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Abstract

Background/Aims: Obesity and hypervolemic status are the main causes of hypertension
in patients with chronic kidney disease (CKD). However, it is difficult to differentiate between
them. We aimed to assess the associations of body mass index (BMI) and total body water
(TBW) with ambulatory blood pressure (ABP). Methods: Body composition by bioelectrical
impedance analysis (BIA) and 24-h ABP were measured in 40 patients with CKD. TBW was
assessed using corrected TBW_, adjusted for body surface area (cTBW,,) and the TBW_,/

TBW,,...., ratio obtained usingBI;n anthropometric formula (Watson). ReBinllts: Elevated ABIIBAP
(average 24-h BP > 135/85 mmHg) was noted in 23 patients, who were more likely to have
a higher cTBW,, and TBW,,,/TBW,,__ ratio than patients without elevated BP. Patients with
nocturnal non-dipping (<10% drop in BP during sleep) were more likely to have a higher
TBW,,/TBW, . ratio. Proteinuria and the TBW,,/TBW, . ratio were significant independent
factors for 24-h ABP. BMI had a positive correlation with the cTBW,,, TBW,_,/TBW, _ratio
and furosemide use. Conclusion: Hypertension is dependent on proteinuria and fluid volume
imbalance. The TBW,,/TBW,,_ratio can serve as an indicator of fluid volume-dependent
hypertension. BMI is affected by TBW, in which case BMI can become less involved with 24-h

ABP.
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Introduction

Hypertension occurs in approximately 80-85% of patients with chronic kidney disease
(CKD) [1]. Hypertension in CKD results from excess fluid volume with sodium retention,
increased renin-angiotensin activity, enhanced sympathetic nervous activity [2], secondary
hyperparathyroidism [3], erythropoietin treatment [4], impaired nitric oxide synthesis
[5], and endothelium-mediated vasodilatation [5]. Lastly, hypertension itself causes or
contributes to the development of CKD [6]. Moreover, patients with CKD may not demonstrate
the normal nocturnal decline in blood pressure (BP), and are consequently at possible risk of
hypertensive complications [7]. In the general population, body mass index (BMI) is closely
associated with hypertension, which promotes atherosclerotic cardiovascular disease (CVD)
and is associated with increased mortality [8-10]. Obesity may also be associated with
developing CKD [11-13]. For dialysis patients, however, several studies have reported that
the BMl is inversely related with mortality [14, 15] and BP [16]. These studies have suggested
that dialysis patients, especially those with the malnutrition-inflammation syndrome, often
lose weight [14, 15] or that obese patients sequester excess fluid volume in extracellular
space more effectively than do lean people and therefore do not develop hypertension [16].
Thus, the BMI is likely to become less involved with BP and mortality with progression of
CKD. Unlike the general population, changes in the body weight (BW) in CKD patients may
be caused not only by changes in muscle and fat but also by the fluid status, suggesting that
the BMI in such patients might not be merely a marker for obesity. Among the various factors
that cause hypertension in patients with CKD, it is often difficult to differentiate between the
influence of fluid volume imbalance that promotes fluid volume-dependent hypertension and
the influence of either obesity or the malnutrition and inflammation syndrome promoting
atherosclerosis-dependent hypertension.

The isotopic dilution technique (D,0) and dual energy X-ray absorptiometry (DEXA)
are reliable methods for the measurement of total body water (TBW) [17]. However,
these techniques are invasive and inconvenient to perform. Multi-frequency bioelectrical
impedance analysis (MF-BIA) has been observed to be a suitable noninvasive alternative to
these techniques [18]. MF-BIA can effectively distinguish between intra- and extracellular
components. The values of TBW_ ,, intracellular water (ICW,,), and extracellular water
(ECW,,) measured by MF-BIA have a high correlation with the corresponding values
measured by D,0 and DEXA [18]. In fact, the fat-free mass and the ratio of ECW to TBW
measured by MF-BIA have been used for the assessment of fluid volume status in CKD patients
[19, 20]. However, fluid volume status cannot be distinguished from these indicators because
the balance of ECW and ICW appears to change depending on the edematous status as well
as the body type of patients, such as obese or lean [21, 22]. In particular, individuals with the
lean body type show an increased ECW,,/TBW_ , ratio with a decreased ICW, regardless
of their edematous state [21, 22]. A recent study has proposed a new 3-compartment model
comprising normally hydrated adipose tissue mass, normally hydrated lean tissue mass
and excess fluid mass [21]; the difference between the expected normal ECW obtained by
calculation and the measured ECW value is used to assess the fluid volume status [23].
However, these methods need complicated formulae and the appropriate reference values.
Thus, a reliable indicator of fluid volume status corresponding to body type in CKD patients
remains unavailable.

Anthropometric formulae used in combination with tracer dilution techniques (e.g.,
Watson) have been widely used to calculate the TBW,__ in CKD patients [24]. The Watson
formula, which is routinely used when calculating dialysis efficiency, was originally derived
from pooled data of healthy volunteers; it provides information regarding adequate fluid
volume balance. Consequently, TBW,  is the actual value of fluid volume and TBW
provides the adequacy of fluid volume. The TBW_,/TBW,_ ratio, which can be calculated
using anthropometric formulae, may possibly be a practical tool for assessing the fluid
volume.

232

KARGER

- 4/29/2014 4:25:16 PM

Downloaded by:

124.209.185.194


http://dx.doi.org/10.1159%2F000343412

Kidne Kidney Blood Press Res 2012;36:231-241
DOI: 10.1159/000343412 © 2012 S. Karger AG, Basel

& 9/000343412
B|00d Pressure Published online: November 19, 2012 www.karger.com/kbr
Research Ohashi/Otani/Tai et al.: Circadian BP and Body Composition in CKD

Fig. 1. Frame format of the body fluid composition, assessment tools, and equations.

Fat Body weight (BW): actual measured value
Fat
Others Others
Edem@iiiZ Total Body Water (TBWgy,): actual value measured using MF-BIA
BW
ECW |: Extracellular water (ECWgy,): actual value measured using MF-BIA
TBW

Intracellular water (ICWpg,,): value calculated by (TBWgja— ECWg)a)

IcCW
TBWyason in Normal healthy subjects calculated by Watson:

TBWiason in males = 2.447 - (0.09156 x age) + (0.1074 x height) + (0.3362 X BW)
TBWiason in females = —2.097 + (0.1069 x height) + (0.3362 x BW)

Our assessment tool for fluid volume status:
TBWjg adjusted for body surface area (BSA) (L per 1.73 m2) = TBWgj, X 1.73/BSA
TBWgia/ TBWpatson = TBWg 4/ estimated value calculated by Watson

The present study aimed to assess the associations of body fluid composition and the
BMI with 24-h ambulatory blood pressure (ABP) in CKD patient and to provide a reliable
tool for assessing the fluid volume status.

Materials and Methods

Study design

We randomly selected 40 ambulatory patients with CKD from our kidney center to participate in
this study. Informed consent was obtained from all the patients. This study was approved by the Ethics
Committee of Toho University Omori Medical Center, Tokyo, Japan. CKD was diagnosed if any of the
following parameters were met: estimated glomerular filtration rate (eGFR) <60 mL-min~! per 1.73 m?
for at least 3 months; presence of proteinuria (spot urine/protein ratio 2300 mg/g creatinine); or the
presence of structural kidney disease (e.g., adult polycystic kidney disease), according to the Kidney Disease
Outcomes Quality Initiative and the position statement of Kidney Disease: Improving Global Outcomes [25].
The participants were surveyed for age, gender, height, body weight, BMI, underlying disease, BP, serum
albumin (Alb), total cholesterol (TC) to high-density lipoprotein (HDL) ratio, low-density lipoprotein (LDL)
to high-density lipoprotein (HDL) ratio, uric acid (UA), eGFR, proteinuria, and prescription of diuretics and
antihypertensive agents. Hyperuricemia was diagnosed when the uric acid level was >7.0 mg/dL and >6.0
mg/dL in male and female patients, respectively. The eGFR was calculated according to the revised formula
of [194 x Cr™19%* x Age °2%7] (x0.739 for women) for Japanese patients according to the Modification of Diet
in Renal Disease method [26].

To assess the components of body fluid composition, we used the assessment methods and equations
described in Figure 1. MF-BIA was performed in the standard manner with the patient lying supine on
a flat nonconductive bed for at least 15 min. For the determination of TBW ,, we used a segmental MF-
BIA instrument (Inbody S20®;Biospace Co. Ltd., Seoul, Korea; www.biospaceamerica.com), which has 8
tactile electrodes. The microprocessor-controlled switches and impedance analyzer were activated and the
segmental resistances of the arms, trunk, and legs were measured at 4 frequencies (5, 50, 250, and 500 kHz).
Thus, a set of 20 segmental resistances was measured for each individual. These data were then used to
calculate TBW, from the sum of the measurements for each body segment by using MF-BIA software. The
measured TBW , was expressed as actual values, percentages of BW, and corrected values for body surface

). TBW, was calculated according to the Watson formula [24]; then, the TBW_,/

area (BSA) (cTBW,, Watson
TBW, ratio was calculated. The cTBW, , and TBW_ ,/TBW, _ ratio were used to assess the fluid volume

Watson

status.

BIA
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ABP was measured every 20 min (6:00 AM to 10:00 PM) during the day and every 30 min at night
(10:00 PM to 6:00 AM) using automated ABP monitors on the arm. In this study, patients with <8 h of ABP
recordings were considered to have inadequate measurements and were excluded from the analysis. Average
24-h ABP values of 2135/85 mmHg were considered as elevated ABP [27] regardless of antihypertensive
agent use. Nocturnal non-dipping was defined as a decrease of <10% in systolic BP during sleep as compared
with that during the awaking period [28].

Statistical Analysis

Data were statistically analyzed using JMP version 9.0 software (SAS Institute Inc, Cary, NC).
Homogeneity of variances was analyzed using Bartlett’s test. When the variances of the 2 groups were
assumed to be equal, statistical significance for the 2 groups was assessed using Student’s t-test for
continuous variables, as appropriate, and Pearson’s x? test or Fisher’s exact test for categorical variables.
The measured values were expressed as mean * standard deviation (SD) and percentages. The significance
of the correlations between the cTBW_, and TBW,,/TBW,_ ratio values and the variables of 24-h ABP
were analyzed using Pearson product-moment correlation coefficient. The variables that showed a p-value
of <0.20 in the correlation coefficients were analyzed using stepwise linear regression analysis to exclude
confounding factors. The analyzed values were expressed as standardized partial regression coefficient
+standard error (SE) in the stepwise multivariate linear regression model. A p-value of <0.05 was considered

statistically significant.

Results

Associations of demographic characteristics with circadian blood pressure

Table 1 presents the relevant baseline characteristics of the 40 study participants in
relation to the presence or absence of elevated ABP and nocturnal non-dipping. Twenty-
three (57.5%) patients showed elevated ABP; these patients were more likely to be younger
and have diabetes mellitus (DM), lower eGFR, increased proteinuria, and lower Alb levels
than the patients without elevated ABP. The 2 groups did not differ significantly with respect
to the lipid profile, uric acid level, and prescription of diuretics and antihypertensive agents.
In this population, 26 (65.0%) patients showed nocturnal non-dipping; these patients were
more likely to have DM and lower Alb levels than patients with nocturnal dipping.

Associations of demographic characteristics with body fluid composition and BMI

Tables 2 and 3 present the associations of demographic variables with the cTBW,,,
the TBW,,/TBW,, _ ratio, and the BMI. The cTBW,, showed an independent positive
association with male gender, BM], and furosemide use and negative association with age. In
contrast, the TBW,,/TBW,__ ratio was independently positively associated with DM and
furosemide use. The BMI was negatively correlated with age and was positively correlated
with furosemide use, any 1 or more diuretics use, and any 3 or more antihypertensives use.
However, there were no independent demographic factors for the BMI after adjusting for
age, DM, TC/HDL ratio, furosemide use, and any 3 or more antihypertensives use.

Associations of body fluid composition and BMI with circadian blood pressure

Figure 2 presents the body fluid composition obtained by MF-BIA and the Watson
formula and BMI in relation to the presence or absence of elevated ABP and nocturnal non-
dipping. The cTBW, , and TBW_,/TBW,__ ratio values were more likely to be significantly
higher in patients with elevated ABP (cTBWBIA: 33.1+55Lvs. 352 +51L, p<0.05 and
TBW,,/TBW, . ratio: 0.952 + 0.064 vs. 1.010 + 0.050, p < 0.01). Further, the TBW,,/

TBWj;ison ratio was more likely to be significantly higher in patients with nocturnal non-
dipping than in those without nocturnal non-dipping (0.952 + 0.054 L vs. 1.000 * 0.060 L,
p < 0.05), but there was no significant difference in the cTBW,, between patients with and
without nocturnal non-dipping. BMI showed no significant differences between the presence

and absence of elevated ABP and nocturnal non-dipping.
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Table 1: Clinical characteristics according to the presence of elevated average 24-h blood pressure and
nocturnal non-dipping

24-h ambulatory BP Nocturnal dipping

Characteristics Overall <135/85 2135/85 p >10% <10% D

mmHg mmHg
Number, n 40 17 (42.5) 23 (57.5) 14 (35.0) 26 (65.0)
Age, years 68.7+11.6 731+113 655+11.0 0.040 703+122 679+114 0.539
Gender female, n (%) 7 (17.5) 3(17.6) 4(17.4) 1.000 3(214) 4(15.4) 0.679
BW, kg 641+11.2 61.6+118 66.0+10.6 0223 62.0+104 653+11.7 0.386
BMI, kg/m? 244 +3.5 238+3.7 249+33 0.359 23.7+29 24.8+3.7 0.354
Diabetes mellitus, n (%) 17 (42.5) 3(17.6) 14 (60.9) 0.010 3(21.4) 14 (53.9) 0.048
eGFR, mL/min per 1.73 m2 260+16.6 321+187 21.6+13.1 0.042 309+20.0 234+137 0.170
Proteinuria, g/g creatinine 1927 0.3+0.7 3.1+3.0 <0.001 12+£2.7 2426 0.178
Alb, g/dL 3.8+05 4.0+0.3 3.6+0.6 0.003 4.0+0.3 3.6+06  0.039
TC/HDL 41+18 38+21 43+1.7 0.439 43+25 40+14 0.732
LDL/HDL 2413 21+17 26+11 0.413 24+18 24+10 0.872
Hyperuricemia, n (%) 27 (67.5) 9 (52.9) 18 (78.3) 0.082 9 (64.3) 18(69.2)  0.723
Diuretics
Thiazide, n (%) 3(7.5) 0(0.0) 3(13.0) 0.248 1(7.1) 2(7.7) 1.000
Furosemide, n (%) 13 (32.5) 4 (23.5) 9(39.1) 0.333 4(28.6) 9 (34.6) 1.000
Aldosterone antagonist, n (%) 3(7.5) 1(5.9) 2(8.7) 1.000 1(7.1) 2(7.7) 1.000
Any 1 of the above diuretics, n (%) 15 (37.5) 5(29.4) 10 (43.5) 0325 6(42.9) 9 (34.6) 0.873
Any 2 of the above diuretics, n (%) 2(5.0) 0(0.0) 2(8.7) 0(0.0) 2(7.7)
Antihypertensives
ACE inhibitors, n (%) 8(20.0) 4 (23.5) 4(17.4) 0.703 3(214) 5(19.2) 1.000
AT1-R blocker, n (%) 34 (85.0) 13 (76.5) 21 (91.3) 0.373 11(78.6) 23(88.5) 0.646
Ca channel blocker, n (%) 27 (67.5) 10 (58.8) 17 (73.9) 0.496 8(57.1) 19(73.1) 0.480
-blocker, n (%) 6(15.0) 3(17.6) 3(13.0) 1.000 2 (14.3) 4(15.4) 1.000
a-blocker, n (%) 5(15.0) 1(5.9) 4(17.4) 0.373 1(7.1) 4(15.4) 0.640
Number of antihypertensives, n 25+13 1.8+0.8 21+1.0 0.310 1.8+0.9 21+1.0 0.293

Values are expressed as mean + SD and percentages. Abbreviations: BP, blood pressure; BW, body weight; BMI, body mass index;
eGFR, estimated glomerular filtration rate; Alb, serum albumin; TC, total cholesterol; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; ACE, angiotensin-converting enzyme; AT1-R, angiotensin II type 1 receptor

Table 4 presents the associations of demographic characteristics and body fluid
status with the average systolic 24-h ABP and the average diastolic 24-h ABP. Model 1 in
Table 4 shows the B-coefficients of variables for these dependent variables concerning the
cTBW, ,, and Model 2 in Table 4 shows these values for variables concerning the TBW,_,/
TBW,,, ..., ratio. After adjusting for multiple variables by stepwise linear regression analysis,
proteinuria of 21.0 g/g creatinine remained a significant independent factor for the average
systolic and diastolic 24-h ABP in Model 1 and 2, and age remained a significant independent
factor for the average diastolic 24-h ABP in Model 1. The TBW,,/TBW,  ratio remained
significant independent factors for the average systolic 24-h ABP in Model 2. However, there

were no significant independent factors for nocturnal non-dipping.

Associations of the cTBW, and the TBW,,/TBW , _ ratio with BMI
Correlations of the BMI with the cTBW, , and the TBW,,/TBW,,  ratio are presented
in Figure 3. The BMI was intermediately correlated with the cTBW,, (r = 0.520, p < 0.001),
which was an independent associate factor, and weakly correlated with the TBW_  /TBW

Watson
ratio (r = 0.323, p < 0.05). t

BIA

Discussion

This present study revealed the association of body fluid composition with 24-h ABP
and the association between TBW and BMI in patients with CKD. The study results suggested

the following: (1) Patients with elevated ABP are more likely to have higher cTBW,, and

TBW,,,/TBW  ratio values, and patients with nocturnal non-dipping are more likely to
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Table 2: Correlations of demographic variables with cTBW, ,, TBW,,/TBW  _ , and BMI

Variables i ;:rBlV_\;B;AmZ) TBWsia/ TBWiwatson BMI (kg/m2)

B p B p B p
Age, years -0.510 <0.001 -0.320 0.044 -0.378 0.016
Male gender 0.554 <0.001 0.293 0.067 -0.029 0.860
Diabetes mellitus 0.361 0.022 0.386 0.014 0.232 0.150
BM]I, kg/m? 0.523 <0.001 0.330 0.038 - -
eGFR, mL/min per 1.73 m2 -0.046 0.777 -0.138 0.396 0.085 0.603
Proteinuria = 1.0g/g creatinine 0.265 0.099 0.267 0.096 0.198 0.221
Alb, g/dL -0.254 0.114 -0.370 0.019 0.078 0.630
TC/HDL 0.013 0.949 0.111 0.580 0.258 0.193
LDL/HDL <0.001 0.997 0.121 0.549 0.238 0.231
Hyperuricemia 0.097 0.557 -0.064 0.698 0.030 0.854
Thiazide 0.101 0.534 0.004 0.982 0.141 0.387
Furosemide 0.356 0.024 0.379 0.016 0.358 0.023
Aldosterone antagonist 0.053 0.743 <0.001 0.999 -0.118 0.913
Any 1 or more of the above diuretics 0.211 0.192 0.276 0.084 0.375 0.017
ACE inhibitors 0.188 0.245 0.112 0.492 0.177 0.274
AT1-R blocker 0.139 0.393 0.239 0.137 -0.125 0.441
Ca channel blocker 0.025 0.881 -0.038 0.816 0.062 0.702
{3-blocker 0.068 0.675 0.182 0.260 0.066 0.687
a-blocker 0.032 0.845 0.094 0.563 0.302 0.059
Any 3 or more antihypertensives 0.258 0.107 0.302 0.059 0.325 0.041

Abbreviations: cTBWaia, total body water determined using bioelectrical impedance analysis adjusted for body
surface area; TBWsia, total body water determined using bioelectrical impedance analysis; TBWwatson, total body
water determined using Watson formula; BMI, body mass index; eGFR, estimated glomerular filtration rate; Alb,
serum albumin; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ACE, angiotensin
converting enzyme; AT1-R, angiotensin II type 1 receptor

Table 3: Stepwise multivariate B SE 5
linear regression models for
2

¢TBW,, and TBW, /TBW, * cTBWai4, L per 1.73m

. - lawson Age, years -0.414 0.029 <0.001
(*Only statistically significant Mal & 0.574 0.404 0.001
differences are presented. akgen zr ) ' <U.
Explanatory  variables  were BML, kg/rln 0.307 0.160 0.003
selected on the basis of a p value Furosemide 0211 0.539 0.024
of <0.20 in the prior univariate TBWsia/ TBWwatson
analysis. Variables included in Diabetes mellitus 0.334 0.009 0.026
the stepwise multivariate linear Furosemide 0.326 0.009 0.030
regression models for cTBW,, Abbreviations: : cTBWaia, total body water by using bioelectrical
and TBW,,/TBW, _ were age, impedance analysis adjusted for body surface area; BMI, body

male gender, diabetes mellitus, —mMass index; TBWRia, total body water determined using
body mass index, proteinuria >  bioelectrical impedance analysis; TBWwatson, total body water
1.0 g/g creatinine, furosemide, _determined using the Watson formula

and angiotensin Il type 1 receptor

(AT1-R) blocker. Albumin, number of diuretics, and number of antihypertensives were not included in these
analyses because these variables may possibly have had multicollinearity for proteinuria, furosemide, and
AT1-R blocker, respectively)

have higher TBW,_ ,/TBW  _ ratios, whereas BMI is not associated with elevated ABP and
nocturnal non-dipping; (2) proteinuria is an independent factor for average 24-h ABP, and
TBW,,,/TBW,_ ratio is an independent factor for average systolic 24-h ABP; and (3) BMI

BIA
has a positive correlation with the cTBW, , and the TBW, ,/TBW __ ratio.

BIA:
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Fig. 2. Box plots of A B
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Fig. 3. Correlations of BMI with cTBW, and TBW_,/TBW,_ . Abbreviations: cTBW_, total body water by

using bioelectrical impedance analysis adjusted for body surface area; TBW ,, total body water determined

using bioelectrical impedance analysis; TBW, total body water determined using the Watson formula.

Watson’

Obesity is an independent risk factor for hypertension [8-10] and CKD [11-13].
Nevertheless, the relationship between BMI and BP is attenuated in advanced CKD, and BMI
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Table 4: Stepwise multivariate 8 SE )
linear regression models for Modell
average 24-h blood pressure* Average 24-h SBP, mmHg
(*Only statistically significant Proteinuria > 1.0g/g creatinine 0.626 2.220 <0.001
differences are presented. Average 24-h DBP, mmHg
Explanatory variables were Age, years ~0.449 0.122 0.003
selected onthe basisofapvalue Proteinuria > 1.0g/g creatinine 0.286 1.398 0.047
of <0.20 in the prior univariate Model 2
analysis. Model 1 shows the Average 24-h SBP, mmHg
coefficients for average 24-h Proteinuria > 1.0g/g creatinine 0.556 2.207 <0.001
blood pressure by variables TBWaia/TBWwatson 0.263 35.776 0.043
involving cTBW,,, and model Average 24-h DBP, mmHg
2 shows those by variables Age, years -0.449 0.122 0.003
involving ~ TBW_,/TBW . Proteinuria > 1.0g/g creatinine 0.286 1.398 0.047
Variables included in the Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood
stepwise multivariate linear pressure; TBWgia, total body water determined using bioelectrical
regression models for average impedance analysis; TBWwatson, total body water determined using the

24-h systolic blood pressure Watson formula

(BP) were age, diabetes

mellitus, estimated glomerular filtration rate (eGFR), proteinuria = 1.0 g/g creatinine, hyperuricemia, and
cTBW_,or TBW_,/TBW, and for average 24-h diastolic BP were age, diabetes mellitus, eGFR, proteinuria

BIA BIA: Watson
> 1.0 g/g creatinine, and cTBW,, or TBW,,/TBW

BIA

is inversely associated with BP and mortality in dialysis patients [16]. The interrelationship
of malnutrition inflammation and arteriosclerosis (MIA) in leaner dialysis patients is known
as one of the bestanswers for the paradox between BMI, hypertension, and mortality [14, 15].
In addition, unlike the general population, we assumed that hypertension in CKD patients is
related more closely to fluid volume status than to BMI. Our data suggest that proteinuria
and fluid volume imbalance are more important dependent factors for 24-h ABP than BMI
in patients with CKD and that the association of proteinuria with 24-h ABP is independent
with respect to fluid volume status. Hyperfiltration with increased BP may lead to increased
proteinuria, or proteinuria may mediate a persistent increase in renin-angiotensin activity
[29].

In our study, BMI was correlated with the cTBW, , and the TBW,/TBW,  ratio, and
furosemide use was positively correlated with BMI. This finding supported our assertion
that BMI is partially affected by the fluid volume status in CKD patients. Moreover, BMI was
not associated with elevated ABP or nocturnal non-dipping. This result suggests that factors
other than obesity, such as proteinuria and fluid volume imbalance, are associated with
24-h ABP. Furthermore, the cTBW_ ,, i.e., the ratio of TBW to BSA, was observed to decrease
with age (Tables 2 and 3). It is thus difficult to assess body composition and elucidate the
relationship between BP, fluid volume status, and nutritional status in patients with CKD.

Although many studies have investigated the fluid volume status by using MF-BIA in
CKD patients, only a few studies have reported the association between the fluid volume
status and the circadian rhythm of BP. One of the reasons for the dearth of studies is possibly
the absence of a practical and reliable indicator of the fluid volume imbalance. We assessed
the fluid volume status in CKD patients using the TBW_ ,/TBW,_  ratio calculated using the
Watson formula adjusted for height, weight, age, and gender [24]. This ratio may diminish
the impact of these factors on the measurement of fluid volume status, and the difference
between TBW, , and TBW__ reflects changes in the TBW in terms of the imbalance in the

BIA

fluid volume status. cTBW, adjusted for BSA may be a practical indicator because reference

values are not required for its use. However, this parameter cannot be adjusted for the factors

of age and gender. The TBW,,/TBW,  ratio showed a significant association with 24-h
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systolic ABP, being more likely to be higher in patients with elevated ABP and nocturnal non-
dipping. This finding was partly supported by the results of previous studies, which reported
that CKD induced the salt-sensitive type of hypertension that causes elevated nocturnal BP
due to a defect in the sodium excretory capability [30]. The TBW_,/TBW  ratio can serve
as an indicator of fluid volume-dependent hypertension. In this regard, however, the TBW ,/
TBW,,...., ratio should be interpreted with caution because of the SD obtained using the
Watson formula (3.76 in men and 3.60 in women) [20]. Further, the TBW,,/TBW,__ ratio
was less than 1.0 in all the patients, suggesting that TBW ,__may have been overestimated
in the general Japanese population. A previous study reported differences in TBW, _ across
individuals depending on race [31]. If the TBW,/TBW,_  ratio is applied more practically,
a precise value of TBW in the Japanese population can be estimated, so that a reference range
for the TBW,,/TBW,,  ratio can be established in the future by using catamnestic data.

Previous studies have reported the indications and limitations of body composition
analysis using MF-BIA [32-35]. Cooper et al. compared the results of TBW assessment
in CKD patients by using different methods such as D,0, Watson formula, MF-BIA, and
calculating the TBW as 58% of the BW [32]. According to their reports, the Watson formula
significantly underestimated the TBW. However, the mean TBW measured using MF-BIA did
not differ significantly from the mean D,0 value, and the reliability of the results did not
vary enormously. Woodrow et al. reported more errors with BIA than with D,0 and DEXA
for TBW measurement in CKD patients [32, 33]. However, these reports did not completely
deny the value of TBW assessment by MF-BIA. MF-BIA is more accurate than anthropometric
measurements and can be performed simply, conveniently, and non-invasively, in contrast to
D,0 and DEXA measurements. In this study, we did not assess D,0 and DEXA because this
study did not focus on the mechanical accuracy and advantages of MF-BIA. Even if the values
for body composition established by D,0 and DEXA are used, no complete consensus exists
regarding a suitable indicator of fluid volume imbalance.

Our study has several limitations: this is a retrospective, cross-sectional study based on
pre-existing medical records obtained from a single center, and the sample size is small. A
prospective, multicenter epidemiological study on a larger scale is required to identify and
establish the reference threshold for the TBW,,/TBW,__ ratio. In addition, we observed
that the estimated TBW may have an error margin in comparison to the actual value of TBW
in the Japanese population. However, despite these limitations, we consider that the TBW_ , /

TBW,,...., ratio has a practical use as an indicator of fluid volume-dependent hypertension.

Conclusion

Hypertension is dependent primarily on proteinuria and fluid volume imbalance in
patients with CKD. The TBW_,/TBW_ _ ratio can serve as an indicator of fluid volume-
dependent hypertension. Unlike the general population, BMI is influenced by not only fat but
also by TBW, in which case BMI can become less involved with 24-h ABP.
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