
Nutrición
Hospitalaria

ISSN (electrónico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ  S.V.R. 318

©Copyright 2024 SENPE y ©Arán Ediciones S.L. Este es un artículo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Association between protein energy wasting and peritoneal membrane transport in 
peritoneal dialysis 
Asociación entre desgaste proteico energético y tipo de transporte peritoneal en diálisis peritoneal

Gabriela Leal-Escobar1, Berenice Cano-Escobar1, Magdalena Madero1, Mónica Ancira Moreno2, Iván Armando Osuna-Padilla3

1Department of Nephrology. Instituto Nacional de Cardiología Ignacio Chávez. Tlalpan; 2Department of Health. Universidad Iberoamericana Ciudad de México. Lomas de 
Santa Fe; 3Clinical Nutrition Coordination. Department of Critical Areas. Instituto Nacional de Enfermedades Respiratorias (INER). Tlalpan. Mexico City, Mexico

Trabajo Original Valoración nutricional   

Acknowledgments: we gratefully acknowledge all of the involved physicians, nurses and dietitians for their 
dedication to the study. 

Funding: this research did not receive any specific grant from funding agencies in the public, commercial, 
or not-for-profit sectors

Conflicts of interest: OPIA has previously received honoraria and/or paid consultancy from Fresenius Kabi, 
Baxter, BBraun, and InBody Co. LEG, CEKB, MRM and AMMM report no conflicts of interest.

Artificial intelligence: the authors declare not to have used artificial intelligence (AI) or any AI-assisted 
technologies in the elaboration of the article.

Leal-Escobar G, Cano-Escobar B, Madero M, Ancira Moreno M, Osuna-Padilla IA. Association 
between protein energy wasting and peritoneal membrane transport in peritoneal dialysis. Nutr Hosp 
2024;41(5):1017-1024       
DOI: http://dx.doi.org/10.20960/nh.05143

Received: 14/01/2024  •  Accepted: 27/05/2024

Correspondence: 
Iván Armando Osuna-Padilla. Coordinación de 
Nutrición Clínica. Departamento de Áreas Críticas. 
Instituto Nacional de Enfermedades Respiratorias. 
Calzada de Tlalpan 4502, Col. Seccion XVII. CP 14260 
Mexico City, Mexico
e-mail: ivan.osuna@cieni.org.mx

Abstract 
Background: fast peritoneal transport (FT) has been associated with peritoneal albumin loss and protein energy wasting (PEW); however, this 
relationship has not been fully studied. 

Aim: the aim of this study was to analyze the differences in nutritional parameters between fast-transport peritoneal membrane (FT-PET) and 
slow-transport peritoneal membrane (ST-PET), and analyze the association between FT-PET and PEW in peritoneal dialysis (PD) patients. 

Methods: a cross-sectional study of patients on PD. Peritoneal transport characteristics were assessed using the peritoneal equilibration test 
(PET). Malnutrition inflammation score (MIS) was used for PEW identification. Clinical and biochemical characteristics between patients with and 
without PEW were assessed. Association between FT-PET status and PEW were evaluated using univariate and multivariate logistic regression. 

Results: a total of 143 patients were included. FT-PET group showed a higher prevalence of hypoalbuminemia, edema, lower phase angle, lower 
energy intake, and higher values of MIS score. FT-PET was significantly associated with PEW on univariate (OR: 3.5, 95 % CI: 1.56-7.83, p = 
0.002) and multivariate models (OR: 2.6, 95 % CI: 1.02-6.6, p = 0.04). This association was maintained in patients where baseline PET was 
performed after initiating PD therapy (OR: 6.2, 95 % CI: 1.01-38.6, p = 0.04).

Conclusion: FT-PET is associated with PEW evaluated by MIS score. Clinical trials to study nutritional interventions personalized to perito-
neal-membrane transport characteristics should be designed. 
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Resumen
Antecedentes: las características del transporte peritoneal rápido se han asociado a una mayor pérdida de albúmina peritoneal, así como a un 
mayor riesgo de presentar desgaste proteico energético (DPE); sin embargo, está relación no está esclarecida en la literatura. 

Objetivo: el objetivo de la investigación fue analizar las diferencias de indicadores nutricionales entre la membrana peritoneal con transporte 
rápido y la membrana peritoneal con transporte lento, así como analizar la asociación entre el transporte peritoneal rápido y el diagnóstico de 
DPE en pacientes con diálisis peritoneal. 

Métodos: estudio transversal. Las características del transporte peritoneal se evaluaron mediante la prueba del equilibrio peritoneal (PET). Se 
utilizó la escala de malnutrición e inflamación (MIS) para la identificación del DPE. Se evaluaron las diferencias entre las características clínicas 
y bioquímicas en pacientes con y sin DPE. La asociación entre pacientes con transporte rápido y DPE se evaluó mediante regresión logística.

Resultados: se incluyeron un total de 143 pacientes. El transporte peritoneal rápido mostró una mayor prevalencia de hipoalbuminemia, edema, 
menor valor de ángulo de fase e ingesta energética y mayor puntaje MIS. El transporte peritoneal rápido se asoció con la presentación de DPE 
en el modelo univariado (OR: 3,5, IC 95 %: 1,56-7,83, p = 0,002) y en el análisis multivariado (OR: 2,6, IC 95 %: 1,02-6,6, p = 0,04). Esta 
asociación persiste independientemente del momento de realización del PET (OR: 6,2, IC 95 %: 1,01-38,6, p = 0,04).

Conclusión: el transporte peritoneal rápido se asoció con mayor riesgo de DPE evaluado mediante la herramienta MIS. Se requieren de ensayos 
clínicos para diseñar la intervención nutricional más óptima según las características del PET.

Palabras clave: 

Diálisis peritoneal. 
Desgaste proteico-
energético. Desnutrición. 
Transporte peritoneal.

BACKGROUND

Maintenance peritoneal dialysis (MPD) is considered an ex-
cellent long-term kidney replacement therapy (RRT) for chronic 
kidney disease (CKD) (1). Peritoneal transport is routinely mea-
sured to adjust prescription parameters and associated with out-
comes such as protein energy wasting (PEW) and malnutrition. 
PEW is highly prevalent in PD patients, reported in up to 80 % 
and 33 % in continuous ambulatory peritoneal dialysis (CAPD) 
and automated peritoneal dialysis (APD), respectively (2,3). The 
etiology of PEW is multifactorial; uremia, low protein-energy in-
take, inflammation, metabolic acidosis, nutrient loss during RRT 
(4), overhydration and comorbidities are some of the key factors 
associated with PEW. 

Both types of PD (CAPD and APD) are associated with advan-
tages and similar outcomes (5). The decision for choosing a PD 
modality for individual patients should take into account local re-
sources, the person’s wishes regarding lifestyle, and the family’s/
caregivers’ wishes if they are providing assistance (6). 

Peritoneal-membrane transport is assessed by the peritoneal 
equilibration test (PET), which provides data about clearance and 
ultrafiltration (UF) capacity; both characteristics are considered 
for PD prescription (7,8). PET study categorizes peritoneal-mem-
brane as a slow transporter (ST-PET) and as fast transporter (FT-
PET) (9,10). 

The International Society of Peritoneal Dialysis suggest that the 
first PET should be performed 6–12 weeks after PD started, with 
routine evaluation of membrane function (11). 

There is controversial data with regard to the association of 
peritoneal-membrane transport with nutritional status (12). Some 
studies report that FT-PET could affect nutritional status (12,13), 
increase the risk of all-cause mortality (14,15) and is associat-
ed with lower levels of serum albumin, lower phase angle and 
a higher rate of malnutrition (16). Other studies (17-19) report 
higher all-cause mortality and PD discontinuation in diabetic ne-
phropathy PD patients with FT-PET. Contrary of this evidence, 
other authors found not an association between FT-PET and 
nutritional status or clinical outcomes (20,21). At this time, the 
evidence of association between FT-PET and PEW is not clear, 

and studies not include patients on APD. Additionally, the use of 
malnutrition inflammation score (MIS) as a tool for PEW is limited. 

The aim of this study was to analyze the differences in nutri-
tional parameters between FT-PET and ST-PET, and analyze the 
association between FT-PET and PEW using MIS tool in MPD.

METHODS

A cross-sectional study was conducted. All consecutive inci-
dence and subsequent PD patients who were seen in the Ne-
phrology Department of the National Institute of Cardiology for 
performed PET study from January 2018 to January 2022 were 
eligible for enrollment, despite the etiology of the PET study. 
Patients with active infections, had incomplete biochemical/nu-
tritional data, amputations, pacemakers or implantable cardio-
verters were excluded. The study was performed in accordance 
with the Declaration of Helsinki and was approved by the Ethics 
Committee of the National Institute of Cardiology (#20-1195). 
Written informed consent was obtained.

DATA COLLECTION

Demographic and clinical data (age, etiology of CKD, diabe-
tes status, dialysis vintage (months between the date initiation 
of PD and the date of study entry), PD prescription, urine output, 
UF in 24 hours and systolic blood pressure) were collected from 
electronic medical records. The rate of glucose absorption from 
dialysis solutions was estimated as 40 % for APD and 60 % for 
CAPD, according to the Academy of Nutrition and Dietetic rec-
ommendations (22).

SAMPLE SIZE

Sample size was estimated using the double population pro-
portion formula in Stata Intercooled V14.0 by considering differ-
ence in the proportion of PEW of at least 25 % between groups, 
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according to the Liu Y et al. report (16), assuming a significance 
level of 5 % and a power of 80 %, the final simple calculated to 
be included in the study was 116 patients. However, we included 
154 patients who had a PET study. 

PERITONEAL EQUILIBRATION TEST (PET)

The peritoneal equilibration test (PET) was performed and inter-
preted using the classification proposed by Twardowski, who used 
solutions at 2.5  % glucose (23,24), and peritoneal-membrane 
transport was categorized as fast if peritoneal creatinine clearance 
rate (D/PCr) was 0.81-1.03; fast average transporter was defined 
as D/PCr of 0.68-0.80, slow average transporter as D/PCr of 0.56-
0.67, and slow transporter as a value of D/PCr equal to 0.34-0.56. 
For the analysis, slow/slow average were considered ST-PET, and 
fast/fast average transporters were considered FT-PET (25). Caus-
es for PET study were reported (baseline study, poor solute clear-
ance despite urea clearance dose, overhydration, follow up after 
peritonitis event, and routine follow up). 

BIOCHEMICAL ANALYSIS

Blood samples were obtained the same day of PET study 
under fasting conditions. Lipid profile (total cholesterol and tri-
glycerides), serum electrolytes (phosphorus, potassium and 
sodium), uremic toxins (blood urea nitrogen-BUN, creatinine), 
glucose, HbA1c and C-reactive protein (CRP) were determined. 
Residual kidney function (RKF) was calculated using creatinine 
and CKD-EPI formula or considered loss of RKF if urine output 
was < 200 ml (26). Low albumin concentrations were defined 
as a serum albumin level < 3.8 g/dL) (27) and inflammation was 
defined as a CRP > 3 mg/dL (28).

NUTRITIONAL ASSESSMENT

A trained renal dietitian performed a nutritional assessment on 
the same day of PET study. 

The malnutrition inflammation score (MIS) is a validated tool 
used for assessing the nutritional status of patients that consists 
of four main parts: patients related medical history, physical ex-
amination, BMI and laboratory parameters. Score 0 of the MIS in 
each part denotes normal nutrition status while score 3 denotes 
severe nutritional deficit. The sum of all components ranges from 
0 (normal) to 30 (severely abnormal) (29). PEW was defined as a 
result ≥ 8 points (30). 

Weight and height were measured (Seca model 700; Seca, 
Hamburg, Germany) using standard procedures described by 
Lohman et al. (31). Body composition was assessed using a 
multi-frequency device (InBody S10®, InBody Co., Ltd., Seoul, 
Korea). Measurements were performed with the patient in a su-
pine position. Eight adhesive electrodes were used: one on each 
wrist, one on the distal part of the third metacarpal bone of each 

hand, one on the central part of each ankle and one on the distal 
part of the second metatarsal bone in each foot. Phase angle 
(PhA), fat-free mass (FFM), extracellular water (ECW), intracellu-
lar water (ICW), total body water (TBW) and extracellular water/
total body water ratio (ECW/TBW) were obtained. Fat-free mass 
index (FFMI) (FFM/height2) and body mass index (BMI) (body 
weight/height2) were calculated using estimated dry weight. An 
ECW/TBW ratio > 0.385 was considered as overhydration sta-
tus (32). Ideal body weight was calculated as m2 x 24 (< 60 
years old) or 25 (> 60 years old). Values derived from TBW or 
ECW were recalculated with a healthy ECW/TBW of 0.385 to 
dry weight obtention. Low PhA (< 4.64°) (3) was categorized 
according to previous cut-off values for PD Mexican population 
(3). Low BMI was defined as < 23 kg/m2 (27). 

Handgrip strength (HGS) was assessed using a hydraulic hand 
dynamometer (Jamar, Columbia, MD, USA) with the patient seat-
ed and arms at 90° and slightly away from the trunk. Three at-
tempts of 3 seconds in each hand were performed. The highest 
value of each side was reported (33). 

Dietary intake was assessed using a 3-day food record (one 
weekend day and two weekdays). Food intake was converted into 
nutrients using data from the Tables of Composition of Mexican 
Foods (34). Energy (kcal) and protein (g) intake were estimated. 
Low protein intake (< 0.8 g/kg) was calculated using the ideal 
body weight (27). 

STATISTICAL ANALYSIS

Statistical analysis was performed using Stata Intercooled (Ver-
sion 14, STATA Corporation, College Station, TX, USA). Normal-
ity was verified with the Shapiro-Wilk test. Descriptive statistics 
were used to analyze categorical variables (absolute and relative 
frequency) and quantitative variables (mean and standard devia-
tion (SD) or median and interquartile range (IQR)). Differences be-
tween ST-PET and FT-PET were analyzed using Student’s t-test, 
Mann-Whitney U-test, or χ2 test. Univariate logistic regression 
was used to evaluate the association between FT and PEW (yes/
no). Multivariate regression models were performed and fitted to 
the data using backward stepwise selection. Analyzed variables 
were retained in the model if they had a p-value less or equal 
to the maximum p-value selection criteria of 0.1. Results were 
expressed as odds ratio (OR) and 95 % confidence interval (95 % 
CI). Statistical significance was defined as p < 0.05.

RESULTS

A total of 143 patients with MPD were included in this analysis. 
From the total sample, 74 (52 %) correspond to baseline PET stud-
ies. There were 70 (49 %) women with a median age of 40 (30-53) 
years, and 43 (30 %) had type 2 diabetes; 105 (73 %) patients 
were on APD; 89 (62 %) had FT-PET. The baseline characteristics 
are shown in table I. No differences in PEW were detected between 
the APD and CAPD groups (Supplementary Table I).
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DIFFERENCES IN PERITONEAL TRANSPORT 
CHARACTERISTICS

The differences between FT-PET and ST-PET were evaluated (Ta-
ble II). In FT-PET, a higher frequency of PEW (44.3 % vs 18.5 %  
p = 0.002) and higher overhydration determined by ECW/TBW 
(0.400 ± 0.013 vs 0.393 ± 0.013; p = 0.002) were observed in 
comparison to the ST-PET group, as were significant differences for 
PhA (4.27° ± 0.94 vs 4.79° ± 0.95; p = 0.001).

Additionally, FT-PET was associated with lower albumin con-
centrations (3.61 vs 3.90 g/dl; p < 0.001) and a higher prev-
alence of hypoalbuminemia (70 % vs 35 %, p < 0.001). Lower 
energy intake was observed in the FT-PET group (28.12 vs 
32.5 kcal/kg ideal body weight; p = 0.007) and a trend toward 
lower protein intake (23 vs 11 %; p = 0.07). 

ASSOCIATION BETWEEN PEW AND FAST 
PERITONEAL TRANSPORT

Univariate logistic regression analysis demonstrated an asso-
ciation between PEW and triglycerides ​​(OR: 0.99, 95 % CI: 0.98 
to 0.99), PhA (OR: 0.2, 95 % CI: 0.1 to 0.4), overhydration (OR: 
1.5, 95 % CI: 1.2 to 1.8) and FT-PET (OR: 3.5, 95 % CI: 1.56 to 
7.3) (Supplementary Table II). In the multivariate analysis, FT-PET 
is associated with PEW (OR: 2.6, 95 % CI: 1.02 to 6.6, p = 0.04) 
after adjusting to energy intake, overhydration, age, diabetes, 
sex, dialysis vintage, UF and RKF.

Additionally, when only individuals with baseline PET-study 
were assessed, the association remains (OR: 6.26, 95  %, CI: 
1.01-38.65, p = 0.04) (Table III).

DISCUSSION

This cross-sectional study found that FT-PET is an indepen-
dent risk factor for PEW in MPD patients. 

Our result was consistent with some previous studies; Liu Y et 
al. concluded that baseline faster peritoneal transport was inde-
pendently associated with worse nutritional status evaluated by 
subjective global assessment (OR: 3.43, 95 % CI: 1.69 to 6.96, 
p < 0.01) and PEW score (OR: 2.40, 95 % CI: 1.08 to 5.31, p = 
0.03) in CAPD patients (16). 

Table I. Demographic and clinical data 
of chronic kidney disease patients on 

peritoneal dialysis

Variable
Total (n = 143)

n (%)

Age (years) 40 (30-53)

Sex (%)
  Female
  Male

70 (49 %)
73 (51 %)

PD modality
  Automated peritoneal dialysis
  Continuous ambulatory peritoneal dialysis

105 (73 %)
38 (27 %)

Vintage dialysis (months) 16 (4-44)

CKD etiology
  Unknown
  Type 2 diabetes mellitus
  Glomerulopathy
  Hypertension
  Cardiorenal syndrome
  Renal hypoplasia
  Lithiasis
  Uric acid
  Systemic lupus erythematosus 
  Polycystic kidney disease

50 (35 %)
43 (30 %)
14 (10 %)
6 (4 %)
10 (7 %)
4 (3 %)
3 (2 %)
4 (3 %)
3 (2 %)
6 (4 %)

Indication for PET-study
  Baseline study
  Poor solute clearance 
  Overhydration
  Follow up after peritonitis event
  Routine follow up

74 (52 %)
23 (16 %)
15 (10 %)
21 (15 %)
10 (7 %)

PET-creatinine  
  High
  Medium high
  Medium low
  Low

31 (22 %)
58 (40 %)
11 (8 %)

43 (30 %)

PET: peritoneal equilibration test; CKD: chronic kidney disease;  
PD: peritoneal dialysis.

Supplementary Table I. Differences between automated and continuous ambulatory 
peritoneal dialysis

Automated peritoneal dialysis
n = 105

Continuous ambulatory peritoneal dialysis
n = 38

p-value

Age (years) 38.9 ± 13.6 49.5 ± 17 < 0.001*

Sex (%)
  Female
  Male

55 (52 %)
50 (48 %)

15 (40 %)
23 (60 %)

0.17

(Continues on next page)
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Supplementary Table I. Differences between automated and continuous ambulatory 
peritoneal dialysis

Automated peritoneal dialysis
n = 105

Continuous ambulatory peritoneal dialysis
n = 38

p-value

Vintage dialysis (months) 27 (7-47) 5.5 (3-10) 0.001

Systolic blood pressure (mmHg) 148 ± 30 143 ± 25 0.29

Ultrafiltration (ml/day) 954 ± 488 932 ± 575 0.82

Urine output (ml/day) 50 (0-400) 315 (0-900) 0.04*

MIS score 7 (5-10) 8 (6-9) 0.25

PEW (n [%]) 36 (34 %) 13 (35 %) 0.92

Actual weight (kg) 63.5 ± 12.4 60.8 ± 12.3 0.24

ECW/TBW (L) 0.394 ± 0.013 0.405 ± 0.013 < 0.001*

Dry weight (kg) 61.9 ± 12.0 57.6 ± 11.6 0.06

BMI (kg/m2) 23.7 (21.4-25.8) 22.3 (20.7-24.5) 0.10

BMI < 23 kg/m2 44 (42 %) 22 (57 %) 0.09

Phase angle (°) 4.6 ± 0.97 4.0 ± 0.91 0.004*

Phase angle < 4.64° 59 (48 %) 27 (71 %) 0.01*

FFMI (kg/m2) 17.7 ± 2.3 17.6 ± 2.4 0.78

Handgrip strength right arm (kg) 21.5 (12.5-31) 19.5 (10-22) 0.005*

Handgrip strength left arm (kg) 19.5 (14-30) 16 (8-22) 0.008*

Albumin (g/dL) 3.7 ± 0.4 3.5 ± 0.6 < 0.001*

Albumin < 3.8 (g/dL) 55 (52 %) 26 (68 %) < 0.08

Total cholesterol (mg/dL) 187.4 ± 47.4 192 ± 56.2 0.62

Creatinine (mg/dL) 14.1 ± 4.8 10.5 ± 5.0 < 0.001*

Phosphorus (mg/dL) 6.4 ± 2.0 5.3 ± 1.5 0.002*

Glucose (mg/dL) 94 (87-101) 89 (83-112) 0.30

BUN (mg/dL) 58.1 ± 16.8 60.9 ± 21.3 0.41

Potassium (mmol/L) 4.6 ± 0.7 4.6 ± 0.8 0.66

Sodium (mmol/L) 138.3 ± 3.3 137.1 ± 3.5 0.06

Triglycerides (mg/dL) 139 (104-200) 147 (129-232) 0.17

CRP (mg/dL) 2.7 (1.1-8) 3.3 (0.9-6.4) 0.67

CRP > 3 mg/dL 35 (48 %) 13 (52 %) 0.72

HbA1c (%) 5.3 (5-6.1) 5.5 (5.1-7.5) 0.24

RKF (ml/min/1.732) 0 (0-3.6) 3 (0-5.9) 0.01*

Energy from dialysate (kcal) 326 (259-326) 277 (184-382) 0.37

Energy intake (kcal/day) 1915 ± 596 1568 ± 524 0.002*

Energy intake (kcal/kg IBW) 31.1 ± 9.5 26 ± 8.5 0.004*

Protein intake (g/day) 70.6 (57 - 88) 59 (48.6-72.4) 0.007*

Protein intake < 0.8 g/kg IBW 16 (15 %) 10 (27 %) 0.11

Mean ± SD; Median (IQR), n(%). MIS: malnutrition inflammation score; PEW: protein energy wasting; ECW/TBW: extracellular water/total body water; BMI: body mass 
index; FFMI: fat free mass index; BUN: blood urea nitrogen; CRP: C-reactive protein; HbA1c: hemoglobin glycosylated; RKF: residual kidney function; IBW: ideal body 
weight. *p-value < 0.05.
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Table II. Clinical and nutritional differences between fast and slow transporters

Total sample  n = 143 FT-PET  n = 89 ST-PET  n = 54 p-value

Age (years) 40 (30-53) 41 (31-55) 39 (28-51) 0.45

Sex (%)
  Female
  Male

70 (49 %)
73 (51 %)

44 (49 %)
45 (51 %)

26 (48 %)
28 (52 %)

0.88

Vintage dialysis (months) 16 (4-44) 15 (4-42) 22 (3-44) 0.80

Systolic blood pressure (mmHg) 147 ± 29 148 ± 26.6 145 ± 33 0.63

PD modality
  Automated PD
  Continuous ambulatory PD

105 (73 %)
38 (27 %)

59 (66 %)
30 (34 %)

46 (85 %)
8 (15 %)

0.01*

Ultrafiltration (ml/day) 949 ± 508 928 ± 504 965 ± 517 0.76

Urine output (ml/day) 110 (0-667) 150 (0-500) 105 (0-900) 0.43

MIS score 7 (5-10) 8 (5-11) 6 (4-8) 0.002*

PEW (n (%)) 49 (34.5 %) 39 (44.3 %) 10 (18.5 %) 0.002*

Anthropometrics and body composition

  Actual weight (kg)
  ECW/TBW (L)
  Dry weight (kg)
  BMI (kg/m2)
  BMI < 23 kg/m2

  Phase Angle (°)
  Phase angle < 4.64°
  FFMI (kg/m2)
  Handgrip strength right arm (kg)
  Handgrip strength left arm (kg)

62.8 ± 12.4
0.397 ± 0.013
60.8 ± 12.0

23.4 (21.2-25.7)
66 (46.4 %)
4.47 ± 0.98
77 (54 %)
17.7 ± 2.3
20 (12-29)
18 (12-27)

63.3 ± 12.3
0.400 ± 0.013

61.0 ± 11.9
22.8 (21-25.2)

46 (52.2 %)
4.27 ± 0.94
56 (63.6 %)
17.8 ± 2.4
20 (12-28)
18 (12-26)

62.0 ± 12.6
0.393 ± 0.013
60.4 ± 12.2

23.9 (21.6-26.5)
20 (37 %)

4.79 ± 0.95
21 (38.8 %)
17.4 ± 2.2
22 (16-30)

19.5 (13-28)

0.53
0.002*
0.78
0.19
0.07

0.001*
0.004*
0.33
0.19
0.21

Biochemical parameters

  Albumin (g/dL)
  Albumin < 3.8 (g/dL)
  Total cholesterol (mg/dL)
  Creatinine (mg/dL)
  Phosphorus (mg/dL)
  Glucose (mg/dL)
  BUN (mg/dL)
  Potassium (mmol/L)
  Sodium (mmol/L)
  Triglycerides (mg/dL)
  CRP (mg/dL)
  CRP > 3 mg/dL
  HbA1c (%)
  RKF (ml/min/1.732)

3.7 (3.4-3.9)
81 (56.6 %)

184 (156-212)
13.2 ± 5.1

6.4 (4.7-7.2)
92 (84.4-101)
58.8 ± 18.1

4.6 ± 0.7
138 ± 3.4

143 (107-206)
2.7 (1.0-8)
48 (49 %)

5.3 (5.0-6.1)
1 (0-4.1)

3.6 (3.2-3.9)
62 (70 %)

188 (160-216)
12.8 ± 5.1

6.4 (4.5-7.2)
91.1 (84-101)
57.8 ± 19.0
4.6 ± 0.7

137.7 ± 3.4
142 (106-197)
2.5 (0.8-6.5)

29 (33 %)
5.3 (5-6.4)
2.5 (0-4.15)

3.9 (3.6-4.2)
19 (35 %)

175 (155-207)
13.8 ± 5.1

6.4 (4.9-7.1)
93.6 (87.2-100.4)

60.5 ± 16.5
4.6 ± 0.8

138.5 ± 3.2
153 (112-236)
3.8 (1.3-8.9)

19 (35 %)
5.3 (5.0-5.8)

0 (0-4.1)

< 0.001*
< 0.001*

0.27
0.26
0.47
0.73
0.40
0.59
0.15
0.20
0.22
0.31
0.49
0.57

Diet information

  Energy from dialysate (kcal)
  Energy intake (kcal/day)
  Energy intake (kcal/kg IBW)
  Protein intake (g/day)
  Protein intake < 0.8 g/kg IBW

323 (245-367)
1824 ± 596
29.8 ± 9.5

68.7 (54.6-85.9)
26 (18 %)

326 (245-374)
1751 ± 585
28.1 ± 8.9

69.6 (51-87)
20 (23 %)

306 (228-340)
1942 ± 600
32.5 ± 9.8

68 (57.7-82.6)
6 (11 %)

0.15
0.06

0.007*
0.66
0.07

Mean ± SD; Median (IQR), n (%). FT-PET: fast-transporter peritoneal equilibration test; ST-PET: slow-transporter peritoneal equilibration test; MIS: malnutrition 
inflammation score; PEW: protein energy wasting; ECW/TBW: extracellular water/total body water; BMI: body mass index; FFMI: fat free mass index; BUN: blood urea 
nitrogen; CRP: C-reactive protein; HbA1c: hemoglobin glycosylated; RKF: residual kidney function; IBW: ideal body weight. *p value < 0.05.
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Supplementary Table II. Univariate analysis 
of variables associated with PEW

Variable
Univariate analysis

OR IC 95 % p-value

Triglycerides 0.99 0.98-0.99 0.009*

Overhydration 1.5 1.2-1.8 < 0.001*

Phase angle 0.2 0.1-0.4 < 0.001*

Ultrafiltration 0.99 0.998-0.999 0.045*

Hemoglobin 0.8 0.7-0.9 0.05

Dialysis vintage 1.0 0.99-1.01 0.44

C-reactive protein 1.0 0.98-1.04 0.20

Age 1.0 0.98-1.03 0.53

Diuresis 0.9 0.99-1.0 0.18

Number of dialysis 
exchanges 0.9 0.68-1.43 0.95

Icodextrin use 0.7 0.25-2.31 0.63

Diabetes mellitus 2.0 0.9-4.2 0.05

Sex (woman) 1.1 0.5-2.2 0.77

*p-value < 0.05.

Table III. Association between fast 
transporters and protein energy wasting 

Model OR  95 % CI p-value

Model 1 3.5 1.56-7.8 0.002*

Model 2 2.6 1.02-6.6 0.04*

Model 3 6.2 1.01-38.6 0.04*

Model 1: crude. Model 2: adjusted to energy intake (kcal/kg), overhydration, 
age, diabetes, sex, dialysis vintage, ultrafiltration and residual kidney function. 
Model 3: Model 2 + only individuals with baseline PET-study (n = 89).

The prevalence of PEW detected in our sample (34.5 %) was 
lower in comparison to others reports; the prevalence in Liu Y 
et al was 56.7 % (62.6 % in FT-PET vs. 45.2 % in ST-PET) (16) 
in CAPD patients. Our cohort characteristics could explain these 
differences, as our sample is younger and had lower comorbidi-
ties such as diabetes.

Our findings suggest that FT-PET is associated with poor nutri-
tional status; however, by the cross-sectional nature of the study, 
causality is difficult to establish. Cooper et al. found a strong 
association between protein losses through PD in FT-PET and 
greater intraperitoneal inflammation compared to ST-PET (35). In 
our study, patients with FT-PET had significantly lower albumin 

concentrations, ​documented hypoalbuminemia in 70 % of pa-
tients vs 35 % for ST-PET. 

Several mechanisms could explain this association; a) FT-PET 
patients are more likely to have fluid overload, b) low serum al-
bumin was secondary to protein loss due to higher peritoneal 
exchanges, c) lower dietary intake mediated by increased ab-
sorption calories from dialysate solutions and d) inflammation 
and production of advanced glycation products. 

Other authors didn’t find an association between PET and nu-
tritional outcomes; Szeto and colleagues report that PET is not as-
sociated with longitudinal changes of nutritional parameters and 
did not find an association between peritoneal membrane charac-
teristics and albumin or fat-free mass (20). Similarly, Harty et al in 
a cross-sectional study of CAPD patients report the absence of a 
relationship between nutritional status and PET results (21).

PhA is a parameter obtained using bioelectrical impedance 
analysis that is associated to oxidative stress and nutritional sta-
tus (36). In our study, we observed low values of PhA (4.27 ± 
0.94 vs 4.79 ± 0.95, p = 0.001) for FT vs ST- PET. Similarly, Liu 
Y et al. report higher PhA values in ST-PET patients (6.27 ± 0.47 
vs 6.15 ± 0.39, p ≤ 0.05) (16). Han BG et al. report an associa-
tion between low PhA (< 4.5°) and higher risk of PEW in a sam-
ple of 80 patients with CKD without RRT and 80 PD patients (37). 

An association between FT-PET and overhydration was re-
ported (38). Fluid overload has been implicated in cardiovascular 
disease in PD patients and depending on the type of hydration 
parameters used, the reported prevalence of fluid overload 
ranged from 53.4 to 72.1 % (39). In our sample, we found FT-
PET patients had higher overhydration evaluated by ECW/TBW 
(0.400 ± 0.013 L vs 0.393 ± 0.013 L, p = 0.002). Excessive 
hydration could result in hemodilution and a decrease in serum 
albumin concentration; hypoalbuminemia causes a reduction in 
plasma oncotic pressure that exacerbates fluid accumulation in 
extracellular space. Other factors that decrease albumin concen-
trations are chronic systemic inflammation (28). 

PD solutions with high glucose concentration were used to 
achieve fluid removal, translating to higher energy absorbed by 
dialysate. In our study observed a difference in higher estimated 
absorption of calories form dialysate in FT- PET without statistical 
significance. Additionally, it has been documented a lower food 
intake secondary to alteration in appetite signals by the dialy-
sate dextrose absorption (40). Similar to Guan JC et al. (7), we 
observed a lower energy intake (kcal/kg ideal body weight) in FT-
PET and a higher proportion of patients with low protein intake 
without statistical significance (p = 0.07). 

Considering these results (hypoalbuminemia, overhydration, 
low PhA, lower energy intake and higher PEW prevalence), the 
individualization of nutritional therapy according to the peritoneal 
membrane characteristics may impact in clinical outcomes. 

This study has some limitations. The nature of the study 
(cross-sectional) does not allow direction of causality, our co-
hort was enrolled at a single center and not every participant 
had PET-study at baseline however, sub-analyses including 
only those subjects with baseline PET were consistent with the 
main results.
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CONCLUSION

Patients with FT-PET on PD had worse nutritional status in com-
parison to ST-PET. FT-PET is a risk factor for PEW evaluated by MIS 
score. Clinical trials to study personalized nutritional interventions to 
peritoneal-membrane transport characteristics should be designed.
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