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Abstract

Obijective: To evaluate the role of bioimpedance-defined overhydration (BI-OH) parameters in
predicting the risk of mortality and cardiovascular (CV) events in patients undergoing dialysis.
Methods: We searched multiple electronic databases for studies investigating BI-OH indicators
in the prediction of mortality and CV events through 23 May 2020. We assessed the effect of Bl-
OH indexes using unadjusted hazard ratios (HRs) and 95% confidence intervals (Cls). Sensitivity
analysis was used for each outcome.

Results: We included 55 studies with 104,758 patients in the meta-analysis. Extracellular water/
total body water (ECW/TBW) >0.4 (HR 5.912, 95% CI: 2.016—17.342), ECW/intracellular water
(ICW) for every 0.01 increase (HR 1.041, 95% CI: 1.031-1.051), and OH/ECW >15% (HR 2.722,
95% CI: 2.005-3.439) increased the risk of mortality in patients receiving dialysis. ECW/
TBW >0.4 (HR 2.679, 95% Cl: 1.345-5.339) and ECW/ICW per increment of 10% (HR 1.032,
95% CI: 1.017—1.047) were associated with an increased risk of CV events in patients undergoing
dialysis. A |-degree increase in phase angle was a protective factor for both mortality (HR 0.676,
95% Cl: 0.474-0.879) and CV events (HR 0.736, 95% Cl: 0.589-0.920).

Conclusions: BI-OH parameters might be independent predictors for mortality and CV events
in patients undergoing dialysis.
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Introduction

As a renal replacement therapy, renal dial-
ysis is, in principle, a selective treatment for
renal dysfunction or renal diseases that
includes peritoneal dialysis (PD) or hemo-
dialysis (HD)." Following a rapid increase
in dialysis use over a period of approxi-
mately two decades, the incidence of dialy-
sis initiation in most high-income countries
reached a peak in the early 2000s and has
remained stable or has decreased slightly
since then.”> However, mortality remains
unacceptably high among patients on dial-
ysis, especially in the first 3 months follow-
ing initiation of HD treatment. According
to the 2019 Annual Data Report from the
U.S. Renal Data System, the annual mor-
tality was 156 per 1000 patient-years for
patients undergoing PD and 167 patients
for those receiving HD in the United
States.”

Overhydration (OH) is relatively
common among patients receiving dialysis,
with an incidence of 56.5% to 73.1%.%*°
Observational studies have shown an asso-
ciation between OH and mortality in
patients receiving dialysis.”® Therefore, it
is essential to objectively measure patients’
hydration status to obtain a more clearly
defined assessment of prognosis in patients
on dialysis. Common clinical approaches,
such as measuring weight changes and the
isotope dilution method, have certain limi-
tations, which have led to the development
of bioimpedance analysis (BIA).” !
Bioimpedance-defined overhydration (BI-
OH) indicators have been suggested to

predict mortality risk and cardiovascular
(CV) events in patients receiving dialysis.”'?
Previous studies have indicated that phase
angle (PA) level is linked to a decreased risk
of death among patients undergoing PD or
HD.'*'" Other evidence suggests that a
higher extracellular water (ECW)/intracel-
lular water (ICW) ratio, ECW/total body
water (TBW) ratio >0.4, and overhydration
(OH)/ECW ratio >15% are independent
risk factors for mortality and CV events in
patients undergoing HD or PD treat-
ment.'> '® However, Rhee et al. and Shin
et al. demonstrated that a 1-degree increase
in PA was not associated with increased
risk of mortality and CV events in patients
undergoing dialysis, without statistical sig-
nificance.'*!” A post-hoc study from a
cross-sectional survey by Guo et al. found
that ECW/TBW >0.4 had no effect on CV
events, with P>0.05.%°

A newly published meta-analysis pre-
dicted the risk of death in patients with
renal and heart failure using a 1-degree
decrease in PA and OH/ECW >15%."
Nevertheless, the role of specific OH
parameters in predicting the risk of death
and CV events in patients receiving dialysis
remains unclear. To further clarify the cor-
relation between OH parameters
measured using BIA and the above clinical
outcomes in patients on dialysis, we con-
ducted a meta-analysis adding measures
such as ECW/TBW >0.4 and ECW/ICW
per every 0.01 increase, as well as subgroup
analysis of dialysis methods and literature
quality.
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Methods

In this meta-analysis, approval of the
Institutional Review Board and informed
consent were not required. Our study was
performed and documented according to
the Preferred Reporting Items for
Systematic Reviews and Meta-analysis
(PRISMA)  guidelines  (Supplementary
Material). The supplementary material
describes the methods of this study in
detail. The present study was approved by
the Open Science Framework Registries
(https://osf.io/registries), registration
number 10.17605/OSF.I0/H2KJ4.

Literature search strategy

We performed a search of the published lit-
erature in the PubMed, Embase, Cochrane
Library, and Web of Science databases up
to 23 May 2020. The keywords in the search
strategy were as follows: dialysis, renal dial-
ysis, renal insufficiency, chronic kidney fail-
ure, and electric impedance. The search
strategy is presented in Supplementary
Table 1.

Inclusion and exclusion criteria

The inclusion criteria were as follows. 1)
Patients with renal diseases including
chronic renal insufficiency, end-stage renal
disease, renal failure, and other renal dis-
eases, and were undergoing PD or HD. ii)
BIA and its parameter indexes were ECW/
TBW >0.4,° ECW/ICW, OH/
ECW>15%.%' and PA. iii) The outcomes
were unadjusted hazard ratio (HR) of mor-
tality (main outcome) and unadjusted HR
of CV events (secondary outcome). When
multiple follow-up time points of the out-
come event were reported, the final follow-
up time point at which the outcome event
occurred was included in the analysis. iv)
Cohort studies.

Exclusion criteria were: 1) animal studies;
il) non-English language international

publications; iii) studies with unavailable
data; and 1iv) case reports, meeting
abstracts, meta-analyses, reviews, or
editorials.

Data extraction and quality assessment

The literature was reviewed and the
research data were extracted by two
researchers (Yajie Wang and Zejuan Gu)
according to the inclusion and exclusion cri-
teria. In the case of a conflict, the point of
disagreement was discussed between the
two parties until agreement was reached.
The following information was collected
from the studies: first author, year of pub-
lication, country, method of renal replace-
ment therapy, number of patients, age,
body mass index, sex, follow-up, primary
outcome, secondary outcome, mortality,
BIA method, Newcastle-Ottawa scale
(NOS) score, and quality assessment score.
The quality of the articles was evaluated
using the NOS, with scores ranging from 0
to 10. “Low quality” studies were defined as
those with scores <5 and those with scores
>5 were considered “high quality” studies.

Statistical analysis

The data were evaluated using unadjusted
HRs and 95% confidence intervals (CIs) to
determine effect sizes. To evaluate hetero-
geneity for each outcome, random-effects
(I’>50%) and fixed-effects (I><50%)
models were used. When 1°>50% and
P<0.05, subgroup analysis was carried out
for the dialysis method and literature qual-
ity. We performed sensitivity analysis for all
outcomes. P<0.05 was considered statisti-
cally significant. All analyses were
conducted using R studio 4.0.3 (Www.r-proj
ect.org; The R Foundation for Statistical
Computing, Vienna, Austria).
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Results

Literature search and study
characteristics

In a search of the selected electronic data-
bases, 12,076 studies were initially identified
in total. After removing duplicates, 7839
studies for subsequently screened. Finally,
55 studies were included.>”'3 % A flow dia-
gram of the complete search strategy,
article screening, and exclusion and inclu-
sion processes in this review are shown in
Figure 1.

There was a total of 104,758 participants
in the 55 studies, with follow-up times rang-
ing from 1| to 15 years. A total of 14,624
patients died, with up to 15 years of

Studies identified through database
search (n=12076)

Pubmed (n=2651)

Embase (n=4420)

Web of Science (n=4999)
Cochrane Library (n=6)

Studies afier removing duplicates
(n=7839)

follow-up. Among the 55 studies, 32 were
assessed as high quality and 23 as low qual-
ity. The baseline characteristics of the study
participants are summarized in Table 1.

Qualitative analysis of included studies

Regarding dialysis methods, HD treatment
was used in 31 of 55 studies and PD treat-
ment in 16 studies; 4 studies used a combi-
nation of these two treatments. For the
bioimpedance method, 18 of 55 studies
reported the overhydration index (OHI)
method, 16 studies the PA method, 11 stud-
ies the extracellular water expressed as a
ratio (ECWR) method, 2 studies the bioim-
pedance vector analysis method, and 2
studies reported the OHI+ECWR method;

Titles and abstracts screened for
eligibility (n=59)

Number of studies excluded (n=7780)

Reviews or Meta-analysis (n=425)

Case reports or meeting abstracts (n=2423)
Animal experiments (n=606)

Not cohort studies (n=237)

Subjects not meeting the requirements (n=4089)

N

Full-text articles assessed for eligibility
(n=55)

Studies included in qualitative synthesis
(n=55)

Figure |. Flow chart of the literature search.

Full-text articles excluded (n=4)
Data not available (n=1)
Randomized controlled trials (n=3)
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only 1 study reported the PA+ECWR
method and 1 study the N-terminal pro—
B-type natriuretic peptide+high-sensitivity
cardiac T troponin method.

Studies were divided into primary out-
comes and secondary outcomes. Death
was the primary outcome in 49 studies,
CV events was the primary outcome in 1
study, and residual renal function was the
primary outcome in 1 study. Secondary
outcome events were reported in 20 articles,
mainly CV death (8 articles), CV disease (6
articles), hospitalization events (2 articles),
death (2 articles), hypertension (1 article),
and technical failure (1 article).

Risk of mortality

There was no heterogeneity among two
included studies;>!” therefore, we used a
fixed-effects model for the analysis
(I’=0.0%). We found that an ECW/
TBWratio >0.4 was a significant risk
factor for mortality, with HR (95% CI)
5.912 (2.016-17.342), P=0.001 (Table 2).
Two studies'®* on ECW/ICW (per
increment of 0.01) showed no remarkable
heterogeneity (I°=45.7%). The result indi-
cated that each 0.l-unit increase in the
ECW/ICW ratio could independently pre-
dict the mortality risk: HR (95% CI) 1.041
(1.031-1.051), P<0.001 (Table 2).
Considerable heterogeneity was present
after combining six studies'®!%!9-24.25:37
(I’=73.6%); therefore, a random-effects
model was used for the analysis. A 1-
degree increase in PA was found to be a
protective factor against death: HR (95%
CI) 0.676 (0.474-0.879), P<0.01 (Table 2;
Figure 2a). However, owing to the signifi-
cant heterogeneity among the six studies,
subgroup analysis was conducted for the
dialysis method and quality assessment. In
terms of dialysis method, a 1-degree
increase in PA was associated with a
reduced risk of death in patients receiving
PD (HR 0.488, 95% CI. 0.225-0.751,

P<0.05) and HD (HR 0.749, 95% CI:
0.511-0.986, P<0.05) treatment (Table 2;
Figure 2b). The same result was observed
in both the high-quality articles (HR
0.686, 95% CI: 0.467-0.905, P<0.05) and
low-quality articles (HR 0.560, 95% CI:
0.021-1.099) (Table 2; Figure 2c¢).

In eight studies, 8212629343641 opy/
ECW >15% was an independent risk
factor for death: HR (95% CI): 2.722
(2.005-3.439), P<0.001 (Table  2;
Figure 3a). A subgroup analysis was con-
ducted for the dialysis method and quality
assessment  with  large  heterogeneity
(I’=97.3%). Results of the subgroup anal-
ysis showed that OH/ECW >15% was
closely related to the risk of death in
patients undergoing HD (HR 2.265, 95%
CIL: 1.602-2.929, P<0.01) and PD (HR
7.820, 95% CI: 6.183-9.457, P<0.05) treat-
ment (Table 2; Figure 3b). The same result
was found for high-quality studies (HR
1.833, 95% CI: 1.259-2.407, P<0.05) and
low-quality studies (HR 3.835, 95% CI:
2.548-5.122, P<0.05) (Table 2; Figure 3c).

Risk of CV events

There were two studies on ECW/TBW ratio
>0.4,>"7 two studies on ECW/ICW (per
increment of 0.01),'®% and three studies
on PA.*M31 Among them, ECW/
TBW >04 (HR 2.679, 95% CI: 1.345-
5.339, P=0.005) and every 0.01 unit incre-
ment in ECW/ICW ratio (HR 1.032, 95%
CI: 1.017-1.047, P<0.001) were considered
risk factors for CV events whereas a 1-
degree increase in PA (HR 0.736, 95% CI:
0.589-0.920, P=0.007) emerged as a protec-
tive factor against CV events (Table 2).

Sensitivity analysis and publication bias
assessment
To determine the effect of individual studies

on HRs, we carried out sensitivity analysis
for each outcome. The results revealed that
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Table 2. Results of overall meta-analysis.

Characteristics HR (95% ClI) P 1?
Mortality
ECW/TBW >0.4
Overall 5.912 (2.016-17.342) 0.001 0.0
Sensitivity analysis 5912 (2.016-17.342)
ECWIICW for every increase by 0.01
Overall 1.041 (1.031-1.051) <0.001 45.7
Sensitivity analysis 1.041 (1.031-1.051)
I-degree increase in PA
Overall 0.676 (0.474-0.879) <0.01 73.6
Sensitivity analysis 0.676 (0.474-0.879)
Dialysis method
HD 0.749 (0.511-0.986) <0.05 78.5
PD 0.488 (0.225-0.751) <0.05 0.0
Quality assessment
High quality 0.686 (0.467-0.905) <0.05 783
Low quality 0.560 (0.021-1.099) >0.05 NA
OH/ECW >15%
Overall 2.722 (2.005-3.439) <0.001 97.3
Sensitivity analysis 2.722 (2.005-3.439)
Dialysis method
HD 2.265 (1.602-2.929) <0.05 96.9
PD 7.820 (6.183-9.457) <0.05 NA
Quality assessment
High quality 1.833 (1.259-2.407) <0.05 90.7
Low quality 3.835 (2.548-5.122) <0.05 92.7
Cardiovascular events
ECWI/TBW >0.4
Overall 2.679 (1.345-5.339) 0.005 0.0
Sensitivity analysis 2.679 (1.345-5.339)
ECWI/ICW for every increase by 0.0l
Overall 1.032 (1.017-1.047) <0.001 49.2
Sensitivity analysis 1.032 (1.017-1.047)
|-degree increase in PA
Overall 0.736 (0.589-0.920) 0.007 0.0

Sensitivity analysis

0.736 (0.589-0.920)

OH, overhydration; TBW, total body water; ICVY, intracellular water; ECWV, extracellular water; PA, phase angle; PD,

peritoneal dialysis; HD, hemodialysis; HR, hazard ratio; NA, not applicable; Cl, confidence interval.

removing each study did not remarkably
affect the overall HR, and the results of
this meta-analysis were reliable and robust
(Table 2). Additionally, there were fewer
than nine studies included for each indica-
tor in our study, which did not conform to
the standard of publication bias.

Discussion

Recently, there has been increasing evi-
dence that fluid overload is frequently pre-
sent in a substantial number of patients
receiving dialysis.® More than one-third of
incident patients undergoing dialysis, who
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Figure 2. Forest plots of mortality among patients receiving dialysis with a |-degree increase in phase
angle. (a) Overall analysis; (b) subgroup analysis for dialysis method; (c) subgroup analysis for quality

assessment.

TE, hazard ratio; seTE, standard error; HR, hazard ratio; Cl, confidence interval; RRT, dialysis method; PD,
peritoneal dialysis; HD, hemodialysis; HQ, high quality; LQ, low quality.

are considered euvolemic or dehydrated on
clinical assessment, have fluid overload
using BIA measurement.* Therefore, it is
critical to make an accurate assessment of
hydration status in this patient population.
In our meta-analysis, four electronic

databases were comprehensively searched
to clarify the role of BI-OH markers in pre-
dicting the risk of mortality and CV events
for patients receiving HD and PD. A total
of 55 studies including 104,758 participants
were identified. Among the BI-OH indices,
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Figure 3. Forest plots of mortality among patients receiving dialysis with overhydration/extracellular
water ratio > 15% (a) overall analysis; (b) subgroup analysis for dialysis method; (c) subgroup analysis for
quality assessment.

TE, hazard ratio; seTE, standard error; HR, hazard ratio; Cl, confidence interval; RRT, dialysis method; PD,
peritoneal dialysis; HD, hemodialysis; HQ, high quality; LQ, low quality.
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ECW/TBW >0.4 and ECW/ICW (per
increment of 10%) were found to be risk
factors for mortality and CV events.
Moreover, OH/ECW >15% was related to
a reduced risk of death. Additionally, a 1-
degree increase in PA emerged as a protec-
tive factor against mortality and CV events.
All results suggested that multiple BI-OH
parameters are associated with the risk of
mortality and CV events, which may pro-
vide practical information to predict clinical
outcomes among patients receiving dialysis.

Of note, there were various indices used
to evaluate hydration status when using
BIA to measure the risk of mortality. The
ECW/TBW ratio was frequently used
whereas OH/ECW and ECW/ICW were
less frequently adopted. ECW/TBW ratios
among patients were consistent, although
the absolute values of ECW and TBW
were different,’ thus leading to the wide
use of ECW/TBW. Multiple studies
showed that the ECW/TBW ratio as a risk
factor independently predicted mortali-
ty.>!'>17 In 529 patients undergoing PD,
O’Lone et al. found that this ratio as a con-
tinuous variable was not associated with
increased mortality.*® Kang et al. con-
ducted a retrospective study of 631 unse-
lected incident patients on PD and
concluded that a higher overload index
(ECW/TBW >0.37) was associated with
an increase in mortality;*® the ECW/TBW
ratio showed a slightly significant differ-
ence. According to deviations from the
normal value, a possible explanation may
be patients’ nutritional status (including
age and sex). The study by Shu et al.®’
showed that ECW/ICW (per increment of
10%) remained a risk factor after adjusting
obesity, age, sex, ethnicity, and other con-
founders, which would make the results
more reliable and consistent with our
results. PA level is calculated using BIA
measurements as the arc tangent of the
reactance-to-resistance ratio. Our results
have been further confirmed in a previous

study.'? A meta-analysis also indicated that
a 1-degree decrease in PA level is considered
a risk factor of mortality,'? indirectly sug-
gesting results that are consistent with our
results. In a single-center, retrospective
study by Rhee et al. including 208 patients
with acute kidney injury, a I-degree
increase in PA did not show any statistical
significance in the prediction of in-hospital
mortality (P>0.05).°* The reason may be
related to the large number of studies
included in our study and different study
populations.

Another clinical outcome, CV events,
can also occur in patients on dialysis. BI-
OH indices are important predictors of
their occurrence and development, which
can serve to predict the risk of CV events.
Prior studies have confirmed that every 0.1-
unit increase in the ECW/ICW ratio and
ECW/TBW >0.4 are risk factors for CV
events, which is supported by Ng et al.'®
In contrast to our results, CV events were
found to be associated with PA in one
study, mainly owing to a small number of
patients and other confounding factors.'
PA cutoff values should be obtained for
routine assessment and improving out-
comes in patients receiving dialysis, but
these outcomes were rarely determined in
the included studies.

Our study has several strengths as fol-
lows. First, this meta-analysis included a
considerable number of studies with large
sample sizes (from 48 to 39,566), which
may make our results more generalizable
and reliable. Second, identical criteria
were applied between studies in classifying
BI-OH methods, which did not limit further
meta-analyses and subgroup analyses for
each hydration indicator. The main limita-
tion of our meta-analysis was the absence of
publication bias. The reason may be the
inclusion of fewer than 9 studies for each
indicator in our study, which does not con-
form to the standard of publication bias.
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Unadjusted HRs were used in our cohort
studies, which may be a source of bias.

Conclusions

Our results showed that ECW/TBW >0.4,
ECW/ICW (per each 0.1-unit increase),
and OH/ECW >15% were risk factors for
mortality in patients receiving dialysis.
ECW/TBW >0.4 and ECW/ICW (per
increment of 10%) were associated with
an increased risk of CV events; a 1-degree
increase in PA was a protective factor
against mortality and CV events.
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