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Normalized Protein Catabolic Rate Is a Superior Nutritional Marker Associated With Dialysis Adequacy in Continuous Ambulatory Peritoneal Dialysis Patients
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Introduction: Current knowledge of the relationship between normalized protein catabolic rate (nPCR) and dialysis adequacy is limited. Our study aimed to explore the potential relationship between nPCR and dialysis adequacy.

Methods: In this cross-sectional study, we analyzed the association of nPCR with peritoneal dialysis adequacy in 266 continuous ambulatory peritoneal dialysis (CAPD) patients (mean age 48.6 ± 13.1 years; 50.8% male). The patients were divided into two groups: a dialysis inadequacy group (total weekly Kt/V urea < 1.70) and a dialysis adequacy group (total weekly Kt/V urea≥1.70). We then analyzed the correlation between dialysis adequacy and the patients' primary cause of end-stage renal disease, nutritional and inflammatory markers, and biochemical parameters. Multivariable logistic regression analysis was also used to identify risk factors for inadequate dialysis.

Results: We observed a significantly higher level of nPCR (0.98 ± 0.22 vs. 0.79 ± 0.18 g/kg/day, p < 0.001) in the dialysis adequacy group, whereas we observed no significant differences among other nutritional markers such as albumin, prealbumin, and transferrin. Correlation analyses revealed that dialysis adequacy was positively associated with residual glomerular filtration rate (rGFR), hemoglobin, serum calcium, and body mass index (BMI), while dialysis adequacy was negatively associated with leak-protein, uric acid, high-sensitivity C-reactive protein, interleukin-6, and serum phosphorus. Furthermore, a logistic regression analysis revealed that gender (male), nPCR <0.815 g/kg/day, higher weight, and rGFR <2.43 mL/min/1.73 m2 were independent risk factors for inadequate dialysis.

Conclusion: Nutritional status is closely associated with dialysis adequacy. Among common nutritional markers, nPCR may be superior for predicting CAPD dialysis adequacy. Gender (male), nPCR <0.815 g/kg/day, higher weight, and rGFR <2.43 mL/min/1.73 m2 are independent risk factors for dialysis inadequacy in CAPD patients.
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INTRODUCTION

Presently there are more than 40,000 peritoneal dialysis (PD) patients in China, representing ~20% of the total dialysis population. Dialysis adequacy, usually assessed by total urea clearance (Kt/V), is recognized as a crucial factor affecting prognosis in PD patients. Inadequate dialysis leads to higher morbidity, technical failure, and mortality (1, 2). It has been reported that nutritional status may also be related to the survival rate of PD patients. However, studies examining the relationship between nutritional markers and dialysis adequacy have reported inconsistent results. For example, it was previously reported that dialysis adequacy is influenced by blood pressure, anemia, nutrition status, inflammatory status, and electrolyte balance (3), while another study failed to demonstrate any association between Kt/V urea and nutrition status (4). Further study is therefore needed to determine whether one or more nutritional markers can predict PD adequacy.

Indeed, malnutrition is highly prevalent in dialysis patients, and a major contributor to morbidity and mortality, whereas the assessment of nutritional status itself is fraught with difficulties and remains controversial (5). Traditional markers of malnutrition such as serum albumin (Alb), prealbumin (PA), hemoglobin (Hb), transferrin (TRF), and body mass index (BMI) are influenced not only by nutritional status but also by age, gender, inflammation status, and liver function (6). These markers may therefore not be sensitive enough to predict dialysis adequacy. Normalized protein catabolic rate (nPCR), on the other hand, more accurately monitors protein intake, and has being increasingly advocated as an advantageous measure for nutritional status with possible prognostic importance in dialysis patients (7). Poor nutritional status is generally defined as nPCR <0.8 g/kg/day by the KDOQI guidelines and other authorities (5, 8). The goal of this study was to clarify the potential predictive factors (especially nPCR) associated with dialysis adequacy in Chinese PD patients.



MATERIALS AND METHODS


Study Design and Participants

This cross-sectional study was carried out in the peritoneal dialysis units within the West China Hospital of Sichuan University. The study protocol was approved by the Medical Ethical Committee of West China Medical School, Sichuan University (FF-33-2019). A total of 316 patients were screened for inclusion in the study. Patients with CAPD duration of <3 months often suffer from more severe uremic toxins which might influence dialysis adequacy as well as the veracity of nPCR. So, in medical research, nPCR is often evaluated 3 months after CAPD. Fifty patients were excluded for the following reasons: age under 18 years, CAPD duration <3 months, experienced a peritonitis episode within the previous 30 days, or their medical record lacked important study data. All patients included in this study received glucose-based, lactate-buffered dialysis solutions (Dianeal, Baxter, Guangzhou, China) and were prescribed 2-L bags of dialysate containing 1.5 or 2.5% dextrose, with 3–5 exchanges per day. Written informed consent was obtained from every participant.



Clinical Data Collection

Patient demographic features such as age, gender, body weight, height, primary renal disease, and duration of CAPD were collected. Serum albumin (Alb), prealbumin (PA), serum creatinine (Scr), triglycerides (TG), cholesterol (TC), uric acid (UA), transferrin (TRF), high-sensitivity C-reactive protein (hsCRP), interleukin-6 (IL-6), intact parathyroid hormone (iPTH), hemoglobin (Hb), serum calcium (Ca), and serum phosphorus (P) were measured in all patients.



Peritoneal Equilibrium Test (PET)

In accordance with the ISPD guidelines (1), a standard PET was performed: dialysate samples were collected at 0, 2, and 4 h, and a blood sample was collected at 120 min. All blood and dialysate samples were analyzed within 24 h of collection. According to the 4-h dialysate-to-plasma ratio for creatinine (D/Pcr), peritoneal solute transport was classified as: low (L) when D/Pcr < 0.50; low-average (LA) when D/Pcr was 0.50–0.65; high-average (HA) when D/Pcr was 0.65–0.82; and high (H) when D/Pcr >0.82. Residual glomerular filtration rate (rGFR) = (renal urea clearance +renal creatinine clearance)/2, where renal urea clearance (ml/min) = (urine urea concentration/serum urea concentration) × 24 h urine volume/1,440, and renal creatinine clearance (ml/min) = (urine creatinine concentration/serum creatinine concentration) × 24 h urine volume/1,440. The total protein leak per day (leak-protein) was calculated based on the determination of D24h-Protein and protein loss from urine in the last 24 h.



Dialysis Adequacy

Based on the KDOQI and ISPD guidelines (1, 9), inadequate dialysis was defined as total weekly Kt/V urea <1.70. Total weekly Kt/V urea was calculated by the sum of peritoneal Kt/V urea (calculated from 24-h peritoneal dialysate) and renal Kt/V urea (calculated from 24-h urine) using the formula recommended in the KDOQI guidelines (9).



Nutritional and Inflammatory Markers

The nutritional assessment markers used in our study included Alb, PA, TRF, BMI, nPCR, TG, and TC. BMI was calculated as weight/height2 (kg/m2). Overweight was defined as BMI ≥ 24.0 kg/m2. nPCR was calculated by the formula proposed by Tattersall (10), as follows: nPCR g/kg/day = 149.7 × G/V + 0.17, where G/V = [(Uv × Uc) + (Dv × Dc)]/1,440 V (Uv = volume of 24 h urine collection; Uc = urea concentration in 24 h urine collection; Dv = volume of 24 h collection of spent dialysate; Dc = urea concentration in 24 h collection of spent dialysate). hsCRP and IL-6 were included as markers of inflammation.



Statistical Analysis

Patient characteristics were described by means, SD, medians, interquartile ranges, counts, and percentages as dictated by data type. Between-group comparisons were performed using Student's t-test, one-way analysis of variance, Kruskal-Wallis or chi-square tests as appropriate. Correlations were calculated using the Spearman correlation coefficient. Logistic regression was used to estimate the odds ratio of dialysis inadequacy associated with individual serum biochemical parameters and other dialysis parameters. Receiver-operating characteristic (ROC) analysis, with an estimate of the area under the ROC curve (AUC), was used to identify significant predictors of dialysis adequacy. All of these data were analyzed using the SPSS 23.0 software package (SPSS, Chicago, IL, USA) and p-values were calculated as two-sided. Statistical significance was set at p < 0.05.




RESULTS


Demographic Characteristics

Among the 316 CAPD patients reviewed for inclusion in this study, 50 patients were excluded and 266 patients were included in the final analysis (Figure 1). Glomerulonephritis (54.1%) was the most common primary cause of end-stage renal disease (ESRD), followed by hypertensive nephrosclerosis (20.0%), and diabetes mellitus (DM) (13.2%). According to their total weekly Kt/V urea, patients were divided into the dialysis inadequacy group (n = 73, 27.8%) or the dialysis adequacy group (n = 193, 72.2%). The characteristics of the study population, primary cause of ESRD, peritoneal transport type, and dialysis adequacy markers are summarized in Table 1. There were significant differences in gender, the primary cause of ESRD, and peritoneal transport type between the groups. Patients with high-average transport status had a marginally higher proportion of inadequate dialysis compared with patients with low-average status (44.6 vs. 25.4%, p = 0.057), while there were no statistically significant differences between the other subgroups (p > 0.1). The inadequate dialysis group included a significantly greater number of DM cases (24.7 vs. 8.8%, p = 0.002), while the dialysis adequacy group had a significantly higher proportion of glomerulonephritis patients (58.5 vs. 42.5%, p = 0.020). In addition, dialysis adequacy was positively associated with rGFR (p < 0.001) and negatively associated with both Scr (p < 0.001) and leak-protein levels (p < 0.001). As for markers of mineral and bone disorder, we observed significantly higher serum phosphorus (p < 0.001) and lower serum calcium (p < 0.001) in the dialysis inadequacy group. There were no significant differences between the two groups in terms of age, PD time, or iPTH level.
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FIGURE 1. Study flow of participants.



Table 1. Demographic characteristics of CAPD patients.
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Associations Between Nutritional Parameters, Inflammatory Factors, and Dialysis Adequacy

The associations between nutritional and inflammatory parameters and PD adequacy are displayed in Table 2. It is noticeable that patients in the inadequacy dialysis group were characterized with higher BMIs and UAs along with lower levels of Hb, nPCR, and TC. The subgroup analysis revealed that the overweight group had a higher proportion of patients with inadequate dialysis than the other groups (p < 0.001). However, we found no significant differences in Alb, PA, or TRF levels between groups. As for the inflammatory factors, dialysis inadequacy patients had significantly higher hsCRP and IL-6 levels.


Table 2. Nutritional parameters in CAPD patients grouped by Kt/V.
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Impact of Primary Cause of ESRD on Dialysis Adequacy

Further analyses were performed to determine the impact of the patients' primary cause of ESRD on their dialysis adequacy, nutritional, and inflammatory statuses (Supplementary Table 1). DM patients featured the lowest levels of nPCR and rGFR, as well as the highest levels of BMI, hsCRP, IL-6, and leak-protein. Interestingly, the diabetic patients also presented with a significantly higher proportion of H and HA peritoneal transport status. These results illustrate that the diabetic patients in this study had more severe inflammation, worse residual renal function, and poorer nutritional conditions.



Correlation Analyses and Risk Factors Associated With Dialysis Adequacy

In the correlation analyses, several important factors were found to be related to dialysis adequacy in CAPD patients (Table 3), such as HA or H transport status, DM, GN, rGFR, Hb, Ca, leak-protein, P, and UA. For the nutritional markers, dialysis adequacy was most closely associated with nPCR and BMI. Meanwhile, the inflammatory markers hsCRP and IL-6 were negatively correlated to dialysis adequacy. For ease of analysis and interpretation, we transformed nPCR and rGFR into binary variables. Using the ROC curve for each, the cut-off values of nPCR and rGFR that best distinguished dialysis adequacy were 0.815 and 2.43, respectively. We next applied a multivariable step forward regression analysis including all of the factors that were significant on univariate analysis to explore risk factors. The analysis revealed that gender (male), nPCR < 0.815 g/kg/day, higher weight, and rGFR < 2.43 mL/min/1.73 m2 were the strongest independent risk factors for dialysis inadequacy in CAPD patients (Table 4).


Table 3. Correlation analysis of factors associated with dialysis adequacy in CAPD patients.
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Table 4. Multivariate logistic model for dialysis adequacy in CAPD patients.
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Effect of nPCR on Prediction of Dialysis Adequacy

To investigate the predictive power of nPCR in evaluating dialysis adequacy (Figure 2), we determined the best cut-off for nPCR-based prediction using a ROC analysis. The ROC analysis further revealed that the nPCR cut-off of 0.815 g/kg/day, using Youden's index had a sensitivity of 79.3%, a specificity of 60.3%, and an area under the ROC curve of 0.766 (0.699–0.833) (Figure 2).


[image: Figure 2]
FIGURE 2. ROC curve for nPCR, the cut-off point 0.815 (g/kg/day), p < 0.001.





DISCUSSION

Dialysis adequacy is recognized as a crucial factor affecting prognosis in CAPD patients (2). The prevention of inadequate dialysis is therefore central in effectively treating such patients, yet the factors related to dialysis adequacy are ambiguous, and the relationship between nutrition, especially markers of nutrition, and dialysis adequacy remains controversial (3, 4). In light of the limited research in this area, we conducted this study and found that nPCR was not only an important marker of nutrition, but also closely related to CAPD adequacy.

In our study, dialysis adequacy was significantly correlated with nPCR. We observed a significantly higher level of nPCR in the dialysis adequacy group. Considering that nPCR and rGFR are strongly correlated with dialysis adequacy and finding the optimal cut-off value for clinical intervention, we transformed them into binary variables. Further analysis manifested that nPCR ≥ 0.815 g/kg/day was closely associated with dialysis adequacy in our study. Indeed, this is the first large CAPD study to verify the clear association between nPCR and dialysis adequacy. Moreover, our cut-off value of 0.815 is consistent with previous studies suggesting that nPCR values lower than 0.8 g/kg/day represent poor nutrition in dialysis patients (5), and that nutritional status is closely related to dialysis adequacy.

In the current literature, nPCR is considered a useful measure for assessing dietary protein intake (7), and values of nPCR < 0.8 g/kg/day are defined as a marker of poor nutrition status according to the KDOQI guidelines and other authorities (5, 8). Previous studies have placed attention on nPCR as a nutritional marker and its overall effect on morbidity and mortality, so the strong association between malnutrition and outcome in this population is well-established, while knowledge of its specific relationship with dialysis adequacy is limited (9, 11). In our study, nPCR < 0.815 g/kg/day was identified as an independent risk factor for dialysis inadequacy. There may exist a physiologic association between nutritional status and CAPD adequacy. On one hand, the intake of protein depends on the dose of dialysis, where patients who suffer from anorexia due to the influence of uremic toxicity will have reduced dietary protein and energy intake resulting from the inadequate dialysis and thus become predisposed to malnutrition (12). On the other hand, there is also a strong association between malnutrition and inflammation in dialysis patients. Malnutrition could thus aggravate dialysis inadequacy by stimulating persistent inflammation (13).

In the present study, we confirmed the general correlation between nutritional markers and dialysis adequacy, and found a definite correlation with nPCR alone. No significant differences were seen in traditional nutritional markers such as Alb, PA, TRF, or TG values. Further analysis revealed that only nPCR was an independent risk factor for dialysis inadequacy in CAPD patients, rather than Alb and PA. In fact, the relationship between albumin and dialysis adequacy remains controversial, in part due to the fact that it is both a nutritional and a biochemical marker. It is therefore difficult to use albumin as an isolated nutritional marker given its direct relationship with inflammation. Another important factor to be considered is hypoalbuminemia variability, which can be influenced by the hydration status of the patient, malnutrition, synthesis reduction, and organic stress, among other factors (6, 7, 14, 15). In consideration of the fact that poor dietary intake is most often the critical etiology for malnutrition, and one advantage of nPCR is its accuracy in monitoring protein intake, we speculate that nPCR is more accurate and sensitive than traditional nutrition markers for the prediction of dialysis adequacy in CAPD patients.

Although we found that inflammatory factors were associated with dialysis inadequacy in univariate analyses, we found no significant associations in multivariate analyses, in accordance with previous findings (16). We speculate that such findings might be explained by the fact that inflammation status is closely related to the levels of nPCR, resulting in the appearance of an association with dialysis adequacy. Further studies are needed. Of note, our other findings such as male gender and higher weight as risk factors for CAPD adequacy, are consistent with earlier studies (17). The mechanisms underlying our findings may be related to the fact that Kt/V is strongly influenced by body surface area, fat mass, muscle mass, and composition (BMI, weight, and height). Indeed, these indices and body composition in general are different in males and females. Males also tend to produce more metabolites due to their larger body index, higher basal metabolism, and larger dietary intake, which combined with limited peritoneal clearance and residual renal function; these metabolites are not effectively cleared as they are in females, resulting in inadequate dialysis (17–19). However, the most recent ISPD guidelines set the target Kt/V level in dialysis patients as constant regardless of the patient's gender (8). Owing to the gender difference observed in our study and others, it is thought provoking to consider whether gender should be taken into account when setting the target Kt/V level in future guidelines. In addition, we found that decreased rGFR was also a predictor of inadequate dialysis, in accordance with the CANUSA study (20) and other previous investigations (21). To our knowledge, rGFR represents residual renal function (RRF). Therefore, decreased rGFR indicates the compromised clearance of metabolic products as well as volume load (12, 22), which could aggravate the risk of dialysis inadequacy.

Interestingly, it is worth considering that the primary cause of ESRD was also related to dialysis adequacy. In our study, diabetic patients had a significantly higher proportion of inadequate dialysis. DM is already a well-known risk factor for protein-energy wasting and plays a significant role in the production of inflammatory cytokines, leading to peritoneal membrane sclerosis and vasculopathy as well as higher protein loss from the peritoneum (23). In addition, it has been reported that patients on CAPD with higher peritoneal transport rates do not attain appropriate ultrafiltration and display greater peritoneal protein loss (24). Taken together, we speculate that increased systemic inflammatory reactivity, poorer nutrition status, and H and HA peritoneal membrane permeability in DM patients drive the inadequate dialysis status in these patients.

A cross-sectional study like the current one can be helpful in assessing the implications and usefulness of different indices. Nonetheless, given that this was a single center study with a limited number of patients, our findings should be interpreted within the context of these limitations. Since we only enrolled CAPD patients in China, our results may not necessarily extend to other patients. In addition, due to the nature of its cross-sectional design, the study lacked long-term morbidity, technical failure, and mortality data. The relationship between nPCR and long-term prognosis is therefore unclear. A well-designed prospective study is needed to provide further verification and understanding of the current findings.



CONCLUSION

CAPD patients with dialysis inadequacy also suffer from a more severe inflammatory status and poorer nutritional status. The current study indicates that gender (male), nPCR < 0.815 g/kg/day, higher weight, and rGFR < 2.43 mL/min/1.73 m2 are risk factors for inadequate dialysis. Among the nutritional markers, nPCR may be a superior nutritional marker to indicate dialysis adequacy.
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34(12.7)

71 (26.7)

130 (48.9)

58 (24.4)
7(2.6)

912.0 (726.0-1,139.0)
2,02+ 050
1.31(0-3.69)

5.72(4.33-7.38)
23£02
16+05

26.0
(13.6-42.9)

Dialysis
inadequacy group

73 (27.8%)
60/13
509+ 14.7
24 (14-45)

18 (24.7)
16 (21.9)
31 (425)
8(10.9)

20 (27.4)
44 (80.3)
9(12.3)
0(0.0
1,150.0 (938.5-1,145.0)
1.46 £0.17
051 (0-157)
6.16 (4.70-8.47)
21£02
18+05

31.6
(18.7-43.1)

Dialysis
adequacy group

193 (72.2%)
75/118
478+ 12.4
23 (8-53)

1788)
37(19.2)
113 (58.5)
26(13.5)

51(26.4)
86 (44.6)
49 (25.4)
76
8415 (673.5-1,043.7)
223+ 0.44
1.90 0-4.42)
5.43 (4.02-7.17)
22£02
15+05

245
(12.3-42.8)

p-value

<0.001*
0.085
0.782

0.002*
0.610
0.020*
0.024*
0.659
0.057%
1.000
0670
<0.001*
<0.001*
<0.001*
0.023*
0.007*
<0.001*
0057

Date presented as median (frst-thid interquartie range) or mean %SD or number (percentage). *Stands for p < 0.05 M = male; *stands for p < 0.1 compared to low-average group.
DM, diabetes melitus; HTN, hypertensive nephrosclerosis; GN, glomerulonephrits; L, low; LA, low average; HA, high average; H, high; FM, femele; D/P Cr, dialysate-to-plasma ratio for

creatinine; KV, total weekly KUV urea; rGFR, residual glomerular filtration rate; Ca, serum calcium; P, serum phosphorus; iPTH,






OPS/images/fmed-07-603725-t002.jpg
Patient characteristics Total Dialysis Dialysis p-value

inadequacy group adequacy group
BMI (kg/m?) 22.32 £3.69 2415 £3.95 21,63 +£3.33 <0001
BMI group [n (%)]
<185 38 5(6.8) 33(17.1) <0001
18.5-24.0 152 31(42.5) 121 (62.7) <0.001*
2240 76 37(60.7) 39(202)
Hb (g/dL) 108.7 £ 175 999 + 184 1050 +£17.0 0.031"
Alb (g/dL) 378456 38053 377 £57 0619
nPCR (g/kg/day) 0.93+0.23 0.79+0.18 098 +0.22 <0001
TC (mmol/L) 487 £ 1.11 447 £1.19 4.45+1.08 0.066
PA (g/dL) 3722+87.7 377.8 £ 980 3702 +83.7 0532
TRF (g/L) 18(1.6-2.1) 17(1.6-2.0) 1.9(1.7-2.2) 0.083
UA (umol/) 387.5 4010 378.0 0.008"

(845.0-438.0) (367.0-465.7) (838.0-429.5)
TG (mmolL) 1.34 1.87 132 0609
(096-2.17) (1.04-221) 0.98-2.16)

hsCRP (mg/L) 1.9(0.4-6.5) 35(0.65.8) 1.7 (04-5.2) 0.025*
IL-6 (pg/mL) 52(30-89 6.4(4.2-11.0) 48(2.9-8.39) 0.024*

Data presented as median (frst-third interquartile range) or mean = SD or number (percentage). *Stands for p < 0.05, *p < 0.00 compared to BMI > 24.0 (ke/m?) group.
BMI, body mass index; PA, Prealbumin; Alb, Albumin; nPCR, normalized protein catabolic rate; Hb, hemoglobin; UA, uric acid; TC, total cholesterol; TG, trigiycerides; hsCRF,
high-sensitivity C-reactive protein; IL-6, interleukin-6.
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