disease (CVD), dry weight, and height. Hypertension was defined as sys-
tolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg before the HD session or antihy-
pertensive drug usage. Diabetes was defined as a history of anti-diabetic therapy. In this study, CVD was defined
as angina pectoris, myocardial infarction, cerebral apoplexy, and heart failure. Blood samples were collected
with the patient in a supine position before the HD session, which was conducted on a Monday or Tuesday. BIA
was performed on the same day, shortly after the HD session. Body composition was evaluated using a multi-
frequency (2.5-350 kHz) body composition analyzer (MLT-550N, SK Medical, Japan), using the wrist-ankle
method. ECF and ICF were obtained, and the ECF/ICF ratio was calculated. The ECF/ICF ratio was calculated at
baseline and after one year, and the AECF/ICF ratio was calculated as follows: AECF/ICF ratio (%) = (ECF/ICF
ratio after one year —baseline ECF/ICF ratio)/baseline ECF/ICF ratio x 100.

Follow-up study. The primary endpoint was all-cause mortality, and the secondary endpoint was CVD
mortality. Patients were divided according to the median baseline ECF/ICF ratio. Patients in whom the ECF/
ICF ratio could not be assessed after the first year were excluded and the remaining patients were divided
into two groups based on the increased or decreased ECF/ICF ratio during the first year. Thereafter, patients
were divided into four subgroups based on the combination of the median baseline ECF/ICF ratio and the
increased or decreased ECF/ICF ratio during the first year (AECF/ICF ratio <0% vs.>0%): Group 1 (G1), ECF/
ICF ratio <0.563 and AECF/ICF ratio <0%; G2, ECF/ICF ratio 20.563 and AECF/ICF ratio <0%; G3, ECF/ICF
ratio <0.563 and AECF/ICF ratio = 0%; G4, ECF/ICF 20.563 and AECF/ICF 2 0%. In the present study, the fol-
low-up period was defined as the interval from the date when BIA was performed to the date of death or the
date when moving out to another hemodialysis unit. Patients who were alive were censored in December 2020.

Statistical analyses. Normally distributed variables are expressed as the means + standard deviations, and
non-normally distributed variables are expressed as medians and interquartile ranges. Differences among the
four subgroups divided by the median ECF/ICF ratio and the increased or decreased ECF/ICF ratio during the
first follow-up year were compared by one-way analysis of variance or the Kruskal-Wallis tests for continuous
variables or the chi-squared test for categorical variables. The association between AECF/ICF ratio and baseline
ECF/ICF ratio was evaluated using Spearman’s rank correlation coefficient. The Kaplan-Meier method was used
to estimate the survival rate, and the log-rank test was used to analyze the differences. Univariate Cox propor-
tional hazard regression analysis was used to estimate HRs and 95% ClIs for all-cause and cardiovascular mortal-
ity. The multivariate regression model included all significant covariates in the univariate analysis and sex. Cox
analysis for baseline ECF/ICF ratio was performed in the entire group of HD patients (N =247), whereas that
for AECF/ICF ratio and four subgroup (G1 to G4) was performed in the remaining HD patients (N =198) who
excluded during the first year of follow-up.

To examine whether the accuracy for predicting mortality can improve after the addition of the baseline
ECF/ICF ratio and/or AECF/ICF ratio to the baseline model including sex and variables which were significant
in the univariate Cox analysis, we calculated the C-index, NRI, and IDI. The C-index was defined as the area
under the receiver operating characteristic curve between individual predictive probabilities for mortality and
the incidence of mortality, and it was compared between the baseline model and the adjusted model with the
baseline ECF/ICF ratio and/or the AECF/ICF ratio®. The NRI was used to show a relative improvement in the
number of patients for whom the predicted mortality risk improved, and the IDI was used as an indicator of
the average improvement in the predicted mortality risk after adding the new variables to the baseline model**.

All statistical analyses were performed using IBM SPSS version 21 (IBM Corp., Armonk, NY, USA). A
P-value < 0.05 was considered statistically significant.

Ethical approval. 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 (No. 482). The requirement for informed
consent was waived because patient data were anonymized.

Received: 20 July 2021; Accepted: 20 December 2021
Published online: 07 January 2022

References

1. Fouque, D. et al. A proposed nomenclature and diagnostic criteria for protein-energy wasting in acute and chronic kidney disease.
Kidney Int. 73, 391-398 (2008).

2. Yajima, T., Yajima, K., Takahashi, H. & Yasuda, K. The impact of abdominal fat levels on all-cause mortality risk in patients under-
going hemodialysis. Nutrients 10, 480 (2018).

3. 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 14, 0211988 (2019).

4. Yajima, T., Yajima, K., Takahashi, H. & Yasuda, K. Combined predictive value of extracellular fluid/intracellular fluid ratio and the
geriatric nutritional risk index for mortality in patients undergoing hemodialysis. Nutrients 11, 2659 (2019).

Scientific Reports |

(2022) 12:242 | https://doi.org/10.1038/s41598-021-04366-6 nature portfolio



www.nature.com/scientificreports/

5. Kim, E. J. 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 12, 0170272 (2017).

6. Kalantar-Zadeh, K., Kopple, J. D., Block, G. & Humphreys, M. H. A Malnutrition-Inflammation Score is correlated with morbidity
and mortality in maintenance hemodialysis patients. Am. J. Kidney Dis. 38, 1251-1263 (2001).

7. Yajima, T., Yajima, K. & Takahashi, H. Impact of annual change in geriatric nutritional risk index on mortality in patients undergo-
ing hemodialysis. Nutrients 12, 3333 (2020).

8. Johansen, K. L. et al. Association between body composition and frailty among prevalent hemodialysis patients: A US Renal Data
System special study. J. Am. Soc. Nephrol. 25, 381-389 (2014).

9. Earthman, C., Traughber, D., Dobratz, J. & Howell, W. Bioimpedance spectroscopy for clinical assessment of fluid distribution
and body cell mass. Nutr. Clin. Pract. 22, 389-405 (2007).

10. Stenvinkel, P., Heimbiirger, O., Lindholm, B., Kaysen, G. A. & Bergstrom, ]. Are there two types of malnutrition in chronic renal
failure? Evidence for relationships between malnutrition, inflammation and atherosclerosis (MIA syndrome). Nephrol. Dial. Transpl.
15, 953-960 (2000).

11. Pupim, L. B,, Caglar, K., Hakim, R. M., Shyr, Y. & Ikizler, T. A. Uremic malnutrition is a predictor of death independent of inflam-
matory status. Kidney Int. 66, 2054-2060 (2004).

12. Wizemann, V. et al. The mortality risk of overhydration in haemodialysis patients. Nephrol. Dial. Transpl. 24, 1574-1579 (2009).

13. Zoccali, C. et al. Chronic fluid overload and mortality in ESRD. J. Am. Soc. Nephrol. 28, 2491-2497 (2017).

14. Niebauer, J. et al. Endotoxin and immune activation in chronic heart failure: A prospective cohort study. Lancet 353, 1838-1842
(1999).

15. Pecoits-Filho, R., Lindholm, B. & Stenvinkel, P. The malnutrition, inflammation, and atherosclerosis (MIA) syndrome—The heart
of the matter. Nephrol. Dial. Transpl. 17, S28-S31 (2002).

16. Choi, M. J. et al. The malnutrition inflammation-depression-arteriosclerosis complex is associated with an increased risk of car-
diovascular disease and all-cause death in chronic hemodialysis patients. Nephron. Clin. Pract. 122, 44-52 (2012).

17. Tycho Vuurmans, J. L., Boer, W. H., Bos, W. ], Blankestijn, P. ]. & Koomans, H. A. Contribution of volume overload and angiotensin
1I to the increased pulse wave velocity of hemodialysis patients. J. Am. Soc. Nephrol. 13, 177-183 (2002).

18. Watanabe, Y. et al. “Maintenance hemodialysis: Hemodialysis prescriptions” guideline working group, Japanese society for dialysis
therapy. Ther. Apher. Dial. 19, 67-92 (2015).

19. Lopot, E, Nejedly, B., Novotna, H., Mackovd, M. & Sulkova, S. Age-related extracellular to total body water volume ratio (Ecv/
TBW)-can it be used for “dry weight” determination in dialysis patients? Application of multifrequency bioimpedance measure-
ment. Int. J. Artif. Organs. 25, 762-769 (2002).

20. Davies, S. J. & Davenport, A. The role of bioimpedance and biomarkers in helping to aid clinical decision-making of volume
assessments in dialysis patients. Kidney Int. 86, 489-496 (2014).

21. Kim, C. R,, Shin, J. H., Hwang, J. H. & Kim, S. H. Monitoring volume status using bioelectrical impedance analysis in chronic
hemodialysis patients. ASAIO J. 64, 245-252 (2018).

22. Pérez-Morales, R. et al. Extracellular water/total body water ratio as predictor of mortality in hemodialysis patients. Ren. Fail. 43,
821-829 (2021).

23. DeLong, E. R, DeLong, D. M. & Clarke-Pearson, D. L. Comparing the areas under two or more correlated receiver operating
characteristic curves: A nonparametric approach. Biometrics 44, 837-845 (1988).

24. Pencina, M. J., D’Agostino, R. B. Sr., D’Agostino, R. B. Jr. & Vasan, R. S. Evaluating the added predictive ability of a new marker:
From area under the ROC curve to reclassification and beyond. Stat. Med. 27, 157-172 (2008).

Author contributions

T.Y,, K.Y, and H.T. formulated the study concept and design. T.Y. and K.Y. collected data. T.Y., K.Y., and H.T.
analyzed and interpreted data. T.Y. drafted the manuscript. T.Y., K.Y., and H.T. critically reviewed the content of
the manuscript and revised it for important intellectual content. T.Y. and H.T. conducted statistical analysis. All
authors read and approved the final manuscript.

Funding

The authors did not receive support from any organization for the submitted work.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:242 | https://doi.org/10.1038/s41598-021-04366-6 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Annual change in the extracellular fluidintracellular fluid ratio and mortality in patients undergoing maintenance hemodialysis
	Results
	Baseline characteristics. 
	The associations of the baseline ECFICF ratio with all-cause and CVD mortality. 
	The associations of the ΔECFICF ratio and baseline ECFICF ratio with all-cause and CVD mortality. 
	Model discrimination. 

	Discussion
	Methods
	Study participants. 
	Data collection. 
	Follow-up study. 
	Statistical analyses. 
	Ethical approval. 

	References


