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Abstract
Background/Aim: Fluid volume overload occurs in chronic kidney disease (CKD), leading to
the compensatory release of natriuretic peptides. However, the elevated cardiac peptides may
also be associated with malnutrition as well as volume overload. Methods: Body fluid com-
position was measured in 147 patients with CKD between 2009 and 2015, and its relationship
to brain natriuretic peptide (BNP) levels was examined. Body fluid composition was separated
into three components: (a) a water-free mass consisting of muscle, fat, and minerals; (b) intra-
cellular water (ICW) content, and (c) extracellular water (ECW) content. Excess fluid mass was
calculated using Chamney'’s formula. Results: The measured BNP levels in the tertile groups
were 10.9 + 5.4, 36.3 + 12.5, and 393 + 542 pg/ml, respectively. Patients in a higher log-trans-
formed BNP level tertile were more likely to be older, to have a higher frequency of cardiac
comorbidities, pulse pressure, C-reactive protein levels, and proteinuria, and to have lower
serum sodium, kidney function, and serum albumin (p < 0.05). In body fluid composition, de-
creased body mass was significantly associated with the ECW-to-ICW ratio in relation to the
downward ICW slope (r = —0.235, p = 0.004) and was strongly correlated with excess fluid
mass (r = —=0.701, p < 0.001). The ECW-to-ICW ratio and excess fluid mass was independently
associated with the BNP levels. Conclusion: Fluid volume imbalance between intra- and ex-
tracellular water regulated by decreased cell mass was independently associated with BNP
levels, which may explain the reserve capacity for fluid accumulation in patients with CKD.
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Introduction

Cardiovascular disease is prevalent in patients with chronic kidney disease (CKD) and is
the most common fatal disease in these patients [1, 2]. Sodium retention typically occurs as
CKD progresses, leading to extracellular fluid volume expansion with the compensatory
release of natriuretic peptides due to stretching of the cardiac wall. Additionally, these
elevated cardiac peptides might be associated with malnutrition as well as fluid volume
overload [3, 4]. Therefore, we hypothesized that elderly and malnourished patients with CKD
would be more susceptible to volume overload compared with well-nourished patients.
Among patients undergoing dialysis, those with low body mass had a higher prevalence of
hypertension, poorer control of hypertension, and greater left ventricular hypertrophy [5].
An association between protein-energy wasting and N-terminal pro-brain natriuretic peptide
had previously been reported [6].

In the general population, the hydration component comprises 73.3% of the fat-free mass
and is distributed between the intracellular water (ICW) and extracellular water (ECW) at a
ratio of 62:38 [7]. However, the fluid volume balance between the ICW and ECW might change
when the hydration component gradually decreases with age or muscle mass loss, primarily
due to cell volume loss [8]. The ECW-to-ICW ratio might explain the reserve capacity for
volume overload in patients with CKD.

In the present study, we aimed to (1) assess the fluid volume balance between ICW and
ECW and excess fluid mass based on the body mass and (2) determine the association between
body fluid composition and brain natriuretic peptide (BNP) levels in patients with CKD.

Subjects and Methods

Study Design

Body fluid composition and plasma BNP values were measured in 158 nondialysis patients with CKD (age
>20 years) by using a multifrequency bioelectrical impedance analysis (MFBIA) instrument (Inbody S20%;
Biospace Co. Ltd., Seoul, South Korea) between October 2009 and May 2015. BNP was determined by using an
enzyme-linked immunosorbent assay (TOSOH CORPORATION, Tokyo, Japan). We identified 147 patients with
complete clinical data, and simultaneously assessed their age, sex, underlying disease, presence or absence of
cardiac comorbidities, anthropometric measurements, blood pressure, and prescribed diuretic and antihy-
pertensive agents. Cardiac comorbidities were defined as a composite of hospital-treated myocardial infarction
or coronary intervention, hospital-treated heart failure, surgical-treated valvular disease, or medical-treated
arrhythmia. The surveyed patients were categorized according to the tertile of the log-transformed plasma
level of BNP, and data for the total cholesterol, triglyceride, fasting blood glucose, C-reactive protein, estimated
glomerular filtration rate (eGFR), and ratio of urinary protein to creatinine in a random urine sample (UPCR)
were extracted from the electronic medical records on the same day. The patients were classified as under-
weight, normal, overweight, or obese according to the body mass index (BMI) cutoffs of <18.5, 18.5-24.9,
25.0-29.9 and 230 [9]. The stage of CKD was classified based on the GFR category [1], and the eGFR was calcu-
lated according to the revised formula for Japanese patients using the Modification of Diet in Renal Disease
method [10] as follows: 194 x creatinine™0%* x age 287 (x 0.739 for women). The geriatric nutritional risk
index, a simplified nutritional screening index, was calculated as follows: (14.89 + albumin [g/dl]) + (41.7 x
body weight/ideal body weight of BMI 22) [11]. Treatment-resistant high blood pressure was defined as a
systolic blood pressure >140 mm Hg or diastolic blood pressure 290 mm Hg in patients without proteinuria
and as a systolic blood pressure >130 mm Hg or diastolic blood pressure >80 mm Hg in patients with
proteinuria who received three or more hypertension medications, including diuretics. Blood pressure was
considered treatment resistant if the patient took four or more drugs for control [1, 12].

Assessment of Body Fluid Composition

Standard MFBIA was performed with the patient lying in the supine position on a flat nonconductive
bed for at least 15 min. We used a segmental MFBIA instrument with eight tactile electrodes for body fluid

KARGER

338

Downloaded by: Y. Ohashi - 204147
182.251.247.6 - 6/23/2016 8:56:23 AM



CardioRenal Cardiorenal Med 2016;6:337-346

ici DOI: 10.1159/000447024 © 2016 S. Karger AG, Basel
edicine
www.karger.com/crm

Ohashi et al.: Brain Natriuretic Peptide and Body Fluid Composition in CKD

composition measurements. The microprocessor-controlled switches and impedance analyzer were acti-
vated and the segmental resistances of the arms, trunk, and legs were measured at four frequencies (5, 50,
250, and 500 kHz). The measured body fluid composition was separated into the following three compo-
nents: (a) water-free mass consisting of proteins, fat, and minerals, (b) ICW content, and (c) ECW content.
The normal healthy reference range of the ECW-to-total body water (TBW) ratio was defined as 0.36-0.40
[13]. Excess fluid mass, normally hydrated lean tissue mass, and normally hydrated adipose tissue mass
were calculated according to Chamney’s formula [14] (suppl. fig. S1; for all online suppl. material, see www.
karger.com/doi/10.1159/000447024). In addition, we used the ECW-to-TBW ratio and dry mass index
(DMI) calculated by water-free mass divided by the square of the body height in the association between
hydration status and nutritional status [15].

Statistical Analyses

The data were analyzed by using JMP 9.0 statistical software (SAS Institute, Inc., Cary, N.C., USA). The
measured values are expressed as the means * standard deviations and percentages. Statistical significance
was assessed by using a linear regression model to compare the mean values of possible risk factors among
the tertile groups for continuous variables and by using Pearson’s x? test for categorical variables. Correla-
tions between variables were determined by using the Pearson product-moment correlation coefficient.
Linear regression analyses were used to identify associations between the log-transformed BNP levels and
demographic factors. Explanatory variables that had a significant correlation (p < 0.1) to the log-transformed
BNP levels were analyzed by using multivariate analysis to evaluate independent associations. p values <0.05
were considered statistically significant.

Results

Population Characteristics at the Time of Bioimpedance Analysis

The population characteristics of the subjects [98 men and 49 women; mean age 67.0
13.0 years; median eGFR (10-90th percentile) 22.7 (5.5-56.9) ml/min per 1.73m?], including
the log-transformed plasma BNP levels by tertiles, are shown in table 1. The tertile values
were classified as <3.03, 3.03-4.16, and >4.17, and the averages of the measured BNP levels
in the three groups were 10.9 + 5.4, 36.3 + 12.5, and 393 * 542 pg/ml, respectively. Patients
in a higher tertile of the log-transformed BNP levels were likely to be older, have a higher
frequency of cardiac comorbidities, a higher pulse pressure, higher C-reactive protein and
UPCR levels, a higher prevalence of furosemide use as well as of other antihypertensives
besides renin-angiotensin-aldosterone system inhibitors, and they were likely to have a
lower BMI, lower serum sodium and albumin levels, lower kidney function, total cholesterol
and triglyceride levels, as well as alower geriatric nutritional risk index (p < 0.05). The 67.3%
of patients in the highest tertile were categorized as CKD stage G5. In body fluid composition
analysis, the percentage of the ICW content in body weight and the percentage of the ECW
content in body weight increased along with decreasing water-free mass in patients in a
higher tertile of the log-transformed BNP levels (p < 0.001).

Body Fluid Composition by Tertile of the Log-Transformed Plasma Level of BNP

The associations between the log-transformed BNP levels and body fluid composition are
shown in figure 1. The water-free mass decreased with elevated BNP levels (r = -0.48, p <
0.001). The ICW slope tended to decrease as the BNP levels increased (r=-0.27, p = 0.009);
however, the ECW content tended to be constant (r=-0.17, p = 0.045). The shift in the balance
between the [ICW and ECW led to an increase in the ECW-to-ICW ratio, which was significantly
associated with the BNP levels (r=0.59, p < 0.001) (fig. 1). Comparatively, normally hydrated
adipose tissue mass decreased with increased BNP levels (r = -0.42, p < 0.001); moreover,
excess fluid mass was associated with BNP levels (r = 0.60, p < 0.001) (fig. 1).
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Table 1. Sample characteristics according to tertile of the log-transformed plasma level of BNP at the time of

bioimpedance analysis

Sample characteristics Log-transformed plasma level of BNP p for trend
tertile 1 (<3.03) tertile 2 (3.03-4.16)  tertile 3 (24.17)
(n=49) (n=49) (n=49)
Age, years 61.5+13.8 67.3+10.8 72.2+12.2 <0.001
Male sex, n (%) 35(71.4) 32 (65.3) 31 (63.3) 0.67
Diabetes mellitus, n (%) 14 (28.6) 14 (28.6) 13 (26.5) 0.97
Presence of cardiac comorbidities, n (%) 5(10.2) 15 (30.6) 27 (55.1) <0.001
BMI 27.5+4.2 25.0+£3.2 23.3+3.7 <0.001
Systolic blood pressure, mm Hg 130+18 132+19 13021 0.90
Diastolic blood pressure, mm Hg 77+13 73+13 69+12 0.002
Pulse pressure, mm Hg 53+13 58+16 60+19 0.031
Resistant high blood pressure, n (%) 16 (32.7) 17 (34.7) 25 (51.0) 0.14
Serum sodium, mEq/1 140.3+2.6 139.8+3.0 138.1+4.2 0.002
Serum potassium, mEq/1 4.5+0.5 4.6+0.6 4.4+0.7 0.30
Serum creatinine, mg/dl 2.05+1.38 3.30+3.36 5.36+3.88 <0.001
eGFRyprp, ml/min per 1.73 m? 37+23 29+19 15+10 <0.001
GFR categories in KDIGO 2012
Glor2,n (%) 7 (14.3) 3(6.1) 0(0.0) <0.001
G3aor G3b, n (%) 17 (34.7) 19 (38.8) 4 (8.2)
G4,n (%) 16 (32.7) 12 (24.5) 12 (24.5)
G5,n (%) 9 (18.4) 15 (30.6) 33(67.3)
Serum albumin, mg/dl 4.0+0.5 3.9+0.5 3.5+0.5 <0.001
Total cholesterol, mg/dl 186+45 177+43 168+38 0.048
Triglyceride, mg/dl 180+108 167+98 126+73 <0.001
Fasting blood glucose, mg/dl 120+36 121+44 132+48 0.14
C-reactive protein, mg/dl 0.2+0.2 0.2+0.5 0.5+1.0 0.030
UPCR, g/g-Cr 1.6+£3.0 2.0+£3.4 2.8+2.7 0.010
Brain natriuretic peptide, pg/ml 10.9+5.4 36.3+12.5 393+542 <0.001
Geriatric nutritional risk index 111+11 106+9 96+12 <0.001
Total body water, | 34.9+8.3 33.2+6.7 31.5+7.7 0.005
% in body weight 48.5+6.6 50.6+5.9 53.0+7.2 <0.001
ICWps, 1 21.2£5.2 19.9+4.0 18.7+4.7 <0.001
% in body weight 29.0+4.3 30.4+3.6 31.4+4.3 <0.001
ECWgiy, 1 13.8+3.2 13.2+2.7 12.8+3.0 0.045
% in body weight 19.1+2.4 20.2+2.5 21.6+3.0 <0.001
Water-free contents, kg 37.4+10.4 32.5+7.2 28.0+7.3 <0.001
% in body weight 51.5+6.6 49.4+59 47.0+7.2 <0.001
Ratio of ECWg5/ICWgas 0.65+0.03 0.66+0.02 0.69+0.03 <0.001
Furosemide, n (%) 8(16.3) 10 (20.4) 27 (55.1) <0.001
Other diuretics, n (%) 8(16.3) 10 (20.4) 9 (18.4) 0.89
ACE inhibitors, n (%) 10 (20.4) 10 (20.4) 4(8.2) 0.55
AT1 receptor blockers, n (%) 41 (83.7) 34 (69.4) 23 (46.9) <0.001
Other antihypertensives 31 (63.3) 32 (65.3) 46 (93.9) <0.01

eGFRyprp = Estimated glomerular filtration rate by the Modification of Diet in Renal Disease method; KDIGO =
Kidney disease: improving global outcomes; BIA = bioelectrical impedance analysis; ACE inhibitors = angiotensin-

converting enzyme inhibitors; AT1 receptor blockers = angiotensin II type 1 receptor blockers.
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Fig. 1. Body fluid composition by tertile of the log-transformed plasma level of BNP. BIA = Bioelectrical im-
pedance analysis.

Association between BMI and the Ratio of ECW to ICW, Excess Fluid Mass, and the

Log-Transformed Plasma Level of BNP

The ECW-to-ICW ratio tended to increase as the BMI decreased, especially in leaner
patients (r = -0.24, p = 0.004; fig. 2). The slope of the ECW-to-ICW ratio was less sharp in
obese patients. An association was observed between lower BMI and the log-transformed
BNP levels (r=-0.27, p=0.001). Notably, excess fluid mass had a strong negative correlation
with BMI (r=-0.70, p < 0.001).

Correlations between the Log-Transformed Plasma BNP Levels and the Percentage of

Components of the Body Fluid Composition in the Body Weight

The correlations between the log-transformed BNP levels and the percentage of body
fluid components in the body weight are shown in figure 3. The percentage of water-free mass
in the body weight was negatively correlated with the BNP levels (r = -0.31, p < 0.001).
Symmetrically, the percentage of the ECW content in the body weight was positively corre-
lated with the BNP levels (r=0.42, p < 0.001), although this difference was less noticeable in
the percentage of the ICW content in the body weight (r=0.22, p < 0.01). Therefore, the ratio
of the ECW to ICW and the percentage of excess fluid mass in the body weight had the highest
correlation with the BNP levels in those components of body fluid composition.

Associations between the DMI and the Ratio of the ECW to TBW with the Measured BNP

Levels

The measured BNP levels in six groups classified according to DMI tertile and presence
or absence of the ratio of the ECW to TBW >0.40 are shown in figure 4. The average BNP level
tended to be higher in patients with an ECW-to-TBW ratio >0.40, especially in those in the
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lowest tertile of DMI. In addition, the patients in the lowest tertile of DMI were more likely to
have higher BNP levels, even if the ECW-to-TBW ratio was <0.40.

Independent Factors Associated with the Log-Transformed Plasma Level of BNP

The results of linear least squares regression analysis using the ratio of the ECW to ICW
and excess fluid mass are shown in table 2 and online supplementary table S1. Cardiac comor-
bidities, BMI, and eGFR remained independently associated with BNP levels in multivariate
analysis when using the ECW-to-ICW ratio, whereas age, cardiac comorbidities, and eGFR
remained independently associated with the BNP levels, and significant differences between
the BMI and the BNP levels disappeared, when using excess fluid mass. Multicollinearity was
observed between the BMI and excess fluid mass (r=-0.701, p < 0.001).

Discussion

In this study, the log-transformed BNP levels were significantly associated with decreased
BM], indicating that decreased body mass is associated with increased myocardial wall stress.
This was related to volume expansion and the fluid volume imbalance between the ICW and
ECW in patients with CKD.

The reverse epidemiology of cardiovascular risk factors was studied in patients with CKD
[16, 17] and heart failure [18] and in the geriatric population [19]. Previous studies using
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Fig. 3. Correlations between the log-transformed plasma BNP levels and the percentage of body fluid com-
position components in the body weight. BIA = Bioelectrical impedance analysis.

bioimpedance analysis showed that overhydration is prevalent in leaner patients undergoing
dialysis therapy [3, 20]. Overhydration might be less apparent in obese patients [21, 22].
Malnutrition-inflammation complex syndrome in those patients may partly explain the exis-
tence of the ‘obesity paradox’. Consequently, we hypothesized that leaner patients might be
susceptible to hemodynamic instability. The TBW distribution is based on age, sex, and body
size in everyone, including healthy subjects, and the percentage of the ECW content in the
body weight shows a maximum increase in lean adults (online suppl. fig. S2 and S3). Muscle
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Table 2. Independent factors associated with the log-transformed plasma level of BNP using the ratio of ECW
to ICW

Variables Univariate analysis Multivariate analysis®

B (95% CI) p value B (95% CI) p value
Age (per 10 years of age) 0.32 (0.19 to 0.55) <0.001 0.05 (-0.09 to 0.20) 0.43
Presence of cardiac comorbidities 0.45 (0.48 to 0.94) <0.001 0.41 (0.46 to 0.83) <0.001
BMI -0.46 (-0.22t0 -0.12) <0.001 -0.19 (-0.11to -0.03) <0.001
Pulse pressure (mm Hg) 0.18 (0.00 to 0.03) 0.031 -0.02 (-0.01to -0.00) 0.56
eGFRyprp (ml/min per 1.73 m?) -0.48 (-0.05to -0.02) <0.001 -0.19 (-0.02to -0.01)  0.003
Serum albumin (mg/dl) -0.44 (-1.56 t0o -0.76) <0.001 -0.13 (-0.70 to 0.03) 0.07
Total cholesterol (mg/dl) -0.17 (-0.01to -0.00)  0.048 -0.09 (-0.01 to 0.00) 0.12
Triglyceride (mg/dl) -0.29 (-0.01 to -0.00) <0.001 -0.06 (-0.00 to 0.00) 0.09
C-reactive protein (mg/dl) 0.18 (0.01 to 0.15) 0.030 0.00 (-0.27 t0 0.28) 0.99

Ratio of ECWpg;s/ICWgs (per 0.01)  0.59 (0.22t0 0.34)  <0.001 0.32(0.09t00.23)  <0.001

eGFRyprp = Estimated glomerular filtration rate by the Modification of Diet in Renal Disease method; § =
standardized regression coefficients; CI = confidence interval.

1 Factors associated with the log-transformed plasma level of BNP in univariate analysis (p < 0.10) were
entered in the multivariable model.

mass is strongly associated with the ICW content, since approximately 73.3% of the fat-free
mass is the hydration component, whereas fat mass may not be associated with the ratio of
the ECW to ICW because it contains only 10% water. Hence, the slope of the ECW-to-ICW ratio
with respect to the BMI was less sharp for the obese patients in this study (fig. 3). As shown
in figure 4, the measured BNP levels markedly increase in patients with an ECW-to-TBW ratio
>0.40 in the lowest DMI tertile. We speculated that cell volume might be associated with the
reserve capacity for volume overload in patients with fluid volume imbalance when they are
exposed to fluid accumulation (online suppl. fig. S2 and S3). This vulnerability for fluid accu-
mulation might especially occur in leaner subjects.

The causes of elevated cardiac peptide are multifactorial. Reduced kidney function
decreases the fractional plasma clearance of both BNP and N-terminal pro-brain natriuretic
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peptide [23], and BMI is inversely associated with these cardiac peptides [24, 25]. These
authors postulated that the lower BNP levels might result from increased receptors in adipose
tissue or that a substance produced in the lean mass suppressed either synthesis or release
of natriuretic peptides. However, these mechanisms cannot fully explain the actual incidence
of the ‘obesity paradox’ in patients with CKD. Indeed, these cardiac peptides are associated
with surrogate and hard clinical outcomes in asymptomatic patients with CKD [23]. In our
study, our clinical physicians were committed to improving overhydration by using diuretics
for the third tertile group. Intriguingly, the BNP levels and the ECW-to-ICW ratio had similar
confounding factors, and the ECW-to-ICW ratio was an independently associated factor of the
BNP levels. We consider that a lower BMI is correlated with excess fluid mass, which stimu-
lated the concentration of the serum BNP. Moreover, a higher BNP level tertile is more likely
tobeassociated with decreased serum sodium levels, which would be anindicator of increased
sodium-free water. These findings possibly strengthen our hypothesis.

The ECW and ICW values should be interpreted with caution because they could distort
the adjustment of the ECW content in conjunction with the decreased ICW content. Retention
of the cell volume and correction of the increase in the ECW might be important for normal-
izing the ECW-to-ICW ratio. We recommend that malnourished patients with elevated BNP
levels and higher ECW-to-ICW ratios receive nutritional support to improve the reserve
capacity of the cells for volume overload.

The present study had several limitations. First, this was a cohort study thatincluded 147
patients from a single center. Second, clearly differentiating between overhydration and
malnutrition by using the ECW-to-ICW ratios is difficult. Third, the serum BNP levels were
influenced by various factors in our study, such as age, BMI, and kidney function. These
cofounding factors might impact on the association between the ECW-to-ICW ratio and BNP
levels. Finally, we could not perform a comparison between body fluid composition, echocar-
diographic examination, and BNP levels; therefore, additional future studies assessing the
association between body fluid composition, cardiac function, and BNP levels are required to
clarify this issue.

Conclusion

The log-transformed BNP levels were significantly associated with decreased BM], indi-
cating that elderly and malnourished patients with CKD might be susceptible to volume
overload in relation to the fluid volume imbalance between the ICW and ECW. The fluid
volume imbalance between the ICW and ECW was independently associated with the log-
transformed BNP levels, which might explain the reserve capacity for volume overload in
patients with CKD.
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