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Abstract. Background/Aim: A bioimpedance analysis (BIA)
can indicate an overhydrated state as the extracellular
water/total body water (ECW/TBW) value. This study aimed
to assess the clinical significance of this value in patients
with chronic liver diseases (CLDs). Patients and Methods: A
total of 552 CLD patients who received a liver biopsy and
underwent anthropometric assessment and BIA-based body
composition analysis were enrolled. The association of the
ECW/TBW value with the liver fibrosis and nutritional status
was assessed. The relationship between the ECW/TBW value
and the prognosis of cirrhotic patients (N=209) was also
evaluated. Results: The ECW/TBW value increased as liver
fibrosis progressed and was also related to decreased muscle
mass/sarcopenia. The presence of overhydration was
associated with a poor prognosis of cirrhotic patients.
Conclusion: An increased ECW/TBW value was associated
with progressive liver fibrosis and malnutrition and related
to the prognosis of cirrhotic patients.

A bioimpedance analysis (BIA) can provide various data
regarding the body’s compositions (1, 2). Recently, the
clinical significance of sarcopenia, which develops in
relation to aging or certain diseases (3-5), has been
increasing, and several studies using BIA-based muscle mass
data in patients with chronic liver diseases (CLDs) have been
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reported (6-8). However, the BIA method can also indicate
an overhydrated state as the ratio of extracellular water
(ECW) to total body water (TBW). Given the importance of
water balance, the clinical utility of the ECW/TBW value has
mainly been studied in patients with renal diseases (9-11).

Patients with CLDs tend to retain water, as do those with
chronic renal diseases; however, few studies have assessed
the clinical significance of the ECW/TBW value in patients
with CLDs. We recently investigated patients with hepatitis
virus-related CLDs and showed that the ECW/TBW value
increased in line with the progression of the diseases (12).

In the current study, we investigated the association of the
ECW/TBW value with the degree of the liver fibrosis and
nutritional status in CLD patients, including non-viral CLDs.
In addition, we investigated whether or not the ECW/TBW
value was related to the prognosis of patients with liver
cirrhosis (LC).

Patients and Methods

Patients. We studied a total of 552 patients who received a liver
biopsy and underwent an anthropometric assessment and BIA-based
body composition analysis on the same days from February 2006 to
June 2012. The body composition of the patients was assessed using
a BIA device (InBody720®> InBody Japan, Tokyo, Japan).
Regarding the anthropometric measurement, a designated dietitian
obtained all of these data as described previously (13).

The evaluation of liver fibrosis with a liver biopsy and laboratory
data. Live biopsy samples were obtained with standard
ultrasound-guided techniques, and the liver fibrosis stage was
determined on a scale of FO-F4 according to the METAVIR
system (FO: no fibrosis, F1: portal fibrosis without sept, F2: portal
fibrosis with rare septa, F3: numerous septa without cirrhosis and
F4: cirrhosis) (14). We obtained blood samples on the same day
as the liver biopsies, and evaluated the values of well-established
liver fibrosis markers, with the AST-to-platelet count ratio (APRI)
(15) and the FIB-4 index (16) determined using the following
formulae:

1347



in vivo 34: 1347-1353 (2020)

Table 1. Characteristics of enrolled patients (N=552).

62 (53-69)
261/291
59/315/9/24/59/38/12/36

Age (years)
Gender (Male/Female)
Etiology (HBV/HCV/HBV+HCV/ALD/

NASH/AIH/PBC/Others)

Body mass index (kg/m?2) 21.7 (19.9-24.3)
AST (1U/1) 39.5 (28-58)
ALT (IU/) 36 (24-64)
v-GTP (IU/1) 39.5 (23-71)
ALP (1U/1) 258 (202-356)
Total bilirubin (mg/dl) 0.8 (0.6-1.1)
Albumin (g/dl) 3.9 (3.6-42)

Hemoglobin (g/dl)
Platelet count (x103/pl)
Prothrombin time (%)

13.0 (11.7-14.1)
142.5 (90-197)
89.8 (77.1-97.7)

Glucose (mg/dl) 96 (89-107)
Total cholesterol (mg/dl) 163.5 (138-193)
Liver fibrosis (FO-1/F2/F3/F4) 143/98/102/209

FIB4 index
ECW/TBW

3.03 (1.61-5.59)
0.385 (0.379-0.392)

HBV: Hepatitis B virus; HCV: hepatitis C virus; ALD: alcoholic-related
liver disease; NASH: nonalcoholic steatohepatitis; AIH: autoimmune
hepatitis; PBC: primary biliary cholangitis; ECW/TBW: extracellular
water/total body water. Quantitative variables were expressed as the
median (interquartile range).

APRI=100x(AST level/upper limit of normal)/platelets [10%/1]
FIB-4=Age [years]xAST [U/1])/[platelets(109/1)x[ALT (IU/l)l/z]

Definition of an overhydrated state and the presence of sarcopenia
determined with the body composition analysis. Patients with CLDs,
particularly LC patients, tend to develop malnutrition and water
retention (17), so we analyzed the ECW/TBW value as an index of
water retention/edema. The degree of water retention was classified
into three categories as follows: ECW/TBW<0.39 (not overhydrated),
0.39<ECW/TBW<0.40 (mildly overhydrated), and ECW/TBW=0.40
(moderately to severely overhydrated) (12). Using the BIA device,
we also assessed the presence of sarcopenia by calculating the
appendicular skeletal muscle mass index (SMI) as follows:

SMI (kg/m2?) = [Appendicular skeletal muscle mass (kg)]/
[Height(m)]2

Sarcopenia was diagnosed using the cut-off values (7.0 kg/m? for
men and 5.7 kg/m? for women) mentioned in the guideline of the
Japan Society of Hepatology (18).

The evaluation of the nutritional status based on anthropometric
measurements. The triceps skinfold thickness (TSF) represents the
fat mass, while the arm muscle circumference (AMC) and arm
muscle area (AMA) can be used as indices of the skeletal muscle
mass. As described in our previous report (13), a designated
dietitian measured the TSF and arm circumference (AC), and the
muscle-mass-related values (AMC and AMA) were calculated with
the following formulae:

AMC (cm) = AC (cm) — 7t-TSF (cm)

AMA (cm?) = [AMC (cm)]%/47

The values of %TSF, %AMC and %AMA were determined with
reference to the standard values of these variables in Japanese
people (19).

1348

p<0.0001
p=0.0001 _
J_()’((J.!’Jf)l’” ]
]
0.43 p=0.0438
o 042
o4
= : _—
m 040 —— —— i
= i 3
2039 ——= 1
% 0.38 L]
Q |
0.37 i
0.36 .
FO-1 F2 F3 F4

Figure 1. The ECW/TBW value in relation to the fibrosis stages in
patients with chronic liver diseases. The ECW/TBW ratio increased as
the fibrosis stage progressed. There were significant differences between
the FO-1 vs. F4, F2 vs. F4, F3 vs. F4, and F2 vs. F3 groups.

Statistical analyses. Regarding the continuous variables, statistical
differences among the groups were analyzed using the Mann-
Whitney U-test, Kruskal-Wallis test or Steel-Dwass test, as
appropriate. Regarding categorical variables, statistical differences
between two groups were determined by the chi-squared test. The
relationships between the ECW/TBW value and various clinical
variables were evaluated using Spearman’s correlation coefficient.
The survival curves were generated with the Kaplan-Meier method,
and the prognoses were analyzed with the log-rank test. A p-
value<0.05 was considered to be statistically significant. The study
was conducted with the approval of the ethics committee of the
institutional review board.

Results

Clinical characteristics of the patients with CLDs. We
enrolled a total of 552 patients with CLDs who received a
liver biopsy, body composition analysis and anthropometric
assessments on the same day. The basic clinical
characteristics of the enrolled patients are shown in Table I.
The cohort included 261 male patients (47.3%), and the
median age was 62 years old. The numbers of patients with
hepatitis virus-related CLDs versus non-viral CLDs were 383
(69.4%) and 169 (30.6%), respectively.

Association of the ECW/TBW ratio with the histological
findings and clinical variables related to liver fibrosis. We
first evaluated the relationship between the ECW/TBW
value and the histological findings of the patients with
CLDs. As shown in Figure 1, the ECW/TBW value
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Figure 2. The correlation of the ECW/TBW value with the variables in relation to the liver function tests. The ECW/TBW value was significantly
correlated with the variables related to the progression of CLD. The panels (A)-(D) showed the associations of the ECW/TBW with the following
variables. (A) Albumin value, (B) Prothrombin time (%), (C) FIB-4 index, (D) APRI (AST-to-platelet ratio index).

increased as the fibrosis stage progressed, and a significant
difference was observed between the F2 and F3 stages,
suggesting that the water retention tendency manifested in
the non-cirrhotic stages.

We also assessed whether or not the ECW/TBW value was
associated with various parameters related to the progression
of liver fibrosis (Figure 2). The ECW/TBW values were
negatively associated with the albumin value (p<0.0001) and
PT percentage (p<0.0001) and positively associated with the
major fibrosis markers FIB-4 index (p<0.0001) and APRI
(p<0.0001).

Association of the ECW/TBW values with the nutrition-
related variables. The serum albumin value was inversely
associated with the ECW/TBW value (Figure 2A); however,
the serum albumin value can be used not only as a liver
function marker but also as a nutritional marker. We

therefore analyzed the association between the ECW/TBW
value and the nutrition-related anthropometric variables. As
shown in Figure 3A, the %TSF value, which is an indicator
of the fat mass, did not differ significantly. In contrast, the
indices of skeletal muscle mass (%AMC and %AMA)
differed with statistical significance (Figure 3B and C).

Association of the ECW/TBW values with the presence of
sarcopenia. Based on the suggested significant association of
the ECW/TBW value with the skeletal muscle mass, we
further assessed whether or not the ECW/TBW values
differed between the patients with and without sarcopenia.
The ECW/TBW values were significantly higher in the
sarcopenia group than in the non-sarcopenia group (p<0.0001)
(Figure 4A). Furthermore, the ratio of overhydrated patients
was significantly higher in the sarcopenia group than in the
non-sarcopenia group (p=0.0002) (Figure 4B).
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Figure 3. Association of the ECW/TBW value with the nutrition-related anthropometric variables. Since the ECW/TBW value was inversely associated
with the serum albumin value, which is a nutrition marker (see Figure 2), we assessed the nutrition-related anthropometric data. The degree of
water retention was classified into three categories as follows: ECW/TBW<0.39 (not overhydrated), 0.39<ECW/TBW<0.40 (mildly overhydrated),
and ECW/TBW=0.40 (moderately to severely overhydrated). (A) The %TSF value, which is an indicator of the fat mass, did not differ significantly
among the groups. (B and C) The indices of skeletal muscle mass (%AMC and %AMA) differed with statistical significance among the groups.
ECW: Extracellular water; TBW: total body water; TSF: triceps skinfold thickness; AC: arm circumference; AMC: arm muscle circumference; AMA:

arm muscle area.
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Figure 4. Association of the ECW/TBW value with the presence of sarcopenia. (A) The ECW/TBW values were significantly higher in the sarcopenia
group than in the non-sarcopenia group. (B) The ratio of the overhydrated patients was significantly higher in the sarcopenia group than in the

non-sarcopenia group.

Association of the ECW/TBW value with the prognoses of
cirrhotic patients. In order to assess the clinical relevance of
overhydration, we finally assessed whether or not the
ECW/TBW value was associated with the prognosis of the LC
patients. The mean observational period was 1508 days, and
the basic characteristics of the LC patients (N=209) are shown
in Table II. The cohort included 114 male patients (54.5%), and
the median age was 67 years old. When the patients were
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classified into three groups according to the overhydrated state,
the prognoses differed significantly based on the overhydrated
state (p=0.0092), suggesting a significant relationship between
overhydration and a poor prognosis in cirrhotic patients (Figure
5A). When we classified the patients into two groups according
to the presence/absence of overhydration, the patients with
overhydration showed a significantly worse prognosis than
those without overhydration (p=0.0331) (Figure 5B).
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Figure 5. Association of the ECW/TBW ratio with the prognoses of cirrhotic patients. (A) The degree of water retention was classified into three
categories as follows: ECW/TBW<0.39 (not overhydrated), 0.39<ECW/TBW<0.40 (mildly overhydrated), and ECW/TBW=0.40 (moderately to
severely overhydrated). The prognoses were significantly different among the groups. (B) When patients were classified according to the
presencelabsence of overhydration, patients with overhydration had a worse prognosis than those without overhydration.

Discussion

The BIA method provides the various kinds of body
composition data, and its clinical application has been
expanding (1, 2). Recently, the Japan Society of Hepatology
proposed the diagnostic criteria of sarcopenia based on the
specific clinical features of patients with CLDs (18). In the
guideline, the BIA method was listed as one way to evaluate
the skeletal muscle mass. In addition to sarcopenia, CLD
patients have a range of clinical problems; we focused on the
overhydrated state in CLD patients in the present study. We
showed that an increased ECW/TBW value was associated
with various clinical features, including advanced liver
fibrosis and a deteriorated nutritional status, particularly
decreased skeletal muscle mass/sarcopenia. In addition, we
showed that an increased ECW/TBW value was associated
with a poor prognosis among cirrhotic patients.

In the present study, the ECW/TBW value was shown to
increase in line with the progression of liver fibrosis (Figures
1 and 2). One important point was that the ECW/TBW value
differed significantly between patients with F2 stage disease
and those with F3 stage disease. This result was consistent
with the findings of our previous study evaluating hepatitis
virus-related CLDs (12) and suggested that patients with
CLDs began retaining water before progression to the
F4/cirrhotic stage. The present study further showed that the
ECW/TBW value reflected the degree of liver fibrosis.
However, as described in our previous study (12), its
diagnostic performance as a sole liver fibrosis marker was
fair to moderate and needs to be evaluated in greater detail.

Table II. Characteristics of patients with liver cirrhosis (N=209).

67 (61-74)
114/95
14/134/3/21/6/13/6/12

Age (years)
Gender (Male/Female)
Etiology (HBV/HCV/HBV+HCV/ALD/

NASH/AIH/PBC/Others)
Body mass index (kg/m2) 22.15 (20.1-24.6)
AST (IU/1) 46 (33-63)
ALT (IU/1) 34 (24-55)
v-GTP (IU/1) 43 (25-76)
ALP (IU/1) 320 (230-425)
Total bilirubin (mg/dl) 0.9 (0.7-1.4)
Albumin (g/dl) 3.6 (3.2-4.0)
Hemoglobin (g/dl) 12.1 (10.6-13.4)
Platelet count (x103/pl) 90 (67-125)

Prothrombin time (%)
Glucose (mg/dl)

Total cholesterol (mg/dl)
ECW/TBW

77.1 (69.7-88.7)
101 (91-117)
148 (125-177)

0.391 (0.385-0.397)

HBV: Hepatitis B virus; HCV: hepatitis C virus; ALD: alcoholic-related
liver disease; NASH: nonalcoholic steatohepatitis; AIH; autoimmune
hepatitis; PBC: primary biliary cholangitis; ECW/TBW: extracellular
water/total body water. Quantitative variables were expressed as the
median (interquartile range).

We also investigated the association between the
ECW/TBW values and the nutritional parameters.
Nutritional problems are often observed in patients with
CLDs, particularly cirrhotic patients, and are considered to
be associated with an unfavorable prognosis (20, 21). We
found that the ECW/TBW value was inversely associated
with the level of albumin, one of the most common serum
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nutritional markers (Figure 2A). This result seems to be
reasonable, as a low albumin value reduces the serum
colloid osmotic pressure. However, we also found that an
increased ECW/TBW value was associated with a disturbed
nutritional status, particularly decreased skeletal muscle
mass/sarcopenia (Figures 3 and 4), suggesting that
overhydration was associated with the presence of a
disturbed nutrition status.

In the present study, we showed that an overhydrated
status was related to the prognosis of patients with LC.
Although previous studies have shown that the ECW/TBW
value was useful as a prognostic factor in non-hepatic
diseases (22, 23) to our knowledge, the current study is the
first to show a relationship between the ECW/TBW value
and the prognosis of cirrhotic patients (Figure 5). A high
ECW/TBW value therefore appeared to reflect both
progressed liver fibrosis and a disturbed nutritional status
and was related to a poor prognosis of LC patients.

Several limitations associated with the present study
warrant mention. First, regarding its association with liver
fibrosis in CLD patients, as described above, the impact of
the ECW/TBW value as a sole liver fibrosis marker has not
been confirmed, and further assessments will be required.
Second, the present study was conducted at a single center,
and the anthropometric data for the nutritional assessment
were obtained by a designated dietarian. Third, this study
was a retrospective one, and the prognosis of the patients
should ideally be investigated in a prospective cohort.

In conclusion, our findings suggested that an increased
ECW/TBW value was associated with the degree of liver
fibrosis and malnutrition as well as the prognosis of cirrhotic
patients.
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