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ABSTRACT

Background: It is becoming increasingly evident that the accurate assessment of fluid status is
critical to ensure optimal care in patients undergoing hemodialysis (HD). Various fluid parame-
ters, including overhydration (OH) and overhydration/extracellular water (OH/ECW%), which can
be obtained using a bioimpedance spectroscopy device have been used to indicate the hydra-
tion status in such patients. This study aimed to explore the effect of these fluid parameters on
cardiovascular events and determine which parameter was a better predictor of cardiovascular
events (CVEs).

Methods: A total of 227 patients who underwent HD at the Hangzhou Hospital of Traditional
Chinese Medicine were enrolled in this prospective study between December 2017 and August
2018. Clinical data were collected, and the fluid status of patients was assessed using a body
composition monitor. The patients were followed up until December 2020. The primary out-
comes were CVEs. The association between fluid parameters and CVEs was analyzed using Cox
proportional hazards models. The areas under the curve (AUCs) of receiver operating characteris-
tic analysis and improvement in the global chi-squared value were used to compare the predict-
ive values of fluid parameters for CVEs.

Results: During a median follow-up of 31 months, 66 CVEs were recorded. The patients with a
higher absolute hydration index (OH) and a relative hydration index (OH/ECW9%) exhibited an
increased risk of developing CVEs. After adjusting for confounding factors, both OH [hazard ratio
(HR) 1.279 per L, 95% confidence interval (Cl) 1.047-1.562; p=0.016] and OH/ECW% (HR 1.061
per %, 95% Cl 1.017-1.108; p =0.006) were independently associated with CVEs. The predictive
ability of the absolute hydration index was superior to the relative hydration index based on
AUC calculations for CVEs. Furthermore, a greater change in %2 in predicting CVEs was noted for
the absolute hydration index.

Conclusions: Both absolute hydration index and relative hydration index were found to be inde-
pendent predictors of CVEs in univariate and multivariate analyses. Furthermore, the absolute
hydration index had a better additive predictive value than the relative hydration index in pre-
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dicting CVEs.

Introduction

Fluid overload is highly prevalent among patients
undergoing hemodialysis (HD) and is strongly associ-
ated with poor outcomes, including systemic hyper-
tension, pulmonary hypertension, left
hypertrophy, and mortality [1]. Because patients may

ventricular

benefit from fluid overload management, it appears that
the key first step is to accurately assess patient fluid vol-
ume status.

At most hemodialysis centers, the volume status is
usually based on clinical criteria, including the patient’s

signs and symptoms, blood pressure measurements,
and intradialytic hemodynamic instability [2]. Although
the presence of these signs is likely reflected in patient
volume status, their lack of sensitivity and specificity is
a major concern [3]. Therefore, objective tools are
essential for assessing the hydration state. The bioimpe-
dance spectroscopy (BIS) device is a non-invasive, eco-
nomical, and highly reproducible method that rapidly
provides information on the fluid status of patients
undergoing HD [4]. More importantly, the BIS has been
validated using isotope dilution methods [5,6], which
are commonly considered the ‘gold standard’, although
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they are not routinely available. BIS device appears to
be a promising and valuable tool for fluid management
of patients undergoing HD [7-9]. Different bioimpe-
dance-derived parameters have been used to define
the volume status, including the absolute hydration
index [overhydration (OH)] and the relative hydration
index [OH/extracellular water (ECW)%)]. Some previous
studies have confirmed that fluid overload, detected
using BIS, is useful for nephrologists to predict poor car-
diovascular outcomes in patients with end-stage renal
disease [10-12]. However, which parameter is the stron-
gest predictor of cardiovascular events (CVEs) in
patients undergoing HD is currently unknown.
Therefore, this study aimed to elucidate the effect of
different fluid parameters on CVEs and determine which
parameter was the best predictor of CVEs in patients
undergoing HD.

To the best of our knowledge, this study is the first
to analyze and compare the predictive value of fluid
parameters, measured using a portable whole-body
bioimpedance spectroscopy device, for CVEs in a repre-
sentative Asian cohort of patients undergoing HD.

Materials and methods
Study design and participants

This prospective study included patients from the HD
Center of Hangzhou Traditional Chinese Medicine
Hospital, People’s Republic of China, between
December 2017 and August 2018. Patient inclusion cri-
teria were as follows: aged between 18 and 80years
old; undergoing regular HD (three times a week in
4-4.5h sessions). Patient exclusion criteria were as fol-
lows: those with clinical CVE during the 3-month period
before enrolment; those with metallic joint prostheses,
implanted defibrillators, or cardiac pacemakers; preg-
nant women, breastfeeding patients, or amputees;
those with malignant tumors, severe liver disease, acute
infections, or severe malnutrition. Finally, a total of 227
patients undergoing HD were recruited in the present
study and followed up until December 2020. The study
protocol was approved by the ethics committee of the
Guangxing Hospital affiliated with the Zhejiang
University of Traditional Chinese Medicine (No.
2018SQ119), and all the participants signed an
informed consent form.

Clinical characteristics

Demographic data, clinical history, etiology of renal fail-
ure, comorbidities, and dialysis data were collected
from the patient’s electronic medical records. We
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defined residual renal function as a 24-h urine output
>200mL [13]. Laboratory tests were performed using
overnight fasting blood samples, which were obtained
within 1 month of study enrolment. Dialysis efficiency
was determined using Kt/V by a single-pool urea kin-
etic model.

Bioimpedance spectroscopy analysis

The fluid status was assessed at baseline using a whole-
body bioimpedance spectroscopy device (body com-
position monitor (BCM), Fresenius Medical Care, Bad
Homburg, Germany) before dialysis. This technique
involves attaching electrodes to the patient’s non-fis-
tula forearm and ipsilateral ankle, with the patient in
the supine position. All measurements were conducted
by nursing staff trained in the manufacturer’s protocol.
This device accurately measures body composition by
analyzing electrical responses at frequencies between 5
and 1000kHz. At low frequencies, the current cannot
penetrate the cell membrane and instead passes
through the ECW space, whereas at high frequencies,
the current can flow through both ECW and intracellu-
lar water [14]. Based on a fluid model with these resis-
tances, the ECW, intracellular water, total body water,
and OH were calculated. Based on a three-compart-
ment model, lean mass and fat mass were derived from
the impedance data and were expressed as the lean tis-
sue index and fat tissue index, respectively [15]. Volume
status can be defined either as an absolute hydration
index (OH) or as a relative variable, which reflects the
excess ECW, and it can be calculated using the follow-
ing formula:

Relative hydration index = OH/ECW x 100%

Clinical outcomes

All patients were regularly followed up until 31
December 2020. In our study, the patients who fol-
lowed up were treated with maintenance hemodialysis
and came to the hospital for hemodialysis three times
every week. Our investigation was therefore performed
during this time. Outcome events were routinely regis-
tered in the system by experienced nephrologists. The
endpoint events were CVEs, which included cardiac
death, acute coronary syndrome, cerebrovascular acci-
dent, hospitalization for congestive heart failure, and
acute peripheral artery occlusion [16]. In patients with
more than one CVE, only the date of the first CVE was
used in the subsequent statistical analysis. All patients
were followed until the occurrence of CVEs, transfer to
kidney transplantation, death, lost to follow-up, or
December 2020.
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Statistical analysis

Data were expressed as mean =+ standard deviations for
normally distributed data and as medians (interquartile
range) for variables that did not follow a normal distri-
bution and frequencies for categorical variables.

The Cox proportional hazards regression model was
applied to perform univariate and multivariate analysis,
which was presented as hazard ratios (HRs) and 95% con-
fidence intervals (95% Cls). For multivariate Cox regression
analysis, the enter method was applied. Baseline variables,
include age, gender, body mass index (BMI), smoking sta-
tus, presence of diabetes mellitus, previous CVEs, hemo-
globin, serum albumin, highly sensitive C-reactive protein,
serum calcium, serum phosphate, Kt/V, and total choles-
terol, which could interfere with the association between
fluid parameters and the endpoint were entered into
multivariate Cox proportional hazards regression models.
Given the number of events available, variables for inclu-
sion were carefully chosen to ensure parsimony of the
final models [17].

Receiver operating characteristic (ROC) curves were
plotted and areas under the ROC curves (AUCs) were cal-
culated to determine the discrimination threshold of
each hydration value. Pairwise AUC comparisons were
performed between fluid parameters using the DelLong
test. The cut-off values appropriate for the optimal

combination of sensitivity and specificity were deter-
mined using the Youden index. The incremental value of
absolute hydration index and relative hydration index
over the basic model was assessed to predict CVEs by
assessing improvement in the global chi-squared value.

Kaplan-Meier curves were generated, showing
cumulative probabilities of new CVEs, and differences
were compared using the log-rank test.

These analyses were conducted using SPSS software,
version 22.0 (IBM SPSS, Chicago, IL, USA) and MedCalc
Statistical Software version 11.4.2.0 (MedCalc, Mariakerke,
Belgium). All statistical tests were performed at a two-
sided 0.05 level of significance.

Results
Patient baseline characteristics and end points

Figure 1 shows the flow chart of patients’ recruitment.
Two hundred and twenty-seven patients undergoing
HD were included in this study, with a mean age of
59.8+12.8years at baseline, a mean dialysis time
of 71.7+£56.1 months, and a mean treatment time of
242.1 £7.7 min. Furthermore, 140 patients (61.7%) were
men, 82 patients (36.1%) were diabetic, and 74 patients
(32.6%) had a history of CVEs. The most common

280 hemodialysis patients were screened for inclusion

47 patients were excludedhad

had clinical cardiovascular event with the 3
month period prior to enrollment (n=13)
presence of metallic joint prostheses (n=4)
Presence of implanted defibrillators or
cardiac pacemakers (n=5)

limb amputations (n=1)

malignant tumor (n=3)

severe liver disease (n=6)

acute infection (n=8)

severe malnutrition (n=7)

6 patients refused to participant in the
follow-up

y

227 hemodialysis patients were enrolled in the study

Figure 1. Flow diagram of participant selection and exclusion.



underlying kidney disease was glomerulonephritis
(n=131; 57.7%), followed by diabetic nephropathy
(n=56; 24.7%). At baseline, the mean absolute hydra-
tion index (OH) was 2.1+1.4L and the mean relative
hydration index (OH/ECW%) was 13.6 £+ 7.4%. Additional
patient baseline characteristics of the cohort are shown
in Table 1.

In total, 66 CVEs and 23 all-cause deaths were recorded
during a median follow-up of 31 months. For these 66
CVEs, the breakdown of the first events during follow-up
were as follows: heart failure (n = 26), acute coronary syn-
drome (n=19), cerebrovascular accident (n= 18), cardiac
death (n = 2), and acute peripheral artery occlusion (n=1).

Comparing the predictive values of different
indices of hydration

The AUCs (Figure 2) for predicting CVEs are listed in
Table 2. The AUCs of the OH and OH/ECW for

Table 1. Baseline characteristics of the study population.
Variable All (n=227)

Age (years) 59.8+12.8
Male [n (%)] 140 (61.7%)
Residual kidney function, n (%) 61 (26.9%)

BMI (kg/m?) 214429
Ultrafiltration volume (L) 2.8+09

Target weight (kg) 57.9+9.7
Dialysis vintage (m) 71.7 +£56.1
Treatment time per session (min) 2421+7.7

52 (22.9%)
82 (36.1%)
175 (77.1%)
74 (32.6%)
141+£22
79£13

Current smoker [n (%)]

Diabetes [N (%)]

Hypertensive [N (%)]

Previous CVEs [N (%)]

Systolic BP (mmHg)

Diastolic BP (mmHg)

Cause of renal failure [n (%)]
Glomerulonephritis
Diabetic nephropathy

131 (57.7%)
56 (24.7%)

Polycystic kidney 13 (5.7%)
Hypertensive nephrosclerosis 6 (2.6%)
Others/unknown 21 (9.3%)
Laboratory data
Hb (g/L) 1047 +116
hs-CRP (mg/L) 2.1 (0.9-5.8)
Alb (g/L) 385+2.8
Ca (mmol/L) 23+0.2
P (mmol/L) 1.8+£0.5
Scr (umol/L) 884.3+£224.6
BUN (mmol/L) 241+6.8
Kt/V 1.6+£0.3
TC (mmol/L) 42+09
TG (mmol/L) 1.9+13
Body composition measurements
OH (L) 21+14
OH/ECW 13.6+74
LTI (kg/m?) 117424
FTI (kg/m?) 9.8+3.5

BMI: body mass index; CVEs: cardiovascular events; BP: blood pressure;
Hb: hemoglobin; hs-CRP: high sensitive C-reactive protein; Alb: albumin;
Ca: serum calcium; P: serum phosphate; Scr: serum creatinine; BUN: blood
urea nitrogen; TC: total cholesterol; TG: triglyceride; OH: Overhydration;
OH/ECW: overhydration/extracellular; LTI: lean tissue index; FTI: fat tis-
sue index.

Data are presented as means + SDs or medians (interquartile ranges) for
continuous variables and as n (%) for categorical variables.
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predicting CVEs in patients undergoing HD was 0.750
(0.680-0.820) and 0.724 (0.653-0.796), respectively.
Compared with the OH/ECW ratio, the performance of
the OH value was superior in predicting CVEs (z=2.413,
p=0.0158). According to the cut-off values of OH
(2.5L) and OH/ECW (13%), the sensitivity and specificity
of OH for predicting CVEs in patients undergoing HD
were 60.6 and 79.5%, respectively, and those of OH/
ECW were 75.8 and 59.6%, respectively (Table 2). The
details of sensitivity and specificity for different levels of
absolute and relative hydration indices are shown in
Supplemental Table 1.

The incremental values of fluid parameters used for
predicting CVEs are shown in Figure 3. The basic model
included the following parameters: age, gender, BMI,
smoking status, presence of diabetes mellitus, and pre-
vious CVEs. The basic model could significantly predict
CVEs (;° = 56.434, p < 0.001). We then added OH > 2.5
and OH/ECW > 13% into the basic model, and both
basic model4+0OH >2.5 and basic model + OH/ECW
>13% were more beneficial for the prediction of CVEs
compared with the basic model (4? change = 19.717,
p <0.001; ° change = 6.231, p=0.013, respectively). A
direct comparison between the basic model + OH >2.5
and the basic model + OH/ECW >13% showed that the
former had a better predictive value for CVEs (y°
change = 13.486, p < 0.001).

Cardiovascular prognostic analysis

Figure 4 illustrates the Kaplan—Meier analyses of CVEs
among the two study groups: (A) OH >25L vs. OH
<25L (log-rank p <0.001). (B) OH/ECW >13% vs. OH
<13% (log-rank p < 0.001). A total of 109 (48%) patients
had OH/ECW >13%, 64 (28%) patients had OH >2.51L,
and among the patients with OH >2.5L, the OH/ECW
ratio was all >13%. Patients with OH >2.5L had a sig-
nificantly higher risk of heart failure and acute coronary
syndrome. Similar results were observed for OH/ECW
>13% (Table 3). In the univariate analyses (Table 4),
both the OH value and the OH/ECW ratio were found
to be significantly associated with CVEs [HR = 1.515,
95% Cl (1.330-1.725); p < 0.001 and HR = 1.100, 95% Cl
(1.066-1.136); p < 0.001, respectively]. After adjusting
for various confounders, the multivariate Cox analyses
(Table 5) revealed that the OH value and the OH/ECW
ratio still remained independent risk predictors.
Exemplarily, in the final adjusted model, the adjusted
HR of CVEs with each 1L increase in the OH value was
1.279 (95% Cl 1.047-1.562; p=0.016), and the adjusted
HR of CVEs with each 1% increase in the OH/ECW ratio
was 1.061 (95% Cl 1.017-1.108; p = 0.006).
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Figure 2. ROC curves of OH value and OH/ECW for prediction of cardiovascular events in HD patients.

Table 2. AUC uses ROC curve analyses to predict cardiovascular events.

Cut point Sensitivity Specificity AUC 95%Cl p-Value
Absolute hydration index (OH value) 2.5L 60.6% 79.5% 0.750 0.680-0.820 <0.001
Relative hydration index (OH/ECW) 13% 75.8% 59.6% 0.724 0.653-0.796 <0.001

ROC: receiver operating characteristic; AUC: area under curve; Cl: confidence interval; OH: overhydration; OH/ECW: overhydration/extracellular.
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Figure 3. Comparison of the prediction power of the addition of fluid parameters to a basic model in the prediction of cardio-

vascular events.

Discussion

The present study evaluated the role of BCM fluid
parameters in predicting the occurrence of CVEs in
Chinese patients undergoing HD. Several major findings
were noted in the present study. First, a high absolute
hydration index and relative hydration index showed a

significant correlation with an increased incidence of
CVEs, which remained significant even after multivari-
able adjustment. Second, the optimal cut-off values of
both absolute and relative hydration indices for predict-
ing CVEs were 2.5 and 13%, respectively. Third, a direct
comparison of three multivariate models revealed that



RENAL FAILURE ‘ 1197

OH=2.5L
A 100 [~ ——- OH>25L

Cumulative probability of the cardiovascular events

OH=2.5L
163 152 144 135 122 17 98 28
OH>2.5L
64 51 39 34 30 24 18 3
B . 1o} OH/IECW<13%
§ ---- OH/ECW>13%
s i
8
3 80 —
w
©
2 ii
<l
S 60
[}
£
= i
>
£ 40l
Q
©
fe)
g i
(o8
2 20
s
=
g i
3
o 1 . 1 ; 1 , 1 . 1 . 1 . 1
0 5 10 15 20 25 30 35
Follow-up(months)
OH/ECW<13%
118 108 104 99 89 87 73 23
OH/ECW>13%
109 95 79 70 63 54 43 8

Figure 4. Kaplan—-Meier analyses of cardiovascular events among (A) OH < 2.5L vs. OH > 2.5L (log-rank p < 0.001); (B) OH/ECW
< 13% vs. OH/ECW > 13% (log-rank p < 0.001).

Table 3. Comparisons of clinical outcomes according to the cut-off OH value and OH/ECW ratio.

OH < 25L OH > 2.5L OH/ECW < 13% OH/ECW > 13%
Variable (n=163) (n=64) p-Value (n=118) (n=109) p-Value
CVEs [N (%)] 29 (17.8%) 37 (57.8%) <0.001 18 (15.3%) 48 (44.0%) <0.001
Hospitalization for heart failure [N (%)] 10 (6.1%) 16 (25.0%) <0.001 6 (5.1%) 20 (18.3%) 0.002
Acute coronary syndrome [N (%)] 8 (4.9%) 11 (17.2%) 0.003 4 (3.4%) 15 (13.8%) 0.005
Cerebrovascular accident [N (%)] 9 (5.5%) 9 (14.1%) 0.032 7 (5.9%) 11 (10.1%) 0.247

OH: overhydration; OH/ECW: overhydration/extracellular; CVE: cardiovascular event.
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Table 4. Univariate Cox regression analysis for different fac-
tors as a risk for cardiovascular events.

Variable HR 95%Cl p-Value

Parameter of hydration
OH (per L) 1515  1.330-1.725 <0.001
OH/ECW (per %) 1.100 1.066-1.136  <0.001
Age (per year) 1.044 1.021-1.067 <0.001
Gender (man vs. women) 2902  1.607-5.242 <0.001
Residual kidney function (yes vs. no)  0.990  0.576-1.703 0.972
BMI (per 1kg/m2) 1.036  0.957-1.122 0.382
Ultrafiltration volume (per L) 1233 0.935-1.625 0.137
Target weight (per kg) 1.032  1.007-1.057 0.012
Dialysis vintage (per month) 0.998  0.994-1.003 0.409
Treatment time (per min) 1.006 0.978-1.035 0.665
Current smoker (yes vs. no) 1532 0.899-2.612 0.117
Diabetes (yes vs. no) 3.827  2.323-6.305 <0.001
Hypertensive (yes vs. no) 1.756  0.896-3.442 0.101
Previous CVEs(yes vs. no) 3.070 1.888-4.991 <0.001
Systolic BP (per mmHg) 1.011  0.999-1.022 0.063
Diastolic BP (per mmHg) 0.978 0.961-0.995 0.011
LTI (per kg/m?) 0920 0.827-1.023 0.124
FTI (per kg/mz) 1.034  0.965-1.107 0.347

Laboratory data
Hb (per g/L) 0978  0.957-0.999 0.042
hs-CRP (per mg/L) 1.019  0.993-1.045 0.153
Alb (per g/L) 0.880 0.813-0.953 0.002
Ca (per mmol/L) 1.023  0.364-2.875 0.966
P (per mmol/L) 1.051 0.613-1.801 0.857
Scr (per umol/L) 0.999  0.998-1.000 0.009
BUN (per mmol/L) 0.959  0.922-0.999 0.044
Kt/V (per increment of 1) 0.220  0.091-0.534 0.001
TC (per mmol/L) 0.699  0.526-0.929 0.014
TG (per mmol/L) 0.838  0.604-1.058 0.137

OH: overhydration; OH/ECW: overhydration/extracellular; BMI: body mass
index; CVEs: cardiovascular events; BP: blood pressure; LTI: lean tissue
index; FTI: fat tissue index; Hb: hemoglobin; hs-CRP: high sensitive C-
reactive protein; Alb: albumin; Ca: serum calcium; P: serum phosphate;
Scr: serum creatinine; BUN: blood urea nitrogen; TC: total cholesterol; TG:
triglyceride.

Table 5. Multivariate Cox regression (enter method) analyses
using different hydration parameters in each model.

Fluid parameters HR (95%) p-Value
OH value (per L)
Model 1 1.525 (1.307, 1.779) <0.001
Model 2 1.386 (1.160, 1.657) <0.001
Model 3 1.279 (1.047, 1.562) 0.016
OH/ECW (per %)
Model 1 1.093 (1.057, 1.131) <0.001
Model 2 1.071 (1.031, 1.112) <0.001
Model 3 1.061 (1.017, 1.108) 0.006

OH: overhydration; OH/ECW: overhydration/extracellular; HR: hazard ratio;
Cl: confidence interval. Model 1 adjusted for age, and gender. Model 2
adjusted for model | covariates and BMI, smoking status, presence of dia-
betes mellitus, and previous cardiovascular events. Model 3 adjusted for
model 2 covariates and hemoglobin, serum albumin, high sensitive C-
reactive protein, serum calcium, serum phosphate, Kt/V, and total
cholesterol.

the basic model + absolute hydration index > 2.5 had
the highest predictive value for CVEs. To the best of our
knowledge, this is the first study that analyzed and
compared the predictive values of fluid parameters in a
hemodialysis cohort with CVE end points.

BCM is a commercially available device that can pro-
vide information important in terms of fluid control
[18]. The indices used in this study, which were herein

assessed using BCM, namely the absolute hydration
index and the relative hydration index, are easy to
obtain and can be used to determine volume overload.
Recently, Siriopol et al. [10] demonstrated that the
absolute hydration index was associated with an
increased risk of cardiovascular mortality. Furthermore,
Tsai et al. [19] reported that higher OH/ECW was con-
sistently associated with an increased risk for the
combined endpoint of all-cause mortality and cardio-
vascular morbidity in patients with late-stage chronic
kidney disease. In another cohort study, Onofriescu
et al. [11] found that the relative hydration index was
an independent predictor of CVEs. Our study provides
evidence in favor of a deleterious effect of fluid param-
eters on CVEs in patients undergoing HD. Both high
absolute and relative hydration indices were associated
with increased incidence of CVEs even after adjusting
for potential confounders. The absolute hydration and
relative hydration indices are markers of fluid overload,
which has an independent effect on vascular and endo-
thelial levels, resulting in arterial stiffness, atheroscler-
osis, and left ventricular hypertrophy [12]. Furthermore,
fluid overload can cause bowel wall edema with conse-
quent translocation of endotoxins and bacteria [20].
These events, in turn, induce inflammatory processes
[21-23], which are closely associated with malnutrition
[24] and atherosclerosis [25], and increase the risk of
CVEs. Bioimpedance-derived fluid parameters are read-
ily available, non-invasive, and reproducible markers, it
may be necessary for the physician to monitor regularly
to prevent cardiovascular events in the early stage.

In addition, we constructed ROC curves to determine
the optimal cut-off value for fluid parameters to predict
CVEs. Our data showed that the cut-off values for OH
and OH/ECW ratio in detecting CVEs were 2.5L and
13%, respectively. In light of most literature, the 15%
cut-off for OH/ECW ratio and 2.5L for OH value was
often defined as the upper limit of normohydration sta-
tus, beyond which have been shown to predict poor
prognosis [26-28]. Due to differences in research meth-
ods and study populations, the cut-off value of the
OH:ECW ratio in our study was slightly lower than that
in another research. It might represent new targets for
the management of the HD population in Asia. Our
analysis revealed that the OH/ECW cut-off value exhib-
ited higher sensitivity (75.8 vs. 60.6%) but lower specifi-
city (59.6 vs. 79.5%) for CVEs than those exhibited by
the OH cut-off value. Therefore, the relative hydration
index could be used as a better screening tool in terms
of identifying high-risk patients. By contrast, the abso-
lute hydration index expressed in liters could provide
an estimate of how much the patient is overhydrated



and have higher specificity in the detection of CVEs.
Overall, the OH values displayed greater accuracy levels
in the identification of CVEs than those displayed by
OH/ECW. In our study, a direct comparison using multi-
variate models showed that the basic model+ OH
>2.5L was superior to the basic model + OH/ECW
>13% in predicting CVEs. Similar results were also
obtained in the ROC comparison. Our study supports
the use of the absolute hydration index to predict CVEs.
This parameter is particularly useful because it can pro-
vide an estimate of how much the patient is overhy-
drated and allow the clinician to set a new target
weight for the patient to achieve [29]. More import-
antly, by using a three-compartment model, the excess
fluid is expressed as a separate compartment (OH), and
the effects of age and gender were eliminated [30]. By
contrast, OH/ECW may be affected by body compos-
ition. Lean tissue has a less relative proportion of ECW
than adipose tissue. Therefore, since East Asians have
relatively more lean tissue than Caucasians [31], they
also have less relative ECW. Differences also exist
between individuals, when a patient has an increased
muscle mass, may have a reduced relative ECW, and
this body composition effect could influence OH/ECW
[32]. It seems that OH appears to be a better parameter
for predicting CVEs than OH/ECW. However, further
studies with a larger sample size are required to valid-
ate these results.

Our study had several limitations. First, the fluid sta-
tus was defined using a single baseline measurement,
and the relationship between the fluid status over time
and outcomes could therefore not be analyzed. Second,
additional confounding variables may have existed,
which were not included in the multivariate-adjusted
analysis. Third, our study had a relatively small sample
size and was performed at a single center. Because of
the small number of deaths, the influence of fluid
parameters on mortality rates could not be further
investigated.

In conclusion, our study revealed that both the abso-
lute hydration index and the relative hydration index
were independent predictors for CVEs in univariate and
multivariate analyses. Besides, the absolute hydration
index, which can be obtained non-invasively and eco-
nomically, and without requiring additional calcula-
tions, showed a better predictive value than the relative
hydration index in predicting CVEs. Our findings pro-
vide further evidence for the selection of the fluid index
in predicting CVEs in patients undergoing HD. Future
large, prospective trials are warranted to establish the
benefits of BIA-guided fluid management in patients
undergoing HD.

RENAL FAILURE @ 1199

Ethical approval

This study was reviewed and approved by the ethics
committee of the Guangxing Hospital affiliated with the
Zhejiang University of Traditional Chinese Medicine
(No. 20185Q119).

Author contributions

Linghong Cheng analyzed the findings and drafted the
manuscript. Liyang Chang and Rongrong Tian analyzed
the data and revised the manuscript. Jianfang Zhou
and Fenxia Luo revised the manuscript. Hongmei
Zhang designed the study, revised the manuscript, and
interpreted the results.

Disclosure statement

No potential conflict of interest was

the author(s).

reported by

Funding

This work was funded by the Zhejiang Medical and Health
Science and Technology Plan Project [No. 2019KY138].

References

[11 Sinha AD, Agarwal R. Setting the dry weight and its
cardiovascular implications. Semin Dial. 2017;30(6):
481-488.

[2] Loutradis C, Sarafidis PA, Ferro CJ, et al. Volume over-
load in hemodialysis: diagnosis, cardiovascular conse-
quences, and management. Nephrol Dial Transplant.
2021;36(12):2182-2193.

[3]1 Charra B. Fluid balance, dry weight, and blood pres-
sure in dialysis. Hemodial Int. 2007;11(1):21-31.

[4] Earthman C, Traughber D, Dobratz J, et al
Bioimpedance spectroscopy for clinical assessment of
fluid distribution and body cell mass. Nutr Clin Pract.
2007;22(4):389-405.

[5] Moissl UM, Wabel P, Chamney PW, et al. Body fluid
volume determination via body composition spectros-
copy in health and disease. Physiol. Meas. 2006;27(9):
921-933.

[6] Wizemann V, Rode C, Wabel P. Whole-body spectros-
copy (BCM) in the assessment of normovolemia in
hemodialysis patients. Contrib Nephrol. 2008;161:
115-118.

[71 Hur E, Usta M, Toz H, et al. Effect of fluid manage-
ment guided by bioimpedance spectroscopy on car-
diovascular parameters in hemodialysis patients: a
randomized controlled trial. Am J Kidney Dis. 2013;
61(6):957-965.

[8] Liu L, Long G, Ren J, et al. A randomized controlled
trial of long term effect of BCM guided fluid



1200 L. CHENG ET AL.

[l

[10]

(11l

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

management in MHD patients (BOCOMO study):
rationales and study design. BMC Nephrol. 2012;13:
120.

Wabel P, Chamney P, Moissl U, et al. Importance of
whole-body bicimpedance spectroscopy for the man-
agement of fluid balance. Blood Purif. 2009;27(1):
75-80.

Siriopol D, Siriopol M, Stuard S, et al. An analysis of
the impact of fluid overload and fluid depletion for
all-cause and cardiovascular mortality. Nephrol Dial
Transplant. 2019;34(8):1385-1393.

Onofriescu M, Siriopol D, Voroneanu L, et al.
Overhydration, cardiac function and survival in hemo-
dialysis patients. PLOS One. 2015;10(8):e135691.

Tsai YC, Tsai JC, Chen SC, et al. Association of fluid
overload with kidney disease progression in advanced
CKD: a prospective cohort study. Am J Kidney Dis.
2014;63(1):68-75.

Komaba H, Fuller DS, Taniguchi M, et al. Fibroblast
growth factor 23 and mortality among prevalent
hemodialysis patients in the Japan dialysis outcomes
and practice patterns study. Kidney Int Rep. 2020;
5(11):1956-1964.

Huang JC, Tsai YC, Wu PY, et al. Independent associ-
ation of overhydration with all-cause and cardiovascu-
lar mortality adjusted for global left ventricular
longitudinal systolic strain and e/e’ ratio in mainten-
ance hemodialysis patients. Kidney Blood Press Res.
2018;43(4):1322-1332.

Lin TY, Peng CH, Hung SC, et al. Body composition is
associated with clinical outcomes in patients with
non-dialysis-dependent chronic kidney disease. Kidney
Int. 2018;93(3):733-740.

Kim CR, Shin JH, Hwang JH, et al. Monitoring volume
status using bioelectrical impedance analysis in
chronic hemodialysis patients. ASAIO J. 2018;64(2):
245-252.

Stone GW, Maehara A, Lansky AJ, et al. A prospective
natural-history study of coronary atherosclerosis. N
Engl J Med. 2011;364(3):226-235.

Abbas SR, Zhu F, Levin NW. Bioimpedance can solve
problems of fluid overload. J Ren Nutr. 2015;25(2):
234-237.

Tsai YC, Chiu YW, Tsai JC, et al. Association of fluid
overload with cardiovascular morbidity and all-cause
mortality in stages 4 and 5 CKD. CJASN. 2015;10(1):
39-46.

de Araujo AA, Vannini FD, de Arruda SL, et al. Associations
between bioelectrical impedance parameters and

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

cardiovascular events in chronic dialysis patients. Int
Urol Nephrol. 2013;45(5):1397-1403.

Faucon A, Flamant M, Metzger M, et al. Extracellular
fluid volume is associated with incident end-stage kid-
ney disease and mortality in patients with chronic kid-
ney disease. Kidney Int. 2019;96(4):1020-1029.

Dekker MJ, Marcelli D, Canaud BJ, et al. Impact of fluid
status and inflammation and their interaction on sur-
vival: a study in an international hemodialysis patient
cohort. Kidney Int. 2017;91(5):1214-1223.

Dekker MJE, van der Sande FM, van den Berghe F,
et al. Fluid overload and inflammation axis. Blood
Purif. 2018;45(1-3):159-165.

Cheng L, Tang W, Wang T. Strong association
between volume status and nutritional status in peri-
toneal dialysis patients. Am J Kidney Dis. 2005;45(5):
891-902.

Demirci MS, Demirci C, Ozdogan O, et al. Relations
between malnutrition-inflammation-atherosclerosis
and volume status. The usefulness of bioimpedance
analysis in peritoneal dialysis patients. Nephrol Dial
Transplant. 2011;26(5):1708-1716.

Wizemann V, Wabel P, Chamney P, et al. The mortality
risk of overhydration in haemodialysis patients.
Nephrol Dial Transplant. 2009;24(5):1574-1579.
Caetano C, Valente A, Oliveira T, et al. Body compos-
ition and mortality predictors in hemodialysis patients.
J Ren Nutr. 2016;26(2):81-86.

Kim YJ, Jeon HJ, Kim YH, et al. Overhydration meas-
ured by bioimpedance analysis and the survival of
patients on maintenance hemodialysis: a single-center
study. Kidney Res Clin Pract. 2015;34(4):212-218.

Lone ELO, Annemarie V, Hazel F, et al. Clinical signifi-
cance of multi-frequency bioimpedance spectroscopy
in peritoneal dialysis patients: independent predictor
of patient survival. Nephrol Dial Transplant. 2014;
29(7):1430-1437.

Chamney PW, Wabel P, Moissl UM, et al. A whole-
body model to distinguish excess fluid from the
hydration of major body tissues. Am J Clin Nutr. 2007;
85(1):80-89.

Lear SA, Kohli S, Bondy GP, et al. Ethnic variation in
fat and lean body mass and the association with insu-
lin resistance. J Clin Endocrinol Metab. 2009;94(12):
4696-4702.

Tabinor M, Elphick E, Dudson M, et al. Bioimpedance-
defined overhydration predicts survival in end stage
kidney failure (ESKF): systematic review and subgroup
meta-analysis. Sci Rep. 2018;8(1):4441.



	Abstract
	Introduction
	Materials and methods
	Study design and participants
	Clinical characteristics
	Bioimpedance spectroscopy analysis
	Clinical outcomes
	Statistical analysis


	Results
	Patient baseline characteristics and end points
	Comparing the predictive values of different indices of hydration
	Cardiovascular prognostic analysis

	Discussion
	Ethical approval
	Author contributions
	Disclosure statement
	Funding
	References


