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Abstract

Fluid overload is one of the characteristics in chronic kidney disease (CKD). Changes in extracellular fluid volume are
associated with progression of diabetic nephropathy. Not only diabetes but also fluid overload is associated with
cardiovascular risk factors The aim of the study was to assess the interaction between fluid overload, diabetes, and
cardiovascular risk factors, including arterial stiffness and left ventricular function in 480 patients with stages 4-5 CKD. Fluid
status was determined by bioimpedance spectroscopy method, Body Composition Monitor. Brachial-ankle pulse wave
velocity (baPWV), as a good parameter of arterial stiffness, and brachial pre-ejection period (bPEP)/brachial ejection time
(bET), correlated with impaired left ventricular function were measured by ankle-brachial index (ABI)-form device. Of all
patients, 207 (43.9%) were diabetic and 240 (50%) had fluid overload. For non-diabetic CKD, fluid overload was associated
with being female (3 =-2.87, P=0.003), heart disease (f=2.69, P=0.04), high baPWV (f=0.27, P=0.04), low hemoglobin
(B=-1.10, P<0.001), and low serum albumin (f=-5.21, P<0.001) in multivariate analysis. For diabetic CKD, fluid overload
was associated with diuretics use (f=3.69, P =0.003), high mean arterial pressure (3 =0.14, P=0.01), low bPEP/ET (B =-0.19,
P =0.03), low hemoglobin (=-1.55, P=0.001), and low serum albumin (f=-9.46, P<<0.001). In conclusion, baPWV is
associated with fluid overload in non-diabetic CKD and bPEP/bET is associated with fluid overload in diabetic CKD. Early and
accurate assessment of these associated cardiovascular risk factors may improve the effects of entire care in late CKD.
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or cardiac level in diabetic CKD or vascular disease in non-
diabetic CKD is not necessarily atherosclerotic. Additionally,
diabetics are more likely to have fluid overload than non-diabetics
[9], and progression of diabetic nephropathy would contribute to

Introduction

Cardiovascular disease (CVD) is the major cause of morbidity
and mortality in patients with chronic kidney disease (CKD). The
presentation of fluid overload is often noticed in patients with
CKD, and excess fluid status induces elevated arterial pressure, left
ventricular hypertrophy, and associated cardiovascular sequelae
[1,2]. Hung et al. indicated a significant association of fluid
overload with cardiovascular risk factors, such as diabetes, systolic
blood pressure, and arterial stiffness in CKD patients not on
dialysis [3]. Previous studies reported that fluid overload was a
predictor of cardiovascular mortality in patients on dialysis [4—7].
Fluid overload is not only a characteristic but also a clinical

the increase in extracellular fluid volume [10]. An interaction
between fluid overload, diabetes, and vascular injury or cardiac
dysfunction might exist in CKD. Accumulating evidence shows
that pulse wave velocity (PWV), which can be easily measured by a
clinical device, the ankle-brachial index (ABI)-form, has been
regarded as a clinical indicator of arterial stiffness [11,12]. Cardiac
dysfunction is frequently evaluated by echocardiography; however,
its application in predicting cardiovascular events is limited
because echocardiography is time-consuming and operator-

indicator of cardiovascular burden.

On the other hand, diabetic CKD patients have a greater risk of
commencing dialysis, and higher all-cause and cardiovascular
mortality than non-diabetic CKD patients [8]. This is probably
the result that more advanced atherosclerotic change of vascular

PLOS ONE | www.plosone.org

dependent [13]. The ratio of brachial pre-ejection period (bPEP)
and brachial ejection time (bET), measured easily by ABI device,
was reported to have a significant correlation with impaired left
ventricular systolic function [14]. Chen et al. found that bPEP/
bET was an independent predictor for all-cause and cardiovas-
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cular mortality in CKD patients on or not on dialysis [13,15].
Hence, the aim of this study is to evaluate the relationship between
fluid overload, diabetes, and baPWV or bPEP/bET and whether
baPWYV or bPEP/bET could be used as simple clinically available
measures for risk stratification in late CKD.

Materials and Methods

Study Participants

All 612 of CKD stages 4-5 patients were invited to participate
in the study from January 2011 to December 2011 at one hospital
in Southern Taiwan. The study protocol was approved by the
Institutional Review Board of the Kaohsiung Medical University
Hospital. All patients had been enrolled in our integrated CKD
program for more than 3 months (30.9%227.0 months). CKD was
staged according to K/DOQI definitions and the estimated
glomerular filtration rate (eGFR) was calculated using the equation
of the 4-variable Modification of Diet in Renal Disease (MDRD)
Study (CKD stage 3, ecGFR: 30~59 ml/min/1.73 m?; CKD stage
4, eGFR: 15~29 ml/min/1.73 m% CKD stage 5, eGFR<15 ml/
min/1.73 m% [16]. Of all patients, we excluded 115 with
disabilities, 12 with impaired skin integrity, and 5 with pacemaker
implantation. Four hundred and eighty patients were enrolled and
scheduled for a study interview after informed consent.

Ethics Statement

The study protocol was approved by the Institutional Review
Board of the Kaohsiung Medical University Hospital (KMUH-
IRB-990125). Informed consents were obtained in written form
from patients and all clinical investigations were conducted
according to the principles expressed in the Declaration of
Helsinki. The patients gave consent for the publication of the
clinical details.

Measurement of fluid status

Fluid status was measured once by a bioimpedance spectros-
copy method, Body Composition Monitor (BCM, Fresenius
Medical Care) at enrollment. BCM has been validated extensively
against all available gold-standard methods in the general and
dialysis populations [17-20]. The information of normohydrated
lean tissue, normohydrated adipose tissue, and extracellular fluid
overload in whole body based on the difference of impedance in
cach tissue is provided by BCM. Fluid overload can be calculated
from the difference between the normal expected and measured
extracellular water (ECW) [21]. Fluid overload value, ECW,
mtracellular water (ICW) and total body water (TBW) were
determined from the measured impedance data based on the
model of Moissl et al [22,23]. The relative hydration status
(AHS =fluid overload/ECW) has been used as an indicator of
fluid status in a previous study [5]. In the present study, “Fluid
overload” was defined as AHS of 7% or more corresponding to
the value of 90™ percentile for the normal reference population
when the fluid status was measured with the same technology
[3,22,23].

Assessment of baPWV, bPEP, and bET

Brachial-ankle pulse wave velocity (baPWV), as a good
parameter of arterial stiffness, was measured by the ABI-form
device, which automatically and simultaneously measured blood
pressures in both arms and ankles using an oscillometric method
[11,12], at the same time of fluid measurement for each patient.
For measuring PWV, pulse waves obtained from the brachial and
tibial arteries were recorded simultaneously, and the transmission
time (ATba), which was defined as the time interval between the
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initial increase in brachial and ankle waveforms, was determined.
The transmission distance from the brachium to ankle was
calculated according to body height. The path length from the
suprasternal notch to the brachium(Lb) was obtained using the
following equation: Lb=0.2195 xheight of the patient (in cm)-
2.0734. The path length from the suprasternal notch to the
ankle(La) was obtained wusing the following equation:
La=(0.8129 xheight of the patient [in cm]+12.328). Finally, the
following equation was used to automatically obtain baPWV:
baPWV = (La—Lb)/ATba [24]. After obtaining bilateral PWV
values, the higher one was used as representative for each subject.
Additionally, bPEP, and bET was also measured by the ABI-form
device.

The bET was automatically measured from the foot to the
dicrotic notch (equivalent to the incisura on the downstroke of the
aortic pressure wave contour produced by the closure of aortic
valve) of the pulse volume waveform. The total electromechanical
systolic interval ((QS2) was measured from the onset of the QRS
complex on the electrocardiogram to the first high-frequency
vibration of the aortic component of the second heart sound on the
phonocardiogram. The bPEP was also automatically calculated by
subtracting the bET from the QS2 [13,15,25].

Data Collection

Demographic and clinical data of patients were obtained from
interviews and medical records at enrollment. Blood and urine
samples were obtained at the same time of fluid status
measurement. Patients were asked to fast for at least 12 hours
before blood sample collection for the biochemistry study. Protein
in urine was measured using an immediate semiquantitative urine
protein dipstick test and graded as negative, trace, 1+, 2+, 3+, or
4+. The body mass index was calculated as the ratio of weight in
kilograms divided by square of height in meters. Blood pressure
was recorded as the mean of two consecutive measurements with
5-minute intervals, using one single calibrated device. Mean
arterial pressure was calculated as 2/3 diastolic blood pressure plus
1/3 systolic blood pressure. Diabetes was defined as those with a
medical history through chart review. Cardiovascular disease was
defined as a history of heart failure, acute or chronic ischemic
heart disease, and myocardial infarction. Information regarding
patient’s medications including diuretics, HMG-CoA reductase
inhibitors (statins), anti-hypertensive drugs, including calcium
channel blocker, B-blocker, and angiotensin converting enzyme
inhibitor, and angiotensin II receptor blocker within 3 months
before enrollment was obtained from medical records.

Statistical Analysis

The study population was further classified into two groups
according to the presence or absence of diabetes. Continuous
variables were expressed as mean + SD or median (25", 75
percentile), as appropriate, and categorical variables were
expressed as percentages. Skewed distribution continuous vari-
ables were log-transformed to attain normal distribution. The
significance of differences in continuous variables between groups
was tested using independent t-test or the Mann-Whitney U
analysis, as appropriate. The difference in the distribution of
categorical variables was tested using the Chi-square test. Linear
regression models were utilized to evaluate the determinants of
fluid overload in diabetes and non-diabetes. All the variables in
Table 1 tested by univariate analysis and those variables with P-
value less than 0.05 were selected in multivariate analysis.
Statistical analyses were conducted using SPSS 18.0 for Windows
(SPSS Inc., Chicago, Illinois) and some graphs were made by
GraphPad Prism 5.0 (GraphPad Software Inc., San Diego CA,
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Table 1. The clinical characteristics of study subjects stratified by Diabetes Mellitus.

Entire Cohort Non-diabetes Diabetes

(n=480) (n=269) (n=211) P-value
Demographic variables
Age, year 65.4+12.7 65.613.9 65.0£10.9 0.57
Sex (male), % 54.6 50.9 59.2 0.07
Smoke, % 204 16.0 26.1 0.002
Alcohol, % 9.8 9.8 8.5 0.49
Cardiovascular disease, % 18.5 14.1 24.2 0.01
Hypertension, % 84.8 75.8 96.2 <0.001
Hyperlipidemia, % 52.7 42.0 66.4 <0.001
CKD stage 4, % 49.2 49.1 493 0.96
5 50.8 50.9 50.7
Body Mass Index, kg/m? 24.4+3.8 234+£3.2 25.6*4.1 <0.001
Mean arterial pressure, mmHg 96.9+11.9 954+11.6 98.8+£12.0 0.002
baPWV (cm/s) 1863.7+393.1 1782.6+365.1 1963.7+403.2 <0.001
bPEP/bET 0.4*0.1 0.4=*0.1 0.3%0.1 0.01
Body Composition
Lean tissue Index (kg/m?) 13.7+2.6 13.7%+2.6 13.8+2.7 0.56
Fat tissue Index (kg/m?) 9.9+4.2 9.2+3.8 10.7+4.5 <0.001
Total body water (L) 32.6*6.6 31.7£6.0 341%7.2 <0.001
Intracellular water (L) 17.1£3.6 16.9+3.6 17.4+37 0.12
Extracellular water (L) 15.6*3.5 148+29 16.7+4.1 <0.001
ECW/ICW 0.9%0.1 0.920.1 1.0£0.2 <0.001
ECW/TBW (%) 47.7%3.5 46.9+3.2 48.9+3.5 <0.001
OH (L) 1.0(2) 0.9(1) 1.7(3) <0.001
Relative hydration status® (%) 50 41.2 61.1 <0.001
Medications
Diuretics, % 294 16.0 46.4 <0.001
Statin, % 31.0 234 40.8 <0.001
Hypertension medication, % 79.6 69.5 924 <0.001
Laboratory parameters
eGFR, ml/min/1.73 m? 15375 153*7.6 15475 0.89
Hemoglobin, g/dl 104+1.7 10.4+1.8 105%1.7 0.53
Albumin, g/dI 4.0*+0.5 4104 3.9%0.5 <0.001
Calcium-Phosphate product, mg?/dI? 38.5(34.2,44.0) 38.3(33.6,43.3) 39.2(34.8,45.4) 0.09
Uric acid, mg/dl 7.7%17 74x1.7 8.0x1.7 <0.001
Cholesterol, mg/dI 180(153,210) 179(153,210) 181(153,209) 0.91
Triglyceride, mg/dl 116(80,166) 104(75,151) 136(90,191) <0.001
C-reactive protein, mg/L 1.3(0.6,3.6) 1.2(0.6,3.2) 1.8(0.7,4.4) 0.05
Urine protein® >1+, % 49.8 36.8 67.0 <0.001
Notes: Data are expressed as number (percentage) for categorical variables and mean + SD or median (25, 75" percentile) for continuous variables, as appropriate.
Abbreviations: CKD, chronic kidney disease; baPWV, brachial-ankle pulse wave velocity; bPEP/bET, brachial prolonged pre-ejection period/brachial shorted ejection time;
ECW, extracellular water; ICW, intracellular water; TBW, total body water; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; eGFR,
estimated glomerular filtration rate.
Relative hydration status (AHS) was defined as OH/extracellular water.
Urine protein was measured using dipstick test.
doi:10.1371/journal.pone.0111000.t001

USA). Statistical significance was set at a two-sided p-value of less Results
than 0.05.
Characteristics of Entire Cohort

The comparison of clinical characteristics between groups based
on the presence or absence of diabetes is shown in Table 1. A total
of 211 (44.0%) had diabetes. The mean age was 65.4%=12.7 years.
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The median of OH (overhydration) value was 1.0 L. Diabetic
patients had higher prevalence of cardiovascular disease (24.2%),
hypertension (96.2%), and hyperlipidemia (66.4%) than non-
diabetes. Diabetic patients had higher body mass index
(25.6+4.1 kg/m?), mean arterial pressure (98.8%+12.0 mmHg),
fat tissue index (10.7*4.5 kg/mg), TBW (34.1x7.2 L), ECW
(16.7x4.1 L), ECW/TBW (48.9%3.5%), and OH (1.7 L) than
non-diabetic patients. Diabetic patients with fluid overload
received more diuretics, statin, and anti-hypertension treatment.
Higher baPWV, and lower bPEP/bET were found in diabetic
patients than non-diabetic patients. Uric acid levels and the degree
of proteinuria were higher and serum albumin was lower in
diabetic patients than in non-diabetic patients.

Different zones can be identified in the plot of mean arterial
pressure (Y-axis) versus relative hydration status (AHS) (X-axis), of
normovolemic and normotensive patients (40.9%, zone A), fluid-
overloaded and hypertensive patients (14.0%, zone B), fluid-
overloaded but normo- or hypotensive patients (36.0%, zone C),
hypertensive and normovolemic patients (9.1%, zone D), in
Figure 1. Figure 1A shows a substantial scatter of baPWV
quartiles, and the proportion of baPWV quartile 4 was the highest
in zone B (36.4%) than other zones (P<<0.001). Figure 1B shows
that the proportion of diabetes was higher in zone B (59.7%) and
C (51.7%) than other zones (P<<0.001). There was no significant
difference of gender distribution among zones (Figure 1C).

Determinants of fluid overload (relative hydration status,
AHS) in non-diabetic CKD

Figure 2 shows a positive association of baPWV and fluid
overload in non-diabetic CKD (r=0.488, P<<0.001). The deter-
minants of fluid overload in non-diabetic patients are reported in
Table 2. AHS correlated positively with age, heart disease,
diuretics use, anti-hypertension drug use, baPWV, and urine
protein, but negatively with the male gender, body mass index,
eGFR, serum albumin, cholesterol, and hemoglobin levels in
univariate linear regression analysis. Further multivariate analysis
showed that increased AHS was associated with being female
(B=-2.87, P=0.003), heart disease (B=2.69, P=0.04), high
baPWV (B=0.27, P=0.04), low hemoglobin (B=-1.10, P<
0.001), and low serum albumin (f =-5.21, P<<0.001).

Determinants of fluid overload (relative hydration status,

AHS) in diabetic CKD

Figure 3 shows a negative association of bPEP/bET and fluid
overload in diabetic CKD (r=-0.251, P=0.01). The determinants
of fluid overload in diabetic patients are reported in Table 3. AHS
correlated positively with diuretics use, anti-hypertensive drug use,
mean arterial pressure, and urine protein, but negatively with age,
male, body mass index, bPEP/bET, eGFR, serum albumin, and
hemoglobin levels in univariate linear regression analysis. Further
multivariate analysis showed that increased AHS was associated
with diuretics use (B = 3.69, P =0.003), high mean arterial pressure
(B=0.14, P=0.01), low bPEP/bET (B=-0.19, P=0.03), low
hemoglobin (B =-1.55, P=0.001), and low serum albumin (f =—
9.46, P<<0.001).

Discussion

The aim of this study was to evaluate the relationship between
fluid overload, diabetes and baPWV or bPEP/bET in patients
with stages 4-5 CKD. Fluid overload was associated with baPWV,
a clinical indicator of arterial stiffness, in non-diabetic CKD.
Conversely, instead of baPWV, fluid overload was associated with
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Figure 1. Scatter plot of brachial-ankle pulse wave velocity
(1A), diabetes (1B), and gender (1C) between relative hydra-
tion status (%) in the X-axis and mean arterial pressure
(mmHg) in the Y-axis in all study subjects.
doi:10.1371/journal.pone.0111000.g001

bPEP/bET, a marker of left ventricular systolic function, in
diabetic CKD.

Fluid overload may have an influence on vasculature and lead
to vascular remodeling, characterized by dilatation of muscular
and elastic type arteries and increased wall thickness, thereby
inducing arterial stiffness and consequent cardiovascular sequelae
[26]. Previous reports demonstrated that baPWV was associated
with fluid overload in CKD [3,27]. On the other hand, diabetes
has profound effects on vasculature, and baPWV appears to be
associated with clinical variants of diabetes and microvascular and
macrovascular complications [28-30]. There might be an
interaction between fluid overload, baPWV, and diabetes. In the
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Table 2. The determinants of relative hydration status in non-diabetic chronic kidney disease patients.

Univariate Multivariate

B (95%Cl) P-value B (95%Cl) P-value
Clinical characteristics
Age, year 0.12(0.06,0.18) <0.001 0.01(-0.07,0.09) 0.7
Sex (male), % -2.24(-3.97,-0.52) 0.01 -2.87(-4.76,-0.98) 0.003
Heart disease, % 4.43(1.99,6.86) <0.001 2.69(0.13,5.25) 0.04
Diuretics, % 4.26(1.94,6.58) <0.001 1.63(-0.69,3.96) 0.1
Anti-Hypertension drug, % 1.96(0.07,3.85) 0.04 0.64(-1.20,2.49) 0.5
Bady mass index, kg/m2 -0.29(-0.56,-0.02) 0.03 -0.19(-0.46,0.08) 0.2
Mean arterial pressure, 0.02(-0.05,0.10) 0.5 - -
mmHg
baPWV, per100 cm/s 0.49(0.25,0.72) <0.001 0.27(0.01,0.54) 0.04
bPEP/bET, x100 0.05(-0.09,0.19) 0.48 = =
Laboratory parameters
eGFR, ml/min/1.73 m? -0.15(-0.26,-0.03) 0.01 -0.07(-0.21,0.07) 0.3
Hemoglobin, g/dl -1.17(-1.65,-0.69) <0.001 -1.10(-1.66,-0.53) <0.001
Albumin, g/dl -8.49(-10.63,-6.35) <0.001 -5.21(-7.74,-2.68) <0.001
Log Calcium-phosphate 0.96(-9.27,11.20) 0.8 - -
product, mg*/dI?
Uric acid, mg/dl 0.53(-0.01,1.06) 0.05 - -
Log Cholesterol, mg/dl -13.24(-22.34,4.14) 0.005 -3.32(-12.38,5.75) 04
C-reactive protein, mg/L 0.06(-0.02,0.14) 0.1 = =
Urine protein >1+, % 1.004(1.001,1.007) 0.023 1.28(-0.64,3.20) 0.2

Abbreviations: baPWV, brachial-ankle pulse wave velocity; bPEP/bET, brachial prolonged pre-ejection period/brachial shorted ejection time; eGFR, estimated glomerular

filtration rate.
doi:10.1371/journal.pone.0111000.t002
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present study, a positive correlation between fluid overload and Hence, we divided all subjects into non-diabetes and diabetes
baPWV was found in multivariate analysis of all subjects (= 0.30, groups to analyze the relationship between fluid overload and
P =0.02). However, there was no interaction between diabetes and baPWYV respectively and found a significant association between

baPWV in the analysis of the determinants of fluid overload.

Table 3. The determinants of relative hydration status in diabetic chronic kidney disease patients.

Univariate Multivariate

B (95%Cl) P-value B (95%Cl) P-value
Clinical characteristics
Age, year -0.21(-0.34,-0.08) 0.001 -0.08(-0.20,0.04) 0.2
Sex (male), % -3.26(-6.13,-0.40) 0.02 -2.06(-4.62,0.48) 0.1
Heart disease, % 0.42(-2.91,3.75) 0.8 - -
Diuretics, % 4.45(1.66,7.24) 0.002 3.69(1.23,6.14) 0.003
Hypertension medication, % 5.98(0.66,11.30) 0.03 1.94(-2.43,6.32) 0.3
Body mass index, kg/m2 -0.46(-0.81,-0.12) 0.009 -0.01(-0.32,0.31) 0.9
Mean arterial 0.16(0.05,0.28) 0.006 0.14(0.03,0.24) 0.01
pressure, mmHg
baPWV, per100 cm/s 0.23(-0.12,0.57) 0.2 - -
bPEP/bET, x100 -0.25(-0.45,-0.05) 0.01 -0.19(-0.37,-0.02) 0.03
Laboratory parameters
eGFR, ml/min/1.73 m? -0.24(-0.42,-0.05) 0.01 0.09(-0.10,0.27) 0.4
Hemoglobin, g/dl -1.88(-2.68,-1.07) <0.001 -1.55(-2.41,-0.68) 0.001
Albumin, g/dl -12.88(-15.38,-10.37) <0.001 -9.46(-12.21,-6.71) <0.001
Log Calcium-phosphate 0.08(-17.99,18.16) 0.9 - -
product, mg*/dI?
Uric acid, mg/dl 0.28(-0.61,1.17) 0.5 - -
Log Cholesterol, mg/dl -9.73(-22.86,3.40) 0.1 - -
C-reactive protein, mg/L 0.02(-0.23,0.27) 0.8 = =
Urine protein >1+, % 1.004(1.001,1.007) 0.023 1.59(-1.35,4.53) 0.2
Abbreviations: baPWV, brachial-ankle pulse wave velocity; bPEP/bET, brachial prolonged pre-ejection period/brachial shorted ejection time; eGFR, estimated glomerular
filtration rate.
doi:10.1371/journal.pone.0111000.t003
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fluid overload and baPWV in non-diabetic CKD, not in diabetic
CKD.

Interestingly, instead of baPWV, low bPEP/bET, which has a
significant correlation with impaired left ventricular ejection
fraction [14], is correlated with fluid overload in diabetic CKD
patients. This study also used the echocardiographic examination
to evaluate cardiac function in 184 subjects and found that left
ventricular ejection fraction was significantly correlated with fluid
overload in diabetic CKD (B=-0.21, P=0.002), not in non-
diabetic CKD (B=-0.02, P=0.4). These findings suggest that
fluid overload may have different levels of influences on CKD
patients depending on the presence or absence of diabetes. Fluid
overload is correlated with vascular level alterations in non-
diabetic CKD, and with cardiac level modifications in diabetic
CKD.

Cardiovascular dysfunction progresses with arterial-cardiac
interactions [31]. The arterial-cardiac compensatory adaptations
maintain cardiac performance with enhanced contractility [32].
Fluid overload alters and blunts the arterial-cardiac response,
leading to hemodynamic instability [32]. The difference of rates of
progression of dysfunction between the heart and the vasculature
may explain our results. Probably, the phenomenon of fluid
overload directly affecting cardiac function beyond vasculature in
diabetic CKD exists. Arterial stiffness may occur in early diabetic
CKD and then fluid overload may subsequently have effect on left
ventricular systolic dysfunction in late diabetic CKD. Further
study is needed to evaluate the mechanisms between fluid
overload, arterial stiffness and cardiac dysfunction in diabetic
CKD.

Due to the strong association of fluid overload and adverse
outcomes [27], precise measurement of fluid status is important in
clinical practice of CKD patients. Traditional physical examina-
tion is not enough to detect slight variations of fluid status.
Accumulating evidence suggests that multifrequency spectroscopic
bioimpedance can provides information of increases in fluid status
and associated body composition. Besides, using a non-invasive
ABI-form device, clinicians can easily obtain the value of baPWV,
a reliable marker of arterial stiffness, and bPEP/bET, a surrogate
of left ventricular systolic function. These inexpensive and
convenient tools might assist clinicians in assessing the risk of
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earlier.

The present study has some limitations that must be considered.
This study was conducted at a single center. Fluid status, baPWV,
bPEP/bET, clinical parameters, and the use of drugs were
measured only once at enrollment. The association of time-varying
baPWV, bPEP/bET, clinical parameters, and the use of drugs
with time-varying fluid status could not be estimated. Additionally,
our findings show the relative weak correlation between bPEP/
bET and fluid overload in diabetic CKD. The weak correlation
between fluid overload and bPEP/bET is probably related to the
relatively small sample size of diabetic patients. Based on the
association of bPEP/bET with cardiac function, we performed
subgroup analysis to analyze the relationship between bPEP/bET
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consistent (B =-0.46, P=0.03). However, there was no significant
correlation between bPEP/bET and fluid overload in the non-
heart disease group. We need a large population study to evaluate
the interaction between bPEP/bET, cardiac function and diabetes
in a CKD cohort.

In conclusion, our study evaluates a relationship between fluid
overload, diabetes, and arterial stiffness or cardiac function in late
CKD patients. Fluid overload is correlated with arterial stiffness in
non-diabetic CKD, and with left ventricular dysfunction in
diabetic CKD. Fluid overload probably has distinct arterial-
cardiac influences on CKD patients in the presence or absence of
diabetes. Early and accurate assessment of these associated
cardiovascular risk factors may improve the effects of entire care
in late CKD patients.
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