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Abstract

Background: the evaluation of hydration status and body composition in patients with kidney disease is vital for proper management, since
overhydration is associated with cardiovascular complications. Patients with chronic kidney disease (CKD) begin to show perceptible alterations
in hydration during the intermediate stages of the disease; however, there is little information regarding the evaluation of blood volume status
through bioelectrical impedance vector analysis (BIVA) in this population.

Objective: to determine the association between hydration status measured with BIVA and biochemical and clinical parameters and mortality
in patients with stage G3a, G3b and G4 CKD.

Material and methods: a cross-sectional study was conducted with patients with stage G3a, G3b and G4 CKD who underwent bioelectrical
impedance analysis (BIA). The following biochemical and clinical parameters were determined: serum and urinary albumin, hematocrit, serum
electrolytes and creatinine, estimated glomerular filtration rate (eGFR, using the CKD-EPI formula), 24-hour urine output and blood pressure. The
clinical and biochemical variables were associated with the components of the BIA. According to the resistance/height (R/H) and reactance/height
(Xc/H) values, the BIVA results were individually plotted on reference ellipses to identify patients with abnormal hydration states. The patients
were classified by group according to hydration status and CKD stage z-scores, and differences in clinical, biochemical and BIA parameters were
identified. Mortality was determined by hydration status.

Results: a total of 138 subjects, 69 men and 69 women, were studied. An association was found between the BIVA components (R/H, Xc/H and
phase angle (PA) and serum albumin (albumin and R/H, r = -0.38, p = 0.001; Xc, r = 0.59, p = 0.000; PA, r = 0.58, p < 0.0010). When the
biochemical and clinical parameters were compared by hydration status, significant differences were found in eGFR (p = 0.01), serum calcium
(p <0.001), serum albumin (p < 0.001), hemoglobin (p = 0.04), hematocrit, (p = 0.04) and mean arterial pressure (p = 0.03). The patients
were followed for a median of 65.5 months (IQR: 53.0 to 207.0), and 12 (8.6 %) patients with CKD died. The Kaplan-Meier curves showed that
patients with overhydration had a significantly higher risk of death than patients with normal hydration.

Conclusions: there is an association between the hydration status evaluated by BIVA and clinical and biochemical variables. Patients with
overhydration are significantly more likely to die than patients with normal hydration.
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Resumen

Antecedentes: la evaluacion del estado de hidratacion y la composicion corporal es imprescindible para los pacientes con enfermedad renal
cronica (ERC) en estadios intermedios, ya que en esta etapa inician con alteraciones hidricas perceptibles; sin embargo, existe poca informacion
en dicha poblacion sobre la evaluacion del estado de volemia mediante el andlisis de vectores de bioimpedancia eléctrica (BIVA).

Objetivo: asociar el estado de hidratacion medido por BIVA con parametros bioguimicos, clinicos y mortalidad en pacientes con ERC G3a G3by G4

Material y métodos: estudio transversal en el cual se incluyd a pacientes con ERC en estadios G3a G3b y G4 a los que se les realizd un andlisis de
impedancia bioeléctrica (IBE) y en los que se determinaron parametros bioquimicos y clinicos: albumina sérica y urinaria, hematocrito, electrolitos
y creatinina séricos, tasa de filtrado glomerular estimada (TFGe) (formula CKD-EPI), diuresis de 24 horas y presion arterial. Las variables clinicas
y bioguimicas se asociaron con los componentes de la IBE. Los valores de resistencia/estatura (R/H) y reactancia/estatura (Xc/H) se graficaron
individualmente sobre las elipses de referencia para identificar a pacientes con estados de hidratacion anormales. Se ubicaron grupos segun el
estado de hidratacion y estadio de ERC en z-score y se identificaron las diferencias de parametros clinicos, bioquimicos y de IBE. Se determind
la mortalidad segun el estado de hidratacion.

Resultados: se estudiaron 138 sujetos 69 hombres y 69 mujeres. Se encontré una asociacion entre los componentes de los BIVA y albiimina
sérica (albumina y R/H, r = -0,38, p = 0,001; Xc, r = 0,59, p = 0,000; angulo de fase, r = 0,58, p < 0,00110). Al comparar los parametros
bioquimicos y clinicos por estado de hidratacion se encontraron diferencias significativas en TFGe (p = 0,01), calcio sérico (p < 0,001), albimina
sérica (p < 0.001), hemoglobina (p = 0,04), hematocrito (p = 0.04) y presion arterial media (p = 0.03). Se identificd el fallecimiento de 12 (8,6 %)
pacientes con ERC, con una mediana de seguimiento de 65,5 meses (RIC: 53,0 a 207,0). Las curvas de Kaplan-Meier mostraron que los pacientes
con sobrehidratacion tenian significativamente mayor riesgo de morir que los pacientes con normohidratacion.

Conclusiones: existe asociacion entre el estado de hidratacion evaluado por BIVA y variables clinicas y bioguimicas. Los pacientes con sobre

Mortalidad.

INTRODUCTION

Chronic kidney disease (CKD) is characterized by a total or par-
tial and irreversible loss of renal function and is accompanied by
endocrine, gastrointestinal, neurological, electrolytic and water
alterations (1,2).

Fluid overload is important to evaluate due to its close rela-
tionship with cardiovascular complications, which are the main
cause of death in renal patients regardless of age, dialysis mo-
dality, cause of end-stage renal disease (ESRD), race or geo-
graphic region (3-5).

In CKD, water overload is relevant in terms of its association
not only with mortality but with nutritional alterations and sys-
temic inflammation accompanied by an increase in catabolism,
which further increases morbidity and mortality. This entity is
known as protein-energy wasting (PEW) and has a prevalence of
between 28 and 54 % in patients receiving replacement therapy
(6,7); it is somewhat less common (11 to 54 %) in patients with
stages 3 and 4 CKD (8,9).

PEW is also associated with an increase in the number of hos-
pitalizations, longer hospital stays and higher morbidity and mor-
tality (10,11). Therefore, an adequate evaluation of the nutritional
status that includes body composition measurements is of vital
importance (12).

At present, bioelectrical impedance analysis (BIA) is one of
the most widely used methods for determining body composi-
tion because of its accuracy and ease use. BIA offers a non-
invasive evaluation of the composition of the human body that
allows estimation of total body water (TBW); furthermore, based
on the physiological principle of constant tissue hydration, which
assumes that 73 % of the fat-free mass (FFM) is water, BIA can
obtain the FFM and consequently, the fat mass (FM), using a
simple equation based on two compartments (FFM kg = total
weight kg - FM kg). BIA analysis is based on the relationship
between the electrical properties of the human body, the body

hidratacion son significativamente mas propensos a morir que los pacientes con normohidratacion.

composition of different tissues, and the total water content of
the body (13). Like all indirect methods for estimating body com-
position, BIA depends on some assumptions related to body’s
electrical properties, composition, state of maturation, hydration,
age, sex, race and physical condition (13).

Given that in the vast majority of patients with kidney dis-
ease, the assumption of normality of hydration is not met, bi-
oelectrical impedance vector analysis (BIVA) has been used to
avoid biasing the diagnosis of body composition. BIVA is based
on the components of bioimpedance (Z), resistance (R) and re-
actance (Xc), standardized by height and phase angle (PA), and
not on estimates from prediction equations (14,15). This method
has been well studied in patients in advanced stages of CKD
who are receiving renal replacement therapy; however, its use
has been less studied in patients in intermediate stages of CKD,
which limits the possibility of testing its usefulness for detecting
early changes in body composition that indicate fluid alterations
and could help reduce the number of complications and mortal-
ity in this population. Therefore, our objective was to determine
the association between the hydration status measured by BIVA
and biochemical and clinical parameters and mortality in patients
with stage G3a, G3b and G4 CKD.

MATERIALS AND METHODS

This is a subanalysis of data collected in two studies; the first
one was a cross-sectional study of 81 patients recruited from the
Salvador Zubiran National Institute of Medical Sciences and Nutri-
tion INCMNSZ) in 2004. The objective of this previous study was
to evaluate hydration status using BIVA and to identify its associa-
tion with anthropometric, clinical, and biochemical variables. The
second study was a blinded randomized controlled trial of 57 par-
ticipants recruited from the INCMNSZ in 2015, who underwent
different clinical and nutritional assessments, including BIA.

[Nutr Hosp 2022;39(5):1037-1046]
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For both studies, the inclusion criteria were as follows: patients
from the nephrology outpatient clinic of the INCMNSZ with an es-
timated glomerular filtration rate (€GFR) of 15 to 59 ml/min/1.73
m? (KDIGO stages G3a, G3b and G4) (16), and were males or
females between 18 and 65 years of age. Exclusion criteria in-
cluded patients who were receiving some type of replacement
therapy; those who had amputations, pacemakers or a metal
prosthesis; and those who had an erroneous BIA measurement.

Both studies were approved by the Ethics Committee and the
Human Biomedical Research Committee of the INCMNSZ. All
patients provided written informed consent to participate in the
study.

CLINICAL AND BIOCHEMICAL
ANTHROPOMETRIC DATA

A fasting blood sample was taken and was processed in the
laboratory of the nephrology department to determine the fol-
lowing parameters: urea nitrogen, creatinine, glucose, sodium,
potassium, calcium, phosphorus, albumin, cholesterol, triglycer-
ides, HDL cholesterol, LDL cholesterol, hemoglobin, hematocrit
and albumin in urine. Systolic and diastolic blood pressure was
measured by a lead nurse.

Body weight was measured in all patients with a Tanita
BWB 800 scale (Tanita Corp., Tokyo, Japan), and height was
measured with a Harpenden wall stadiometer (Holtain, Ltd., UK);
these data were used to obtain the body mass index (BMI). The
glomerular filtration rate was estimated with the CKD-EPI formu-
la. All of this information, as well as the results of the BIA studies,
was recorded on the data collection sheet for each participant.

BIOELECTRICAL IMPEDANCE ANALYSIS (BIA)
DATA

For the BIA, the patients were asked to fast for a minimum
of 4 hours prior to the study, not to perform strenuous exercise in
the 24 hours before the study, not to consume alcoholic beverages
in the 48 hours prior to the study, not to wear any metallic objects
(e.g., jewelry) and, in the case of women, not to be menstruating.
All patients were evaluated using a Quadscan 4000 multi-fre-
quency device (Bodystat LDT®, Isle of Man, UK), which performed
measurements at 5, 50, 100 and 200 kHz. For the BIA meas-
urements, the patients were instructed to remove heavy cloth-
ing, glasses and shoes; to stay still; and not to speak during
the measurement. BIA measurements were performed accord-
ing to the criteria established by the National Institutes of Health
Technology Assessment Conference Statement (17). The partic-
ipants were placed in a supine position with their arms and legs
away from the body and the palms of the hands facing down.
Electrodes were placed in pairs on the right extremities, on the
back of the hand and foot near the phalanx-metacarpal and pha-
lanx-metatarsal joints, on the styloid process of the wrist and
between the medial and lateral malleolus of the ankle for intro-
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ducing the BIA current. After the measurement, the impedance
value at a frequency of 50 kHz was collected from the equipment.
This impedance value was used to determine the R, Xc and PA
using the Bodystat Phase Software provided by the BIA analyzer
manufacturer (Bodystat LDT®, Isle of Man, UK).

BIOELECTRICAL IMPEDANCE VECTOR
ANALYSIS (BIVA)

BIVA does not depend on models, estimates or equations,
since it is only affected by z-scores or individual variability. It is
based on a graph called the RXc chart, which was created by
Piccoli et al. (14) and in which the R standardized by height (R/H)
is located on the abscissa and the Xc standardized by height
(Xc/H) is located on the ordinate axis. Each individual vector can
be compared with the reference population of ellipses that rep-
resent 50, 75 and 95 % by sex. The impedance vector can vary
or can migrate to different areas; long vectors are interpreted as
states of dehydration, short vectors are interpreted as overhydra-
tion, and migration to the left or right is considered indicative of
changes in the body tissues (18,19). Different alterations in body
composition can be detected by analyzing impedance vectors.

The R and Xc data standardized by height were plotted using
the BIVA tolerance software and the reference values for Mexi-
can population (20) to obtain the impedance vectors on the RXc
graph. In order to conduct a group analysis according to the CKD
stage and hydration status, the BIVA Confidence software was
employed (21) following the methodology proposed by Piccoli et
al. (22) , in which the values of R and Xc were transformed into
z-scores (z [R] and z [Xc]) considering the reference intervals,
which allows a set of tolerance ellipses independent of sex to be
defined. Group vectors are represented as the mean and 95 %
confidence intervals of the z-score.

MORTALITY

The electronic clinical record of each of the participants was
reviewed to determine deaths from all causes as of March 2020.
Only the date of mortality was recorded and not the cause.

STATISTICAL ANALYSIS

The general characteristics of the participants are presented
as measures of central tendency and dispersion according to
their distribution and the type of variable. Continuous variables
are presented as mean and standard deviation or median and
interquartile range. Categorical variables are presented as fre-
quencies and percentages. To determine the distribution of the
variables, the Kolmogorov-Smirnov normality test was used.

A Pearson (parametric variables) or Spearman (non-paramet-
ric variables) correlation analysis was performed to evaluate the
relationship of the BIVA components (R, Xc, PA, R/H and Xc/H)
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and other clinical and biochemical indicators. The coefficients
were interpreted as follows: 0-0.29 = weak correlation; 0.30-
0.69 = moderate correlation; and 0.70-1.0 = strong correla-
tion (23). The individual hydration status was assessed using the
BIVA tolerance program (21). For group analysis, the differences
between the group vector patterns were analyzed with the Ho-
telling t?test. To compare the anthropometric, biochemical and
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Table I. General characteristics, clinical
and biochemical parameters, and
bioelectrical impedance analysis
components in the study population

General n = 138

- , . X + SD

clinical parameters according to hydration status and CKD stage, M *E

. ) ) i edian (IQR)
an independent samples t? test was used for variables with par-
ametric distribution, and the Mann-Whitney U analysis was used Age (years) 53 (37.5-65.29)
for variables with a nonparametric distribution. To compare the Sex (M/F) 69/69
]\(/ariables a(igording tbc} the C}éDtstaﬁe, ol?eliv\z\e;ylﬁNtOVtA was useg Height (cm) 162 (152-169)
or parametric variables, and the Kruskall Wallis test was use :
for nonparametric variables. Survival analysis was performed us- Weight (ko) 66.6 (60.7-731)
ing the Kaplan-Meier method and weight adjusted Kaplan-Meier BMI (kg/m?) 24.17(22.9-28.2)
method (24) to make unbiased comparisons between time-vary- eGFR (ml/min) 31.87 (21.2-42.5)
ing groups and control for confounding (sex, age, and body mass Etiology of CKD n (%)
index), and the log-rank test was used to identify differences be- Diabotes mellizs 61 44 %)
tween the curves according to hydration status. : . i

We assessed the multivariate effects of covariates with the Cox Arterial hypertension 33 (24 %)
proportional hazard analysis to estimate the relative hazards of Lupus 14 (10 %)
E;e mortglitly1 crude and adjustt;d(lj)y the fo_llcawing b:se—l(ijn? %/aria— Polycystic kidney disease 14 (10 %)

es: model 1, age group, sex, body mass index, and model 2, age ” .
group, sex, body mass index and eGFR. Hazard ratios (HR) and Glomerulonephritis 86%)
corresponding 95 % confidence interval (Cl) were estimated. Unknown 8 (6 %)

The SPSS 26 program was used to perform the statistical ana- Resistance (ohms) 513.73 + 108.68
lyzes, and the MedCalc program was used to _ob_tain th_e slu.rvival Reactance (ohms) 51.85 (39.8-61.5)
curves. A p-value < 0.05 was considered statistically significant. RH (ohms/m) 118.88 = 7215

Xc/H (ohms/m) 32.85 (24.5-38.77)
RESULTS Phase angle 5.7 (4.7-6.2)
o _ Urea nitrogen (mg/dL) 44.6 (34.1-63.6)

Table | shoyvg the gengral Character|st|cs of the populapon, as Creatinine (mg/dL) 26(1.6-4.1)
well as the clinical and biochemical parameters and the imped-
ance components. Most parameters were in normal ranges, with Glucose (mg/dL) 87.0 (79.5-99)
the exception of calcium concentrations 8.9 (8.4-9.4), triglyc- Sodium (mmol/L) 139.0 (136.9-140.8)
eric_ies 187.9 = 717, hematocrit 34.9 (31.7-40.8) and urgmio Potassium (mmol/L) 47+ 166
goggs;%ugh as urea nitrogen 44.6 (34.1-63.6) and creatinine Calcium (mg/dL) 89 (6.4-94)

Positive associations were found between the three BIA com- Phosphorus (mg/dL) 43(3.3-49
ponents and albumin (albumin and R/H, r = -0.38, p = 0.001; Albumin (g/dL) 35+07
X, 1= 0.59, p < 0.0010; PA, 1 = 0.58, p < 0.0010). Other Cholesterol (mg/dL) 193.5 +46.0
b|ochem|ga| parameterg that showed posﬁwe correlations were Trglycerides (mg/dL) 18785717
hemoglobin concentration and hematocrit, although they were
correlated with only two of the BIA components, Xc/H and PA HDL cholesterol (mg/dL) 49.3 +16.1
(hemoglobin and Xc/H, r = 0.31, p = 0.01; hemoglobin and PA, LDL cholesterol (mg/dL) 103.7 + 43.0

r = 0.44 p = 0.000); hematocrit and Xc/H, r = 0.30, p = 0.010;
hematocrit and PA, r = 0.44, p < 0.0010). In contrast, a negative
correlation was observed between blood glucose concentrations
and Xc/H and PA (glucose and Xc/H, r = - 0.41, p = 0.025;
glucose and PA, r = -0.44, p = 0.015).

Subsequently, the R/H and Xc/H values were plotted on the im-
pedance vectors of the reference population. Patients with over-
hydration and normal hydration were identified and were plotted
as groups on the z-score graphs (Fig. 1).

Hemoglobin (mg/dL)

12.1 (10.7-13.7)

Hematocrit (%)

34.9 (31.7-40.8)

Albumin (g/d) 1.4 (0.60-4.4)
Diuresis (mL) 2012.0 +716.9
Mean arterial pressure (mmHg) 95.8 +13.3

BMI: body mass index; eGFR: estimated glomerular filtration rate; R/H:

resistance/height; Xc/H: reactance/height.
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Figure 1.

Z-score graph by hydration status.

Table Il shows the differences in the evaluated parameters
between the normally hydrated and overhydrated patients ac-
cording to the BIVA. There was higher proportion of women
(61 %) among the patients with volume overload; additionally,
the patients in this group were older and heavier and showed
lower values of R, Xc and PA values than the patients with nor-
mal hydration. The patients with volume overload also had lower
concentrations of albumin, calcium, hemoglobin and hematocrit,
greater albuminuria and a higher mean arterial pressure.

Table Il shows the differences in the evaluated parameters by
CKD stage. Statistically significant differences in the proportions
of patients with overhydration were found, with a greater prev-
alence among patients in stage G3b (53 %). PA also showed
significant differences between the stages of CKD; it was smaller
in the patients in more advanced stages. Regarding the biochem-
ical parameters, differences were observed in the uremic toxins
BUN and creatinine,in addition to phosphorus concentrations,
hemoglobin, hematocrit (and in urinary volume).

Subsequently, the means of the vectors were plotted by group
according to the z-scores for CKD stage. Three groups were
located in the lower right quadrant, which indicated a pattern
of both overhydration and cachexia. However, for the patients
in stages G3a and G3b a portion of the sample fell within the
normal quadrants, while the majority of the patients in stage G4
were located below the tolerance ellipse of 75 %; in other words,
migration of the mean of the vector towards the lower part of the
ellipses is noted as the CKD advances (Fig. 2).

The mean duration of follow-up was 119.6 months (median,
65.5 months). Of the 138 patients included in the mortality pre-
diction analysis, 12 (8.7 %) died, with a median of 52.2 months
(IQR: 38.5-77.7 months) of follow-up until death was recorded.
Nine (75 %) patients who died were in the overhydrated group.
Patients in the overhydration group were significantly more likely
to die, as demonstrated by the Kaplan-Meier curves (Fig. 3).

[Nutr Hosp 2022;39(5):1037-1046]
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Table Il. Anthropometric, bioelectrical
impedance, clinical and biochemical
parameters of the overhydrated population
compared to normohydrated patients

Normohydrated | Overhydrated
n=79 n =59
p
%+ SD X + SD
Median (IQR) | Median (IQR)

Age (years) 45.0 (33.0-64.0) | 60.0(47.0-66.0) | <0.001*

46.0 (58.0)/ | 23.0(39.0)/36.0 X

0,

Sex (M/F), n (%) 33.0(42.0) 61.0) 0.02
Height (cm) 160 (152.0-170.0) | 164 (157.0-169.0) |  0.21
Weight (kg) 65.7 (56.5-70.4) | 68.4(61.9-75.7) | 0.02*
BMI (kg/m?) 23.1(22.9-27.6) | 26.7 (23.0-29.0) 0.06
EGFR (ml/min) 34.2 (245-45.9) | 26.9(20.1-41.5) | 0.01*
Resistance (ohms) 575.8 £75.6 430.5+889 < 0.001*
Reactance (ohms) | 60.2 (55.4-66.5) | 38.54 (26-43.1) | < 0.001*
Resistance/eiont | a5a5 . 5407 | 2657 +57.8 | <0.001*
(ohms/m)
Reactance/eiot | a5 7130 0.41.9) | 237 (13.4-263) | <0.001"
(ohms/m)
Phase angle (°) 5.9 (5.6-6.3) 47454 | <0001*
Urea nitrogen
P 345 (23.7-432) | 41.35(34.4-52.7) | 0.26
Creatinine (mg/dL) 1.99 (1.61-2.3) 2.39(1.7-3.1) 0.16
Glucose (mg/dL) 87.06+9.7 106.33 = 41.6 0.05
Serum sodium 1348216 | 13801404 | 042
(mmol/L)
Potassium (mmol/L) 46+04 48+0.6 0.18
Calcium (mg/dL) 9.30 (8.80-9.6) 85(7.9-90) |<0.001*
Phosphorus (mg/dL) 414 +1.2 456+1.2 0.18
Albumin (g/dL) 3.87 +0.60 3.07 + .67 <0.001*
Cholesterol (mg/dL) 192.6 +40.4 195.0 + 56.6 0.88
Triglycerides 184.9+79.8 1931+567 | 075
(mg/dL)
HDL (mg/dL) 494 +£15.8 489173 0.92
Hemoglobin (g/dL) 12,6 £2.2 11.6+1.8 0.04*
Hematocrit (%) 37.2+6.5 342+53 0.04~
Albuminin urine 11(04038 | 26(9560 | 0.09
(9/d)
Mean pressure 9281267 | 1000=134 | 003"
(mm/Hg)
Urinary volume (ml) | 2102.1 =593.5 1896.8 + 848.3 0.28

eGFR: estimated glomerular filtration rate. Differences between normohydrated
and overhydrated patients: “p < 0.05. Non-parametric analyses were used in

variables reported by median and interquartile range (IQR). Parametric analyses
were used in variables reported by mean and standard deviation.
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Table Ill. Anthropometric, electrical bioimpedance, clinical and biochemical parameters of
the study population according to stage of chronic kidney disease

Stage G3a Stage G3b Stage G4
n=24 n = 36 n=78
X + SD X + SD X + SD ?
Median (IQR) Median (IQR) Median (IQR)

Overhydration/normohydration, n (%) 2/22 (8/92) 19/17 (53/47) 38/40 (49/51) 0.03*
Age (years) 40 (26.5-67.5) 59 (41.2-67.0) 61 (44.0-72.0) 0.93
Sex, M/F 10/14 19117 40/38 0.02*
Height (cm) 170 (162.0-175.0) 161 (150.0-171.0) 160.0 (153.0-165.0) 0.16
Weight (kg) 62.2 (55.1-78.7) 71.9 (66.6-87.8) 68.4 (61.2-75.9) 0.24
BMI (kg/m?) 22.7 (18.7-26.4) 28.3 (24.5-33.0) 27.0 (24.5-29.7) 0.17
eGFR (ml/min) 54.5 (46.5-57.7) 38.1 (33.7-41.5) 20.6 (18.1-24.7) <0.001*
Resistance (ohms) 555.5 + 96.7 512.2+70.9 509.3 +107.9 0.30
Reactance (ohms) 58.5 (48.0-62.8) 52.55 (43.1-61.4) 47.4 (63.6-58.6) 0.04*
Resistance/height (ohms/m) 332.8 +64.8 318.4 +54.5 323.9+73.6 0.90
Reactance/height (ohms/m) 34.55 (27.8-37.7) 33.1(27.2-38.4) 29.5(21.9-37.4) 0.27
Phase angle (°) 5.9 (4.9-6.5) 5.8(56.1-6.3) 5.09 (4.1-5.8) < 0.001*
Urea nitrogen (mg/dL) 19.7 (17.9-25.0) 34.1 (28.1-40.0) 48.6 (39.4-63.4) <0.001*
Creatinine (mg/dL) 1.55(1.4-1.6) 1.81 (1.6-2.1) 2.86 (2.3-3.3) <0.001*
Glucose (mg/dL) 86.4+75 9227 +31.4 99.44 + 28.3 0.69
Serum sodium (mmol/L) 139.3+1.8 140.0 + 2.7 139.5+9.2 0.76
Potassium (mmol/L) 44+05 476 +0.4 463 +0.6 0.48
Calcium (mg/dL) 9.6 (9.2-9.8) 9.3(8.5-9.7) 9.1 (8.5-9.5) 012
Phosphorus (mg/dL) 29+0.4 38+08 39+07 0.04*
Albumin (g/dL) 42+0.3 39+08 34+08 0.1
Cholesterol (mg/dL) 187.5+40.5 193.8 £ 50.5 184.1 £50.3 0.90
Triglycerides (mg/dL) 186.3 £ 115.8 196.3+77.4 192.6 £48.7 0.97
HDL (mg/dL) 46.8 =121 52.0+187 52.3+18.6 0.80
Hemoglobin (g/dL) 151 £ 0.6 14113 124 £16 <0.001*
Hematocrit (%) 447 +2.2 41.6 =41 36.4 +4.7 <0.001*
Albumin in urine (g/d) 224 +29 36+23 3646 0.76
Mean pressure (mm/Hg) 90.83+11.3 90 +11.1 952 +13.9 0.62
Urinary volume (ml) 2773 +562.2 802.4 +401.2 658.2 + 304.1 0.01*

Differences between patients by stage of chronic kidney disease, *p < 0.05. Non-parametric analyses were used in variables reported by median and interquartile
range (IQR). Parametric analyses were used in variables reported by mean and standard deviation.
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In table IV, multivariate Cox proportional hazards regression
showed that increased mortality risk was associated (p < 0.05)
with hydration status and urine volume except for adjusted hy-
dration status by age, sex, BMI, and eGFR. Patients with over-
hydration status had a 4-fold greater risk than normohydrated

G3avs G3b p=.00
G3bvs G4 p=.00
G4 vs G3a p=.00

Figure 2.
Z-score graph by CKD stage.

patients for mortality (HR, 4.39; 95 % CI, 1.11-17.2). Higher uri-
nary volume was associated with a lower risk of mortality (all p <
0.05). The rest of the variables did not show a statistically signif-

icant association with mortality.
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Survival probability (%)

Sh |

Survival Analysis

Number at risk
Group: Normohydrated
79 4

Group: Overhydrated
59 56

100 150 200
Time (months)

33 32 32
26 26 26

Hydration status
—— Normohydrated
—— Overhydrated

Figure 3.

Survival of normally hydrated and overhydrated patients according to impedance

vectors adjusted by aged sex and body mass index.

Table IV. Multivariate Cox regression models for survival analysis

Crude Model 1 Model 2
Variable Hazard ratio Hazard ratio Hazard ratio
(95 % ClI) P (95 % Cl) g (95 % Cl) ?

Age (years)

18-39 1 1 1

40-60 1.2 (0.28-5.0) 0.79 1.09 (0.24-4.8) 0.78 1.2(0.12-12.7) 0.84

> 60 1.04 (0.23-4.6) 0.95 0.94 (0.20-4.3) 0.51 1.4(0.14-13.9) 0.77
Hydration status

gsgph(;/r(]iyrgtr:(tjed 3.931 .106-1 4.5) 004 4.39 (1 11 1-17.2) 0034 2.32 (0.119—1 0.9 028
Phase angle

Z jg 0.72 (0?1 5-3.3) 067 0.68 (0?1 4-32) 063 0.25 (0.1028—2.3) 0.23
Glucose (mg/dL) 1.01(0.98-1.04) 0.44 1.0 (0.97-1.05) 0.62 1.0 (0.95-1.05) 0.90
Albumin (g/dL) 0.95(0.26-3.4) 0.94 0.78 (0.22-2.7) 0.71 0.98 (0.26-3.6) 0.99
Hemoglobin (g/dL) 1.16 (0.77-1.7) 0.47 1.0(0.57-1.8) 0.95 1.3(0.63-2.9) 0.43
Hematocrit (%) 1.07 (0.94-1.22) 0.30 1.0 (0.84-1.18) 0.99 1.05(0.86-1.2) 0.59
Albumin in urine (g/d) 1.05(0.84-1.2) 0.65 0.99 (0.76-1.2) 0.71 0.96 (0.74-1.2) 0.79
Mean pressure (mm/Hg) 1.01 (0.96-1.0) 0.51 1.0 (0.94-1.0) 0.97 1.02 (0.94-1.0) 0.94
Urinary volume (ml) 0.99 (0.99-1.0) 0.04 0.98 (0.99-1.0) 0.02 0.99 (0.99-1.0) 0.02

Model 1 adjusted for sex, age; BMI: body mass index. Model 2 adjusted for sex, age, BMI: body mass index; eGFR: estimated glomerular filtration rate.
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DISCUSSION

The present study included patients in the intermediate stages
of CKD who were not receiving replacement treatment, because
at this stage, some patients show the onset of complications, in-
cluding alterations in body composition. The purpose of the study
was to analyze body composition through the BIVA method, with
the objective of demonstrating the clinical utility of this tool for
improving medical and nutritional treatment, even before any
type of dialysis begins.

Regarding the BIA components, low average PA, R/H and Xc¢/H
values were observed for the entire population. This allowed the
estimation of short vectors that indicate water retention (14,25),
a clinical sign that is present primarily in the advanced stages of
CKD but is not necessarily absent in the intermediate stages, as
could be observed in the BIVA graphs. This highlights the rele-
vance of BIVA at any stage of CKD; using the results of conven-
tional BIA can lead to bias because these values use prediction
equations that are based on healthy populations without altera-
tions in body components.

Regarding biochemical parameters, the general population
showed normal concentrations, with the exceptions of serum
concentrations of urea nitrogen and creatinine, which is to be
expected in cases of renal disease progression (26). An increase
in triglycerides and decreases in calcium, hemoglobin and hema-
tocrit were also expected to be observed.

The patients showed normal diuresis and mean arterial pres-
sure, while their median glomerular filtration rate was 31.87
(21.2-42.5) ml/min, which can identify the general stage G3b
population, according to the KDIGO classification (27). This rep-
resents a decrease in the glomerular filtration rate from moderate
to severe, a situation associated with the following conditions,
which are listed from the most to the least prevalent according to
the Spanish Society of Nephrology (27): hypertension, hyperpar-
athyroidism, anemia, acidosis, vitamin D deficiency, hyperphos-
phatemia and hypoalbuminemia. The study population presented
a decrease in calcium concentrations, most likely associated with
vitamin D deficiency, as well as anemia; however, participants did
not present a lack of blood pressure control, even though this is
the second most common cause of CKD, nor were alterations in
blood concentrations of phosphorus and albumin observed. It is
worth mentioning that the presence of acidosis was not evaluated.

When groups of patients were graphed onto the z-score el-
lipses (15), it was observed that a significant percentage of the
population had alterations in water status (43 %), and these pa-
tients showed a higher glomerular filtration rate (Table Il). Some
studies (28,29) have described that as a patient progresses to
CKD, alterations in body composition occur. It has been shown
that FM and lean mass decrease significantly as the effects of
anorexia and low nutritional intake begin to emerge, generating
a common catabolic state called PEW syndrome. These altera-
tions in body composition can be partially stabilized with effec-
tive treatments to control uremia and with an increased dietary
intake. However, a complete normalization of FM and lean mass
rarely occurs (28).

P. V. Miranda-Alatriste et al.

Patients who were identified as overhydrated were older, heav-
ier and, as expected, had lower R, Xc and PA values than pa-
tients without volume overload. This finding has been mentioned
in other studies (25), since it has been established that with BIVA,
an individual’s hydration level is determined by vector length in
such a way that short vectors indicate greater body fluid volumes
and less resistance, while a lower PA is associated with dete-
rioration of nutritional status and an increased risk of mortality
(20,25,30). Xc, on the other hand, determines the capacity of
cell membranes to store energy, since they act as electrical ca-
pacitors; when an electric current passes through them, they act
as conductors, and the cellular content acts as a dielectric ma-
terial, storing the charge when the current passes between the
intracellular and extracellular compartments. In this way, when
there is alteration in the cell membranes, as in the case of fluid
retention, the Xc decreases.

Regarding the biochemical parameters of the overhydrated
patients (Table IIl), lower blood concentrations of albumin, hemo-
globin and hematocrit and higher albuminuria and mean arterial
pressure were observed. These results could have occurred for
two reasons: first, and with a focus on albumin concentrations,
hypoalbuminemia is an important risk factor that increases both
mortality and morbidity in patients with CKD; however, it must
be considered that although hypoalbuminemia is normally at-
tributable to malnutrition or wasting or a chronic inflammatory
state, it can also be the result of hemodilution caused by volume
expansion with respect to the low concentrations of hemoglobin
and hematocrit, and it can be explained by the secondary pres-
ence of anemia in renal disease. It is worth mentioning that both
groups of patients showed very low values for these two varia-
bles and therefore, we cannot refer to hemodilution alone as the
main cause of these low concentrations. Albuminuria was more
common in patients with overhydration, as expected; this finding
is related to hypoalbuminemia and decreased oncotic pressure.
The presence of volume overload can also have repercussions for
blood pressure; in the patients with overhydration, the mean arte-
rial pressure was significantly higher in the group with fluid reten-
tion, although it is worth mentioning that within normal ranges.

Regarding the correlations between the BIA components (R/H,
Xc/H and PA) and the biochemical and clinical parameters, a sig-
nificant association was found between the BIA components and
albumin. This association can corroborate the diagnosis of ove-
rhydration by BIVA, since albumin, hematocrit and hemoglobin
are closely related to extracellular fluid content. The correlations
found in the present study are similar to those identified by Picolli
et al. (31) in 1998, in which albumin and hemoglobin were cor-
related in a group of hemodialysis patients; this study found the
albumin concentrations were negatively correlated with R/H and
positively correlated with Xc/H, while hemoglobin was positively
correlated with both BIA components. It is worth mentioning that
the correlation coefficient obtained for most of the evaluated var-
iables was lower than r = 0.6, indicating moderate correlations.

The negative correlation between blood glucose concentra-
tions and Xc/H is noteworthy because there are no studies that
have directly observed this relationship. The only related study is
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one by Amaral et al. conducted in 2007 (32), which investigated
alterations in glucose concentrations in aqueous solutions and
blood samples using spectroscopic impedance and found that
R and PA were the most informative parameters. These param-
eters reflect changes in the capacity of the cell membrane and
therefore show that the number of hematocytes or the volume
increase proportionally with glucose levels.

In the analysis by CKD stage, as expected, significant differ-
ences were found in eGFR, BUN, creatinine, phosphorus, hemo-
globin, hematocrit and urinary volume, due to the progression of
the disease itself and as it progresses, changes in composition.
body and biochemical parameters are more present (33).

The most frequent cause of mortality in advanced CKD is car-
diovascular disease (CV). Some known CV factors (traditional
and new), such as male sex, age and diabetes, are associated
with overhydration and have an increased prevalence in over-
hydrated patients (34-36). Although this study did not found in
the multivariate Cox regression analysis other causes that influ-
ence the mortality of patients with CKD in intermediate stages
(probably due to small sample size), one of its findings was that
overhydration itself is a long-term risk factor for mortality. In fact,
our results coincide with those of studies by Vega et al. (37)and
Bansal et al. (38) in which a higher mortality rate was found in
patients with short vector lengths, which denote greater over-
hydration in patients in the intermediate and advanced stages
of CKD. Therefore, BIVA is an easy and useful tool that can be
used to help detect high-risk patients (39). Although our study
lacks longitudinal measurements, it is likely that the frequently
use of BIVA, for example, at each clinical visit, could improve pa-
tient survival (40), since patients with overhydration could receive
closer follow-up, adjustments of diuretics use if necessary, and
more frequent visits to the nephrologist.

Body composition influences mortality in the intermediate
stages of CKD, as previously described (41,42). Therefore, it is
important to monitor body composition before the final stages of
kidney disease. BIVA is a useful tool that can be correlates with
clinical and biochemical parameters to evaluate alterations in the
hydration status of patients in stages 3 and 4 of CKD.

We recognize two main limitations of our study. One is the fail-
ure to study the association between mortality and other factors
(such as cause of mortality, comorbidities, inflammation, medi-
cation, etc) in addition to overhydration. The other is the probable
underreporting of deaths in the clinical record; if the death did
not occur in the hospital, it is not registered, and therefore, the
mortality rate could be lower and comparable to that reported in
other studies (37).

CONCLUSIONS

Patients who are diagnosed with fluid overload by BIVA have
lower concentrations of calcium, albumin and hematocrit; lower
PA values; and higher mean arterial blood pressure values than
patients with normal hydration, indicating an association between
these variables and hydration status. Patients with overhydration

[Nutr Hosp 2022;39(5):1037-1046]

according to BIVA have a higher mortality compared to those who
do not present overhydration. BIVA is a useful tool for the evalu-
ation of body composition and hydration status in patients with
stage G3 and G4 CKD who are not undergoing dialysis.
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