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Abstract

Background/Aim: Oral essential amino acids (AAs) containing supplements (EAS) and AA
containing dialysate (ACD) are frequently used in peritoneal dialysis (PD) patients with
malnutrition. The present study was conducted to investigate two strategies and compare their
effects on the malnutrition status of PD patients. Materials and Methods: A total of 31 EAS, 14
ACD patients were enrolled in this study. Serum albumin levels were lower than 3.5 g/dL in all
subjects. EAS group patients took five pills containing AAs three times a day with meals. In the
other, 2.000 cc of 1.1% ACD was given to patients daily during the study. Demographic and
laboratory parameters were analyzed and compared at baseline and 6th month. Results:
Significant increases in BMI, albumin, and protein in both groups. Mean albumin levels
increased significantly by 0.54 g/dL in ACD group (p50.005) and 0.49 g/dL in EAS group
(p50.001) following 6 months. Mean albumin and delta albumin levels did not differ between
two groups. Conclusion: These strategies may play an important role in increasing albumin
levels and improving the nutritional status of PD patients.
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Introduction

Protein-energy malnutrition (PEM) frequently occurs in

patients on peritoneal dialysis (PD) and has emerged as an

important risk factor in the incidence of morbidity and

mortality during therapy.1,2 PEM has been found among half

of patients undergoing PD. Many factors are involved in the

development of PEM, such as uremic toxins, inflammation,

and loss of serum proteins and amino acids (AAs) from the

peritoneal membrane.3–5 Serum albumin has been used as an

acceptable indicator for nutritional status, and a decrease of

serum albumin levels is an independent risk factor for

morbidity and mortality in end-stage renal disease.6–9

Inadequate intake of protein and calories also affects nutri-

tional status, and intake of energy and protein for many

dialysis patients is lower than the recommended require-

ments.9–11 One of the acceptable approaches to improve PEM

in patients on maintenance PD is the addition of a dietary

nutrient such as AAs containing dialysate (ACD) or oral

essential AAs containing supplements (EAS) as part of

the therapy.11–17 Many previous studies have investigated the

effects of either ACD or oral EAS for treatment of malnu-

trition in PD patients.7,8,12–16 However, to our knowledge,

there is no data which compares the effectiveness of these two

strategies in patients undergoing PD. In this study, we strove

to compare the effects of ACD and oral EAS in PD patients.

Materials and methods

This retrospective study investigated the effects of AAs

containing dialysate and essential AA supplements on patient

nutritional profiles for a 6-month period. Oral or intraper-

itoneal essential AA supplementation was added to treatment

of all malnourished patients, whose serum albumin levels

were lower than 3.5 g/dL after all interventions in support of

positive nitrogen balance. All subjects were 18 years or older,

and longer than 3 months under PD. Forty-five PD patients

enrolled in the study. Of those, 31 patients were in the EAS

group, and 14 were in the ACD group.

Each patient in the EAS group took five pills containing

AAs (isolocine, leucine, phenylalanine, valine, methionine,

L-lysine, L-thyreonine, L-tryptophan, L-histidine, L-tyrosine)

three times a day with meals during a 6-month period. In the

ACD group, 2.000 cc of 1.1% AAs containing dialysate was

given once a day during the study. Patients with peritonitis,
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malignancies, amyloidosis, enteropathy and active-chronic

inflammatory disorders and patients who were non-compliant

with therapy were excluded. Additionally, patients under oral

EAS plus ACD therapy were excluded from the study.

Demographic and clinical properties of the patients were

noted from the files. Serum albumin, protein, cholesterol,

triglyceride, hemoglobin, ESR and hsCRP levels were

recorded from the database. The serum albumin level was

measured by bromcresol green assay. Demographic and

laboratory parameters were analyzed at the baseline and 6

months after commencement of the therapies.

Results are presented as a mean (±standard deviation).

All analyses were performed using SPSS 15.0 (SPSS,

Chicago, IL). For paired samples at the baseline and at the

end of the 6th-month period, the Wilcoxon linear mixed

model was used. For analysis of parametric variables, the

Student’s t-test was used, and for non-parametric variables

and for comparing the differences (delta values) the Mann–

Whitney U test was used. Pearson and Spearman correlation

tests were performed to assess the correlations between

parameters.

Results

At the baseline, there were no significant differences between

the EAS and ACD groups regarding gender, age, body mass

index (BMI), dialysis duration and diabetes mellitus rates

(Table 1). Hemoglobin levels, lipid parameters, serum

albumin and protein levels, ESR and C-reactive protein

(CRP) levels were not statistically different between the two

groups before the therapies (Table 1).

Serum protein and albumin levels, lipid parameters, ESR,

CRP and BMI were compared at the beginning of the therapy

and after 6 months of therapy (Table 2). There were

significant increases in BMI, serum albumin levels and

serum protein levels in both groups, but triglyceride levels

had increased significantly only in the ACD group (Table 2).

The ESR was significantly reduced in both groups after 6

months, but during the same time period, hsCRP levels did

not change significantly (Table 2). Mean albumin levels

increased to 0.54 g/dL (22%) in the ACD group and 0.49 g/dL

(19%) in the EAS group after 6 months of therapy. Mean

albumin and delta albumin levels did not differ between the

two groups (Table 3). There was a significantly positive

correlation between serum protein and blood hemoglobin

levels (p50.005, r¼ 0.72) in the ACD group. However, there

was neither a significant correlation between serum albumin,

protein, hsCRP and ESR levels, nor was there a significant

change in these levels after therapy. Serum bicarbonate levels

between the two groups were similar at the beginning of the

study. In contrast, at the 6-month mark, serum bicarbonate

levels were higher in the oral EAS group than the ACD group.

Despite this variance, the reduced amount of serum bicar-

bonate levels was not statistically significant (p40.05) in the

ACD group (Table 2). Four patients in the oral EAS

supplement group and five in the ACD group were given

oral bicarbonate supplements (p40.05). Serum calcium

decreased slightly in both groups, although the decline was

not considered statistically significant. Serum phosphate

levels decreased slightly in the ACD group and increased

slightly in the oral EAS group, without statistically signifi-

cance (Table 2).

Discussion

In this study, we observed that ACD and EAS increased BMI,

serum albumin and protein levels in PD patients with

malnutrition. Additionally, the ESR decreased during the

follow-up period, but no change in serum hsCRP levels was

observed in either group. There was no difference in the rate

of change of serum albumin, protein levels and BMI when

comparing both groups at the end of the follow-up period.

During PD, loss of AAs of approximately 2–4 g/d and

protein loss of 5–15 g/d from dialysate were reported.8,18

Additionally, inadequate intake of protein and calories leads

to malnutrition in many patients.9–11 It has been reported that

a decrease in albumin levels is closely related to morbidity

and mortality in patients undergoing PD treatment.19

Therefore, adequate protein and calorie supplementation is

essential for improvement of malnutrition and leads to

decreases in morbidity and mortality in these patients.

In a study conducted by Poole et al., oral protein supple-

ments were added to the meal of a total of 33 PD patients.12 The

mean albumin levels were 3.23 g/dL at the baseline, and these

increased slightly to 3.26 g/dL at the end of 3 months in 33

patients. Poole et al. argued that oral protein supplements are

not efficient in PD patients.12 In another study, daily protein

supplements were added to the meal of incident-PD patients,

who were then followed-up for 12 months.20 The mean

albumin level of 90 patients was 3.75 g/dL, and no significant

increase was observed in these studies following their

completion.12 However, patients with peritonitis were not

excluded from these studies. During their follow-up peri-

ods,12,20 Eustace et al. revealed that oral essential AAs are

more effective in patients with very low serum albumin levels

than in patients who have subnormal albumin levels.21

In our study, the albumin levels were around 2.8 g/dL,

which is lower than albumin levels in patients who were

enrolled in the other studies referenced herein, and data from

patients with peritonitis were excluded. These results reflect

the fact that the nutritional status of patients in our study was

Table 1. Demographic and laboratory characteristics of both groups.

EAS group
(n¼ 31)

ACD group
(n¼ 14) p Value

Age 48.7 ± 16.4 47.4 ± 13.5 NS
Gender (F/M) 14/17 7/7 NS
Dialysis duration (m) 24.1 ± 20.5 32.9 ± 22.6 NS
Diabetes mellitus 12 5 NS
BMI (kg/m2) 25.1 ± 5.1 25.8 ± 5.5 NS
Hemoglobin (g/dL) 11 ± 1.2 11.1 ± 1.6 NS
Serum albumin (g/dL) 2.69 ± 0.39 2.85 ± 0.46 NS
Serum protein (g/dL) 6.03 ± 0.81 6 ± 0.62 NS
Cholesterol (mg/dL) 209.5 ± 68.2 190.4 ± 30.7 NS
Triglyceride (mg/dL) 165.9 ± 87 152.4 ± 51.3 NS
ESR (mm/h) 51.5 ± 20.2 54.8 ± 34.7 NS
hsCRP (mg/dL) 1.98 ± 1.80 1.11 ± 1.16 NS

Note: EAS, essential amino acid supplements; ACD, amino acid
containing dialysate; m, month; BMI, body mass index; ESR,
erythrocyte sedimentation rate; hsCRP, high-sensitive C-reactive
protein.
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poorer at the baseline than the nutritional status of patients

taking part in the other studies, and the negative effects of

inflammatory situations were eliminated from our collected

data. All of these conditions may explain the different results

when comparing our study with other relevant research

endeavors.

During the exchange period of 2 L of 1.1% AAC dialysate

(4–6 h), approximately 80% (�18 g) of AAs is absorbed from

the peritoneal membrane.7,22 This AAs replacement may

contribute AA’s recruitment in PD patients who are

experiencing malnutrition. Many studies have revealed

improvements in nutritional parameters, such as a significant

increase in serum protein, albumin levels, nitrogen balance,

BMI and recovery of plasma AAs profile after 1.1% AAC

dialysate initiation in PD patients.7,23,24 A review of Reinhart

reveals the argument that the ESR reflects chronic inflam-

matory situations more so than hsCRP, while hSCRP reflects

acute inflammatory or infective illness rather than the ESR.25

Similarly, in our study significant increases in BMI, serum

albumin and protein levels were observed in malnourished

patients after initiation of AAC dialysate. Additionally,

decreases in the ESR absent changes in hsCRP levels at the

end of study reflect the fact that malnutrition-related chronic

inflammation improved after initiation of AA supplements.

These results indicate that AA supplementation by any

method may play an important role in the improvement of

malnutrition/inflammation syndrome in PD patients.

There were some limitations to our study. Objective

nutritional indicators, such as the subjective global

assessment index, protein catabolic rate, the protein equiva-

lent of nitrogen appearance, anthropometric measurements,

clinical outcomes and cost-effectiveness, were not assessed

because of insufficient data and the overall design of the

study.

Conclusions

Efficient oral EAS and AAC dialysate were found to have a

similar effect on nutritional parameters in malnourished

patients who were treated with PD. These results reflect that

both oral and intra-peritoneal protein supplements may be

employed to improve malnutrition in PD patients. However,

these results must be confirmed through prospective, well-

designed studies in order to fully reveal the effects of protein

supplements with respect to these treatment modalities in PD

patients.

Declaration of interest

The authors have no financial relation with companies

associated to the findings of this study.

References

1. Mehrotra R, Duong U, Jiwakanon S, et al. Serum albumin
as a predictor of mortality in peritoneal dialysis:
Comparisons with hemodialysis. Am J Kidney Dis. 2011;58:
418–428.

2. Mehrotra R, Kopple JD. Protein and energy nutrition among adult
patients treated with chronic peritoneal dialysis. Adv Ren Replace
Ther. 2003;10:194–212.

3. Tjiong HL, Swart R, van den Berg JW, Fieren MW. Amino Acid-
based peritoneal dialysis solutions for malnutrition: New perspec-
tives. Perit Dial Int. 2009;29:384–393.

4. Tjiong HL, Zijlstra FJ, Rietveld T, et al. Peritoneal protein losses
and cytokine generation in automated peritoneal dialysis with
combined amino acids and glucose solutions. Mediators Inflamm.
2007;2007:97272.

5. Dukkipati R, Kopple JD. Causes and prevention of protein-energy
wasting in chronic kidney failure. Semin Nephrol. 2009;
29(1):39–49.

6. Joki N, Hase H, Tanaka Y, et al. Relationship between serum
albumin level before initiating hemodialysis and angiographic

Table 2. Clinical and laboratory results of both groups at baseline and after 6 months.

EAS group (n¼ 31) ACD group (n¼ 14)

Baseline 6 months p Value Baseline 6 months p Value

BMI (kg/m2) 25.1 ± 5.1 25.3 ± 4.8 50.05 25.8 ± 5.5 26.5 ± 5.1 50.01
Hemoglobin (g/dL) 11 ± 1.2 11.1 ± 1.7 NS 11.1 ± 1.6 11.3 ± 2.2 NS
Serum Albumin (g/dL) 2.69 ± 0.39 3.18 ± 0.49 50.001 2.85 ± 0.46 3.4 ± 0.37 50.005
Serum Protein (g/dL) 6.03 ± 0.81 6.28 ± 0.67 50.01 6 ± 0.62 6.45 ± 0.77 50.05
Cholesterol (mg/dL) 209.5 ± 68.2 218.5 ± 55.6 NS 190.4 ± 30.7 226.8 ± 54 NS
Triglyceride (mg/dL) 165.9 ± 87 178.7 ± 96.9 NS 152.4 ± 51.3 263.1 ± 122.2 50.01
ESR (mm/h) 51.5 ± 20.2 42.4 ± 19.6 50.01 54.8 ± 34.7 36.8 ± 20.2 50.005
hsCRP (mg/dL) 1.98 ± 1.80 1.84 ± 2.21 NS 1.11 ± 1.16 1.23 ± 1.15 NS
Serum bicarbonate 19.6 ± 1.95 19.8 ± 1.86 NS 19.1 ± 2.1 18.7 ± 1.5 NS
Serum creatinine (mg/dL) 7.4 ± 3.1 7.8 ± 2.7 NS 6.6 ± 2.1 7.2 ± 2.4 NS
Serum cCa (mg/dL) 9.53 ± 0.73 8.96 ± 1.12 NS 8.99 ± 1.02 8.93 ± 0.63 NS
Serum phosphat (mg/dL) 4.7 ± 1.48 4.93 ± 1.64 NS 4.41 ± 0.81 4.67 ± 0.85 NS
Serum potassium (mg/dL) 4.63 ± 0.84 4.69 ± 095 NS 4.77 ± 0.62 4.61 ± 0.77 NS
_IPTH (pg/mL) 343.7 ± 348.6 342.7 ± 232.6 NS 325.7 ± 277.8 357.6 ± 182.9 NS

Note: BMI, body mass index; ESR, erythrocyte sedimentation rate; hsCRP, high-sensitive C reactive protein; cCa, corrected calcium; iPTH, intact
parathyroid hormone.

Table 3. The comparison of changed ratio of laboratory parameters.

EAS group
(n¼ 31)

ACD group
(n¼ 14) p Value

D mean D% D mean D% NS
BMI (kg/m2) 0.25 1 0.68 3 NS
Serum albumin (g/dL) 0.49 19 0.54 22 NS
SERUM PROTEIN (G/DL) 0.25 4 0.45 8 NS
ESR (mm/h) �9 18 �16 29 NS
hsCRP (mg/dL) �0.14 7 0.12 9 NS

Note: BMI, body mass index; ESR, erythrocyte sedimentation rate;
hsCRP, high-sensitive C reactive protein.

1418 S. Unverdi et al. Ren Fail, 2014; 36(9): 1416–1419



severity of coronary atherosclerosis in end-stage renal disease
patients. Nephrol Dial Transplant. 2006;21:1633–1639.

7. Fung F, Sherrard DJ, Gillen DL, et al. Increased risk for
cardiovascular mortality among malnourished end stage renal
disease patients. Am J Kidney Dis. 2002;40:307–314.

8. Lowrie EG, Lew NL. Death risk in hemodialysis patients: The
predictive value of commonly measured variables and an evaluation
of death rate differences between facilities. Am J Kidney Dis. 1990;
15:458–482.

9. Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH.
A malnutrition–inflammation score is correlated with morbidity
and mortality in maintenance hemodialysis patients. Am J Kidney
Dis. 2001;38:1251–1263.

10. Rocco MV, Paranandi L, Burrowes JD, et al. Nutritional status in
the HEMO study cohort at baseline: Hemodialysis. Am J Kidney
Dis. 2002;39:245–256.

11. European Best Practice Guidelines for Peritoneal Dialysis.
Nutrition in peritoneal dialysis. Nephrol Dial Transplant. 2005;
20(suppl 9):ix28–ix33.

12. Poole R, Hamad A. Nutrition supplements in dialysis patients: Use
in peritoneal dialysis patients and diabetic patients. Adv Perit Dial.
2008;24:118–124.

13. Kopple JD, Bernard D, Messana J, et al. Treatment of malnourished
CAPD patients with an amino acid based dialysate. Kidney Int.
1995;47:1148–1157.

14. Delarue J, Maingourd C, Objois M, et al. Effects of an amino acid
dialysate on leucine metabolism in continuous ambulatory periton-
eal dialysis patients. Kidney Int. 1999;56:1934–1943.

15. Garibotto G, Sofia A, Canepa A, et al. Acute effects of peritoneal
dialysis with dialysates containing dextrose or dextrose and amino
acids on muscle protein turnover in patients with chronic renal
failure. J Am Soc Nephrol. 2001;12:557–567.

16. Canepa A, Carrea A, Menoni S, et al. Acute effects of simultaneous
intraperitoneal infusion of glucose and amino acids. Kidney Int.
2001;59:1967–1973.

17. Tjiong HL, van den Berg JW, Wattimena JL, et al. Dialysate as
food: Combined amino acid and glucose dialysate improves protein
anabolism in renal failure patients on automated peritoneal dialysis.
J Am Soc Nephrol. 2005;16:1486–1493.

18. Olszowska A, Waniewski J, Werynski A, Anderstam B, Lindholm
B, Wankowicz Z. Peritoneal transport in peritoneal dialysis patients
using glucose-based and amino acid based solutions. Perit Dial Int.
2007;27:544–553.

19. Blake PG, Flowerdew G, Blake RM, Oreopoulos DG. Serum
albumin in patients on continuous ambulatory peritoneal dialysis—
Predictors and correlations with outcomes. J Am Soc Nephrol.
1993;3:1501–1507.
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