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ABSTRACT 

Background. In peritoneal dialysis ( PD) patients, determining energy expenditure is essential for recommending energy 
intake in nutrition management. 
Objective. We aimed to develop and validate a resting energy expenditure ( REE) equation for patients with PD and 
compare it to previously available REE equations in dialysis patients. 
Design. This cross-sectional study enrolled 200 patients with PD from two hospitals in Beijing, China. Stepwise linear 
regression analysis was used to derive a new REE equation ( eREE-PD) based on actual REE ( aREE) measured using indirect 
calorimetry ( IC) in the development dataset. The eREE-PD value was then validated with aREE in the validation dataset 
and compared with values from existing equations obtained in general populations and those developed for chronic 
kidney disease and dialysis patients, in terms of bias, precision, and accuracy. 
Results. The bias, precision, and accuracy of the eREE-PD equation were significantly better than those of the 
Harris–Benedict, WHO, and Schofield equations ( P < .005) and comparable to the Mifflin equation ( P = .541 for bias, .988 
for precision, and .359 for accuracy) , with IC as the reference method. Either bias, precision or accuracy of the eREE-PD 

were significantly better than eREE-V, eREE-Bscr , and eREE-CFFM 

equations significantly ( P < .005) and similar to 
eREE-CKD, eREE-Bcrp , and eREE-Cweighht equations ( P > .05 for bias, precision, and accuracy) . The bias, precision, and 
accuracy of the eREE-PD equation were consistent across subgroups categorized by hs-CRP levels. 
Conclusion. The eREE-PD equation, based on age, sex, and weight data, may serve as a reliable and practical tool for 
estimating REE in patients with PD, aiding in individualized nutritional management. However, external validation in 

other populations is required to confirm its generalizability beyond the studied cohort. 
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KEY LEARNING POINTS 

What was known: 

• For patients with CKD, the precondition for recommending energy intake in nutrition management is the determination of 
energy expenditure.

• However, indirect calorimetry, which is the gold-standard measurement for resting energy expenditure ( REE) , is known to 
be both expensive and time-consuming.

This study adds: 

• Our study is the first study to develop an REE equation only for PD patients using IC as the reference method.
• This new equation only requires the collection of readily available clinical data, suggesting its feasibility in clinical practice.

Potential impact: 

• Based on readily available clinical information concerning patients with peritoneal dialysis, our new equation provided 
reliable and accurate estimates of REE as a practical tool to be applied prior to nutritional counseling in clinical practice.
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NTRODUCTION 

t is well known that metabolic disturbances are common in pa- 
ients with chronic kidney disease ( CKD) and gradually worsen 
ith declining kidney function. In end-stage kidney disease, the 
revalence of protein-energy wasting ( PEW) has been reported 
o reach as high as 28%–80% in hemodialysis and peritoneal 
ialysis ( PD) [1 –3 ]. PEW is also closely associated with substan- 
ially increased morbidity, mortality, and reduced quality of life 
n dialysis patients [4 –7 ]. Accordingly, numerous interventions 
imed at improving PEW have been broadly studied, but the re- 
ults remain inconclusive [8 –11 ]. These highlight the importance 
f maintaining nitrogen balance and energy homeostasis in dial- 
sis patients. 

The 2020 KDOQI Clinical Practice Guideline for Nutrition in 
KD recommends a dietary energy intake of 25–35 kcal/kg/day 
or patients with CKD. Meanwhile, energy intake requirements 
hould be individualized, taking all elements relevant to en- 
rgy demands such as age, physical activity, comorbidities,
ody composition, and nutrition status into account [12 –15 ].
esting energy expenditure ( REE) accounts for 60%–75% of 
he total energy expenditure in most sedentary individuals 
nd is considered the most stable component [16 ]. Indirect 
alorimetry ( IC) is considered the gold-standard method for 
easuring REE but requires specific equipment, qualified staff,
nd appropriate environmental conditions [16 ]. It is neces- 
ary to explore alternative methods for estimating REE in this 
opulation. 
Several equations have been developed to estimate REE for 

eneral population [17 –20 ], non-dialyzed CKD patients [21 , 22 ],
r hemodialysis [23 –25 ]. Cassiana et al. [26 ] and Mariana et al.
27 ] found hemodialysis and PD patients had similar REE lev- 
ls when unadjusted with age, weight, or other factors influ- 
ncing REE. However, as previously demonstrated, hemodial- 
sis patients had increased REE during the dialysis session.
nlike hemodialysis, PD therapy is persistent, absorbing en- 
rgy from the dialysate. Given the varying catabolic effects 
f different dialysis modalities, REE equations developed for 
emodialysis patients may not be applicable to PD patients.
herefore, we aimed to develop and validate a novel equa- 
ion for estimating REE using a PD patient dataset and to com- 
are its precision and accuracy with existing equations used 
or the general population, non-dialyzed CKD, and hemodialysis 
atients. 
ATERIALS AND METHODS 

tudy design and patients 

e recruited outpatients undergoing PD according to inclusion 
nd exclusion criteria from two hospitals in Beijing, China. The 
nclusion criteria comprised patients: ( i) aged ≥18 years; ( ii) un- 
ergoing PD for > 3 months; and ( iii) who consented to par- 
icipate in all aspects of the study. We excluded patients: ( i) 
ith acute complications to hospitalization 1 month prior to 
he study; ( ii) with acute or chronic infections, cancer in the 
ast year; ( iii) with thyroid dysfunction; ( iv) with acute onset 
f podagra; ( v) with respiratory diseases ( asthma, pleural effu- 
ion, pneumothorax, COPD) ; ( vi) with a history of hormonal drug 
se; ( vii) during pregnancy or lactation; and ( viii) who could not 
aintain posture and complete the REE test. Recruited patients 
ere scheduled for the relevant examinations. The study proto- 
ol was approved by the Ethics Committee of Peking University 
irst Hospital, and the study was conducted in accordance with 
he Declaration of Helsinki. Each patient gave written informed 
onsent to participate in the study. This trial was registered at 
linicaltrials.gov as NCT04947839. 

emographic and biochemical measurements 

emographic and clinical data including age, sex, height, weight,
rimary renal disease, cardiovascular disease ( CVD) , and dia- 
etes mellitus were collected. Standing height was measured 
ithout shoes using a fixed stadiometer to the nearest 1 cm.
eight was measured using a calibrated digital scale. CVD was 

ecorded if any of the following conditions were present: angina,
ongestive heart failure ( classes III and IV) as defined by the New 

ork Heart Association, transient ischemic attack, history of my- 
cardial infarction or cerebrovascular accident, or peripheral ar- 
erial disease [28 ]. 

Blood samples were collected following an overnight fast.
iochemistry data in relation to hemoglobin, serum albumin,
riglyceride, total cholesterol, high-density lipoprotein and low- 
ensity lipoprotein, glucose, uric acid, urea, creatinine, calcium,
nd phosphate were obtained using an automatic chemistry an- 
lyzer ( Hitachi Chemicals, Tokyo, Japan) . Serum levels of high- 
ensitivity C-reactive protein ( hs-CRP) were measured using 
mmune rate nephelometry and normal values were < 3 mg/l.
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erum intact parathyroid hormone ( iPTH) was measured using 
 chemiluminescence assay ( reference range 15–65 pg/ml) . 

Small-molecule solute clearance, including urea and creati- 
ine, was measured by collecting 24-hour urine and dialysate.
mall solute clearance was defined as total, peritoneal, and re-
al urea clearance ( Kt / V) and creatinine clearance ( Ccr) . 

EE 

ctual REE ( aREE) was measured using IC, with a VMax 29 
 metabolic cart ( CareFusion, Yorba Linda, CA, USA) . Patients 
asted overnight ( over 12 hours) . After 30 minutes resting, they 
ompleted the measurements between 8 a.m. and 11 a.m. in a
uiet, dimly lit room maintained at a constant humidity ( room 

emperature, 20–25°C) . During the test, patients were instructed 
o lie supine for 15 minutes, breathe calmly, and avoid hyper-
entilation, fidgeting, or falling asleep. Oxygen consumption 
nd carbon dioxide production were measured at 30-second 
ntervals. Data were recorded only when the patients were in
teady-state conditions, and the average O2 and CO2 volumes 
ere used to calculate REE using a Weir equation [29 ]. REE was
lso estimated using the equations obtained in general popula- 
ions, namely the Harris–Benedict equation ( eREE-HB) [17 ], Mif- 
in equation ( eREE-Mifflin) [18 ], WHO equation ( eREE-WHO) [19 ],
nd Schofield equation ( eREE-Schofield) [20 ] and equations ob- 
ained in CKD and hemodialysis patients, including our newly 
erived equation in CKD patients ( eREE-CKD equation) [22], the 
quation from Vilar et al. ( the eREE-V equation) [25 ], the equa-
ions from Byham-Gray et al. ( the eREE-Bcrp equation and the 
REE-Bscr equation) [23 ], and the equations from Cuppari et al.
 the eREE-Cweight equation and the eREE-CFFM 

equation) [24 ].
hese REE equations are all listed in Supplementary Table 1. 

ean body mass ( LBM) 

BM was first calculated using our previously published for- 
ula ( LBM-HGS, lean body mass estimated from hand grip 
trength equation) [30 ], which demonstrated minimal bias when 
ompared to the gold-standard dual-energy X-ray absorptiom- 
try. Then, LBM was also measured using multiple-frequency 
ioimpedance analysis ( LBM-BIA) ( Fresenius Medical Care) . This 
rocedure has been described in detail elsewhere [31 ]. Briefly,
 patient was positioned supine for a minimum of 10 min, then
tandard tetrapolar electrodes were placed on the dorsal surface 
f their left wrist and on the anterior aspect of their left ankle. 

tatistical analysis 

ormally distributed data are presented as mean ± stan- 
ard deviation ( SD) . Non-normal data are presented as me- 
ian values using an interquartile range ( IQR) . Categorical vari- 
bles are expressed as percentages or ratios. All participants 
ere randomly stratified into the development dataset ( 50% 

f patients) and the validation data set ( 50% of patients) ac- 
ording to age ( 18–45 years, 45–60 years, and > 60 years) and
ex. Student’s t , nonparametric, or chi-squared tests were used
o compare the differences in variables between cohorts, as 
ppropriate. 

After applying univariate Spearman’s correlation analyses to 
scertain the relationship between variables ( all demographic 
nd biochemical measurements) and aREE, a stepwise linear re- 
ression analysis was performed to select potential predictors 
or incorporation into eREE-PD in the development dataset. Con- 
idering that the LBM was highly correlated with weight, we
dded LBM-HGS, LBM-BIA, or weight to the model to choose the
est-fit regression model. 

To validate the performance of the new equation, the eREE-
D value was compared with aREE in the validation dataset, ex-
ressed by the bias, precision, and accuracy, and used indepen-
ent t -test in the subgroups. Bias was assessed as the median
ifference between the estimated and measured REE values, pre-
ision was assessed as the SD of the absolute value of difference,
nd accuracy was defined as the percentage of estimates differ-
ng by > 10% from the measured REE ( 1-P10) [32 ]. Patients were
ategorized into subgroups according to hs-CRP levels ( < 3 vs.
3 mg/l) to examine the performance of the newly derived equa-
ion. 

To compare the performance between the eREE-PD equa-
ion and several existing equations, bias, precision, and accu-
acy of eREE-HB, eREE-Mifflin, eREE-WHO, eREE-Schofield, eREE- 
KD, eREE-V, eREE-Bcrp , eREE-Bscr , eREE-Cweight , and eREE-CFFM 

n reference to aREE were also calculated. The values from
hese nine equations were compared with aREE in the validation
ataset using block analysis of variance ( Dunnett t -test) . The
erformance of eREE-PD was further compared with existing
quations using block analysis of variance ( Dunnett t -test) for
ias and precision, the McNemar Test for accuracy, and Bland–
ltman analysis for assessing agreement between eREE-PD and
ctual REE, identifying any systematic bias and limits of agree-
ent. 
All probabilities were two-tailed, and the level of significance

as set at 0.05. Statistical analysis was undertaken using SPSS
or Windows software version 21.0 ( SPSS Inc., Chicago, IL, USA) . 

ESULTS 

articipant characteristics 

 total of 200 PD patients completed the examinations and mea-
urements required for this study. The entire dataset was ran-
omly divided into a development dataset ( n = 100) and a vali-
ation dataset ( n = 100) ( Fig. 1 ) . The basic demographic and clini-
al characteristics of the development and validation cohorts are
hown in Table 1 . There were no significant differences in demo-
raphic data, comorbidities, and biochemical data between the
wo datasets ( P > .05) . 

evelopment of new equations for estimating REE 

e constructed an eREE-PD equation using the development
ataset. Spearman’s correlation analyses showed that aREE was
ignificantly correlated with age ( r = −0.25, P = .013) , sex ( r = 0.58,
 < .001) , height ( r = 0.61, P < .001) , weight ( r = 0.72, P < .001) , LBM-
GS ( r = 0.72, P < .001) , LBM-BIA ( r = 0.64, P < .001) , serum creati-
ine ( r = 0.39, P < .001) , hemoglobin ( r = −0.16, P = .043) , total Ccr
 r = 0.23, P = .021) , and absorbed glucose from dialysate ( r = 0.30,
 = .002) . No significant associations were found between aREE
nd albumin, hs-CRP, glycosylated hemoglobin ( HbA1c) , iPTH, or 
ther biochemical markers. Regarding the stepwise procedure,
ultiple regression analysis was performed to select potential
ariables for the regression equation from all variables associ-
ted with REE in the Spearman’s correlation analyses. Table 2
ists the regression coefficients for aREE using the variables of
ge, sex, weight, and constant, which was the best-fit regression
odel. The R -squared value for the eREE-PD equation was 0.724.
hen LBM-BIA or LBM-HGS was used instead of weight, the

 -square values for the equation decreased to 0.560 and 0.658,
espectively. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf004#supplementary-data
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Outpatients between March. 2021 and July 2022 (n = 429)

(n = 229)
(n = 1)

(n = 60)

(n = 42)

(n = 200)

(n = 200)

(n = 100) (n = 100)

Rejection from participation (n = 56)
in

strength

Figure 1: Flow chart of the study. 

V
w

T
1
t
d
e
R
R
o
R
s
t
d
(

s
(
a
v  

1
e
e
i
i
t
3
t
(

p
p
P
e
e
s
s
u  

I
v  
alidation of new equations and comparisons 
ith existing equations 

he mean aREE measured using IC in the validation dataset was 
445.6 kcal/day in males and 1156.2 kcal/day in females. The es- 
imated REE using the eREE-PD equation was not significantly 
ifferent from aREE. By contrast, REE values estimated using the 
xisting equations obtained in the general population, such as 
EE-HB, REE-WHO, and REE-Schofield, all highly overestimated 
EE in both males and females, and the Mifflin equation highly 
verestimated REE in male ( P < .001 or .01 for all) ( Fig. 2 ) . As for 
EE values estimated using equations obtained in hemodialy- 
is patients, eREE-V overestimate REE, and eREE-CFFM 

underes- 
imate REE in both male and female. There were no significant 
ifferences between eREE-Bscr , eREE-Bcrp , eREE-Cweight , and aREE 
 Fig. 3 ) . 

The eREE-PD value was further compared with aREE mea- 
ured using IC expressed by the bias, precision, and accuracy 
 Table 3 ) . The bias between eREE-PD and aREE was small, with 
 mean of 11.1 kcal ( range −106.5, 78.2) . The SD of the absolute 
alue of the difference in the eREE-PD equation was 96.5( 80.3,
 P
13.6) kcal, indicating good precision. A 1-P10 value of 35% for 
REE-PD indicated high accuracy, as a lower 1-P10 suggests fewer 
stimates deviating > 10% from the measured REE. To exam- 
ne the performance of the equations in subgroups with vary- 
ng degrees of inflammation, the analyses were repeated in mu- 
ually exclusive strata, i.e. a hs-CRP level higher or lower than 
 mg/l. Comparisons in terms of bias, precision, and accuracy of 
he eREE-PD equation in the subgroups showed no differences 
 P > .05) . 

Regarding the performance of the eREE-PD equation com- 
ared with several existing equations obtained from the general 
opulation ( Table 3 , Supplementary Figure) , the bias of the eREE- 
D value ( 11.1 kcal) was smaller than eREE-HB, eREE-WHO, and 
REE-Schofield ( P < .001 for all) values using aREE as the refer- 
nce and similar with eREE-Mifflin ( P = .541) . The SD for the ab- 
olute value of the difference in the eREE-PD value ( 96.5 kcal) was 
maller than eREE-WHO and eREE-Schofield ( P < .005 for all) val- 
es and similar to eREE-HB ( P = .384) , and eREE-Mifflin ( P = .988) .
n terms of percentage accuracy, the 1-P10 for the eREE-PD 

alue ( 35.0%) was significantly lower than eREE-Schofield ( 53%,
 = .006) and eREE-WHO ( 58%, P < .001) . No differences in terms 
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Table 1: Demographic and clinical characteristics of PD patients in the development and validation datasets. 

Cross-sectional datasets 

Variates Total ( n = 200) Development cohort ( n = 100) Validation cohort ( n = 100) P 

Age, years 52.4 ± 13.1 52.2 ± 13.0 52.6 ± 13.3 .817 
Male, n ( %) 112 ( 56.0) 56 ( 56.0) 56 ( 56.0) 1 .000 
DM, n ( %) 79 ( 39.5) 41 ( 41.0) 38 ( 38.0) .664 
CVD, n ( %) 45 ( 22.5) 24 ( 24.0) 21 ( 21.0) .611 
PD duration, month 22.5 ( 8.0, 51.5) 25.5 ( 9.0, 57.8) 20.0 ( 8.0, 40.0) .147 
Primary kidney disease, n ( %) .905 

Hypertension nephrosclerosis 29 ( 14.5) 16 ( 16.0) 13 ( 13.0) 
Diabetic nephropathy 47 ( 23.5) 21 ( 21.0) 26 ( 26.0) 
Glomerular disease 81 ( 40.5) 43 ( 43.0) 38 ( 38.0) 
Others 43 ( 21.5) 20 ( 20.0) 23 ( 23.0) 

Height ( cm) 165.7 ± 8.6 166.0 ± 8.5 165.4 ± 8.8 .622 
Weight ( kg) 67.2 ± 14.5 68.5 ± 15.3 65.9 ± 13.6 .210 
BMI ( kg/m2 ) 24.3 ± 4.0 24.6 ± 4.1 23.9 ± 3.8 .214 
Handgrip strength ( kg) 268.9 ± 102.9 265.7 ± 104.9 272.2 ± 101.3 .659 
Charlson score 3 ( 2,5) 3 ( 2,5) 3 ( 2,5) .387 
aREE ( kcal/day) 1338.7 ± 271.1 1359.1 ± 276.1 1318.3 ± 265.7 .288 
Laboratory data 

Serum albumin ( g/l) 36.8 ± 3.6 36.7 ± 3.7 36.9 ± 4.5 .731 
Hemoglobin ( g/l) 112.4 ± 13.0 111.9 ± 13.4 112.9 ± 12.6 .591 
Hs-CRP ( mg/l) 1.8 ( 0.8, 5.7) 2.0 ( 0.8, 5.9) 1.6 ( 0.6, 4.6) .201 
Blood glucose ( mmol/l) 5.7 ± 2.0 5.7 ± 1.8 5.7 ± 2.2 .797 
HbA1c ( %) 6.0 ± 1.4 5.9 ± 1.0 6.1 ± 1.7 .508 
Urea nitrogen ( mmol/l) 24.3 ± 5.6 24.2 ± 5.6 24.4 ± 5.7 .723 
Serum creatinine μmol/l) 964.2 ± 252.9 989.0 ± 253.5 939.5 ± 251.1 .167 
Serum calcium ( mmol/l) 2.3 ± 0.2 2.3 ± 0.2 2.3 ± 0.2 .323 
Serum phosphorus ( mmol/l) 1.7 ± 0.4 1.7 ± 0.4 1.8 ± 0.4 .714 
Serum sodium ( mmol/l) 138.6 ± 2.5 138.5 ± 2.5 138.7 ± 2.6 .561 
Serum potassium ( mmol/l) 4.4 ± 0.6 4.4 ± 0.6 4.3 ± 0.7 .523 
Total cholesterol ( mmol/l) 3.9 ± 1.0 4.0 ± 1.1 3.9 ± 0.9 .365 
Triglycerides ( mmol/l) 1.5 ( 1.0, 2.2) 1.5 ( 1.1, 2.3) 1.5 ( 1.0, 2.2) .431 
iPTH ( pg/ml) 251.4 ( 157.3, 344.4) 264.3 ( 170.8, 355.1) 214.4 ( 148.3, 344.4) .160 
Total ( Kt/v) 1.9 ± 0.4 1.9 ± 0.3 1.9 ± 0.4 .945 
Renal ( Kt/v) 0.4 ( 0, 0.7) 0.3 ( 0, 0.7) 0.4 ( 0, 0.7) .495 
Peritoneal ( Kt/v) 1.5 ± 0.5 1.5 ± 0.5 1.4 ± 0.5 .116 
Total Ccr ( ml/min/1.73 m2 ) 47.2 ± 8.9 47.3 ± 8.8 47.1 ± 9.0 .919 
Renal Ccr ( ml/min/1.73 m2 ) 5.7 ( 0, 12.5) 4.9 ( 0, 12.2) 6.3 ( 0, 13.5) .240 
Peritoneal Ccr ( ml/min/1.73 m2 ) 39.7 ± 11.6 40.3 ± 11.3 39.0 ± 11.8 .433 
Absorbed glucose ( g) 50.7 ± 18.1 49.3 ± 18.0 52.2 ± 18.0 .259 

Abbreviation: DM, diabetes mellitus. 
*Significant difference between the groups. 

Table 2: Regression coefficients between aREE and variables selected 
by multiple linear regression analysis based on the development 
dataset and the new-derived equation ( eREE-PD) . 

aREE 

Variables Coefficients T P value R2 

Age −5.7 −4.9 < .001 0.724 
Sex 111.6 2.9 .004 
Weight 11.6 9.3 < .001 
Constant 795.7 7.8 < .001 

Equation: eREE-PD ( kcal) = ( 1 if male; 0 if female) ×
111.6–5.7 × age ( years) + 11.6 * weight ( kg) + 795.7 

Statistical test: stepwise linear regression analysis 
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f bias, precision, or accuracy were found between subgroups 
ith hs-CRP < 3 or hs-CRP ≥3 mg/L, regardless of the equation
sed for estimating REE. 
Concerning the performance of the eREE-PD equation and
everal existing equations obtained from CKD and dialysis pa-
ients ( Table 4 , Supplementary Figure) , the bias of the eREE-
D value ( 11.1 kcal) was smaller than eREE-V and eREE-CFFM 

 P < 0.001 for both) values using aREE as the reference and simi-
ar with eREE-cKD, eREE-Bcrp , eREE-Bscr , and eREE-Cweight ( P > .05) .
he SD for the absolute value of the difference in the eREE-
D value ( 96.5 kcal) was smaller than eREE-V, and eREE-CFFM 

 P < .001 for all) values and similar to eREE-Bcrp ( P = .751) , eREE-

scr ( P = .631) , and eREE-Cweight ( P = .770) . In terms of percent-
ge accuracy, the 1-P10 for the eREE-PD value ( 35.0%) was sig-
ificantly lower than eREE-V ( 70.0%, P < .001) and eREE-CFFM 

 70.0%, P < .001) and similar with eREE-CKD, eREE-Bcrp , eREE-

scr , and eREE-Bweight ( P > .05) . No differences in terms of bias,
recision, or accuracy in subgroups with hs-CRP < 3 or hs-CRP
3 mg/l were found, no matter what equations were used for
stimating REE in eREE-CKD, eREE-V, eREE-Bscr , eREE-Bcrp , and
REE-Cweight. 
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Figure 2: REE estimated by the newly derived equation and the equations obtained in general populations compared with REE measured by IC ( aREE) in the validation 
dataset ( n = 100) . * P < .001 REE measured by equations compared to aREE in male or female; # P < .01 REE measured by equations compared to aREE in males or females. 
Statistical test: block analysis of variance. 

Figure 3: REE estimated by the newly derived equation and the equations obtained in CKD and hemodialysis patients compared with REE measured by IC ( aREE) in 
the validation dataset ( n = 100) . * P < .001 REE measured by equations compared to aREE in males or females; # P < .01 REE measured by equations compared to aREE 
in males or females. Statistical test: block analysis of variance. 
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ISCUSSION 

e developed a novel equation to estimate REE in dialysis 
atients. Our results showed that REE estimated using de- 
ographic data, such as age, sex, and weight, was strongly 
redictive of REE measured using IC. The performance of the 
ewly derived eREE-PD equation remained consistent across 
W
atient subgroups categorized by hs-CRP levels. Compared with 
he performance of traditional equations broadly derived from 

he general population [24 , 25 , 33 –37 ] and several new REE equa-
ions for dialysis patients [23 –25 ], the eREE-PD equation was 
ore reliable, considering its lower bias, improved precision,
nd higher accuracy compared to the eREE-HB equation, eREE- 
HO equation, eREE-Schofield equation, eREE-V equation, and 
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Table 3: Performance of eREE-PD and equations obtained in general populations based on the difference between eREE and aREE. 

Validation dataset 
( n = 100) P 

Hs-CRP ≥ 3 mg/l 
( n = 32) 

Hs-CRP < 3 mg/l 
( n = 68) p 

Bias-median difference 
eREE-PD 11.1 ( −106.5, 78.2) Ref. Ref. 7.1 ( −186.5, 83.0) 11.1 ( −89.4, 78.2) .790 
eREE-HB −86.1 ( −205.9, −4.2) −97.9 ( −162.6, −33.2) < .001 −73.4 ( −289.6, −7.0) −94.6 ( −188.2, −1.0) .636 
eREE-WHO −167.4 ( −272.4, −46.1) −163.1 ( −227.8, −98.4) < .001 −100.5 ( −343.2, −30.3) −178.3 ( −247.6, −57.3) .463 
eREE-Mifflin −32.0 ( −138.4, 64.3) −37.0 ( −101.7, 27.7) .541 −18.2 ( −193.0, 88.8) −34.6 ( −133.8, 60.5) .517 
eREE-Schofield −143.9 ( −249.3, −24.9) −139.1 ( −203.8, −74.4) < .001 −85.0 ( −329.2, 17.2) −152.6 ( −230.9, −29.5) .393 
Precision SD of the difference 
eREE-PD 96.5 ( 80.3, 113.6) Ref. Ref. 107.9 ( 47.1, 221.2) 80.6 ( 43.4, 162.1) .117 
eREE-HB 124.1 ( 103.9, 141.8) 31.3 ( −16.5, 79.1) .384 107.6 ( 59.6, 289.6) 124.9 ( 47.6, 188.2) .812 
eREE-WHO 145.8 ( 125.3, 162.8) 78.7 ( 30.9 126.5) < .001 165.2 ( 79.2, 343.2) 178.3 ( 71.2, 247.6) .760 
eREE-Mifflin 114.0 ( 92.5, 132.9) 12.6 ( −35.2, 60.4) .988 98.9 ( 49.6, 255.8) 103.3 ( 40.1, 151.6) .683 
eREE-Schofield 139.5 ( 120.4, 157.4) 64.2 ( 16.4, 112.0) .003 157.1 ( 49.6, 329.2) 154.9 ( 64.2, 230.9) .803 
Accuracy, within ±10% of aREE, n ( %) 
eREE-PD 65 ( 65.0) Ref. 18 ( 56.3) 47 ( 69.1) .208 
eREE-HB 59 ( 59.0) .362 20 ( 62.5) 39 ( 57.4) .625 
eREE-WHO 42 ( 42.0) .001 16 ( 50.0) 26 ( 38.2) .266 
eREE-Mifflin 60 ( 60.0) .359 16 ( 50.0) 47 ( 64.7) .161 
eREE-Schofield 47 ( 47.0) .006 16( 50.0) 31( 45.6) .680 

Abbreviation: REE, resting energy expenditure; aREE, REE measured by indirect calorimetry; eREE, REE measured by equation; eREE-CKD, REE measured by the new 

equation. eREE-HB, REE measured by Harris Benedict equation; eREE-WHO, REE measured by WHO equation; eREE-Mifflin, REE measured by Mifflin equation; eREE- 

Schofield, REE measured by Schofield equation; Hs-CRP, high-sensitive C-reactive protein; SD, standard deviation. Statistical test: total validation dataset ( P) : block 
analysis of variance ( Dunnett t -test) for bias and precision with the data present as the difference between the value of existing equations and eREE-CKD; McNemar 
Test for accuracy; subgroup analysis ( p) : independent t -test with the data present as quartiles. 
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equation. At the same time, the eREE-PD equation 
erformed similarly to the eREE-Mifflin, eREE-Bcrp , eREE-Bscr ,
nd eREE-Cweight equations. 

Similar to our study performed in non-dialyzed CKD patients 
22 ], the total body weight seems better than LBM at reflecting
EE levels. Cuppari et al. also found weight performed much bet-
er in REE equations than FFM in 189 hemodialysis and PD pa-
ients [24 ]. In our research, weight also performed better than
FM, with R2 = 0.724 vs 0.560 and 0.658. Considering the impor-
ance of constructing an easily-applied eREE in clinical practice,
stimation of REE based on body weight may have better clini-
al utility [23 , 24 ]. The Mifflin equation was developed from 498
ealthy adults and almost half of them were obese. Given the
imilar proportion of obesity in the population, our newly de-
ived equation showed a performance comparable to the Mifflin 
quation. The absence of the gold standard in determining LTM
ay have implications for the accuracy of the results, necessi-

ating further verification. 
Most REE equations developed for dialysis patients are based 

redominantly on data from hemodialysis ( HD) patients. In 2014,
ilar et al. enrolled 200 HD patients and predicted REE levels us-
ng age, height, weight, and gender data ( eREE-V) . They defined 
ge as a categorical variable with a cut-off value of 65 years old.
wing to the loss of age information, the eREE-V equation did
ot perform well in a US dataset [38 ] or our dataset, with a low
ccuracy ( P10) of 30%–46%. In 2018, Byham-Gray et al. combined 
ey disease-specific determinants of REE, such as CRP ( eREE- 

crp ) , Scr ( eREE-Bscr ) , or HbA1c in 116 HD patients to develop
EE equations with age, gender, and weight [23 ]. In 2019, Cup-
ari et al. used age, gender, weight, or FFM variable data from
8 PD patients and 131 HD patients to develop REE equations
24 ]. Our newly derived equation enrolled similar variables used
n those studies and thus its performance was similar to the
REE-Bcrp , eREE-Bscr , and eREE-Cweight equations, which had also 
hown a good performance in HD patients. However, compared 
ith the eREE-Bcrp and eREE-Bscr equations, the variables in the
REE-PD and eREE-Cweight equations were fewer and more eas-
ly accessible, making them more feasible for use in dialysis
atients. 
Our data did not support the notion that dialysis modali-

ies influence the association between key variables and REE.
assiana et al. [26 ] and Mariana et al. [27 ] found that REE of PD pa-
ients was not different from hemodialysis patients. Our previ-
us research performed in 1:3 age, gender, weight, and diabetes-
atched 40 hemodialysis and PD patients [39 ] also observed
imilar REE levels, i.e. 1432.6 ± 339.4 kcal in hemodialysis pa-
ients and 1334.6 ± 271.8 kcal in PD patients. PD patients seemed
ave a higher respiratory quotient ( RQ) due to the ratio of glucose
nd fat metabolism being higher caused by glucose absorption
rom dialysate fluid [40 ]. On the other hand, hemodialysis pa-
ients had higher oxygen consumption due to the intradialytic
rocess of catabolic metabolism [24 , 41 ]. Both the product of RQ
nd oxygen consumption contribute to the basal metabolic rate
f the body, which may explain why there was no difference
n REE between hemodialysis and PD patients. The difference
n RQ and oxygen consumption between hemodialysis and PD
atients may be offset, which can explain why there was no
ifference in REE between hemodialysis and PD patients. 
The association between inflammation, parathyroid hor- 

one ( PTH) level, and REE has been investigated in several stud-
es [23 , 42 –44 ]. Our data did not find these associations, which
s supported by previous findings that the difference in REE was
ot apparent among patients in a mild inflammatory state or
ow PTH levels [13 , 24 , 44 , 45 ]. Of note, previous studies reported
hat the LBM, which had the closest relationship with REE in
ealthy people, measured using gold-standard dual-energy X- 
ay absorptiometry and anthropometry method, contributed to 
nly 35% and 43% of the variance, respectively, in REE among
atients on hemodialysis [24 , 46 ]. In this study, body weight
nd LBM obtained from bioimpedance contributed 64% and 46%
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Table 4: Performance of eREE-PD and equations obtained in CKD and hemodialysis patients based on the difference between eREE and aREE. 

Validation dataset 
( n = 100) P Hs-CRP ≥ 3 mg/l ( n = 32) Hs-CRP < 3 mg/l ( n = 68) p 

Bias-median difference 
eREE-PD 11.1 ( −106.5, 78.2) Ref. Ref. 7.1 ( −186.5, 83.0) 11.1 ( −89.4, 78.2) .790 
eREE-CKD −22.8 ( −120, 85.9) −12.4 ( −44.8, 19.9) .451 −28.9 ( −204.7, 87.0) −9.7 ( −104.3, 85.9) .308 
eREE-V −212.2 ( −314.8, −113.7) −208.2 ( −272.9, −143.5) < .001 −240.8 ( −398.4, −120.7) −201.9 ( −310.5, −106.1) .354 
eREE-Bscr 11.2 ( −89.7, 128.1) 20.9 ( −43.8, 85.7) .259 43.4 ( −134.5, 132.9) 0.5 ( −79.7, 128.1) .909 
eREE-Bcrp 15.2 ( −79.4, 109.1) 15.6 ( −49.1, 80.3) .421 26.1 ( −164.7, 90.2) 7.8 ( −71.2, 111.5) .358 
eREE- Cweight −14.0 ( −126.3, 78.1) −9.87 ( −74.6, 54.8) .622 13.3 ( −142.6, 94.2) −15.6 ( −123.5, 68.4) .496 
eREE- CFFM 169.2 ( 58.2, 307.4) 184.1 ( 118.8, 249.3) < .001 265.7 ( 71.5, 377.2) 147.1 ( 53.2, 227.3) .011 
Precision SD of the difference 
eREE-PD 96.5 ( 80.3, 113.6) Ref. Ref. 107.9 ( 47.1, 221.2) 80.6 ( 43.4, 162.1) .117 
eREE-CKD 98.1 ( 82.6, 114.2) 6.6 ( −26.8, 39.9) .699 113.3 ( 46.9, 256.7) 87.3 ( 51.0, 148.0) .067 
eREE-V 144.6 ( 126.9, 165.4) 115.4 ( 67.6 163.2) < .001 241.2 ( 152.7, 398.4) 201.9 ( 106.1, 310.5) .045 
eREE-Bscr 98.7 ( 80.5, 117.2) 8.4 ( −39.4,56.2) .631 130.6 ( 65.8, 237.6) 95.5 ( 45.5, 167.5) .058 
eREE-Bcrp 101.4 ( 81.8, 123.2) 5.6 ( -42.2, 52.9) .751 127.4 ( 44.0, 216.2) 86.9 ( 50.0, 165.6) .382 
eREE- Cweight 102.4 ( 85.4, 119.7) 5.1 ( −42.7, 52.9) .770 96.0 ( 45.5, 220.5) 102.5 ( 34.5, 160.0) .103 
eREE- CFFM 168.2 ( 129.0, 209.6) 105.2 ( 57.0, 153.4) < .001 265.7 ( 102.9, 377.2) 170.6 ( 98.0, 239.1) .042 
Accuracy, within ±10% of aREE, n ( %) 
eREE-PD 65 ( 65.0) Ref. 18 ( 56.3) 47 ( 69.1) .208 
eREE-CKD 66 ( 66.0) .882 19 ( 59.4) 47 ( 69.9) .117 
eREE-V 30 ( 30.0) < .001 7 ( 21.9) 23 ( 33.8) .224 
eREE-Bscr 59 ( 59.0) .238 15 ( 46.9) 44 ( 64.7) .091 
eREE-Bcrp 60 ( 60.0) .332 15 ( 46.9) 45 ( 66.2) .066 
eREE- Cweight 64 ( 64.0) .999 19 ( 59.4) 45 ( 66.2) .509 
eREE- CFFM 30 ( 30.0) < .001 7 ( 21.9) 23 ( 33.8) .224 

Statistical test: total validation dataset ( P) : block analysis of variance ( Dunnett t -test) for bias and precision with the data present as the difference between the value 
of existing equations and eREE-CKD; McNemar Test for accuracy; subgroup analysis ( p) : independent t -test with the data present as quartiles. 
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f the variance respectively in REE. Similarly, in our previous 
esearch on CKD patients, body weight and LBM obtained 
rom bioimpedance contributed 67% and 52% of the variance 
n REE, respectively. Therefore, it is still necessary to explore 
hether other factors related to the progression of kidney fail- 
re influence REE to further improve the performance of REE 
quations. 

This study had several strengths. To our knowledge, our study 
s the first to develop an REE equation only for PD patients using 
C as the reference method. This new equation only requires the 
ollection of readily available clinical data, suggesting its feasi- 
ility in clinical practice. Patients were evenly distributed in the 
evelopment and validation datasets, which provided a unique 
pportunity to validate the eREE-PD equation across varied de- 
rees of inflammation. Several equations broadly applied in the 
eneral population and dialysis patients were compared with 
ur new equation to validate its good performances in terms of 
ias, precision, and accuracy. Our equation provides a reliable 
quation for the goal of specific nutritional counseling for PD 

atients. 
Our study had some limitations. First, we included only clin- 

cally stable patients, as acute comorbidities can rapidly affect 
etabolic status and body composition. Our new equation can- 
ot be applied to patients who did not meet our inclusion crite- 
ia. Second, we cannot exclude the possibility that other poten- 
ial factors that were not measured may be associated with REE.
urther research should consider more factors involved in the 
rogress of kidney failure to improve the precision and accuracy 
f REE equations. Third, we only used the Carefusion equipment 
or IC measurements, potentially necessitating the inclusion of 
dditional equipment for IC measurements to validate the per- 
ormance of our equations. Finally, to confirm its generalizabil- 
ty that extends beyond the studied cohort, external validation 
n alternative populations is demanded. 

In conclusion, this study performed in clinically stable pa- 
ients undergoing PD constructed a newly derived REE equation 
nly consisting of age, gender, and weight, which showed good 
erformance in predicting the REE with small bias, good preci- 
ion, and accuracy. Therefore, it should be considered as a practi- 
al tool to evaluate energy expenditure prior to nutritional coun- 
eling in clinical practice. Further studies are needed to validate 
his equation in larger, more diverse patient population. 
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