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Introduction
The advent of hemodialysis (HD) has greatly improved 

survival in end-stage renal disease (ESRD) patients [1]. 
However, the progression of cardiovascular disease remains 
a major clinical concern in these patients. Additionally, the 
incidence of malnutrition especially essential amino acid 
(EAA) is also frequently encountered in the ESRD patients 
undergoing HD.

Eight different amino acids are considered essential-
threonine, valine, methionine, isoleucine, leucine, 
phenylalanine, tryptophan, and lysine. Previously, oral EAA 
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Abstract
Background: The prevalence of malnutrition especially of essential amino acid (EAA) is a significant concern in end-stage 
renal disease (ESRD) and hemodialysis (HD) patients. The present study evaluates the efficacy of Amiyu® Granule (AG), a 

pharmaceutically manufactured oral EAA and histidine supplement, in the improvement of the nutritional indices of the 
ESRD and HD elderly patients (> 80-year-old).

Methods: Hypoalbuminemia (2.7-3.4 g/dL) was observed in nine of the 175 patients on HD. We examined the nutritional 
indices, anemia, and renal function markers for 12 months in the chronic HD octogenarian patients given a low dose (five 
cases, 2.5 g/day) or a moderate dose (four cases, 5 g/day) of daily oral AG.

Results: The serum albumin (Alb) levels increased significantly in the octogenarian ESRD patients treated with 2.5 g vs. 5 
g of AG (3rd month after treatment: 3.2 ± 0.1 g/dL vs. 3.6 ± 0.2 g/dL, P < 0.05; 6th month: 3.3 ± 0.2 g/dL vs. 3.6 ± 0.3 g/dL, 
not significant [ns]; one year: 3.3 ± 0.4 g/dL vs. 3.5 ± 0.3 g/dL, ns). The geriatric nutritional risk index was higher with 5 
g than with 2.5 g AG, however, the difference was not significant. There was no significant difference in the hemoglobin, 
hematocrit, serum creatinine, blood urea nitrogen, corrected calcium, and phosphate levels with 2.5 g vs. 5g AG at 3rd 
month-one year.

Conclusion: AG, at a moderate dose (5.0 g/day) or a low dose (2.5 g/day), provides oral EAA and histidine supplementation 
and is a potentially effective therapy for treating malnutrition, serum Alb levels, in the chronic HD octogenarian patients 
at the 6th month-one year.

Keywords
Geriatric nutritional risk index (GNRI), Hemodialysis (HD), Hypoalbuminemia, Octogenarian patients, Oral essential amino 
acid, Histidine supplementation (Amiyu granule®).
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and histidine supplementation have been described for ESRD 
and chronic HD patients [2-5]. In Japan, the oral EAA and 
histidine supplementation (Amiyu® Granule [AG], 7.5 g/day 
or three powders/day [one after every meal], usual dosage) 
has been used for chronic HD patients (age 16-75 years) for 
several decades [6-8].

In this study, we evaluated the beneficial and adverse 
effects of EAA and histidine supplementation (AG 2.5 g/day, 
one powder, a low dosage or AG 5.0 g/day, two powders, 
a moderate dosage) in the octogenarian ESRD patients (> 
80-year-old; yo) with hypoalbuminemia on maintenance 
HD. Furthermore, the effect of nutritional supplementation 
with AG on serum calcium (Ca) and phosphate (P) levels 
homeostasis was also assessed.

Methods
Patients

A total of 175 patients with ESRD on maintenance HD at 
Fukumitsu Clinic and Toma Clinic were examined. The effect 
of the pharmaceutical preparation of oral EAA and histidine 
was evaluated in the only five or four ESRD octogenarian 
patients (> 80 yo) undergoing chronic HD (AG 2.5 g/day; one 
powder, three cases male, two cases female; mean age: 83.6 
± 1.1 years [standard deviation (SD)]; age range: 82-85 years 
with a mean duration of HD of 20.6 ± 19.1 months, or AG 5.0 
g/day; two powders, two cases male, two cases female; mean 
age: 87.3 ± 2.8 years; age range: 84-90 years with a mean 
duration of HD of 26.8 ± 37.6 months) and the presence of 
hypoalbuminemia (serum albumin [Alb] levels: AG 2.5 g/day; 
3.1 ± 0.2 [2.9-3.3] g/dL or AG 5.0 g/day; 3.1 ± 0.3 [2.7-3.4] g/dL).

Patients with serum Alb > 3.5 g/dL were excluded from the 
study because the serum Alb levels cannot be increased above 
baseline by the use of oral EAA and histidine supplementation 
(AG) in those with levels greater than the 3.5 g/dL threshold in 
Japan [6,9,10]. Thus, the very few ESRD patients (> 80 yo and 
serum Alb levels: 2.7-3.4 g/dL) were selected and examined 
from the 175 HD pateints.

Oral EAA and histidine supplementation (AG 2.5 g/day, one 
powder/day, one powder at breakfast, low dosage; or AG 5.0 
g/day, two powders/day, one powder at breakfast and one at 
supper, moderate dosage; 2.12 g amino acid per powder) was 
performed for a period of twelve months between the overall 
study period of February 2016 and June 2020. The serum 
nutriotinal indices, renal and hapatic functional markers, Ca, P, 
and the presence of anemia were assessed in these patients.

The present study was performed using a non-randomized 
analysis at the two centers sites with a prospective and non-
controlled design. The study procedures were carried out in 
accordance with the ethical standards of the Human Investigation 
Committee at Fukumitsu Clinic and Toma Clinic (Fukumitsu - 4 - 
2021). All patients gave their oral informed consent.

All procedures performed in the study involving human 
participants were in accordance with the ethical standard of 
the institutional and/or national research committee with 
the 1964 Helsinki declaration and its later amendments or 
comparable ethical standard.

Dialysis schedule
The patients underwent 4-5 hour sessions of maintenance 

HD therapy thrice a week. We used a standard bicarbonate 
hollow-fiber dialyzer with the following buffer composition: 
140 mEq/L sodium, 2.0 mEq/L potassium, 2.75 mEq/L calcium 
(Ca++), 1.0 mEq/L magnesium, 112 mEq/L chloride, 8 mEq/L 
CH3COO-, 27.5 mEq/L HCO3

-, and 125 mg/dL glucose in the 
dialysate. The blood flow rate was 200 mL/min and the 
dialysate flow rate was kept constant at 500 mL/min.

Blood sampling
The serum total protein (TP), Alb, hemoglobin (Hb) 

hematocrit (Ht), serum creatinine (Cr), blood urea 
nitrogen (BUN), uric acid, corrected Ca (c-Ca), P, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
Alb/Globulin (Glb) ratio (A/G = Alb/Glb = Alb/[TP-Alb]), and 
geriatric nutritional risk index (GNRI) were measured in the 
non-fasted blood samples drawn immediately before HD and 
before treatment, in 3rd month, 6th month, and one year after 
treatment.

The GNRI was developed by modifying the nutritional risk 
index for elderly patients [11]. This index is calculated from 
the serum Alb levels and body weight (dry weight [DW] in the 
case of HD patients) using the following equation:

GNRI = 14.89 × Alb (g/dL) + 41.7 DW/ideal body weight 
(IBW)

DW/IBW was set to 1 when the HD patient’s DW exceeded 
the IBW. The IBW in the present study was defined as the 
value calculated from the height and a body mass index of 22, 
because of its validity [12].

The target Hb level was based on the current recommended 
guidelines for the treatment of anemia in CKD as established 
by the National Kidney Foundation [13]. These guidelines 
suggest Hb in the range of 11 g/L to 12 g/L (Ht 33% to 36%) 
before HD in most patients treated with recombinant human 
erythropoietin [14].

The management of serum c-Ca and P concentrations was 
performed based on previously published recommendations 
[15]. Serum c-Ca and P levels were calibrated to 8.4-10.0 mg/
dL and 3.5-6.0 mg/dL, respectively. The following medicines 
were administered to titrate the serum levels of Ca and P: 
Vitamin D receptor activators, calcium-sensing receptor, 
phosphate binders, and 2.75 mEq/L Ca++ in the dialysate.

Statistical analyses
The data are expressed as mean ± SD. Statistical differences 

were computed using the Mann-Whitney’s U test and the 
Friedman test for non-parametoric data. A P value of < 0.05 
was considered statistically significant.

Results
The treatment with AG did not result in significantly 

increased DW in the octogenarian patients undergoing 
chronic HD (Table 1). Significant increase in serum TP in 
the one powder vs. the two powders of AG (3rd month after 
treatmen: 6.2 ± 0.5 g/dL vs. 6.5 ± 0.3 g/dL, not significant [ns]; 
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treatment: 88.2 ± 3.9 g/dL vs. 93.0 ± 7.4, ns; 6th month: 90.3 ± 
4.2 g/dL vs. 93.4 ± 8.7, ns; one year: 91.1 ± 8.4 g/dL vs. 92.4 ± 
8.7, ns), however, the difference was not significant (Table 1).

As shown in the Table 2, the observed more increased or 
decreased in the Hb and Ht levels in the one than in the two 
powders groups at the 3rd month after treatment, 6th month, 
or one year were not statistically significant in the chronic 
HD octogenarian patients treated with the AG. However, the 
observed significantly more increased in the Hb and Ht levels 

6th month: 6.2 ± 0.5 g/dL vs. 6.5 ± 0.7 g/dL, ns; one year: 6.2 ± 
0.3 g/dL vs. 6.5 ± 0.4 g/dL, ns), Alb (3rd month after treatment: 
3.2 ± 0.1 g/dL vs. 3.6 ± 0.2 g/dL, P < 0.05; 6th month: 3.3 ± 0.2 
g/dL vs. 3.6 ± 0.3 g/dL, ns; one year: 3.3 ± 0.4 g/dL vs. 3.5 ± 0.3 
g/dL, ns), and A/G levels (3rd month after treatment: 1.1 ± 0.3 
g/dL vs. 1.2 ± 0.2, ns; 6th month: 1.2 ± 0.4 g/dL vs. 1.2 ± 0.3; ns; 
one year: 1.2 ± 0.3 g/dL vs. 1.2 ± 0.1, ns).

The GNRI values were lower upon treatment with the one 
powder than with the two powders of AG (3rd month after 

Table 1: Change in dry weight, total protein, albumin, A/G, and geriatric nutritional risk index in ESRD and chronic HD patients treated with AG.

The data are expressed as mean ± standard deviation. *: P < 0.05 compared between the one powder and the two powders groups
1 p: One powder AG; 2 p: Two powder AG; Dw: Dry weight; TP: Total protein; Alb: Albumin; A/G: Alb/Globulin = Alb/(TP - Alb); and GNRI: 
Geriatric Nutritional Risk Index = 14.89 × Alb + 41.7 × (dry weight/ideal body weight). 

Before
After

3rd month 6th month One year
Dw (kg) 1 p 54.2 ± 11.0 53.2 ± 11.3 54.4 ± 11.7 55.0 ± 12.0

2 p 50.5 ± 9.9 50.4 ± 9.5 52.1 ± 9.0 52.4 ± 9.5
TP (g/dL) 1 p 6.1 ± 0.5 6.2 ± 0.5 6.2 ± 0.5 6.2 ± 0.3

2 p 6.2 ± 0.4 6.5 ± 0.3 6.5 ± 0.7 6.5 ± 0.4
Alb (g/L) 1 p 3.1 ± 0.2 3.2 ± 0.1 3.3 ± 0.2 3.3 ± 0.4

2 p 3.1 ± 0.3 3.6 ± 0.2* 3.6 ± 0.3 3.5 ± 0.3
A/G 1 p 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.4 1.2 ± 0.3

2 p 1.0 ± 0.2 1.2 ± 0.2 1.2 ± 0.3 1.2 ± 0.1
GNRI 1 p 87.0 ± 5.2 88.2 ± 3.9 90.3 ± 4.2 91.1 ± 8.4

2 p 84.5 ± 8.2 93.0 ± 7.4 93.4 ± 8.7 92.4 ± 8.7

Table 2: Change in hemoglobin and hematocrit in ESRD and chronic HD patients treated with AG.

The data are expressed as mean ± standard deviation.*: P < 0.05 compared between the one powder and the two powders groups
Hb: Hemoglobin; Ht: Hematocrit; 1 p: One powder AG; 2 p: Two powders AG.

Before
After

3rd month 6th month  One year
Hb (g/L) 1 p 11.3 ± 0.8 11.6 ± 1.9 11.5 ± 0.9 11.0 ± 1.6

2 p 10.3 ± 0.3* 11.3 ± 1.5 11.6 ± 1.7 10.9 ± 0.5
Ht (%) 1 p 34% ± 2% 35% ± 6% 35% ± 3% 33% ± 5%

2 p 31% ± 1%* 35% ± 4% 36% ± 6% 34% ± 2%

Table 3: Laboratory data change of renal and hepatic functions markers in ESRD and chronic HD patients treated with AG.

The data are expressed as mean ± standard deviation; *: P < 0.05 compared between the one powder and the two powders groups
Cr: Creatinine; BUN: Blood urea nitrogen; UA: Urea acid; c-Ca: corrected Calcium; P: Phosphate; ASL: Aspartate aminotransferase; ALT: 
Alanine aminotransferase; 1 p: One powder AG; 2 p: Two powders AG

Before
After

3rd month 6th month One year
Cr (mg/dL) 1 p 7.0 ± 2.2 8.2 ± 2.3 8.2 ± 2.0 8.0 ± 2.3

2 p 7.3 ± 2.0 7.8 ± 1.5 8.1 ± 1.7 7.8 ± 1.7
BUN (mg/dL) 1 p 42 ± 16 54 ± 23 53 ± 15 52 ± 16

2 p 39 ± 11 56 ± 12 59 ± 10 55 ± 15
UA (mg/dL) 1 p 5.9 ± 1.6 6.8 ± 1.8 6.7 ± 1.9 6.6 ± 1.4

2 p 5.3 ± 1.0 5.6 ± 0.7 5.8 ± 0.9 5.7 ± 1.1
c-Ca (mg/dL) 1 p 9.0 ± 0.6 9.3 ± 0.1 9.0 ± 0.3 9.6 ± 0.9

2 p 9.3 ± 1.0 9.1 ± 0.9 9.0 ± 0.5 9.1 ± 0.6
P (mg/dL) 1 p 4.2 ± 2.2 4.0 ± 1.2 4.1 ± 1.1 4.3 ± 0.9

2 p 4.8 ± 2.1 4.6 ± 1.2 5.1 ± 1.1 4.6 ± 1.4
AST (IU/L) 1 p 11 ± 1 10 ± 2 10 ± 2 10 ± 1

2 p 17 ± 6* 20 ± 6* 18 ± 3* 17 ± 3*

ALT (IU/L) 1 p 6 ± 2 7 ± 3 6 ± 2 5 ± 2
2 p 10 ± 2* 11 ± 1* 11 ± 2* 10 ± 3*
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in the one powder group than in the two powders group 
before treatment (P < 0.05).

The serum Cr, uric acid, c-Ca, P and BUN levels were not 
significantly altered by AG treatment (Table 3).

However, significant decrease were noted in serum AST 
levels in the one powder vs. the two powders groups (before 
treatment: 11 ± 1 mg/dL vs. 17 ± 6 mg/dL, P < 0.05; 3rd month 
after treatment: 10 ± 2 mg/dL vs. 20 ± 6 mg/dL, P < 0.05; 6th 
month: 10 ± 2 mg/dL vs. 18 ± 3 mg/dL, P < 0.05; one year: 10 
± 1 mg/dL vs. 17 ± 3 mg/dL, P < 0.05) (Table 3). Significant 
decrease were also noted in serum ALT levels in the one 
powder vs. the two powders groups (before treatment: 6 ± 2 
mg/dL vs. 10 ± 2 mg/dL, P < 0.05; 3rd month after treatment: 
7 ± 3 mg/dL vs. 11 ± 1 mg/dL, P < 0.05; 6th month: 6 ± 2 mg/
dL vs. 11 ± 2 mg/dL, P < 0.05; one year: 5 ± 2 mg/dL vs. 10 ± 3 
mg/dL, P < 0.05 ) with AG treatment (Table 3).

Serum c-Ca and P levels were tightly controlled during 
treatment with the moderate dose of AG 5.0 g/day or the 
low dose of AG 2.5 g/day. As previously reported, the nine-
section chart was utilized as a tool to guide the achievement 
of optimal serum c-Ca and P levels [15]. The target ranges 
seleted for serum c-Ca and P levels were 8.4-10.0 mg/dL and 
3.5-6.0 mg/dL, respectively. The target for serum c-Ca and P 

levels were achieved in 3 (60%), 4 (80%), 4 (80%), or 3 of 5 
cases (60%) at the before treatment, 3rd month, 6th month or 
one year after treatment (Figure 1a and Figure 1b) in the one 
powder of AG. The target for serum c-Ca and P levels were 
achieved in 2 (50%), 3 (75%), 3 (75%), or 3 of 4 cases (75%) at 
the before treatment, 3rd month, 6th month or one year after 
treatment (Figure 2a and Figure 2b) in the two powders of 
AG. However, there were not significant in the chronic HD 
octogenarian patients (the nine-section chart) treated with 
the AG 2.5 g/day or 5.0 g/day.

No acute or chronic adverse effects associated with the 
moderate dose or the low doses AG in the HD octogenarian 
pateints were observed during the treatment and follow-up 
period.

Discussion
The present findings clearly indicate that AG, an oral EAA 

and histidine pharmaceutical preparation, is an effective and 
well tolerated nutritional supplement in the octogenarian 
ESRD and chronic HD patients. This study also demonstrates 
that while 7.5 g/day is the usual dose of AG in clinical practice, 
favorable effects are produced even with the low dosage AG 
(2.5 g/day) or the moderate dosage AG (5.0 g/day).
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Figure 1: Nine example clinical scenarios: Control of the corrected serum calcium and the serum phosphate levels during 
treatment in one powder of AG (a) Before treatment and the 3rd month after treatment; (b) The 6th month and one year after 
treatment.
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The serum Alb values were significantly higher in the 
moderate AG treated elderly-ESRD patients undergoing 
chronic HD at the 3rd month after treatment compared to 
the low AG (Table 1). We firmly believe that the oral EAA and 
histidine supplementation in the low or moderate dose can 
help to correct hypoalbuminemia [10] since the 6th month 
before treatment, and reduce mortality in the octogenarian 
ESRD patients.

The serum Alb, Hb, Ht, Cr, and BUN levels in low dose 
vs. moderate dose of AG were 3.2-3.4 g/dL vs. 3.5-3.6 g/dL, 
11.0-11.6 g/L vs. 10.9-11.6 g/L, 34-35% vs. 34-36%, 7.8-8.2 
mg/dL vs. 7.8-8.1 mg/dL, and 53-54 mg/dL vs. 54-59 mg/
dL, respectively (Table 1, Table 2 and Table 3). The serum Alb 
and BUN levels were higher in the two powders of AG than 
in the one powder of AG, however, the difference was not 
significant, except for the serum Alb levels at the 3rd month 
after treatment.

Various nutritional screening tools have been described 
in the literature for the ESRD patients and those on 
maintenance HD [16]. These include the GNRI developed 
by modifying the nutritional risk index for elderly patients 
[11], the malnutrition-inflammation score (MIS) [17], the 
nutritional screening tools objective score of nutrition on 

dialysis (OSND) [18], the malnutrition screening tool (MST) 
[19], the malnutrition universal screening tool (MUST) [20], 
the nutritional screening tools nutritional risk screening 2002 
(NRS-2002) [21], and the mini nutritional assessment (MNA-
SF) [22]. However, only three of the above screening tools 
(GNRI, MIS, and OSND) are designed to assess the serum Alb 
levels in the chronic HD elderly patients.

The AST and ALT levels were significantly higher in the two 
powders than in the one powder before, at the 3rd month, 
the 6th month, and one year (Table 3). However, they were 
significantly higher in the two powders group than in the one 
powder group before treatment and such patients didn’t have 
liver diseases.

The use of the nine-section chart as a clinical decision-
making in the selection of appropriate therapeutic approaches 
for the correction of serum c-Ca and P levels has previously 
been described [15]. This approach entails the classification 
of the serum levels of c-Ca and P into one of the nine 
possible patterns followed by the selection of the appropriate 
treatment. A significant majority of patients achieved 
optimum levels of serum P and to a greater extent serum 
c-Ca, at both the 6th month and one year after treatment with 
the moderate dose of AG [9]. The present study implies that 
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Figure 2: Nine example clinical scenarios: Control of the corrected serum calcium and the serum phosphate levels during treatment 
in two powders of AG (a) Before treatment and the 3rd month after treatment; (b) The 6th month and one year after treatment.
c-Ca: Corrected serum calcium levels; P: Serum phosphate levels
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the supplementation with 2.5 g/day or 5.0 g/day AG may not 
control serum c-Ca and P levels within the target range during 
treatment in the chronic HD octogenarian patients with small 
sample size (Figure 1b and Figure 2b). Future prospective 
studies with larger sample size are needed to establish the 
validity of these findings.

This study is associated with several potential limitations. 
A limitation of the present study was the observational 
nature of the study performed in a prospective and non-
controlled design with small sample size. Thus, this study was 
an observational study of daily clinical practice with 2.5 g/
day or 5.0 g/day AG. The need for the oral EAA and histidine 
may partially reflect the physiological senile changes that are 
commonly found in the octogenarian individuals.

In conclusion, the oral administration of EAA and histidine 
supplementation in form of a pharmaceutical preparation 
named AG (5.0 g/day, moderate dose or 2.5 g/day, low 
dose) improved the serum Alb levels at the 6th months and 
one year in the octogenarian ESRD and chronic HD patients 
and might be an effective therapy for treating malnutrition 
and hypoalbuminemia in such patients. Future prospective 
studies with larger sample size are needed to establish the 
validity of these findings.
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