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Background: Abnormalities in body water distribution are common in chronic kidney disease (CKD) patients. Volume
expansion, even in the absence of overt edema, contributes to high blood pressure, and progressive volume expansion
eventually leads to clinical edema and fluid overload. Total body water (TBW) can be accurately estimated by multifrequency
bioelectrical impedance analysis (MF-BIA) which has been proposed for earlier detection of subclinical edema in CKD
patients.
Objective: To study body fluid distribution and edematous states in CKD patients measured by MF-BIA, compared with
clinical edema assessed by physical examination. In addition, to evaluate the correlation of MF-BIA estimated TBW and
anthropometry-derived TBW calculated by Watson formula.
Material and Method: CKD patients at Rajavithi Hospital together with healthy adults were prospectively enrolled during a
12-month period. The body fluid compositions assessed by bioelectrical impedance analyzer (InBody® S20, Republic of
Korea) were taken immediately after physical examination for edema detection. The patients were categorized into stages 1 to
5 according to CKD staging in the NKF-K/DOQI guidelines, and reclassified into 3 groups of stages1-2, stages 3-4, and stage
5.
Results: Sixty-nine CKD patients were compared with 48 healthy volunteers. The estimated glomerular filtration rate (GFR)
in CKD patients and normal controls were 53.5+41.1 and 113.9+0.8 ml/min/1.73 m2 respectively. The extracellular water
(ECW) to TBW ratio, which represents edematous state if higher than 0.4, was significantly higher in patients with CKD
stages 3-4 (0.400+0.008) and stage 5 (0.404+0.011), than in those in CKD stages 1-2 (0.393+0.009) and controls (0.385+0.007)
(p<0.001). The prevalence of edematous state detected by BIA (edema-BIA) in CKD patients was significantly greater than in
normal controls (78.3% vs. 25.0%, p<0.001). The number of CKD patients with edema-BIA was also significantly higher
than the number of patients with clinical edema (36.2%), which represented a significant proportion of patients (42.1%) with
subclinical edema. The sensitivity and specificity of edema detected by physical examination in all CKD patients compared to
the assessment by MF-BIA were 44.4% and 93.3% respectively. There was a significant correlation between the TBW
calculated by the Watson formula and TBW estimated by MF-BIA (r2 = 0.848, p<0.001).
Conclusion: The present study demonstrated that assessment of body fluid distribution by MF-BIA was a reliable measure.
Subclinical edema actually occurred in early stages of CKD before detection of overt edema by physical examination. TBW
calculated by Watson formula can alternatively be used for evaluation of hydration status and can assist physicians in
prescribing appropriate management for CKD patients.
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Chronic kidney disease (CKD) often goes
unrecognized until the disease is well advanced and
renal failure is threatening. Sodium and intravascular
volume balances are usually maintained via homeostatic
mechanisms until the estimated glomerular filtration rate

(eGFR) falls below 10 to 15 ml/min/1.73 m2. In the early
stages of CKD, patients may be asymptomatic;
however, symptoms will progressively appear as renal
function deteriorates. Patients with mild to moderate
CKD are less able to respond to rapid intake of water
and are therefore prone to fluid overload and edematous
states, and acute pulmonary edema can eventually occur
in more advanced stages of CKD. Furthermore, volume
expansion, often in the absence of overt edema,
contributes to high blood pressure in most forms of
CKD. Therefore, early detection of subclinical edema
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will improve the quality of care in the management of
CKD patients by assisting in controlling hypertension
and body fluid balances and edematous states.

Measurement of total body water (TBW) is
frequently performed to evaluate body composition
and hydration status in both normal subjects and renal
failure patients. Accurate measurement of TBW requires
the isotopic dilution technique which is considered as
the gold standard method but is not easily applicable
to the clinical setting. Therefore, several indirect
methods of estimating TBW with other noninvasive
devices or anthropometric-derived TBW calculations
are commonly employed. It has been shown that body
composition, TBW and body fluid distribution can be
accurately and reliably estimated by bioelectrical
impedance analysis (BIA)(1-3), and this is currently the
most popular and practical method due to its safety,
noninvasiveness, ease of use, and low cost(4,5).
Multifrequency BIA (MF-BIA) has been used in the
evaluation of body water distribution in end-stage renal
disease and other clinical disorders of fluid volume
and distribution(6) and has been validated for
assessment of body water in hemodialysis patients(7);
as a result, the MF-BIA technique has been introduced
to measure body fluid volume more precisely(8,9).
Currently, BIA is utilized extensively in monitoring lean
body mass and hydration status in dialysis patients;
however, it has still not been used widely in predialysis
CKD patients.

The purpose of the present study was to
investigate the efficacy of the BIA method in early
detection of subclinical edema or changes of body
water distribution in various stages of predialysis
CKD patients by using the MF-BIA(7,8). In addition,
the correlation between the anthropometry-derived
TBW calculated by the Watson formula and the TBW
measured by MF-BIA was also evaluated.

Material and Method
Patients

A cross-sectional, comparative study was
conducted over a period of 12 months with predialysis
CKD patients and normal healthy volunteers who had
no self-reported history of any kidney disease, diabetes
or hypertension. Stable CKD adult patients were
consecutively enrolled using the following inclusion
criteria: (1) age >18 years; (2) predialysis CKD patients,
categorized into 5 stages according to the NKF-K/DOQI
classification(10): CKD stage 1, GFR 90-75 ml/min/1.73
m2; CKD stage 2, 75-60 ml/min/1.73 m2; CKD stage 3,
60-30 ml/min/1.73 m2; CKD stage 4, 30-15 ml/min/1.73

m2; and CKD stage 5, <15 ml/min/1.73 m2. Then they
were reclassified into 3 groups of stages 1-2, stages 3-
4 and stage 5. Patients were excluded when any of the
following criteria was met: (1) dialysis treatment; (2)
pregnancy; (3) any intercurrent illness that could
potentially have had an effect on hydration status or
nutrition within the preceding 3 months; (4) use of
medication that could have influenced body water
balance within 4 weeks of the beginning of the study;
(5) patients with pacemakers, metallic intravascular
devices or prosthesis; (6) amputees; (7) clinical
conditions with extreme alterations of body
composition such as cancer or severe liver disease;
and (8) post-kidney transplant patients.

Written informed consent was obtained from
all patients and normal volunteers. They were
scheduled for their testing appointment after receiving
verbal and written descriptions of the study protocol.
Subjects were instructed to abstain from physical
activity and food for at least 2 hours before testing.
The present study protocol was reviewed and approved
by the Ethical Committee of Rajavithi Hospital.

Methods
The clinical data were obtained from the

patients’ history and medical records. Each subject
enrolled in the present study was weighed with a digital
scale, and standing height was also measured using a
linear height scale. Body mass index (BMI) was
calculated using the conventional Quetelet formula (kg/
m2). Blood pressure at rest was measured in all patients
and normal volunteers, and systolic or diastolic blood
pressure over 140/90 mmHg was defined as
hypertension. The presence of edema in the patients’
legs was investigated before the results of the MF-BIA
assessment were known.

Laboratory analysis
Blood was taken from each patient for

assessment of complete blood count (CBC), fasting
plasma glucose, blood urea nitrogen (BUN), serum
creatinine, electrolytes, albumin, calcium and
phosphorus, and spot urine protein: creatinine index.
For normal controls, the laboratory assessment included
only the CBC, fasting plasma glucose, BUN, serum
creatinine and urinalysis in order to exclude any
underlying disease.

Estimated GFR calculation
The CKD-EPI (Chronic Kidney Disease

Epidemiology Collaboration) equation was used to
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estimate the GFR of both patients and normal controls.
The CKD-EPI formula is currently accepted as the most
accurate measurement, more precise and reliable than
the MDRD formula(11), and can be reported throughout
the GFR range(12) as shown in the following equation:

Female:
Scr <0.7 mg/dl, GFR = 144 x (Scr/0.7)-0.329 x

(0.993)Age

Scr >0.7 mg/dl, GFR = 144 x (Scr/0.7)-1.209 x
(0.993)Age

Male:
Scr <0.9 mg/dl, GFR = 141 x (Scr/0.9)-0.411 x

(0.993)Age

Scr >0.9 mg/dl, GFR = 141 x (Scr/0.9)-1.209 x
(0.993)Age

TBW measurement by BIA (TBW-BIA)
For determination of TBW-BIA by MF-BIA, a

body composition analyzer (InBody S20®, Biospace
Co. Ltd, Seoul, Republic of Korea) was used, with
tetrapolar 8-point tactile/detachable electrode system
and operated at emission frequencies pre-set by the
manufacturer of 1 KHz, 5 KHz, 50 KHz, 250 KHz,
500 KHz and 1 MHz. The TBW, intracellular and
extracellular fluid spaces, and body compositions
were analyzed using equations in the BIA software(9,13).
The efficacy and accuracy of this MF-BIA device in
determining the body fluid status and body
compositions in human has been previously
validated(14,15).

In both healthy controls and CKD patients,
the study was performed in the fasting state and after
urination. The measurements were carried out in the
recumbent posture, and subjects’ arms and legs were
fully extended and abducted approximately 20 degrees
laterally. Electrodes were applied to the fingers, heels
and ankles in accordance with the device manual
instructions. TBW was calculated from the sum of
each body segment using equations in the built-in
BIA software.

The body fluid compositions of interest in
the present study were the following: ratios of TBW/
Wt, ECW/Wt, ICW/Wt and ECW/TBW which
determine the edematous state. The normal range of
ECW/TBW is 0.36 to 0.40, and any value above 0.40
was considered to be edema.

Anthropometry-derived TBW calculations
The anthropometric-derived TBW calcu-

lations include: a constant fraction of body weight(16),
the Watson formula(17), the Hume formula(18), and the

Chertow formula(19). All the anthropometry-based
equations overestimated the TBW in both control and
hemodialysis subjects(20,21); however, the best
prediction of TBW was obtained with the Watson
formula (TBW-W)(20,22) which was therefore used in
the present study as given below

Male:
TBW-W = 2.447 - (0.09516 x age) + (0.1074 x

height in cm) + (0.3362 x weight in kg)
Female:
TBW-W = -2.097 + (0.1069 x height in cm) +

(0.2466 x weight in kg).

Statistical analysis
Using a 2-sided type 1 error, 90% power(23),

sample of 40 normal controls and 20 subjects for each
CKD group would be adequate to test the difference in
mean + SD of TBW between the CKD patients
(61.3+6.1%) and normal controls (56.5+3.6%) as
reported by Jha et al(1).

Continuous variables were expressed as mean
values + standard deviation. One-way ANOVA was
employed to compare quantitative variables among 4
groups of subjects. For multiple comparisons, Tukey
method was used due to unequal sample size in each
group. Chi-square test or Fisher’s exact test was used
to test the difference in qualitative variables among 4
groups. The sensitivity and specificity of clinical edema
compared to edema-BIA were also determined. Pearson
correlation coefficients (r) and their significance were
calculated between two related variables. The intraclass
correlation coefficient (ICC) was also used for testing
agreement between two related variables. A p-value of
less than or equal to 0.05 was considered statistical
significance. SPSS 17 was used for all statistical
analyses.

Results
Patient characteristics

During a 12-month cross-sectional study, 69
CKD patients in the Department of Medicine,
Rajavithi Hospital with a mean age of 52.5+18.1 years
(44.9% male) and 48 normal controls with a mean age of
34.2+7.0 years (22.9% male) met the enrollment criteria
and agreed to participate in the present study. The
CKD patients were classified into 3 groups: stages 1-2
(n = 25), stages 3-4 (n = 29) and stage 5 (n = 15). The
demographic characteristics of normal controls and CKD
patients are presented in Table 1. The most common
comorbid disease in CKD patients was hypertension
(75.4%), followed by dyslipidemia (62.3%), diabetes
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              CKD (n = 69) All CKD p-value
(n = 69)

Controls Stages 1-2 Stages 3-4 Stage 5
(n = 48) (n = 25) (n = 29) (n = 15)

Age (years) 34.2+7.1a 38.6+15.5a 62.9+12.3b 55.6+17.5bc 52.5+18.1** -
Gender

Male 11 (22.9) 8 (32.0) 16 (55.2) 7 (46.7) 31 (44.9) -
Female 37 (77.1) 17 (68.0) 13 (44.8) 8 (53.3) 38 (55.1) -

Weight (kg) 59.6+10.3ab 62.7+16.4ab 66.7+14.4b 55.6+11.4ac 62.8+15.0 -
Height (cm) 159.8+7.3 159.1+9.3 160.3+10.3 156.7+8.3 159.1+9.5 0.587
BMI (kg/m2) 23.3+3.0a 24.5+5.4ab 25.9+4.5b 22.6+3.7ab 24.7+4.8 0.022
Systolic BP (mmHg) 114.2+14.4a 130.5+13.0b 130.8+18.5b 127.6+17.7b 130.0+16.0** <0.001
Diastolic BP (mmHg) 71.3+10.3a 76.2+11.9ab 79.6+11.5b 76.7+10.8ab 77.8+11.4* 0.012
D M 0 (0.0)a 3 (12.0)b 13 (44.8)c 5 (33.3)cd 21 (30.4)** <0.001
Hypertension 0 (0.0)a 14 (56.0)b 25 (86.2)c 13 (86.7)cd 52 (75.4)** <0.001
Dyslipidemia 2 (4.2)a 14 (56.0)b 20 (69.0)bc 9 (60.0)bd 43 (62.3)** <0.001
Ischemic heart disease 0 (0.0)a 0 (0.0)a 6 (20.7)b 3 (20.0)bc 9 (13.0)* <0.001
SLE 0 (0.0)a 8 (32.0)b 1 (3.4)ac 3 (20.0)bc 12 (17.4)** <0.001
Edema (clinical) 0 (0.0)a 6 (24.0)b 14 (48.3)bc 5 (33.3)bd 25 (36.2)** <0.001

Table 1. Baseline demographic characteristics in normal controls and various groups of CKD patients, depicted as mean +
SD or n (%)

Values were represented as mean + SD and number (percent)
a,b,c,d different characters mean significant difference between groups in multiple comparisons
*p = 0.002 vs. control, **p<0.001 vs. control

(30.4%), systemic lupus erythematosus (17.4%) and
ischemic heart disease (13%).

The number of patients with hypertension in
CKD stages 3-4 (86.2%) and stage 5 (86.7%) was
significantly higher than in CKD stages 1-2 (56%)
(p<0.001). The number of patients with diabetes in CKD
stages 3-4 (44.8%) and stage 5 (33.3%) was also
significantly higher than in CKD stages 1-2 (12%)
(p<0.001), and the number of patients with ischemic
heart disease in CKD stages 3-4 and stage 5 was also
significantly higher than in stages 1-2. The systolic
and diastolic blood pressures in all CKD patients
(130.0+16.0/77.8+11.4 mmHg) were significantly higher
than in normal controls (114.2+14.4/71.3+10.3 mmHg)
(p<0.001 and p = 0.002, respectively), but there were no
significant differences in blood pressure among the
various groups of CKD patients. Clinical edema in all
patients with CKD was 36.2%, with CKD stages 1-2,
stages 3-4 and stage 5 at 24.0%, 48.3% and 33.3%,
respectively.

Table 2 shows the basic laboratory findings
in normal controls and CKD patients. The hemoglobin,
hematocrit, and eGFR levels in CKD patients were
significantly lower than those of normal controls
(p<0.001) whereas fasting plasma glucose, BUN and

serum creatinine levels in CKD patients were
significantly higher than in normal controls (p<0.001).
Among the various groups of CKD, the hemoglobin
and hematocrit, serum bicarbonate, and albumin
levels in patients with CKD stage 5 were significantly
lower than in other stages of CKD. Conversely, BUN,
serum creatinine, phosphate levels, and urine protein:
creatinine index (UPCI) in patients with CKD stage 5
were significantly higher than in other stages of CKD.

Body composition analysis
Comparison of body composition and body

fluid distributions assessed by MF-BIA among normal
controls and CKD patients at various stages are
presented in Table 3. The ICW/ECW ratio in normal
controls was significantly higher than that of CKD
patients (1.60+0.04 vs. 1.52+0.07, p<0.001). The TBW-
BIA/Wt ratios in normal controls and CKD patients
were not significantly different; however, the TBW-
BIA/Wt of patients in CKD stage 5 was significantly
higher than that of those in CKD stages 3-4 (0.56+0.10
vs. 0.50+0.07, p = 0.039). The ECW/Wt ratio in CKD
stage 5 patients was also significantly higher than that
of patients in CKD stages 3-4 and controls (0.23+0.04
vs. 0.20+0.03 vs. 0.20+0.02, p = 0.009).
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   CKD patients (n = 69) All CKD p-value
patients

Controls Stages 1-2 Stages 3-4 Stage 5 (n = 69)
(n = 48) (n = 25) (n = 29) (n = 15)

 
eGFR 113.9+10.8a 101.3+22.1b 35.8+14.5c 7.9+3.5d 53.5+41.1* <0.001
Hemoglobin (g/dl) 13.1+1.5a 12.7+1.6a 12.3+1.8a 9.4+2.0b 11.8+2.2* <0.001
Hematocrit (%) 39.7+4.2a 38.3+4.3a 37.2+5.3a 29.2+6.9b 35.9+6.4* <0.001
BUN (mg/dl) 11.9+3.0a 13.2+5.2a 27.6+12.3b 76.3+32.3c 33.0+29.2* <0.001
Creatinine (mg/dl) 0.7+0.16a 0.80+0.21ab 2.00+0.72b 8.00+5.50c 2.87+3.76* <0.001
Fasting plasma
Glucose (mg/dl) 82.5+11.0a 105.8+58.5ab 120.2+53.3b 103.5+29.5a 111.4+51.1* 0.001
Sodium (mEq/L) - 137.2+3.2 137.3+3.3 138.6+3.5 137.6+3.3 0.402
Potassiu (mEq/L) - 4.3+0.6 4.5+0.5 4.6+0.7 4.4+0.6 0.190
Bicarbonate (mEq/L) - 26.1+2.2 24.5+2.7 20.4+3.1 24.2+3.4 <0.001
Calcium (mg/dl) - 9.1+0.6 9.3+0.6 9.0+0.7 9.2+0.6 0.219
Phosphorus (mg/dl) - 3.9+0.7 3.6+0.5 4.7+1.0 4.0+0.8 <0.001
Albumin (g/dl) - 3.7+0.7 4.1+0.4 3.8+0.4 3.9+0.6 0.020
UPCI - 1.8+2.5 1.0+1.2 2.8+3.0 1.6+2.2 0.055

Table 2. Comparison of basic laboratory data among normal controls and various groups of CKD patients

UPCI = urine protein: creatinine ratio. Values were represented as mean + SD
a,b,c,d different characters mean significant difference between groups in multiple comparisons, *p<0.001 vs. control

Controls Stages 1-2 Stages 3-4 Stages 5 All CKD p-value
(n = 69)

Body composition
analysis

ICW (L) 19.0+3.9 19.3+5.0 19.9+5.1 20.4+8.9 22.8+5.0 0.798
ECW (L) 11.9+2.2 12.5+2.9 13.2+3.2 12.5+3.2 15.0+3.0 0.251
TBW-BIA (L) 30.9+6.1 31.8+7.9 33.1+8.3 30.9+7.6 37.8+8.0 0.622
Fat mass (kg) 17.5+5.6ab 19.4+9.1ab 21.9+8.1a 13.9+8.8b 19.1+10.3 0.006
Fat free mass (kg) 42.1+8.3 43.1+10.7 44.8+11.2 41.8+10.2 51.2+10.9 0.666
Soft lean mass (kg) 39.7+7.9 40.7+10.2 41.2+9.3 39.4+9.6 47.3+9.7 0.864
Skeletal muscle 22.8+5.1 23.2+6.5 25.6+12.6 23.7+7.9 30.2+11.7 0.517
mass (kg)
Body cell mass (kg) 26.3+7.5 27.7+7.1 28.5+7.3 26.4+6.4 32.7+7.2 0.579

Body fluid composition
analysis (ratio)

ICW/ECW 1.60+0.04 1.54+0.06 1.50+0.05 1.64+0.62 1.52+0.07** 0.171
TBW-BIA/weight 0.52+0.05ab 0.51+0.06ab 0.50+0.07a 0.56+0.10b 0.55+0.08 0.039
ICW/weight 0.32+0.03a 0.31+0.04a 0.30+0.04a 0.36+0.10b 0.33+0.05* 0.002
ECW/weight 0.20+0.02a 0.20+0.03a 0.20+0.03a 0.23+0.04b 0.22+0.04 0.009

Edema
ECW/TBW 0.385+0.007a 0.393+0.009b 0.400+0.008c 0.404+0.011c 0.400+0.010** <0.001
Edema (BIA) 12 (25.0)a 17 (68.0)b 24 (82.8)c 13 (86.7)cd 54 (78.3)** <0.001

Table 3. Comparison of body composition and body fluid distribution among normal controls and various groups of CKD
patients, depicted as mean + SD or n (%)

Values were represented as mean + SD and number (percent)
a,b,c,d different characters mean significant difference between groups in multiple comparisons, *p<0.05 vs. control, **p<0.001
vs. control
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The ECW/TBW ratio in all CKD patients was
significantly higher than in normal controls (0.400+0.010
vs. 0.385+0.007, p<0.001). In addition, the ECW/TBW
ratio in all stages of CKD was also significantly higher
than that of normal controls (Table 3). When comparing
patients at various stages of CKD, the ECW/TBW in
CKD stages 3-4 and stage 5 were significantly higher
than in CKD stages 1-2 (p = 0.032 and p = 0.004,
respectively). The edematous state detected by BIA
(edema-BIA) in CKD patients was also significantly
higher than in normal controls (78.3 vs. 25.0%, p<0.001).
There were no differences in edema-BIA between
patients with CKD stages 3-4 (82.8%) and stage 5
(86.7%), but both of these groups had significantly
higher edema-BIA than patients in stages 1-2 (68.0%).
Fig. 1 depicts the comparison of clinically apparent
edema, edema-BIA and subclinical edema in controls
and CKD patients at various stages. The sensitivity
and specificity of detecting edematous state by
physical examination in all CKD patients, compared to
the assessment by MF-BIA, were 44.4% and 93.3%
respectively (Table 4). Therefore, the false negative for
detection of edema by physical examination was 70.6%
in stages 1-2, decreasing to 41.7% and 61.5% in stages
3-4 and stage 5 respectively.

Correlation of TBW-W and TBW-BIA
The correlation value obtained between

the TBW calculated by the Watson formula (TBW-W)
and the TBW assessed by MF-BIA (TBW-BIA) was
statistically significant (r2 = 0.848, p<0.001). The

intraclass correlation coefficient (ICC) of the two
methods was 0.92 (p<0.001). A linear regression model
for the correlation between the TBW-W and TBW-BIA
is shown in Fig. 2.

Discussion
Body composition assessment by BIA is being

increasingly used to evaluate clinical interventions, and
has the potential to improve patient care. TBW is
constantly maintained in normal subjects, with minor
fluctuations of +5% daily because of food consumption
and metabolic processes. A normal adult’s body
consists of about 60% water by weight, and this is
found in 2 major fluid compartments: the intracellular
(ICW) and extracellular (ECW) compartments. The
latter is further divided into intravascular plasma
(25.0%) and interstitial fluid (75.0%)(25). The TBW and
body fluid distribution, together with other body
compositions, can be accurately and reliably estimated
using BIA. Measurement of TBW is important in
many pathologic processes; for example, it is useful
in evaluation of diuretic therapy and also in measuring
the amount of excess fluid gained in hemodialysis
patients in order to determine how much fluid should
be removed during a dialysis session.

Edematous states in CKD patients are due to
accumulation of ECW. In the present study, using the
MF-BIA technique, it was found that the ECW/TBW,
which indicates edematous state, was significantly
higher in patients with CKD stages 3-4 and stage 5
than in normal controls (p<0.001) and in patients in

Fig. 1 Comparison of clinically apparent edema, edema-BIA, and subclinical edema in controls and patients at various
stages of CKD.
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Clinical edema           Edema-BIA Sensitivity Specificity

Yes No

All CKD
Yes 24 1 44.4 93.3
No 30 14

Stages 1-2
Yes 5 1 29.4 87.5
No 12 7

Stages 3-4
Yes 14 0 58.3 100
No 10 5

Stage 5
Yes 5 0 38.5 100
No 8 2

Table 4. Sensitivity and specificity of clinical edema compared to edema-BIA

Fig. 2 Correlation of Watson formula-derived TBW
(TBW-W) and TBW determined by MF-BIA
(TBW-BIA).

earlier stages of CKD (p<0.05). Comparing the detection
of edematous state by physical examination with
detection using the MF-BIA technique, it was found
that physical examination had lower sensitivity, but
higher specificity. Furthermore, the sensitivity of
physical examination-detected edema was even higher
in patients at more advanced stages of CKD with 100%
specificity.

Importantly, although edematous state in a
significant number of CKD patients went undetected
by physical examination in the present study, it was
successfully identified by the MF-BIA technique, and
this demonstrated that subclinical edema was present
at earlier stages of CKD, and could actually be found

in every stage of CKD. The authors were able to
demonstrate that false negative for edema detection
by physical examination was 70.6% in CKD stage 1-2,
41.7% in stage 3-4, and 61.5% in stage 5.

Although the TBW-BIA/Wt ratios in normal
controls and in CKD patients were not significantly
different, the TBW-BIA/Wt in CKD stage 5 was
significantly higher than in CKD stages 3-4 (0.56+0.10
vs. 0.50+0.07, p = 0.039) and the ECW/Wt ratio in CKD
stage 5 was also significantly higher than in CKD stages
3-4 (0.23+0.04 vs. 0.20+0.03, p = 0.009). These findings
are accounted for by the fact that excess water usually
accumulates firstly in the interstitial space which is a
part of ECW space. Furthermore, it confirms that
patients with advanced stages of CKD usually have
excess ECW volume and are prone to have fluid
overload; in addition, acute pulmonary edema could
develop eventually.

A variety of factors that could be related to
the occurrence of edema in CKD patients, besides the
progressive loss of renal function, include
hypertension, diabetes, heart failure, proteinuria, and
high salt and water intake. Patients with diabetes are
prone to develop coronary heart disease and heart
failure, which can cause edema; furthermore, proteinuria
is usually a hallmark of overt diabetic nephropathy which
can cause hypoalbuminemia and edema. In the present
study, although diabetes and ischemic heart disease
were more prevalent in advanced stages of CKD, serum
albumin levels were comparable in all groups of CKD
patients.

Hypertension was present in approximately
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80.0 to 85.0% of CKD patients(25) and its  prevalence
increased progressively from 65.0 to 95.0% as the GFR
fell from 85 to 15 ml/min/1.73 m2(26). Sodium retention
and volume expansion are generally of primary
importance in contributing to the increased prevalence
of hypertension in patients with CKD, even though
the degree of extracellular volume expansion may be
insufficient to induce edema. As a result, the absence
of overt edema does not exclude hypervolemia.

In the present study, the authors were able to
demonstrate the superiority of the MF-BIA technique
over physical examination in early detection of
alterations in body fluid distribution and subclinical
edema in patients at various stages of CKD. However,
MF-BIA devices are available only in a few tertiary
hospitals, and there is still insufficient availability in
most general practice institutes. The assessment of
TBW by the anthropometry-derived TBW calculated
by the Watson formula has been found to be
significantly correlated with MF-BIA derived TBW (r2

= 0.848, p<0.001), in addition, a good agreement (ICC =
0.92) of the 2 methods were also demonstrated.
Therefore, the authors propose that the alteration of
TBW in CKD patients assessed by the Watson formula
will serve as an alternative assessment method which
will be able to guide physicians in evaluating hydration
status and prescribing appropriate management of CKD
patients.

Conclusion
Edematous states in CKD patients are due to

accumulation of ECW. Detection of clinically apparent
edema by physical examination may not be sensitive
enough whereas assessment of hydration status by
MF-BIA provides useful information for early detection
of alteration of body fluid distribution and subclinical
edema in patients in various stages of CKD. Due to its
significant correlation with TBW assessed by MF-BIA,
TBW calculated by the Watson formula can be a
suitable alternative method of evaluating hydration
status and guiding physicians in prescribing
appropriate management of CKD patients
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