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Abstract: Body composition measurement plays an important role in the nutritional diagnosis and treatment
of diseases. In the past 30 years, the detection of body composition based on bioelectrical impedance analysis
(BIA) has been widely used and explored in a variety of diseases. With the development of technology,
bioelectrical impedance analysis has gradually developed from single-frequency BIA (SF-BIA) to multi-
frequency BIA (multi-frequency BIA, MF-BIA) and over a range of frequencies (bioimpedance spectroscopy,
BIS). As the clinical significance of nutrition management in chronic kidney disease has gradually become
prominent, body composition measurement by BIA has been favored by nephrologists and nutritionists. In the
past 20 years, there have been many studies on the application of BIA in patients with CKD. This review
describes and summarizes the latest research results of BIA in nutritional management of patients with CKD
including pre-dialysis, hemodialysis, peritoneal dialysis and kidney transplantation, in order to provide
reference for the application and research of BIA in nutritional management of chronic kidney disease in the
future.
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Introduction

Body composition measurement plays an important auxiliary role in nutritional assessment,
nutritional diagnosis, and evaluation of nutritional therapy in a variety of diseases. Alterations in
body composition, such as wasting and stunting, can be observed when nutrient intake is inadequate.
On the other hand, overnutrition can lead to obesity. In terms of nutrition, body composition is
mainly divided into water, muscle, fat, and inorganic salts. Many techniques and methods exist for
body composition determination, ranging from simple indirect measurements to complex direct
volumetric measurements [1]. At present, the detection methods of body composition that are well
known and used for research mainly include anthropometry, tracer dilution method, densitometry,
dual-energy X-ray absorptiometry (DEXA ), air displacement plethysmography, magnetic resonance
imaging ( MRI), computed tomography (CT), and bioelectrical impedance analysis (BIA) [2]. At
present, DEXA is considered as the gold standard for body composition measurement. The principles
of the above-mentioned human body composition detection methods are different, and their
precision, accuracy, radiation exposure, convenience and cost are also different, and they have their
own advantages and disadvantages. There has been relevant review for a detailed summary [3], so
this article will not repeat this part of the content.

BIA first appeared as a method for the analysis of body composition following the publication
of Lukaski and colleagues seminal paper in 1985 [4]. In the past 30 years, BIA has been widely used
and studied in many disease fields, including nutritional management (sarcopenia, obesity,
malnutrition, etc.) and disease nutrition (heart, liver, kidney, tumor, etc.) [5]. Its main advantages are
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its non-invasiveness, no radiation, economy, convenience and feasibility [3]. The basic principle of
BIA is to take the human body as a conductive cylinder, use the electrical properties of the inner and
outer fluid and the cell membrane of the human body, measure the resistance (R) and reactance (Xc)
at different electrical frequencies, and then estimate the body composition by empirical regression
equation. These include intracellular and extracellular water content, fat-free mass, muscle, fat,
inorganic salts, body cell mass, phase angle, etc. The electrical resistance (R) is mainly determined by
the electrical properties of the intracellular and extracellular fluids, and the intracellular and
extracellular water content can be calculated respectively. The reactance (Xc) is mainly determined
by the capacitive properties of the cell membrane and reflects the somatic cell population. Phase angle
(PhA) is an indicator of the relationship between Xc and R, which can reflect the integrity of cell
membrane structure and function [6].

With the development of bioelectrical impedance technology, BIA has gradually developed from
single-frequency BIA (SF-BIA) to dual-frequency BIA (DF-BIA). Now devices are available that
measure at multiple fixed frequencies (multi-frequency BIA, MF-BIA) and over a range of frequencies
(bioelectrical impedance spectroscopy, BIS). Different BIA instruments may use different correlation
models and equations. MF-BIA and BIS mainly use high-frequency currents (>50HZ) through the cell
membrane to measure intracellular water, and low-frequency currents (<50HZ) mainly measure
extracellular water. MF-BIA measures resistance at different frequencies and incorporates it into an
empirical linear regression model to derive numerical values for body composition. Bioimpedance
spectroscopy (BIS) uses mathematical modeling and mixed equations, such as the Cole-Cole formula
and Hanai formula, to derive the relationship between resistance and fluid compartments to assess
body composition [7]. MF-BIA techniques routinely express body composition as a 2-compartment
(2-C) model distinguishing fat mass (FM) and fat-free mass (FFM), which may be influenced by the
overhydration (OH). Approximately one decade ago, a 3-compartment (3C) model was introduced
distinguishing OH, adipose tissue mass (ATM) , and lean tissue mass (LTM) [8]. Both 2-C and 3-
C models are currently used in clinical studies. Even though the accuracy of BIA body composition
measurement is still questioned, it is still widely used in clinical and scientific research, and many
studies have confirmed its important significance in nutritional management and disease prognosis
[6].

In recent years, the clinical significance of nutrition management in chronic kidney disease
(CKD) has been gradually highlighted [9]. Bioelectrical impedance analysis of body composition is
favored by nephrologists and nutritionists as an auxiliary method for nutrition diagnosis, treatment
and monitoring [10]. In the past 20 years, there have been many studies on the application of BIA in
the nutritional management of CKD patients, mainly divided into several aspects: 1) comparison
between BIA and other body composition measurement such as DEXA; 2) changes in body
composition at different CKD stages; 3) implications of changes in body composition; 4) the
predictive power of related body composition changes for disease prognosis. The Changes in body
composition indicators detected by BIA in CKD patients were mainly concentrated in lean tissue, fat,
phase angle, and body water.This article mainly elaborates and summarizes the latest research results
of BIA in nutritional management of CKD patients with pre-dialysis, hemodialysis, peritoneal
dialysis and kidney transplantation from the above four aspects.

Compared with other body composition measurement

Dual energy X-ray absorptiometry (DEXA) is often used as the gold standard for body
composition measurement [11]. In CKD patients, the agreement between DEXA measurement and
BIA measurement is often used to evaluate the accuracy of BIA. Most studies believe that BIA has
good consistency with DEXA in measuring fat and lean tissue in hemodialysis (HD) and peritoneal
dialysis (PD) patients [12,13]. However, in terms of body cell number (BCM), some studies have
suggested that the agreement between BCM measurements and DEXA is better in HD patients [14],
but the agreement between BCM measurements and DEXA is poor in renal transplant patients[15].
Some studies have also suggested that the accuracy of BIA in measuring bone mineral content in HD
patients is poor, but more studies are needed to comprehensively evaluate [16].
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One study on fat-free mass (FFM) measured by BIA showed that FFM estimated by the Kyle,
Sun SS and Segal equations was consistent with that measured by DEXA in healthy volunteers.
However, for dialysis patients, FFM predictions of different equations differed between HD and PD
patients, and these equations seemed to be more applicable to HD patients. The results showed that
BIA equations based on healthy people may not be applicable to dialysis patients, especially PD
patients [17]. One cross-sectional study involving both pre-dialysis CKD5 patients and dialysis
patients suggested poor agreement between fat-free mass index (FFMI) measured by BIA and that
measured by DEXA [18]. The above results suggest that specific BIA equations should be established
for different types of CKD patients including non-dialysis and kidney transplant patients to obtain
the most accurate results [15].

Some studies have used DEXA as the gold standard to compare the agreement between BIA and
anthropometry with DEXA, suggesting that BIA is more suitable than anthropometry to measure
skeletal muscle mass (SMM) [19] and fat mass (FM) [20] in HD patients. Another study compared the
agreement between different BIA equations and DEXA in measuring fat percentage in HD patients
and found that BIA-Kushner equation was more consistent than anthropometric and BIA-
Segal/Lukaski equation methods [21]. However, some studies have suggested that in non-dialysis
CKD or HD patients, the consistency of BIA and DEXA is similar [22] or even worse than
anthropometry [23-25].

In addition, for patients with the same type of CKD (pre-dialysis /HD/PD/ renal transplant),
patients with ECW/TBW=>0.42 (overhydration) were less accurate in fat and muscle measured by BIA
than patients with normal ECW/TBW (normal hydration) [26]. Body fat percentage measured by BIA
in HD patients with less than 34.4% body fat percentage was less accurate than those with more than
34.4% body fat percentage [27]. This suggests that for the same type of CKD patients, hydration status
and percentage body fat content may affect the accuracy of body composition by BIA.

Pre-dialysis CKD

1). Lean tissue and fat

The percentage of muscle mass (MM%) of pre-dialysis-CKD4-5 patients is generally lower than
that of healthy controls [28]. In patients with pre-dialysis CKD3, for every 10 mL/min/1.73 m?
decrease in glomerular filtration rate (GFR), whole-body muscle mass (MM) decreases by 0.59 kg
[29]. The skeletal muscle mass index (SMI) of CKD5 patients before dialysis was significantly lower
than that of CKD1-4 patients [30].

A low protein intake was associated with loss of MM in the CKD3-5 patients [31]. One study
found that upper-limb fat-free mass (FFM) measured by BIA was positively correlated with grip
strength, whereas fat mass was negatively correlated with grip strength [32]. Pre-dialysis CKD5
patients with higher lean tissue index (LTI) have higher quality of life [33]. Among pre-dialysis CKD
patients, men had a higher MM% and women had a higher percentage of fat mass (FM%) [34]. FEM
measured by BIA performed best in the diagnosis of low muscle mass, while fat mass index (FMI)
and waist-to-hip ratio (W/H) were the best parameters for the diagnosis of obesity [35]. In one study,
FM% measured by BIA was used as the diagnostic index of obesity, and the results of 30 years of
follow-up showed that obesity was a risk factor for renal function decline and renal function
attenuation[36].

One study showed that the incidence of sarcopenia in pre-dialysis CKD patients was 24%. The
sarcopenic individuals had lower eGFR, BM], fat tissue index (FTI) and higher prevalence of PEW
(52 vs 20%) [37]. Sarcopenic obesity was prevalent in 62.5% of the pre-dialysis CKD patients. In
subjects with low muscle mass, a decrease in eGFR is significantly associated with a decrease in body
weight, body fat mass, and visceral fat area [38]. In one study, skeletal muscle mass index (SMI)
measured by BIA was used to determine sarcopenia compared with anthropometric measurements
or subjective global assessment (SGA). only sarcopenia diagnosed by SMI remained as a predictor of
mortality after multivariate adjustment[39].
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Protein-energy wasting (PEW) is associated with increased mortality and the prevalence in non-
dialysis patients ranges from 0 to 40.8% [34]. Pre-dialysis CKD patients with PEW had lower FM and
MM [34]. One study suggested a significant inverse association between LTI and incidence of
malnutrition in patients with diabetic chronic kidney disease stage 5 (DMCKD?5) [40].

2). Phase angle

The phase angle (PhA) of patients with advanced pre-dialysis CKD is lower than that of healthy
people [41]. A decrease in phase angle was significantly associated with a decrease in estimated
glomerular filtration rate (eGFR) [38]. The PhA in diabetic chronic kidney disease stage 5
(DMCKD5) group was significantly lower than that in non-diabetic CKD stage 5 (nDMCKD5)
group. PhA was positively correlated with lean tissue index (LTI), albumin and hemoglobin levels
[40]. PA was positively correlated with MM% and BCM%, and negatively correlated with high-
sensitivity C-reactive protein (Hs-CRP) [28]. The level of phase angle was lower in the lowest protein
intake quartile than in the highest protein intake quartile [42].

An observational study suggested that the PhA could be used as a marker to reflect the
nutritional status in patients with DMCKDS5 [40]. One study directly defined PhA less than 4.5° as
PEW. The PhA was positively correlated with geriatric nutritional risk index, lean mass index (LTI)
and albumin, and negatively correlated with the ratio of overhydration to extracellular water
(OH/ECW) [43]. In a retrospective cross-sectional observational study of CKD stage 3 (CKD3) patients
followed for 10 years, survivors had significantly higher body cell mass (BCM%) and PhA levels.
Survival analyses significantly showed that age>72 years PhA <4°were associated with an increased
risk of mortality[44]. In a multicenter cohort study involving 427 pre-dialysis patients (mean GFR,
7.0+8.7 mL/minute/1.73 m?), the PhA decreased by a mean of 0.6 degrees as patients transitioned to
dialysis, but this change was not associated with the risk of heart failure, stroke, myocardial
infarction, or all-cause mortality [45].

3). Body water

One study showed that 40 percent of CKD3 patients had fluid overload before dialysis [46].
Another study showed that 62% of CKD3b patients with stable renal function had clinically
unrecognized fluid retention following 9 months of judicious dietary protein intake (0.6-0.8
g/kg/day)[47]. Total body water was slightly higher (+4.3% in men; +3.5% in women) in 84 CKD4-5
patients compared with 604 healthy control subjects [41]. The pre-dialysis DMCKD5 group had more
severe overhydration (OH) than the nDMCKDD5 group [40]. The incidence of OH in CKD5 patients
before dialysis was higher than that in PD patients [43]. The ratio of extracellular water to total body
water (ECW/TBW) in CKD3-5 patients was associated with decreased intracellular water (ICW) and
weight loss due to malnutrition or aging [48].

Hemodialysis

1). Lean tissue and fat

One study showed that the lean body mass (LBM) and body cell mass (BCM) were all
significantly decreased after hemodialysis [49]. Another research showed that the lean body mass
index (LTI) value was significantly higher in male patients than in female patients [50]. Two studies
confirmed that fat free mass (FFM) of HD patients with overweight or obesity was higher than that
of patients with normal weight [51,52]. The LTI of HD patients was positively correlated with serum
albumin [50,53] and serum prealbumin [50]. The LTI was also positively correlated with protein
intake [53,54], body cell mass (BCM) [53], but negatively correlated with age [53]. Another study of
52 HD patients showed that percentage of muscle mass (MM/%) was independently inversely
associated with inflammation [55]. A study involving 155 HD patients showed a positive correlation
between LTI and grip strength (HGS) in both men and women [53]. Another study of 97 HD patients
revealed that the muscle quality index (MQ], the ratio of grip strength to arm muscle mass measured
by BIA) was associated with gait speed [56].The percentage of body cell mass (BCM%) was found to
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be inversely correlated with age. Patients with diabetes had lower BCM % than those without diabetes
in two observational studies [57,58]. In a study of 48 HD patients, it was observed that BCM was
positively correlated with lean tissue mass (LTM) and HGS, and negatively correlated with IL-6
concentration [59]. A multi-center study involving 774 HD patients showed that BCM was the
determinant of resting metabolic rate (RMR) measured by BIA in multiple linear regression models
[60]. The results of two other studies showed that LTM or muscle mass (MM) was the only significant
determinant of resting energy expenditure (REE) measured by indirect calorimetry in HD patients
[61,62].

In a cohort of 8227 patients, BMI increased about 0.6 kg/ m? over 24 months from baseline (6
months after renal replacement therapy initiation). This was associated with an increase in fat tissue
index (FTI) of approximately 0.95 kg/m? and a decrease in lean tissue index (LTI) of approximately
0.4 kg/m2 Female gender, diabetes status, and low baseline FTI were associated with significantly
greater increase of FTI. Age > 67 years, diabetes, male gender, high baseline LTI, and low baseline
FTI were associated with a significant greater decline of LTI [63]. In a study of 149 HD patients,
percentage body fat (BF%) <15% significantly predicted higher mortality [57]. A prospective cohort
study of 375 HD patients from seven hospital dialysis centers, the results suggest that the higher
values of body fat mass ( FM) and BF% were associated with lower mortality [64]. In a multicenter
cross-sectional study of 609 HD patients, waist circumference and BF% estimated by BIA were used
as proxies for visceral and subcutaneous fat, respectively. Surrogate measures of visceral and
subcutaneous fat appear to have opposite associations with biomarkers of inflammation and
nutrition. Subcutaneous fat may be an indicator of nutritional status, whereas visceral fat may be an
indicator of inflammation [65]. A study of 188 HD patients found that for every 1 unit increase in
visceral adiposity index (VAI) measured by BIA, the Framingham risk score, which assesses
cardiometabolic risk factors, increased by 1468 units, indicating that excess visceral fat area
increases the risk of cardiovascular disease [66].

A study involving 100 HD patients observed that patients with combined protein energy
wasting (PEW) had lower fat mass, fat ratio, visceral fat mass, lean body mass, and muscle mass
compared with well-nourished patients, as determined by BIA findings [67]. A multicenter cohort
study of 5422 HD patients showed that PEW patients presented higher age, fat tissue index (FTI);
lower dry weight, BMI, body cell mass index (BCMI), lean tissue index (LTI). In a multivariate Cox
regression analysis, the combination of nPCR<1.0 g/Kg/day, albumin< 3.8 g/dL and BCMI < 6.4 Kg/m?
was a strong independent predictor of mortality in these patients (HR: 1.48) [68]. Conversely, in
another study of 91 HD patients, undernutrition detected by BCM decision tree was an independent
prognostic factor for PEW in multivariate analysis [69].

One observational, longitudinal, multicenter study including 170 HD patients older than 60
years of age, Patients in the sarcopenia combined with malnutrition group were older and had
significantly lower SMI, BCM and BF. In survival analysis, the risk of death in the sarcopenia with
malnutrition group was 2.99 times higher than that in the non-sarcopenia and non-malnutrition
groups [70].

2). Phase angle

One study of 173 HD patients revealed that the phase angle (PhA) value was significantly lower
than that of healthy controls (4.89° vs 6.32°) [71], and the PhA value of HD patients with diabetes was
significantly lower than that of HD patients without diabetes (5.5° vs 6.9°) [57]. Relative to well-
nourished patients, malnourished HD patients had lower PhA [72], and HD patients with sarcopenia
had lower PhA relative to patients without sarcopenia [70]. In HD patients, PhA was higher in
overweight or obese patients than in normal weight patients [51]. The results of both studies showed
that PhA was a stronger predictor of PEW than BMI in HD patients with a cut-off value of 4.6° [71,73].
Another study also suggested that the lower PhA group was associated with a greater risk of PEW,
with patients with PhA <3.7° having a significantly higher risk of PEW than HD patients with PhA
>5°. It has also been shown that PhA is the only variable that is independently and negatively
associated with the risk of malnutrition in HD patients [74].
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Another study involving 149 HD patients showed that PhA <6° was significantly associated with
reduced survival [57]. A study of 142 HD patients followed for an average of 29 months showed that
a decrease in PhA was associated with an increased risk for death after adjustment for age, sex, and
comorbidities. It was also found that PhA could predict the occurrence of infection, but was not
associated with the occurrence of cardiovascular events [75]. But a prospective cohort study of 194
HD patients with PhA <4.8° were 20 times more likely to die of cardiovascular complications
compared with those with PhA 26.5° [76]. In another study, 250 HD patients were followed up for 2
years. HD patients with lower phase angles had lower grip strength and quality of life, higher rates
of cardiovascular events, hospitalizations, and all-cause mortality [77]. One meta-analysis involved
32 observational cohorts revealed that the mortality risk of HD patients increased to 1.74 times with
each 1 degree decrease in PhA [78].

3). Body water

One study suggested that the total body water (TBW), extracellular water (ECW) and
intracellular water (ICW) were all significantly decreased after hemodialysis (HD). And the TBW has
the best agreement with clinical acute volume changes during HD compared with ECW or ICW
changes alone [49]. In 155 patients treated with HD for 23 months, both men and women,
overhydration (OH) was negatively correlated with grip strength (HGS). In men alone,
overhydration is inversely associated with lean tissue mass (LTM) [53]. A study of 75 HD patients
revealed that OH was associated with higher serum C-reactive protein (s-CRP) [79].

A multicenter cohort study of 5422 HD patients showed that when compared to the well-
nourished patients, PEW patients presented relative overhydration assessed by BIA [68]. In a study
of 158 HD patients, subjects with lower edema index had better nutrition according to subjective
global assessment (SGA) (SGA A 0.391; SGA B 0.400; SGA C 0.413), and 17.72% of the patients died
after a follow-up of 3.5+1.15 years, who had significantly higher ECW/TBW values than the
survivors (ECW/TBW, 0.408 vs 0.393). The calculated ECW/TBW cut-off point for all-cause mortality
was 0.4055, with sensitivity of 84.6%, specificity of 69.8% [80]. A study of 90 HD patients concluded
that the ratio of extracellular water to body cell mass (ECM/BCM) >1.20 was associated with high all-
cause mortality and had a significant prognostic value for the risk of death in HD patients [81].
Another meta-analysis involved 32 observational cohorts showed that OH >15% predicted mortality
in HD patients independent of the influence of comorbidity [78].

Peritoneal dialysis

1). Lean tissue and fat

Weight loss (LW) and weight gain (GW) were observed in peritoneal dialysis (PD) patients at 6
months after PD initiation. In the LW group had a reduction in fat mass (FM), body cell mass (BCM).
In the GW group, FM and BCM were increased [82]. One study followed up PD patients for 1 year,
and found that in the GW group, the increase of FM was the most obvious, while all components in
the LW group decreased simultaneously, including intracellular water (ICW), extracellular water
(ECW), fat mas (FM), body protein volume (BPV), and bone mineral content (BMC) [83].

The prevalence of sarcopenia in PD patients was 11.5%. There is a significant correlation between
the prevalence of sarcopenia and gender, with a higher incidence in male patients, which may be due
to decreased secretion of testosterone-1 resulting in reduced muscle protein synthesis and increased
muscle protein catabolism [84]. Higher lean mass index (LTI) is independently associated with higher
peritoneal protein metabolism in PD patients, suggesting that better nutritional status plays a
dominant role in peritoneal protein metabolism [85]. The cutoff value of LTI for predicting PEW was
12.95 kg/m? [43].

The results of one study showed that the prevalence of obesity and sarcopenia obesity in PD
patients was 11.4% and 3.8%, respectively. Percentage skeletal muscle mass (SMM%) is negatively
correlated with dyslipidemia measures, whereas percentage body mass (BF%) is positively correlated
with these cardiovascular disease risk factors [86]. An observational study showed a baseline
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prevalence of sarcopenia of 13.8% in PD patients. After 2 years, 30.5% of the patients had a 10%
decrease in lean tissue index (LTI) and 44.3% had a 10% increase in adipose tissue index (FTI).
Longitudinal changes in LTI and FTT are more strongly associated with all-cause mortality than single
values of LTI and FTI [87]. Visceral fat level is an independent predictor of carotid-femoral pulse
wave velocity (PWV) and brachial artery flow-mediated dilation (FMD) in PD patients, which can be
used as one of the risk factors for cardiovascular disease in PD patients [88].

2). Phase angle

Six months after the start of peritoneal dialysis (PD), the patient's phase angle (PhA) decreased
significantly [82]. However, one study showed that PhA in PD group was higher than that in CKD5
group before dialysis [43]. The PhA of patients with protein energy wasting (PEW) is significantly
smaller, and the PhA less than 4.64 degrees can well predict the occurrence of PEW [73].

The PhA is positively correlated with serum pre-albumin in PD patients. The cumulative
survival rate of PD patients with PhA >6° was significantly higher than that of PD patients with PhA
<6°. PhA is an independent predictor of 2-year survival in PD patients [89]. One meta-analysis
involved 32 observational cohorts revealed that the mortality risk increased to 1.74 times with each 1
degree decrease in PhA [78].

3). Body water

In PD patients, a decrease in the ratio of extracellular water to total body water (ECW/TBW) is
associated with an improvement in nutritional status, while an increase in ECW/TBW is associated
with the development of malnutrition [90]. Patients with fluid overload who undergo continuous
ambulatory peritoneal dialysis have higher rates of peritonitis, cardiovascular events, and worse
clinical outcomes than patients with normal hydration [91]. One study showed that ECW/height ratio
of PD patients correlates well with inflammation and echocardiographically assessed volume burden
[92]. The longer the duration of peritoneal dialysis, the greater the ratio of extracellular water to body
cell mass (ECM/BCM), the higher the risk of death [93]. The ECM/BCM was a significant independent
predictor of mortality (HR =1.035) [94]. For every 10% increase in the ECM/BCM, the relative risk of
death increased by about 35% [95]. However, another study showed that ECW/TBW as a continuous
variable was not associated with an increased risk of death in PD patients [96]. However, the ratio of
overhydration to extracellular water (OH/ECW) was an independent predictor of mortality [96].
Another meta-analysis involved 32 observational cohorts revealed OH >15% predicted mortality in
PD patients independent of the influence of comorbidity [78].

Kidney transplantation

1). Lean tissue and fat

In the early stage of malnutrition after renal transplantation (KT), the loss of muscle and fat can
be screened by BIA monitoring [97]. Three months after KT, the muscle mass of the patients decreased
significantly, and the percentage of body fat (FM%) was significantly higher than that before KT
[98,99]. The skeletal muscle index (SMI) was 7.26 kg/m? before operation, decreased to 7.01 kg/m? at
1 month after operation, and increased to 7.55 kg/m?at 12 months after operation. After adjustment,
changes in SMI within 1 year were positively correlated with protein intake [100]. Body weight, BMI,
fat-free mass (FFM), fat mass (FM), body cell number (BCM) and dry weight were significantly lower
in the group with eGFR <40 mL/min/1.73 m? than in the group with eGFR >40 mL/min/1.73 m? after
surgery. The FM% and visceral fat content of diabetic patients were higher than those of non-diabetic
patients [101]. BIA was more sensitive to evaluate nutritional depletion than subjective global
assessment (SGA) in transplant patients with borderline [102].

The Global Leadership Initiative on Malnutrition (GLIM) criteria were used to diagnose
malnutrition in patients after kidney transplantation. Reduced muscle mass was assessed by MF-BIA
and defined as an appendicular skeletal muscle mass index (ASMI) <7 kg/m? for men and <5.5 kg/m?
for women. According to GLIM criteria, 14% was malnourished, of which 91% met the phenotypic
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criterion for reduced muscle mass. Similar results were found by using creatinine-height index (CHI,
based on 24h urine creatinine) as measure for muscle mass. This suggests that MF-BIA can be used
as a tool to determine muscle mass in the diagnosis of malnutrition [103]. In another study, ASMI
was used to diagnose sarcopenia in patients after kidney transplantation, and the incidence of
sarcopenia is 18.4% [104].

2). Phase angle

Kidney transplant recipients (KTR) had a lower PhA than healthy individuals [105]. The PhA
was lower in diabetic KTR than in non-diabetic KTR [101]. PhA and BMI were negatively correlated
with sarcopenia after adjusting for age, sex, dialysis vintage, time after transplant, presence of
diabetes mellitus, hemoglobin, eGFR, and the other nutritional factor, The results suggest that renal
transplant recipients with low PhA and BMI have a higher risk of sarcopenia [106]. One study showed
that low PhA at discharge was associated with increased protein-energy wasting (PEW), as indicated
by lower concentrations of nutritional biomarkers (plasma albumin, hemoglobin) and an active
inflammatory response (ferritin), whereas in women, higher PhA before renal transplantation
predicted greater grip strength 6 months after renal transplantation [99]. An 8-year follow-up study
of patients after KT showed that compared with PhA greater than 5.85, a phase angle value lower
than 5.85 indicated 5.33 times higher risk of mortality [107].

3). Body water

It has been shown that the ratio of extracellular water to total body water (ECW/TBW) was
higher and ratio of intracellular water to total body water (ICW/TBW) was lower in KTR than in
healthy controls [105,108]. And the ECW/TBW was higher and ICW/TBW was lower in eGFR <60
mL/min group, compared with the eGFR 265 mL/min group after kidney transplant operation [109].
The kidney transplant recipients (KTR) with ECW/TBW>0.40 had a higher incidence of
cardiovascular disease than those with ECW/TBW<0.40 [110]. And the total body water (TBW)
content was higher in KTR who took more than one antihypertensive drug than in those who took
only one drug. It suggests that there is an association between hypertension and overhydration in
KTR. It suggests that KTR with high edema index are more difficult to control blood pressure [111]. .

Intervention research

In a retrospective cohort study involving 118 patients with CKD, nutritional therapy was given
to CKD patients with nutritional risk or malnutrition in the nutrition clinic. After 1 year of
intervention, BMI and the percentage of body fat (BF%) measured by BIA were significantly higher
than those before intervention, but there was no significant change in skeletal muscle mass (SMM)
[112]. Another study of 148 elderly non-dialysis CKD4-5 subjects showed that ketone analogue (KA)
intervention group tended to preserve skeletal muscle and body fat mass (FM) compared with control
group, while non-KA users had a significant reduction in muscle mass (MM) and a significant
increase in FM [113]. A study involving 240 non-diabetic patients with HD showed that, after 12
weeks of randomized administration of a fat-based, energy-intensive nutritional supplement, there
was no significant improvement in nutritional status as measured by phase Angle compared with
control [114]. Thirteen hemodialysis patients were longitudinally followed up for 12 months from
conventional dialysis (3x4 h/week) to intensive nocturnal dialysis (3 x 8 h/week). It was found that
extra-cellular water (ECW) measured by BIA was significantly lower than before. The phase angle
(PhA) was significantly increased (6.2 versus 6.9 degrees) [115]. In a randomized trial of a pedometer-
based weekly activity goal intervention, participants in the intervention had a significantly greater
increase in total body muscle mass (MM) of 0.7 kg/m?, decrease in FM (- 4.3 kg) and decrease in BMI
(- 1.0 kg/m?) relative to controls after 6 months [116].
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Conclusion

In this review, we first discuss the accuracy of BIA for body composition measurement in CKD
patients, including its agreement with DEXA, the gold standard for body composition measurement,
and its comparison with other anthropometric methods. It is concluded that the accuracy and
advantages of the BIA method are still controversial. These studies suggest that BIA equations can
be developed in patients with different types of CKD (pre-dialysis, HD, PD or KTR) or special
conditions (edema or obesity) to improve the accuracy of BIA in the detection of body composition.

Next, this article separately describes the research of BIA on nutritional management of CKD
patients in pre-dialysis, hemodialysis, peritoneal dialysis and kidney transplantation, and
summarizes the relevant research conclusions from the indicators of lean body mass (muscle, skeletal
muscle, body cell number), fat, phase angle and body water measured by body composition in each
type of CKD patient. There are some consistent conclusions, which are summarized below. 1) Lean
tissue and fat: as eGFR decreased, LTI/MM/SMM/SMI/BCM decreased (pre-dialysis and KTR
patients); Lean mass index was positively correlated with protein intake within a certain range (pre-
dialysis, HD and KTR patients). Lean mass index was positively correlated with grip strength and
quality of life (pre-dialysis and HD patients). Low lean mass index was a risk factor for
PEW/malnutrition (pre-dialysis, HD, PD and KTR patients). SMI is a good indicator to determine and
predict sarcopenia (pre-dialysis, HD and KTR patients). The greater the percentage of visceral fat
mass, the higher the risk of cardiovascular disease (HD and PD patients). 2) Phase angle: The PhA of
CKD patients was lower than that of healthy people, and the PhA of diabetic patients was lower than
that of non-diabetic patients (pre-dialysis, HD and KTR patients). There was a negative correlation
between inflammatory markers and PhA, and a positive correlation between albumin and PhA (pre-
dialysis and KTR patients); PhA is a good predictor of PEW; The lower the PhA, the higher the risk
of death (pre-dialysis, HD, PD and KTR patients). 3) Body water: CKD patients were prone to
overhydration (OH) (pre-dialysis, HD, PD and KTR patients); patients with higher levels of OH often
had worse nutritional status (HD and PD patients); The higher the degree of OH, the higher the
incidence of cardiovascular events (PD and KTR patients). OH was an independent predictor of
mortality (pre-dialysis, HD, PD and KTR patients).

In addition, there are few studies on the effect evaluation of BIA in nutritional intervention,
which may be the direction of application and research of BIA in CKD nutritional management in the
future. In conclusion, BIA method is of great practical value and clinical significance for the
nutritional management of CKD patients.
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