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Abstract
Purpose: Among patients end-stage renal disease who receive peritoneal dialysis, malnutrition is an strong
predictor of increased morbidity and mortality rates. In cases with malnutrition, hypoalbuminemia occurs mainly due to
the leakage of albumin through peritoneal membrane. Therefore, the current study aimed to investigate and compare
the effects of intraperitoneal or oral amino acid supplements in preventing hypoalbuminemia. 1.2 1.2 Method: Our
study included 36 patients on continuous ambulatory peritoneal dialysis (CAPD) in our center. In one group, one of
the exchanges was replaced with a daily dose of 2000ml of peritoneal dialysis solution with 1.1% amino acids (AAs).
The other group was given oral supplementation of keto/amino acids. The group receiving intraperitoneal (IP) AAs was
composed of 16 patients, while oral keto/amino acid group included 20 patients. The baseline levels of serum albumin,
prealbumin, transferrin, CRP, CO2, cholesterol panels and weights (recorded during PET) were compared with the
values measured after 6 months of treatment.
Results: The baseline albumin levels in the IP AA group were lower than the Oral AA group (p=0.008). When
we categorized the patients based on their peritoneal membrane permeability, we found no difference between the
peritoneal membrane permeability values of the groups and their laboratory variables (p>0.05). At the end of month
6, the BUN levels significantly elevated in the group receiving IP AA solution, whereas their levels of phosphorus and
HDL declined (p <0.05). The group receiving oral AAs supplement had lower levels of albumin and HbA1C at the end
of month 6 (p <0.05).
Conclusion: Although treatment with AAs supplements administered either intraperitoneally or orally, can be
considered a good nutritional support, it should be borne in mind that the important point is to increase the amount of
dietary protein intake in individual patients.

Keywords: Amino acids; Hypoalbuminemia; Malnutrition;
Peritoneal dialysis

Background
Among patients with ESRD (End-Stage Renal Disease) who
receive peritoneal dialysis treatment, the prevalence of protein-energy
malnutrition (PEM) is considerably high and it is regarded as a strong
predictor of increased morbidity and mortality rates. Identified by the
International Society for Renal Nutrition and Metabolism in 2008,
the diagnostic criteria for of protein-energy wasting are classified
into 4 categories of abnormalities: 1) abnormal serum biochemistry,
2) reduced body mass, 3) reduced muscle mass, and 4) unintentional
low dietary intakes [1]. In the development of PEM, various factors
might play a role, which includes acidosis, insulin resistance and
uremic toxins, inflammation, inadequate dialysis, hypercatabolic
critical illness, protein and amino acid loss, insufficient protein and
calorie intake [2-6]. In routine monitoring of patients with end-stage
renal disease, the most prevalent instrument is the measurement for
biochemical value of serum albumin level, where both lower intakes of
certain nutrients and systemic inflammation are commonly associated
with protein-energy wasting among dialysis dependent renal failure
patients, which may lead to hypoalbuminemia [7,8]. It has been argued
that prealbumin, also known as serum transthyretin, is a more accurate
indicator of nutritional status than albumin, mainly because it has a
shorter half-life in patients suffering from chronic kidney disease [9].
According to the prescription by the National Kidney FoundationKidney Disease Outcomes Quality Initiative (NKF KDOQI), dialysisdependent chronic kidney disease (CKD) patients are advised to
consume a dietary protein of 1.2 g per kilogram body weight per day,
which may not be completely viable in practice. Data from the most
recent energy expenditure research show that, in accordance with the
guidelines provided by the KDOQI, patients treated with peritoneal
dialysis need a daily energy intake ranging from 30 to 35 kcal/kg based
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on their age [10]. However in reality, studies show that patient often fail
to achieve such levels of protein and energy levels, with reported daily
intakes of less than 1.0 g/kg and 26 kcal/kg [11]. Amino acid losses into
dialysate during continuous ambulatory peritoneal dialysis (CAPD)
range from 2 to 4 g, while 5-15 grams of proteins such as albumin,
immunoglobulin, complement, transferrin, ß2-microglobulin, and α2macroglobulin are lost [12-14] during a 24-hour collection period [5,6].
The protein catabolic rate (PCR), a measure used to assess dietary
protein intake in nutritionally stable patients receiving intermittent
dialysis, is commonly considered a marker of protein catabolism. In
cases with a normalized protein equivalent of nitrogen appearance
(same as nPCR) of under 0.8 g/kg or above, the mortality rate has been
reported to increase, whereas the best survival rates have recently been
shown to range from 1.0 to 1.4 g/kg per day.
The purpose of this study was to investigate the changes in the levels
of albumin, prealbumin, transferrin, CRP, CO2, cholesterol panels and
weight of our patients on CAPD after treatment with intraperitoneal
(IP) amino acid solution and oral amino acid supplement for 6 months,
comparing the efficacy of both nutritional supplements.
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Method
The current study included 36 patients receiving CAPD treatment
in our institution. The inclusion criteria were as follows: age greater than
18, clinical stability, no history of peritonitis episode within 6 months,
and no congestive heart failure or malignancy. Prior to initiation of the
study protocols, the participants were given a peritoneal equilibration
test (PET) using a 2.27% glucose-based PD solution. After the dialysateto-plasma concentration (D/P) ratio for creatinine was calculated, the
patients were divided into 4 groups (as low, medium-low, mediumhigh and high) based on their peritoneal membrane permeability rates.
Due to possible difficulties in calculating the amount of protein intakes,
we used normalized protein catabolic rates (nPCR) derived from the
PET results for accurate measurement of protein intakes. The patients
were divided into two groups as those nPCR’s below 0.8 g/kg/day. In
one group, one of the previous exchanges was replaced with a daily
dose of 2000 ml of peritoneal dialysis solution with 1.1% amino acids
(Nutrineal® by Baxter). During the study period (6 months), daily doses
of 1 exchange were administered at noon to the peritoneal cavity. The
solution with amino acids (AAs) remained in the peritoneal cavity of
the patient for 6 hours. The other group was given oral keto/amino
acid supplements (Table 1). The patients in this group were prescribed
with oral keto/amino acids (Ketosteril® 600 mg by Fresenius), 5 tablets
3 times a day (a total of 15 tablets a day). The group receiving IP AAs
consisted of 16 patients, while oral keto/amino acid group included 20
patients. The patients’ levels of serum albumin, prealbumin, transferrin,
CRP, CO2, cholesterol panels and weights were measured at baseline
(recorded during PET) and at the end of the study period (month 6).
Prior to the initiation of any study protocols, a written approval
was obtained from the Ethics Committee of Antalya Education and
Research Hospital.

Biochemistry
The levels of transferrin were determined by using commercially
available assay kits (Abbott) with an autoanalyzer (Architect® c16000,
Abbott Diagnostics). The levels of hemoglobin was determined
by using fully automated hematology analyzer (Sysmex ®xt-2000i,
Roche Diagnostics) PTH level were measured using the Access
Hybridtech two-site immunoenzymatic “sandwich” assay (Beckman
Coulter, Fullerton, CA). Serum calcium, albumin, prealbumin, total
Carbonsiokside, glucose levels and lipid panel were determined by
using commercially available assay kits(Abbott) with an autoanalyzer
(Architect ®c16000, Abbott Diagnostics).

participants, categorized into two groups as those receiving IP solution
with AAs and oral keto/amino acid supplements. There was no
statistically significant difference between the variables (p>0.05).
Table 3 lists the variables with statistically significant difference
between the baseline (month 0) and month 6 in patients receiving the
AA support, regardless of their groups.
At the baseline, there were 5 patients with nPCR of below 0.8 g/
kg per day in the IP AA group, while the oral AA group contained 11
people with such rates. The group treated with IP AAs had 4 patients
with a Kt/V of less than 1.7, and the oral AA group had 5 patients.
There was no statistical difference between these groups.
The baseline mean albumin level in
 the IP AAs group was 3.1 ±
0.58 g/dl, while in oral AAs group, it was 3.5 ± 0.47 g/dl, and there was
significant difference between the groups (p=0.008).
At the baseline, in the IP AAs group, there were 5 patients with
albumin levels of below 3 g/dl, and 11 people had albumin levels
over 3 mg/dl. These two groups had differences in hemoglobin levels
(p=0.012). The mean hemoglobin level in the group with albumin less
than 3 g/dl was 9.6 ± 0.53 mg/dl, while the group with albumin levels
over 3 g/dl had mean hemoglobin level of 11.5 ± 1.7 mg/dl.
When we categorized the patients according to their peritoneal
membrane permeability, we found no difference between the
membrane permeability values and their laboratory variables (p<0.05).
Table 4 shows the differences in the laboratory findings of the
patients treated with IP solution with AAs.
Table 5 shows the differences in the laboratory values of the patients
treated with oral keto/amino acid supplement.
At the end of the study period, we detected no difference in terms
of the laboratory findings between the groups treated with either
intraperitoneal AA solution or oral AA supplements (p>0.05).
On the other hand, of the 16 patients receiving IP AAs, 7 had
albumin levels below 3 mg/dl, while in the oral AA group (20 patients),
only 6 individuals had albumin levels below 3 mg/dl.
At month 6, in the IP AA group, there were 5 patients with albumin
(RS)- -3-methyl-2-oxo-valerate
(DL-a-Isoleucine ketoanalog) the calcium salt

67 mg

(DL-İzolösin a-ketoanaloğu) kalsiyum tuzu
4-methyl-2-oxo-valeric acid
(A-ketoanalog Leucine), calcium salt

101 mg

2 - oxo-3-phenyl propionic acid
(A-ketoanalog Phenylalanine), calcium salt

68 mg

Descriptive statistics were used to summarize the data for
categorical variables, this included frequencies and percentages, and
for continuous variables, this included mean ± standard deviation
(SD). The Kolmogorov-Smirnov test was used to verify the normality
of the distribution of continuous variables. Since none of the continues
variables normally distributed comparisons between two groups were
performed either with an Mann Whitney U test, Wilcoxon Sign Rank
test or a Chi-Square test. Analyses were performed with PASW 18
(SPSS/IBM, Chicago, IL, USA) software. Differences were considered
statistically significant when the probability value (P) was\0.05.

3 - methyl-2-oxo-butyric acid
(A-ketoanalog Valine), calcium salt

86 mg

RS-2-hydroxy-4-(methylthio)-butyric acid
(Alpha-hydroxy analog of methionine), calcium salt

59 mg

L-lysine acetate
(75 mg L-lysine-eq)

105 mg

L-threonine

53 mg

L-tryptophan

23 mg

L-histidine

38 mg

L-tyrosine

30 mg

Results

Total nitrogen content for each tablet

36 mg

The amount of calcium for each tablet

1,25 mmoL=50 mg

A nephelometric method was used for measuring CRP levels (Delta
Array® Protein System, SEAC Diag- nostics).

Statistical Analysis

Table 2 shows the characteristics and baseline values of the
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ISSN: 2161-0959 JNT, an open access journal

Table 1: Composition of the Oral Keto Amino Acids
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Groups

IP AA

Oral AA

Gender (male/female)

8/8

12/8

Age (years)

58 ± 11.4

52.5 ± 12

Dialysis duration (months)

48 ± 46.9

41 ± 19.5

Kt/V

2.3 ± 0.6

2.1 ± 0.5

nPCR (g/kg/d)

0.91 ± 0.24

0.76 ± 0.16

Etiology
DM

4

4

HT

7

6

PCKD

0

1

GN

0

1

Unknown cause

5

8

Residual Renal Function (Yes/No)

14/2

18/2

PET permeability test
Low-medium

5

Low

1

8
1

High

3

2

High-medium

7

9

Table 2: Characteristics of Patients Receiving Amino Acid (AA) Replacement
Variables

Month 0

Month 6

Albumin (g/dl)

3.3 ± 0.56

3.1 ± 0.71

P value
0.002

BUN (mg/dl)

45.1 ± 12.5

51.5 ± 18.2

0.021
0.005

P (mg/dl)

4.7 ± 1.3

4.05 ± 1.09

HDL (mg/dl)

37.8 ± 10.4

34.8 ± 10.4

0.03

HbA1c (%)

5.4 ±1.35

5.1 ± 1.1

0.044

Table 3: Variables showing significant differences between month 0 and month 6

levels less than 3 mg/dl, and 11 patients with albumin levels above 3
mg/dl. These two groups had significant differences in CRP values
(p=0.008). The mean CRP was 29.9 ± 19.6 (mg/L) in the group with
albumin levels below 3 mg/dl, while the group with albumin levels over
3 mg/dl had a mean CRP of 3 ± 10.4 (mg/L) (3.08 to 35.2).

Discussion
The current study showed that neither intraperitoneal AAs solution
nor oral keto/amino acid supplement had a positive contribution to the
biochemical markers of nutrition such as albumin, prealbumin, and
transferrin. With the diagnosis of PEM, a multifaceted approach should
be adopted in the management of the disease, which incorporates
dietary supplements, optimization of dialysis, as well as metabolic
acidosis correction. In patients receiving peritoneal dialysis treatment,
a nutrition expert should be always consulted for a better management.
In comparison with hemodialysis (HD) patients, the individuals treated
with peritoneal dialysis, who suffer difficulties maintaining oral intake,
need to receive more dietitian support to regulate their protein and
calorie intake. The specific mechanisms triggering appetite suppression
in patients with kidney failure are not yet to be established. However,
it has been proposed that the involvement of the proinflammatory
cytokines, including tumor necrosis factor-alpha, IL-1 beta, and IL-6
as well as ghrelin, leptin, adiponectin, may be altering the function
of key neurotransmitters and neuropeptides, inducing anorexia and
wasting syndrome [15,16]. The lack of appetite in patients receiving
PD treatment may be caused by several factors such as inadequate
dialysis and feeling of fullness in the stomach due to intra-abdominal
pressure increased by the presence of peritoneal dialysis fluid. Nearly
one-third of the reported elevation in dietary protein need is caused
by the constant protein and amino acid loss during peritoneal dialysis,
which may be compensated by sufficient dietary intake, though loss of
appetite or anorexia usually restricts adequate intake in most patients
J Nephrol Ther
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[14]. Both protein degradation and decarboxylation of the branchedchain AAs are increased by metabolic acidosis through stimulation
of the glucocorticoid-dependent ubiquitin–proteasome pathway
[3,17,18].
In PD patients, in order to compensate protein loss, albumin and
fibrinogen production usually elevates, so do the synthesis of other
liver-secreted proteins [19]. Some studies have argued that increased
albumin synthesis to compensate transperitoneal losses of albumin is
usually reduced by inflammation [20].
As influenced by volume status and inflammation, association of
serum albumin levels with nutritional status brings certain drawbacks.
Protein supply can stimulate albumin synthesis, mainly in protein
depletion states [21-23]. Besides, like albumin, prealbumin is also
suppressed in inflammation states [24]. In cases with deficiency of
dietary protein intake (DPI), synthetic and catabolic rates of albumin
tend to decline, which causes albumin levels to be preserved [25].
Even though serum albumin concentration is not considered an
effective marker of nutritional status, it is still the most commonly used
instrument in clinic settings [26-29]. In our study, the albumin levels
remained unchanged in the IP AAs group, while the group receiving
oral amino acid supplements had declined levels of albumin, which
may be associated with loss of amino acids through the peritoneum
or wasting in the process of catabolism. It can be suggested that the
amount of absorbed amino acids in IP solution with AAs is relatively
higher than oral amino acid supplements. The significantly higher CRP
in the group with albumin levels below 3 mg/dl after treatment with IP
AAs for 6 months implies that inflammation may also be contributing
to the decrease in albumin levels.
The findings of the CANUSA (Canada and USA) study indicated
that better nutritional status and increased doses of total weekly urea
clearance are associated with higher patient survival rates [30]. It is
considered that delivery of higher small solute clearance by dialysis
to improve dietary protein intake (DPI). This assumption originates
from the high correlation found between Kt/V (dialysis adequacy)
and nPCR, in which PCR is used as indirect index to predict dietary
protein intake. However, specific concerns regarding the mathematical
coupling between nPCR and Kt/V have been highlighted [31]. In our
study, as we were unable to calculate the protein intake precisely,
consistent with the way previous researchers have employed [32,33],
we used Kt/V and nPCR to predict the relative protein intake of
our patients, although an artificial mathematical correlation due to
coupling was expected. In the beginning of our study, no difference was
found between groups for nPCR and Kt/V , which ensured a roughly
homogeneous study sample in terms of nutritional status.
It has been debated whether nutritional status of patients are
affected by rapid transport status or protein loss. A cross-sectional
study conducted with 147 patients receiving PD correlated a rapid
transport status with protein loss, associating a higher composite
nutritional index score and reduced levels of insulin-like growth
factor-1 with decreased lean body mass, which was predicted by
creatinine kinetics [34]. Findings of previous research imply that
higher peritoneal permeability in CAPD patients can be considered
an adverse factor for malnutrition [34,35]. In contrast to these earlier
findings, the current study showed no significant effect of peritoneal
membrane permeability on nutritional status, which may be related to
relatively small sample size of our study.
The circulating and intracellular levels of essential amino acids
(mostly leucine and valine) in patients on peritoneal dialysis are usually
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Variables

Month 0

Month 6

BUN (mg/dl)

45.1 ± 12.3

49.8 ± 20.2

Albumin (g/dl)

3.5 ± 0.47

3.2 ± 0.79

Prealbumin

30.7 ± 5.5

29.9 ± 3.79

Transferrin (mg/dl)

195 ± 50

192 ± 49.9

Calcium (mg/dl)

9.2 ± 0.85

8.7 ± 1.16

Phosphorus (mg/dl)

4.7 ± 1.3

4.102 ±1.1

Parathormone (pg/ml)

180 ± 173 (5-596)

147 173 (7-626)

LDL (mg/dl)

113.2 ± 34.3

111.1 ± 33.9

HDL (mg/dl)

38.9 ± 11

37.25 ±12.7

Total CO2 (mEq/L)

28.3 ± 3.3

28.5 ± 2.58

Glucose (mg/dl)

116.3 ± 43.9

124 ± 47 (84-291)

HbA1c (%)

5.5 ± 1.5

5.17 ±1.26

CRP (mg/L)

21.8 ± 54.5 (3.1-251)

15.5 ± 13.5 (3.5-50.3)

Hgb(mg/dl)

11.7 ± 1.7 (8.3-15.5)

10.9 ± 1.9 (7.7-15)

Weight (kg)

71 ± 13.2

72.1 ± 13.9

P value
0.04

0.044

Table 4: Differences in parameters of patients receiving IP AAs
Variables

Month 0

Month 6

BUN (mg/dl)

45.1 ± 12.3

49.8±20.2

Albumin (g/dl)

3.5 ± 0.47

3.2 ± 0.79

Prealbumin

30.7 ± 5.5

29.9 ± 3.79

Transferrin (mg/dl)

195 ± 50

192 ±49.9

Calcium (mg/dl)

9.2 ± 0.85

8.7 ±1.16

Phosphorus (mg/dl)

4.7 ± 1.3

4.102 ± 1.1

Parathormone (pg/ml)

180 ± 173 (5-596)

147 173 (7-626)

LDL (mg/dl)

113.2 ± 34.3

111.1 ± 33.9

HDL (mg/dl)

38.9 ± 11

37.25 ± 12.7

Total CO2 (mEq/L)

28.3 ± 3.3

28.5 ± 2.58

Glucose (mg/dl)

116.3 ± 43.9

124 ± 47 (84-291)

HbA1c (%)

5.5 ± 1.5

5.17 ± 1.26

CRP (mg/L)

21.8 ± 54.5 (3.1-251)

15.5 ± 13.5 (3.5-50.3)

Hgb(mg/dl)

11.7 ± 1.7 (8.3-15.5)

10.9 ± 1.9 (7.7-15)

Weight (kg)

71 ±13.2

72.1 ± 13.9

P value
0.04

0.044

Table 5: Differences in Parameters of Patients Receiving Oral AAs

found lower than such levels observed in those receiving hemodialysis,
and this indicates a response of protein turnover to depletion or
reduced release from tissue due to hyperinsulinemia [36]. In their
study, Castellino et al. [37] found that peritoneal dialysis patients had
lower basal rates of protein degradation, leucine oxidation and whole
body protein synthesis than the controls. All of these findings indicate
that the human body is predisposed by peritoneal dialysis to decreased
anabolism, which is detrimental if nutrient intake is reduced or during
superimposed catabolic illnesses [20,38,39]. Another study found
that peritoneal dialysis with dialysates that contained dextrose alone
elevated insulin levels by up to 3 times as much, while decreasing amino
acid levels by 20- 25% [40]. Such previous work demonstrates that
moderate hyperinsulinemia in the fasting state while patients receive
PD treatment with dextrose alone leads to significant antiproteolytic
activity, but a parallel decrease in amino acid availability for protein
synthesis conceals this activity [41].
A single dose of peritoneal dialysis solution with 1.5% to 4.25%
glucose may provide an approximate calorie load of 50 to 300
kcal, which accounts for 30% of the total daily energy need of PD
patients [42]. To date, the 1.1% amino acid-based peritoneal dialysis
solution (Table 6) (by Nutrineal®, Baxter) is considered the ideal wellbalanced PD solution, since it contains all essential amino acids and
six nonessential amino acids and electrolytes (such as lactate at 40
J Nephrol Ther
ISSN: 2161-0959 JNT, an open access journal

mmol/L) [43]. If dextrose and amino acids are used in combination,
the suppression of muscle protein degradation and stimulation of
muscle protein synthesis give rise to a cumulative effect. Providing a
steady supply of amino acids with calories may lead to utilization of
amino acids for protein synthesis instead of oxidation of amino acids,
which limits acid and urea production. Some studies have suggested
that dialysates combining dextrose and amino acids are a better choice
to maintain muscle mass in patients with lower nutritional intake levels
[44]. On the other hand, mixtures of AA plus glucose as a source of
proteins have been shown to have almost the same effect with glucose
only solutions in controlling protein loss [6].
In an ordinary CAPD procedure with a dwell time of 6 hours, if
performed with intraperitoneal 1.1% AA solution, the amino acid
reabsorption amount nears 16 grams [45], though the effects of
supplementation of intraperitoneal AAs on nutrition still remains
obscure. A prospective cohort study with a relatively large sample
size of 183 patients receiving PD found no significant improvement
in body weight after treatment (2-19 months) with 1% AA dialysate
replaced with one 2-L glucose-based exchange [9]. Consistent with
these findings, no significant weight gain was observed in our study.
However, the use of amino-acid-based intraperitoneal solutions
may be limited by adverse metabolic effects, such as metabolic
acidosis, reduced ultrafiltration, uremia, and poor oral intake [46]. In
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Nutrineal® Composition

mg/dl

L- Valine

139

L-Leucine

102

L-ısoleucine

85

L-methionine

85

L-lysine

96

L-histidine

71

L-threonine

65

L-phenylalanine

57

L-tryptophan

27

L-arginine

107

L-alanine

95

L-proline

60

Glycine

51

L-serine

51

L-tyrosine

30

Sodium

132

Calcium

5

Magnesium

0,61

Lactate

360 (40 mmol/L)

Table 6: Composition of the 1.1% Amino Acids PD fluid

an interventional study, where PD patients with insufficient dietary
protein intake (1.0 g protein/kg/day or less) were treated with 1 or 2
bags of 2 L 1.1% AA solution exchanges, by Kopple et al found that
serum urea levels of patients increased by about 30%, and patients
developed mild metabolic acidosis, mainly those treated with 2 bags
of AA solutions a day [47]. In our study, no metabolic acidosis was
observed after treatment with IP solution with AAs, probably because
we administered 1 bag of solution daily instead of 2 bags, which was
reported to cause acidosis. Besides, the increase in BUN levels was
statistically significant.
Furthermore, evidence from another study indicates that although
essential amino acids stimulate protein synthesis, if combined with
sufficient oral intake of calories, they can inhibit whole-body protein
degradation, which further supports the positive impact of the AAs
on protein balance [48]. Tjiong et al. found that fractional albumin
synthesis on AAs combined with glucose dialysis produced similar
outcome with that on glucose only in two different states (fed and
fasting). Protein intake alone failed to produce a significant increase
in the fractional synthetic rate of albumin. On the other hand, oral
protein intake managed to stimulate whole-body protein synthesis on
a significant level [49]. In agreement with these findings, our results
further support the idea of using IP AA-based solutions as a provision
of nutritional supplement only, while considering normal oral intake of
calories and proteins as the fundamental component of the treatment.
Another important finding by previous research was that dialysis
solution with AAs induced an extra stimulus to protein synthesis, even
in the fed state [50]. In their study, Kanbay et al. found that serum lipid
parameters of solutions with AAs and other solutions administered
during peritoneal dialysis did not differ significantly [51]. Contrary to
expectations, the current study detected significant decrease in HDL
levels of the Nutrineal group, with cholesterol values remaining stable.
Conducted by Li et al. with CAPD patients treated with amino
acid-based PD fluid, a 3-year prospective randomized controlled study
found that the albumin and cholesterol levels of the group receiving
AA solution remained stable or elevated, while their normalized
protein equivalent of nitrogen appearance and dietary protein intake
J Nephrol Ther
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levels increased [52]. The current study was unable to demonstrate the
end nPCR values of patients, since we could not repeat the PET test at
the end of the study.
In the IP AAs group, those with post-study albumin levels above
3 mg/dl had significantly lower CRP levels than did the patients in the
low albumin strata (<3.5 mg/dl), which suggests that inflammation
itself may be leading to malnutrition, as it also contributes to decreased
albumin levels. The present study seems to be consistent with other
research by Opatrna et al [32], which found that treatment with IP AAs
solution resulted in declined phosphorus levels – a possible contributor
in uremic toxicity.
Although all of these findings may seem promising, more research
on this topic needs to be undertaken to conclusively determine the
nutritional benefits of 1.1% amino acid-based solutions [43]. In spite
of this, protein supplement appears to be a simple therapy that can be
safely employed in protein energy wasting cases receiving CAPD, where
it is tolerated [9]. Jiang et al reported that low protein diet combined
with keto/amino acids significantly improved the pattern of plasma
AAs in most patients receiving peritoneal dialysis [53]. In addition,
a study by Boudville et al demonstrated that oral supplements, when
taken before eating food, could improve caloric and protein intakes of
PD patients significantly [54]. In their study investigating the effects
of oral protein supplements in PD patients, Moretti et al found that
protein supplement group had significantly improved levels of nPCR
and albumin, but these levels declined after the patients discontinued
the supplements [6].
Despite the positive results achieved with oral AAs, there have been
several studies reporting no significant effect. For instance, Eustace
et al reported that essential amino acids (EAAs) failed to produce a
significant improvement in the serum albumin concentration in PD
patients [55]. In our study, we observed that the group treated with
oral AA preparations had lower post-study albumin and HbA1c levels
than those recorded at baseline. It should be also noted that, due to
challenges associated with oral administration or gastrointestinal side
effects, oral amino acid supplements (tablets) may not be taken in
effective doses. In the group receiving oral AAs supplements, the Kt/V
and nPCR levels declined independent of albumin levels. In this group,
18 out of 20 patients had a nPCR value greater than 0.8 g/kg/d. In other
words, declining albumin levels in a group assumed to have relatively
better protein intake suggest that the amount of amino acids found in
the oral keto/amino acid preparations fails to compensate for the loss
of amino acids in these patients.
However, certain limitations of this study may have affected the
accuracy of the results found. First of all, the amounts of protein intake
through PD solutions and concentrations may not be homogeneous.
Secondly, the malnutrition status of the participants was not thoroughly
investigated with questionnaires and anthropometric measurements.
Thirdly, other factors possibly affecting hypoalbuminemia, such as
inadequate intake and haemodilution secondary to UF deficiency were
not taken into consideration during the study. In addition, the amounts
of amino acids received by both groups were not equal in weight
(milligrams) –while the IP solution group received approximately 22
grams of AAs per day, the oral supplement group was able to receive
roughly 9 grams per day. Also, the rate of AA absorption in the study
groups could not be investigated. In order to maintain patient adherence
to treatment, the number of daily doses of oral AAs supplements was
not further increased to equalize the amounts received by both groups.
In this respect, there was difference between the two groups, which
meant a drawback for the group receiving oral AAs preparations.
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Conclusion
Intraperitoneal AA solution appears to have a better contribution
in the treatment of hypoalbuminemia, as compared with oral AA
supplements. Even though treatment with amino acid supplements
administered either intraperitoneally or orally, can be considered a
good nutritional support, it should be borne in mind that the important
point is to increase the amount of dietary protein intake in individual
patients.
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