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Background: Carnitine supplementation improves various dialysis-related symptoms including erythropoietin-resistant anemia in patients who are undergoing hemodialysis. However, the utility of carnitine supplementation in patients who are undergoing peritoneal dialysis (PD) is not fully understood.

Methods: Thirteen patients undergoing PD [mean age: 54.2 ± 14.8 years, males: 9/13 (69%)] administered oral carnitine supplementation (mean dose: 9.1 ± 3.3 mg/kg/day) for 4–6 months were retrospectively investigated. Changes in serum carnitine levels and other clinical variables including the erythropoietin resistance index (ERI) were analyzed after carnitine supplementation.

Results: Carnitine supplementation increased serum total carnitine (48.5 ± 10.2 vs. 130.1 ± 37.2 μmol/L, P < 0.01), free carnitine (31.1 ± 8.3 vs. 83.1 ± 24.6 μmol/L, P < 0.01), and acyl carnitine (17.4 ± 2.8 vs. 46.9 ± 13.8, P < 0.01) levels. The acyl carnitine/free carnitine ratio was not affected (0.6 ± 0.1 vs. 0.6 ± 0.1, P = 0.75). Although the mean ERI was not affected by carnitine supplementation [13.7 ± 4.7 vs. 11.6 ± 3.4 IU/kg/(g/dL)/week, P = 0.28], the ERI change rate was significantly decreased (1.00 ± 0.00 vs. 0.87 ± 0.11, P < 0.01).

Conclusion: Carnitine supplementation may improve erythropoietin resistance in patients who are undergoing PD.
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INTRODUCTION

Carnitine is a water-soluble amino acid derivative with a molecular weight of 161 Da, and it has an important role in fatty acid metabolism in skeletal muscle (1–3). Seventy-five percent of the human body requirement for carnitine is obtained from the diet such as red meat, while the remaining 25% is biosynthesized in the kidneys and liver (4, 5). Carnitine exists in different forms in serum including free carnitine and acyl carnitine (6, 7). Total carnitine is the sum of free carnitine and acyl carnitine (6, 7). Free carnitine is converted to acyl carnitine by binding acyl residues, and it can transfer acyl residues into mitochondria for use as an energy source (1, 2). However, excess and harmful acyl residues are also discharged as acyl carnitines (1, 2). Therefore, to maintain homeostasis of energy metabolism, the different forms of carnitine must be properly balanced.

Low serum free carnitine and/or high acyl carnitine/free carnitine ratio generally result in diagnosis of carnitine deficiency (8). In the healthy population, the frequency of carnitine deficiency is very low because carnitine is supplied satisfactorily through diet and renal and hepatic biosynthesis (4, 5). However, carnitine deficiency is frequently observed in patients undergoing hemodialysis (4, 9, 10). Possible mechanisms for the deficiency include dietary restrictions attributed to renal failure, decreased biosynthesis, and exposure to dialysate (11, 12). Previous studies have reported a loss of more than 60% of free carnitine in one hemodialysis session (13). Additionally, a Japanese research group recently reported that hemodiafiltration contributed more to carnitine loss than hemodialysis (hemodialysis 64% ± 4% vs. hemodiafiltration 75% ± 7%) (10). Typically, carnitine deficiency is associated with various symptoms such as erythropoietin-resistant anemia, muscle weakness, cardiac dysfunction, and intradialytic hypotension (14). Additionally, recent studies have suggested an association between carnitine deficiency and conditions such as glucose metabolism disorders and liver dysfunction (15–18). National Kidney Foundation guidelines recommend carnitine supplementation for patients with carnitine deficiency undergoing hemodialysis (14).

However, at this time, only a few reports have investigated carnitine deficiency in patients undergoing peritoneal dialysis (PD) (19–21). Clinicians should note that the National Kidney Foundation guidelines are not sufficiently supported by reports of carnitine deficiency in patients undergoing PD (14). Under these circumstances, we previously reported a high prevalence of carnitine deficiency in patients undergoing PD in a cross-sectional study (21). Additionally, we found a significant association between the acyl carnitine/free carnitine ratio and the erythropoietin resistance index (ERI) in this population (21). The ERI is an indicator for the severity of erythropoietin-resistant anemia (22, 23), and it is associated with the mortality rate in patients undergoing dialysis (23). Therefore, carnitine deficiency is considered to be an important pathological condition in patients undergoing hemodialysis and in patients undergoing PD. The utility of carnitine supplementation in the patients undergoing PD remains unclear because, to date, it has not been fully investigated. Therefore, in the present study, we retrospectively investigated the effects of carnitine supplementation in patients with carnitine deficiency who were undergoing PD.



MATERIALS AND METHODS


Study Design

This was a single-center, retrospective, and observational study. We compared serum carnitine concentrations (free carnitine, acyl carnitine, and total carnitine) and other clinical variables before and after 4–6 months of oral carnitine supplementation.



Study Population

This study was conducted at Saitama Medical Center, Jichi Medical University between September 2016 and August 2021. We included patients undergoing PD who were administered carnitine for 4–6 months to treat carnitine deficiency. Inclusion criteria were as follows: (i) patients undergoing PD diagnosed with carnitine deficiency (based on criteria discussed below); (ii) patients supplemented with carnitine for 4–6 months; (iii) patients whose carnitine concentrations were measured before and after carnitine supplementation; and (iv) age > 18 years. Exclusion criteria were as follows: (i) patients with acute kidney injury; (ii) patients who underwent renal transplantation; (iii) patients undergoing additional hemodialysis; and (iv) patients who refused to participate in the study. Patients who were diagnosed with carnitine deficiency and did not receive carnitine supplementation were designated as the control group. The control group was followed-up for 6 months, which included evaluation of clinical variables. All patients undergoing PD were treated according to the 2009 Japanese Society for Dialysis Therapy Guideline for PD and 2015 Japanese Society for Dialysis Therapy Guideline for Renal Anemia in Chronic Kidney Disease (24, 25). This study was approved by the Saitama Medical Center, Jichi Medical University Ethics Committee (DAI-RIN 15-34) and was conducted in accordance with the Declaration of Helsinki. Patients were notified of their option to opt out of the study.



Data Collection

We obtained patient data from medical records. These included age, sex, body mass index, systolic blood pressure, diastolic blood pressure, comorbidities (diabetes mellitus, hepatic diseases, cardiac diseases, malignant tumor and bone marrow disease), Administration renin-angiotensin inhibitor, Amount of PD fluid, Amount of water removal, Amount of urine, Energy intake, Protein intake, PD period, PD modalities, dialysis efficiency (weekly Kt/V urea, peritoneal Kt/V urea, and renal Kt/V urea), 4-h dialysate/plasma creatinine, ejection fraction, cardio-thoracic ratio, blood tests, and dialysate tests. PD modalities were categorized as either continuous ambulatory peritoneal dialysis (CAPD) or automated peritoneal dialysis (APD). CAPD is a method whereby patients manually change the dialysate, whereas in APD, the dialysate is changed automatically by an automated cycler (26–29). Peritoneal weekly Kt/V urea was used as indicator of efficacy of PD, and renal weekly Kt/V was used as indicator of residual renal function (30). Their summation was defined as total weekly Kt/V urea (30). 4-h dialysate/plasma creatinine is an indicator of permeability of peritoneal membranes (31). Ejection fraction was measured by echocardiography. The Cardio-thoracic ratio was measured by chest X-ray. Serum total carnitine and free carnitine concentrations were determined at a clinical chemistry laboratory (SRL, Tokyo, Japan). They were measured using the enzyme cycling method (6). Acyl carnitine concentrations were calculated as total carnitine minus free carnitine (7). Blood tests (except for carnitine and dialysate tests) were performed by the Department of Clinical Laboratory, Saitama Medical Center, Jichi Medical University.



Definition of Carnitine Deficiency

Diagnosis of carnitine deficiency was based on Japanese guidelines (low free carnitine (<36 μmol/L) and/or high acyl carnitine/free carnitine ratio (>0.4)) (8). This guideline was published by the Japan Pediatric Society in 2018 (8).



Carnitine Supplementation

Japanese guidelines recommend carnitine supplementation at doses of 10–20 mg/body weight (kg) in patients undergoing PD diagnosed with carnitine deficiency (8). However, this dose was not supported by previous reports. Dosage was determined based on these guidelines and the tolerability of patients. After 4–6 months, serum carnitine concentrations (free carnitine, acyl carnitine, and total carnitine) were remeasured.



Erythropoietin Resistance Index

ERI was used as indicator of resistance of renal anemia to erythropoietin-stimulating agents (22, 23). ERI was defined as average weekly dose of recombinant human erythropoietin (IU)/body weight (kg)/hemoglobin (g/dL) (22, 23). For dose conversion of recombinant human erythropoietin, the ratio of recombinant human erythropoietin: darbepoetin alfa or epoetin beta pegol was converted to 200:1 (32). Changes in ERI in individual patients were analyzed as the ERI change rate. The ERI change rate was calculated as follows: ERI (after carnitine supplementation) / ERI (baseline).



Statistical Analysis

Quantitative variables are presented as mean ± standard deviation. Categorical variables are presented as frequency and percentage. Continuous variables were compared using the paired t-test. Frequency was compared using Fisher's exact test. Statistical analyses were performed using JMP (SAS Institute Inc., Cary, NC, USA). P < 0.05 was considered statistically significant.




RESULTS


Clinical Features of the Study Population

There were 13 patients in the treatment group and 13 patients in the control group who met the study entry criteria. Features of the study population are shown in Table 1. In the treatment group, the mean age was 54.2 ± 14.8 years, and nine of 13 patients were men (69%). The mean body mass index was 22.2 ± 3.0 kg/m2. The mean PD period was 28.9 ± 19.8 months. Five (38%) patients underwent CAPD, while eight (62%) patients underwent APD. The mean total Kt/V urea, peritoneal Kt/V urea, and renal Kt/V urea were 1.6 ± 0.3, 1.3 ± 0.2, and 0.3 ± 0.3, respectively. The mean carnitine supplementation dose was 9.1 ± 3.3 mg/kg/day. In the control group, the mean age was 60.3 ± 11.5 years, and nine of 13 patients were men (69%). The mean body mass index was 23.1 ± 2.0 kg/m2. The mean PD period was 48.0 ± 36.6 months. A significant difference in the mean ERI between the two groups was observed (13.7 ± 4.7 vs. 6.9 ± 2.6 [IU/kg/(g/dL)/week], P < 0.01).


Table 1. Features of the study population.
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Effects of Carnitine Supplementation on Carnitine Concentrations

Changes in carnitine concentrations in response to carnitine supplementation are shown in Table 2. Carnitine supplementation increased serum total carnitine (48.5 ± 10.2 vs. 130.1 ± 37.2 μmol/L, P < 0.01), free carnitine (31.1 ± 8.3 vs. 83.1 ± 24.6 μmol/L, P < 0.01), and acyl carnitine (17.4 ± 2.8 vs. 46.9 ± 13.8, P < 0.01). The acyl carnitine/free carnitine ratio was not affected by carnitine supplementation (0.6 ± 0.1 vs. 0.6 ± 0.1, P = 0.75).


Table 2. Effects of carnitine supplementation on clinical variables.
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Effects of Carnitine Supplementation on ERI

The effects of carnitine supplementation on clinical variables, including ERI, are shown in Table 2 and Figure 1. In the treatment group, two patients who developed severe infections and one who developed severe anemia of unknown cause were excluded from the ERI analysis. Although oral carnitine supplementation had a tendency to decrease the mean ERI value, there was no significant difference between the two groups [13.7 ± 4.7 vs. 11.6 ± 3.4 IU/kg/(g/dL)/week, P = 0.28]. However, the change rate of ERI was significantly decreased by carnitine supplementation (1.00 ± 0.00 vs. 0.87 ± 0.11, P < 0.01). In the control group, the mean ERI value did not change (6.9 ± 2.6 vs. 8.1 ± 3.0 IU/kg/(g/dL)/week, P = 0.28) and the ERI change rate was significantly increased (1.00 ± 0.00 vs. 1.19 ± 3.0, P < 0.01) after 6 months of follow-up. No other clinical parameters were affected by carnitine supplementation in this study.


[image: Figure 1]
FIGURE 1. Effect of carnitine supplementation on erythropoietin resistance index.





DISCUSSION

In this study, 4–6 months of oral carnitine supplementation (mean dose: 9.1 ± 3.3 mg/kg/day) in patients undergoing PD increased total carnitine, free carnitine, and acylcarnitine levels, and did not affect the acyl carnitine/free carnitine ratio. Although carnitine supplementation did not decrease the mean ERI value, the ERI change rate was significantly decreased. In the control group, the mean ERI value was not changed after 6 months of follow-up and the ERI change rate was significantly increased. These results suggest that erythropoietin resistance in patients who are undergoing PD may be improved by oral carnitine supplementation. The difference in the baseline ERI between the two groups (13.7 ± 4.7 vs. 6.9 ± 2.6 [IU/kg/(g/dL)/week], P < 0.01) may be because we preferentially administered carnitine to patients with severe erythropoietin resistance in accordance with the guidelines (14). Although this short-term observational study had a small sample size, the results are important because few similar studies have been conducted (19, 20). In Japan, carnitine measurement was covered by public medical insurance starting in February 2018, and we expect that the details on carnitine deficiency in patients who are undergoing PD will be gradually clarified in the future.

In patients undergoing PD, carnitine deficiency can be explained by several factors. First, patients with kidney disease, including those undergoing PD, must follow dietary restrictions. Therefore, oral intake of carnitine is reduced (11, 12). Second, because carnitine is biosynthesized in the kidney, it tends to be deficient in patients with impaired renal function (11, 12). Third, loss of carnitine in PD fluid is also possible (33). Although a previous study showed that APD contributed more to free carnitine loss than CAPD (34), our previous studies did not show the same results (21). Additionally, the hemodialysis combination (daily PD + hemodialysis once a week) did not affect the carnitine level in our previous study (21).

At present, there are few reports on carnitine supplementation in patients undergoing PD (19, 20). The National Kidney Foundation recommends 9–12 months of carnitine supplementation for dialysis patients. However, this is intended for patients undergoing hemodialysis, not those undergoing PD (14). Japanese guidelines propose oral carnitine supplementation at 10–20 mg/kg in patients undergoing PD, although there are no previous reports that support these guidelines. Therefore, the optimal treatment period, supplementation dose, and monitoring frequency for carnitine deficiency in patients who are undergoing PD have not been established. To avoid unexpected adverse effects, we performed a relatively short-term study (4–6 months) using a relatively small dose (9.1 ± 3.3 mg/kg/day) of carnitine.

We previously reported the importance of the acyl carnitine/free carnitine ratio for diagnosing carnitine deficiency in patients undergoing PD (21). In the current study, ERI decreased following carnitine supplementation with increasing levels of both free carnitine (from 17.4 ± 3.0 to 46.9 ± 14.5 μmol/L) and acyl carnitine (from 31.1 ± 8.6 to 83.1 ± 25.8 μmol/L). The acyl carnitine/free carnitine ratio was not changed by carnitine supplementation. According to these results, increased free carnitine level may be more effectives than corrected balance of acyl carnitine/free carnitine ratio for improving ERI in patients undergoing PD. Future studies with larger sample sizes and longer observational periods are required to further clarify the effects and proper monitoring of carnitine supplementation in patients undergoing PD with carnitine deficiency.

Carnitine is considered to be associated with red blood cell deformability (22, 35, 36). Therefore, carnitine deficiency is considered to be one of the factors that caused the increased ERI (21). To our knowledge, there are only two reports on the effects of carnitine supplementation on erythropoietin-resistant anemia in patients undergoing PD (19, 20). Sotirakopoulos et al. reported that anemia improved in 12 patients undergoing PD who received carnitine supplementation (19). In contrast, Lilien et al. reported that carnitine supplementation did not improve anemia in four pediatric patients undergoing PD (20). The differences between these reports and our report may be explained by oral medication adherence. Poor oral medication adherence is often a serious problem in clinical settings. At our institution, we thoroughly checked the oral medication adherence and confirmed that the patients did not miss a dose. Additionally, the effects of carnitine supplementation on erythropoietin-resistant anemia may be associated with differences in the carnitine supplementation dose, supplementation period, and patient background.

This study had important limitations. First, this was an observational study with a small sample size, and additional large-scale studies are needed. Second, it was conducted at a single facility. Third, carnitine supplementation was only administered orally, and carnitine-containing PD fluid was not considered. Fourth, the results may have been affected by differences in carnitine supplementation dose and period. Fifth, this finding cannot be applied to patients without carnitine deficiency. Large-scale interventional studies are required to clarify the effectiveness of carnitine supplementation in patients who are undergoing PD with carnitine deficiency.



CONCLUSIONS

Carnitine supplementation may improve erythropoietin resistance in patients undergoing PD.
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Hemoglobin (g/dL) 99+ 12 104£12 078 107+1.4 104£10 047
Platelets (x 10%/uL) 17.4£57 18578 0.70 203458 186£55 045
Total protein (g/clL) 6.1+04 61204 090 62+05 59:£0.4 0.10
Alburnin (g/dL) 8304 32+03 0.49 8405 31£05 0.10
Blood urea nitrogen (mg/dL) 586638 603+ 17.2 075 602 17.4 62,6 14.1 071
Creatinine (mg/dL) 185+£27 13437 0.72 1M7£16 118+£13 0.85
Aspartate aminotransferase (IU/L) 120£78 125£47 086 14.4£34 152£5.4 068
Alanine aminotransferase (/L) 184 £9.1 133462 094 185+55 172495 025
y-glutamyl transpeptidase (U/L) 169+83 18289 073 230214 232+ 19 098
Alkaline phosphatase (IU/L) 3302+ 191.6 336.2 + 1569.0 0.93 260.4 = 118.0 2940+ 97.9 0.45
C-reactive protein (mg/dL) 02+03 03+03 052 02202 02£03 092
Uric acid (mg/dL) 5710 56+08 0.80 6614 6.4+ 1.1 0.75
Sodium (MEa/L) 1360 £2.9 137.0£32 022 1380+ 3.4 187.0£2.7 065
Potassium (MEG/L) 47+05 47+05 081 44208 45£07 090
Chioride (mEc/L) 97.4%49 989+ 42 043 993439 99230 091
Cortected calcium (mg/dL) 9.4+06 90+06 0.10 92+08 94£05 038
Phosphorus (mg/dL) 55 1.4 58+12 052 5713 56+12 086
Magnesium (mg/dL) 20402 2.1£08 052 22£04 21£03 030
Zine (ug/dL) 713+206 73.0+206 087 50.6=7.94 612+ 118 072
Iron (ug/aL) 128.0 % 40.2 9324202 005 918384 8674848 073
Ferrtin (mg/mL) 2028+ 113.1 142.5 £ 83.8 017 202.4 £ 147.7 1739+ 100.8 059
Transferrin saturation (%) 471114 375115 0.05 362+ 154 346+ 13.5 0.92
Vitarnin B12 (pg/ml) 653.0 +830.1 810.7 +2725 050 5135+ 1835 66.4 % 133.1 035
Folate (ng/mL) 45+ 1.4 38+09 057 32:06 41£13 046
Blood sugar (mg/dL) 1110+ 18.4 1132:£50.8 089 1146+ 22.1 1202+ 285 060
HbATc (%) 52+03 5305 0.40 5305 56£06 026
Total carnitine (mol/L) 4854102 1301 +£87.2 <0.01 46.7 £ 145 (unmeasured) ,
Acyl carnitine (umol/L) 174428 469+138 <001 185+ 68 (unmeasured) -
Free carnitine (umol/L) 31.1£83 83.1£246 <001 27287 (unmeasured) -
Acyl carnitine/free camitine ratio 06+0.1 06+0.1 075 07:£02 (unmeasured) -
Total cholesterol (mg/dlL) 1808 + 30.8 188.5 £ 23.9 050 1778+ 466 1525 £ 38.0 0.7
HDL cholesterol (mg/dL) 528+ 135 535+ 11.4 0.88 493£97 450 £ 101 031
LDL cholesterol (mg/dL) 1033 +28.7 1118+ 18.4 034 100.4 £ 423 809347 024
Triglycerides (mg/dL) 1132 +39.2 109.9 + 46.8 0.85 1142+ 429 114.5 £ 49.5 0.99
Intact PTH (pg/dlL) 226.1 + 1358 283.2+ 1753 034 2292 +1208 194.4 £ 90.4 0.44
ERI [UKg/(g/dLy/week] 18747 116384 028 69+26 81£30 028
Change rate of ERI 1.00 £ 000 087 £0.11 <001 1.00 £ 0.00 1.19+£30 <001
Ejection fraction (%) 60.1%8.4 602+ 182 098 602 132 67.0£7.0 069
Cardio-thoracic ratio (%) 48352 48769 086 50455 517 x4 051

HbA1c, hemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PTH, parathormone; ER, erythropoietin resistance index.
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Treatment group  Control group

(n=13) (n=13)
Variable Mean + SD or Mean £ SDor  P-Value
number (%) number (%)

Age (years) 542+ 148 603 115 027
Male sex 9(69) 9(69) 1.00
Body mass index (kg/m?) 22230 23120 0.42
Systolic blood pressure 148.4£95 1542 £22.6 0.42
(mmHg)

Diastolic blood pressure 84.6+10.6 877+ 106 0.48
(mmHg)

Diabetes melitus 2(15) 5(38) 020
Hepatic disease 2(15) 19 056
Cardiac disease 3(29) 646) 023
Malignant tumor 10 00 100
Bone marrow disease 1@ 00 1.00
Administration 9(69) 10(77) 1.00

renin-angiotensin inhibitor
Amount of PD fluid (ml/day) 6861.5£2099.6 56955.4+ 17865 027

Amount of water removal 853.4 + 640.3 703.8 £ 509.3 0.53
(ml/day)

Amount of urine (m/day) 634645033 669245822 088
Energy intake (kcal/kg/day) 261£7.1 26042 096
Protein intake (g/kg/day) 08+03 09+02 029
PD period (months) 289+1938 48.0 +36.6 0.13
Hemodialysis combination 00 00 1.00
PD modality: CAPD 5(38) 764 045
PD modality: APD 8(62) 646) 0.45
Total KUV urea 16+03 15£05 0.49
Peritoneal KUV urea 1302 14£04 022
Renal KUV urea 03203 05+03 011
D/P Creatinine 07£0.1 07+0.1 0.49
Dose of camitine 9.1£383 (Un-administered) -
supplementation

(mg/kg/day)

White blood cells (10%41L) 52:£17 6.1£10 0.15
Red blood cells (10%/uL) 829.4+47.9 347.8 + 43.9 033
Hemoglobin (g/dL) 99%12 107£14 0.15
Platelets (x 10%/L) 17.4+67 203+58 023
Total protein (g/alL) 6104 62£05 066
Alburnin (g/dL) 33+04 34+05 055
Blood urea nitrogen (mg/dl) 586+ 68 602+ 17.4 078
Creatinine (mg/dL) 13527 M7£16 0.05
Aspartate aminotransferase 120£78 144£34 034
(uny

Alanine aminotransferase 13.4£9.1 185£55 088
(U

y-glutamyl transpeptidase 16983 230211 036
(uny

Alkaline phosphatase (U/L) 3302 £191.6  2604+1180 029
C-reactive protein (mg/dlL) 02£03 0202 072
Uric acid (mg/dL) 57£10 66+ 14 0.09
Sodium (mEa/L) 1360+ 29 1380+8.4 012
Potassium (ME/L) 47+£05 44£08 027
Chioride (ME/L) 97449 99.3+39 0.30
Cortected calcium (mg/dlL) 9.4£06 92+08 0.39
Phosphorus (mg/dL) 55+1.4 57413 0.71
Magnesium (mg/dL) 20£02 22£04 0.13
Zine (ng/dl) 713:£206 506794 0.09
Iron (ug/dL) 1280 % 402 918:+38.4 007
Ferrtin (mg/mL) 2028+ 1131 20241477 099
Transferin saturation (%) 474114 352+ 15.4 0.06
Vitamin B12 (pg/mL) 653043301 51851835  0.65
Folate (ng/m) 45+1.4 32+06 038
Blood sugar (mg/dL) 111.0+£ 184 114.6 £22.1 0.67
HbATc (%) 52+03 53+05 0.45
Total carnitine (mol/L) 485 +10.2 457 £145 0.60
Acyl camitine (mol/L) 17.4£28 18568 0.60
Free camitine (wmol/L) 31.1+83 272487 0.28
Acyl camitineffree carnitine 06+02 07+02 0.13
ratio

Total cholesterol (mg/dL) 180.8 +30.8 177.8 + 46.6 0.85
HDL cholesterol (mg/dL) 528135 49397 0.48
LDL cholesterol (mg/dL) 103.3 £23.7 1004 + 42.3 0.84
Triglycerides (mg/dL) 113.2:£892 142£429 095
Intact PTH (pg/alL) 206141358 229241208 095
ERI (IU/Kg/(g/dL)/week] 187 £47 69426 <001
Ejection fraction (%) 60.1+8.4 602 +13.2 098
Cardio-thoracic ratio (%) 48352 50.455 035

8D, standard deviation; PD, peritoneal dialysis; CAPD, continuous ambulatory peritoneal
dialysis; APD, automated peritoneal dialysis; D/P Creatinine, 4-h dialysate/plasma
creatinine ratio; HbA1c, hemogiobin ATc; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; PTH, parathormone; ER, erythropoietin resistance index.
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