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Abstract

Background Malnutrition is highly prevalent and a consequence of inflammation and related comorbidities among patients
on maintenance hemodialysis. Oral nutritional supplementation (ONS) is recommended for malnourished patients with
kidney failure. The study aimed to evaluate renal-specific oral nutrition (ONCE dialyze) supplement on nutritional status
in patients on hemodialysis.

Methods Patients were randomized into 3 groups; treatment groups received 370 kcal/day of ONCE Dialyze (N=26) or
370 kcal/day of NEPRO (N=30) for 30 days. The control group (N=24) received no intervention. All patients were counseled
by the same registered dietitian during the study. The nutritional status was evaluated using malnutrition inflammation score
(MIS) assessment, body compositions, serum albumin and pre-albumin levels at baseline and 30 days.

Results Eighty patients were analyzed with mean age of 57.2+15.9 years. The intervention group exhibited significant
improvements in energy, protein, fat, fiber and magnesium intake by dietary interview compared with the control group.
Percentage of changes in MIS was — 29.0% (95% CI — 40.5 to — 17.4), — 23.9% (95% CI — 37.2 to — 10.6) and 12.1% (95%
CI — 19.2 to 43.4) for the ONCE dialyze, NEPRO and control groups, respectively (overall P=0.006). Percentage of changes
in serum albumin was 5.3% (95% CI 1.9-8.7), 3.3% (95% CI — 0.1 to 6.7) and — 0.8% (95% CI — 4.3 to 2.7) for the ONCE
dialyze, NEPRO, and control groups, respectively (overall P=0.039; P=0.043 for ONCE dialyze vs. control). No serious
adverse effects were reported in any group.

Conclusion Dietary advice combined with ONS especially ONCE dialyze was associated with improved MIS, serum albumin,
dietary energy and macronutrient intake among patients with kidney failure on maintenance hemodialysis.

Clinical trial registration TCTR20200801001.
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Background

Patients with kidney failure undergoing chronic mainte-
nance hemodialysis have high morbid and mortality rates,
potentially reflecting a chronic inflammatory state and
malnutrition [1]. Malnutrition is highly prevalent among
patients with kidney failure on maintenance hemodialysis.
The underlying mechanisms of malnutrition inflamma-
tion syndrome are complex, but metabolic derangements
are related to both exaggerated protein degradation and
suboptimal dietary protein and energy intake [2, 3]. Oral
nutritional supplements (ONS) during hemodialysis may
reduce the risk of mortality among these patients.

Dietary protein and energy intake were often lower
than the recommendations for patients with kidney fail-
ure, especially on dialysis treatment days compared with
non-dialysis treatment days [4, 5]. Hemodialysis units have
offered nutritional supplements during hemodialysis and
observational studies demonstrated that ONS improved
serum albumin and nutritional status [6, 7] and was asso-
ciated with reduced hospital readmission and mortality
among patients undergoing in-center maintenance hemo-
dialysis [8—11]. Very-low-quality evidence from a meta-
analysis of randomized clinical trials suggests that short-
term ONS improves nutritional status among patients with
undergoing hemodialysis [12]. Appropriate ONS to facili-
tate intake of needed nutrients appears to be a reasonable
strategy; these supplements exhibit high caloric density
and protein content with reduced potassium, sodium and
phosphorus content and do not require preparation [13].
Renal-specific supplements for hemodialysis are expected
to improve energy intake and nutrition status without
producing significant electrolyte abnormality [14]. No
consensus has been reached and strong evidence remains
lacking concerning the specific type of oral nutrition sup-
plements and dietary approaches mentioned [15, 16]. This
study aimed to evaluate oral renal-specific nutritional sup-
plementation with ONCE Dialyze or NEPRO concerning
nutrition status, inflammatory markers such as malnutri-
tion inflammation score (MIS) and serum albumin level
among patients on maintenance hemodialysis simultane-
ously receiving dietary advice for 30 days.

Methods

Study design and patient characteristics

This study employed a randomized controlled trial design
among patients with kidney failure on maintenance

hemodialysis at the hemodialysis center in Chaiyaphum,
Thailand. All patients were recruited from the outpatient
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center, examined by the same physician and counseled
by the same registered dietitian during the study. Only
patients, who signed a written consent form, were included
in the study. Permission for the study was obtained from
the Local Ethics Committee of the Phramongkutklao
Hospital and College of Medicine Ethics Committee for
Human Research and conducted in accordance with the
Declaration of Helsinki.

Inclusion criteria for this study included age 1875 years,
regular hemodialysis treatment for four hours, three times
weekly for >3 months, malnourished conditions defined
as serum albumin concentration < 3.8 g/dL, energy intake
<25 kcal/kg/day, protein intake <1 g/kg/day, written
informed consent and ability to understand the study proto-
col. Patients were excluded having inadequate dialysis, a life
expectancy less than six months, non-adherence to dialysis
regimen, active infection, malignancy and severe heart, lung
or liver disease.

We randomly assigned patients in a 1:1:1 ratio in three
groups. Patients in group 1 received 370 kcal sachets of
ONCE dialyze (Thai Otsuka Pharmaceutical Co., Ltd. Thai-
land) for 30 days. Those in group 2 received 370 kcal sachets
of NEPRO (Abbott Laboratories Altavista, VA, US) for
30 days. Patients in group 3 as the control group received no
intervention. The components of ONCE dialyze and NEPRO
supplements containing proteins, carbohydrates with fiber,
fat, electrolytes and micronutrient are shown in Table 1. Par-
ticipants were visited at each dialysis session to assess their
adherence and were asked to return the empty ONS sachets
to receive the next set of ONS sachets. meals during dialysis
combined with lanthanum carbonate or a low-protein (<1 g
protein and <20 mg phosphorus) meal during dialysis.

In the hemodialysis center, all patients at the beginning
of dialysis treatment received dietary recommendations. All
patients were interviewed, physically examined and investi-
gated for any underlying medical illness. A dietitian advised
patients on dialysis to maintain dietary intake within the
recommended target every week in dialysis session.

Outcomes

We assessed the nutritional status of patients using MIS,
anthropometric and biochemical measurements at the begin-
ning of the study and after 30 days of intervention. The MIS
was a scoring system for the assessment of malnutrition and
inflammation. The MIS had 10 components derived from
medical history, physical examination, BMI and labora-
tory parameters. Each component of the score is classified
according to four levels of severity, ranging from 0 (normal)
to 3 (severely abnormal). The sum of all 10 components
of the MIS ranges from 0 (normal) to 30 (severe degree
of malnutrition and inflammation). Higher MIS indicates a
more severe degree of malnutrition and inflammation [17].
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Table 1 Comparison of ONCE

. Component ONCE dialyze NEPRO
dialyze formula and other
commercial dietary supplements Caloric distribution of macronutrients (%)
per serving (370 kcal) Protein 18% 18%
Carbohydrate 42% 35%
Fat 40% 47%
Source
Protein 1698 g 16.63 g
Whey protein isolate 5 g (29.45%) Milk protein 4.55 g (27.34%)
Casein 11.98 g (70.55%) Casein 12.08 g (72.66%)
Carbohydrate 41.19¢ 33 g
Maltodextrin 13.70 g (33.26%) Cornmaltodextrin 21.12 g (64.02%)
Isomaltulose 22.49 g (54.6%) Sucrose 5.23 g (15.86%)
Fibersol 2.25 g (5.46%) Fibersol 4.11 g (12.46%)
FOS 2.75 g (6.68%) FOS 2.52 g (7.65%)
Fat 1645 ¢ 19.76 g
Canola oil 4 g (24.32%) HOSO 13.80 g (69.86%)
HOSO 2 g (12.16%) Canola 0il 5.96 g (30.14%)
MCT o0il 5.25 g (31.91%)
Rice bran oil 5.20 g (31.61%)
Micronutrient

Vitamins and minerals
Vitamin A (IU)
Vitamin D (IU)
Vitamin C (mg)
Calcium, mg
Phosphorus, mg
Magnesium, mg
Potassium, mg
Sodium, mg

Carnitine, mg

70.37
3.18
37.48
149.89
149.89
40.81
206.20
154.40
104.08

652.94
17.43
21.76
217.63
148.00
43.51
217.63
217.63
54.83

Others

As Thai RDI recommend

FOS fructooligosaccharide, HOSO high oleic safflower oil, MCT medium-chain triglyceride, ONCE Otsuka
Nutrition Pharmaceutical, RDI reference daily intake

Blood samples were taken from each patient just before the
onset of the HD session at the beginning and end of the
treatment phase. After centrifugation, serum was separated
and stored. Serum albumin, pre-albumin, transferrin, total
cholesterol, low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, triglycerides, glu-
cose, electrolyte, magnesium, phosphorus, calcium, serum
urea nitrogen, creatinine, and hemoglobin were measured
at baseline and the end of study. Any adverse event during
study was recorded.

Body composition was evaluated using direct segmental
multi-frequency bioelectrical impedance analysis (DSM-
BIA, In-Body (720) body compositions analyzer). The spec-
trum of electrical frequencies was used to predict the body
composition, total fat mass, total body water and percentage
of body fat in the various body segments. Body composition
was assessed at baseline and at the end of the study after

the long interdialytic period. Subjects also underwent mus-
cle strength assessment using the hand grip test. The hand
grip strength was measured with the patient seated with the
elbow flexed at 90° and the forearm in the neutral position
by mechanical dynamometer [18]. Three measurements were
taken and the best reading was noted for the study. Anthro-
pometric measurements were done in all patients. Triceps
skinfold thickness was done with calipers and mid-arm cir-
cumference was measured with a stretchable tape.

Dietary recalls for dialysis and non-dialysis days were
reviewed by a registered dietitian before and after the study
period and analyzed for nutrition composition using the
standard national food database program (Inmucal, Ver-
sion 3.2). All subjects agreed to take part in a self-assessed
health-related quality of life using the SF-36 questionnaire
containing eight domains divided into two parts: Physical
Health (physical functioning, role limitations due to physical
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health, bodily pain, and general health) and Mental Health
(vitality, social functioning, role limitations due to emotional
problems, and mental health) [19].

Statistical analysis

Data were analyzed using the statistical package for social
sciences (SPSS), Version 16.0, Chicago, IL, USA). Each
value was expressed as percentage, mean+ SD or mean
change with 95% confidence interval (CI). Continuous
variables between baseline and at the end of study were
compared using paired ¢ tests and Wilcoxon signed ranks
test. Chi-square test was used to examine the categorical
variables. Values and changes in study parameters were
compared among the three groups using an analysis of vari-
ance model with Scheffe post hoc test and repeated measures
ANOVA. For all statistical tests, significance was considered
as P<0.05.

Results

We reviewed the eligibility criteria of 142 patients; 95
patients were included and 86 patients were randomized
in three groups. Patients received diet counseling in the
control (N=24), NEPRO supplement (N-30) and ONCE

Fig.1 Flow of clinical study

dialyze supplement groups (N=26) as shown in the flow
diagram (Fig. 1). The patients were all Thais with mean age
57.2 +15.9 years, median dialysis vintage 3.5 + 1.8 years,
and mean single pool KT/V was 1.6 +0.4. The overall nutri-
tional status is shown in Table 2 including MIS (6.5 £ 3.3),
serum albumin level (3.5+0.5 g/dL), pre-albumin
(0.3 +£0.1 mg/dL), body mass index (BMI) (23.2 +4.5 kg/
m?), estimated energy intake (19.8 + 6.6 kcal/kg/day) and
estimated protein intake (0.8 +0.3 g/kg/day) at baseline.
The comorbid diseases among the patients included diabe-
tes mellitus (61.3%), hypertension (81.3%) and dyslipidemia
(40%). At baseline, the three groups did not differ signifi-
cantly regarding demographic, clinical, laboratory, dietary
calorie or macronutrient values (Table 2), except signifi-
cantly higher patients with diabetes mellitus was found in
the NEPRO group.

Changes of energy and nutrient intake

Table 3 shows the change for estimated energy and nutri-
ent intake at baseline and end of study. Estimated energy,
protein, fat, fiber and magnesium intake increased sig-
nificantly in the ONCE dialyze and NEPRO groups, but
no significant change was observed in the control group.
When changes in these outcomes were compared among
the three groups, a statistically significant difference was

| Assessed for eligibility |

| 95 patients were enrolled |

9 refused to participation

’ 86 patients underwent randomization |

A. A4 A4

Patients received

Patients received Patients received

A4 / A4

Allocation diet counseling Nepro Once Dialyze
(n=28) (n=30) (n=28)
Lost to follow up Lost to follow up Lost to follow up
ik Discontinued intervention | | Discontinued intervention | | Discontinued intervention
(n=1) (n=0) (n=0)

Analysis

Patients received diet
counseling
(n=24)

Patients received
Once Dialyze
(n=26)

Patients received
Nepro
(n=30)
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Table 2 Baseline characteristics
of the study population

Control (n=24)

NEPRO (n=30) ONCE Dialyze (n=26) P value

Age (years)

Duration of dialysis (years)

Hypertension

Dyslipidemia

Type 2 diabetes

Clinical parameters
Body weight (kg)
Body mass index (kg/mz)
Percentage of body fat (%)
Muscle mass (kg)
Mid-arm circumference (cm)
Triceps skinfold thickness (mm)
Hand grip test (kg)
Total SF36
Total MIS

Laboratory findings
Single pool Kt/V
Blood urea nitrogen (mg/dL)
Serum creatinine (mg/dL)
Estimated GFR (ml/min/1.73m?)
Sodium (mEq/L)
Potassium (mEq/L)
Chloride (mEq/L)
Bicarbonate (mEq/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
Magnesium (mg/dL)
Fasting plasma glucose (mg/dL)
Prealbumin (mg/L)
Albumin (g/dL)
AST (U/L)
ALT (U/L)

Dietary intake per day
Energy (kcal/day)
Energy (kcal/kg/day)
Protein (g/day)
Protein (g/kg/day)
Carbohydrate (g/day)
Fat (g/day)
Dietary fiber (g/day)
Phosphorus (mg/day)
Potassium (mg/day)
Sodium (mg/day)
Calcium (mg/day)
Magnesium (mg/day)

57.2+15.9
35+1.8
18 (75)
9 (37.5)
10 (41.7)

56.9+14.5
23.3+5.1
25.7+10.0

39.9 (34.3,44.1)
28.9+59
283+11.8
16.9+9.0
60.1+20.2
6.0+2.6

17404
43.9+186
7.7+3.0
6.9+3.2
137.7+32
43408
96.5+4.0
30.8+6.6
93+0.6
37+14
25+0.7
108.4+31.2
0.3+0.1
3.53+0.26
21.0+9.3
11.5 (8.5, 24)

1170.0£270.8
21.6+6.6
50.2+11.7
0.9+0.3
187.8+57.0
24.2+12.6
49+2.5
425.1+137.1
1044.5+318.8
1857.3+748.6
204.6+135.3
25 (18.3,36.9)

53.0+10.3
25+1.5
26 (86.7)
13 (43.3)
23 (76.7)

56.5+12.5
23.6+4.0
25.8+11.6

37.4 (33.5, 44.6)
27.5+4.8
30.5+9.3
145+4.3
54.5+24.1
6.7+4.1

1.6+04
41.6+159
74426
6.9+2.8
136.7+4.0
43+0.7
94.7+33
303435
93+12
37+15
23405
1134535
0.3+0.1
3.55+0.24
233+119
15 (9, 28)

1066.5+247.8
19.7+6.7
433+112
0.8+0.3
168.7+44.3
243+10.8
53+3.4
447.1+230.2
960.9+401.4
1671.8+699.9
185.7+98.4
26.6 (15.8,45.2)

57.2+9.7
30+1.8

21 (80.8)
10 (38.5)
16 (61.5)

59.1+£9.9
22.7+4.6
28.5+10.3

38.8 (35.8,43.8)
28.7+3.4
31.5+99
17.2+6.5
48.8+20.9
6.7+3.8

1.6+0.3
4274160
76429
6.9+2.9
137.1+3.3
42406
95.2+2.6
30.1+3.7
9.2+0.7
3.9+18
24409
134.8+98.6
0.3+0.1
3.57+0.22
20.5+6.6
13 (10, 17)

1070.9+287.4
18.5+6.3
449+14.1
0.8+0.3
171.1+54.5
229+10.7
57429
4313+153.7
952.0+277.2
1799.9+788.6
184.4+93.7
35.5(16.2,52.0)

0414
0.121
0.553
0.893
0.032

0.669
0.749
0.640
0.445
0.540
0.585
0.303
0.333
0.770

0.648
0.881
0.936
0.995
0.630
0.880
0.125
0.893
0.925
0.928
0.791
0.424
0.429
0.896
0.507
0.425

0.389
0.326
0.183
0.147
0.443
0.910
0.782
0.919
0.642
0.702
0.562
0.838

Values presented as n (%), mean +SD and median with IQR. Parameters are compared among three groups

using Chi-square test, analysis of variance model or Kruskal-Wallis test
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Table 3 Change of dietary
intake between groups

seen (P <0.05; Table 3). Significantly improved percent-

Control (n=24)

NEPRO (n=30)

ONCE dialyze (n=26) P value

Dietary intake

Energy (kcal/day)

Baseline 1170.0+270.8

End of study 1213.9+323.9
Energy (kcal/kg/day)

Baseline 21.6+6.6

End of study 22.9+8.3
Protein (g/day)

Baseline 50.2+11.7

End of study 53.6+11.6
Protein (g/kg/day)

Baseline 09+0.3

End of study 1+03
Carbohydrate (g/day)

Baseline 187.8+57.0

End of study 183.4+57.1
Fat (g/day)

Baseline 242+12.6

End of study 29.6+13.8
Dietary fiber (g/day)

Baseline 49+2.5

End of study 5.6+3.6
Phosphorus (mg/day)

Baseline 425.1+137.1

End of study 503.8+178.7

Potassium (mg/day)

Baseline 1044.5+318.8

End of study 1111.9+388.8
Sodium (mg/day)

Baseline 1857.3+748.6

End of study 1882.3+697.4
Calcium (mg/day)

Baseline 204.6+135.3

End of study 299.7+171.4
Magnesium (mg/day)

Baseline 25.0 (18.3,36.9)

End of study 18 (12.9,34.2)

1066.5+247.8
1418.7 £242%¢

19.7+6.7
25.8+7.6™¢

433+11.2
61.3+12.1*¢

0.8+0.3
1.1+0.3*¢

168.7+44.3
189.9+44.7

243+10.8
46.7 +12.8%0¢

53+34
7.8+3.3%¢

447.1+£230.2
576.3+147.9*

960.9+401.4
1217.7+303.3*

1671.8+£699.9
2046.6 +783.5°

185.7+98.4
368.7+103.2

26.6 (15.8,45.2)
69.3 (60.2,89.3)*

0.003
1070.9+287.4
1453.9+383%¢
0.014
18.5+6.3
24.7+6.5%
<0.001
449+ 14.1
66+17.8%
<0.001
0.8+0.3
1.1£0.3%
0.232
171.1£54.5
198.6+59.2
<0.001
229107
452+15.9%
<0.001
5729
10.3:£3.4%0¢
0.256
431.3+153.7
596.5+187.7*
0.085
952.0+277.2
1263.5+526°
0.333
1799.9+788.6
1865.6+938.8
0.208
184.4+93.7
358.3+140.9
<0.001

35.5 (16.2,52.0)
65 (56,90.2)*¢

Values for each group represented the mean and standard deviation. P values of the main effect and interac-
tion effect were given by repeated measure ANOVA

4P value of <0.05 was defined as statistical significance used to compare two time points (baseline and end

of study) within group

°P value <0.05 was used to compare the main effect between control groups

P value <0.05 was used to compare the mean difference between control groups by multiple comparison
test in the analysis of variance

age of mean changes in estimated energy and nutrient

intake are also shown in Fig. 2. Changes in other estimated
nutrient intake did not significantly differ among groups.

@ Springer

Changes of MIS and nutritional status

MIS is a scoring system which strongly correlates with mor-
tality, nutrition and inflammation among patients on dialysis.
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A Percentage of mean change with 95% CI of
dietary energy intake

P=0.019

- 1

S 60.00 P=0.032 *

i —

% 50,00 x

"E" 0

S 40.00

]

£ 30.00

5 20.00 T

1

E 10.00 Overall P=0.009

£ 000

=~

-10.00 =

Control Nepro Once Dialyze
n=24) n=30) (n=26)

C Percentage of mean change with 95% CI of

dietary fat intake
P=0.039

& 200.00 P=0.024 % '
«
1T1)
z *
< 150.00
g
H
& 100.00 =
H =
g
£ 50.00
e Overall P=0.011
2

0.00 —

Control
(n=24)

Nepro
(m=30)

Once Dialyze
(n=26)

B Percentage of mean change with 95% CI of

dietary protein intake
P=0.001
$ 80.00 P=0.007 *
&
£ 60.00 =
=
£ 40.00 I
s
g 20.00 o
g Overall P<0.001
S 0.0 ==
2
-20.00 -
Control Nepro Once Dialyze
n=24) n=30) (n=26)

D Percentage of mean change with 95% CI of

dietary fiber intake

o P=0.003
$ 200.00 "l
;‘J P=0.031
= 1
£ 150.00
“
§ 100.00
-
e
g 50.00
g
§ .00 }: Overall P=0.002
:

-50.00

Control
n=24)

Nepro
n=30)

Once Dialyze
(n=26)

Fig.2 Percentage of mean changes with 95% CI in dietary intake with three-day food record after nutritional intervention. Values are presented
as percentage of mean change with 95% CI. “P value < 0.05 compared with baseline by Paired 7 test

MIS is one of the reliable methods to assess nutritional sta-
tus of patients on dialysis, and MIS was used to more clearly
identify effects of ONS on nutritional status. Total MIS
decreased significantly among patients in the ONCE dialyze
and NEPRO groups, but exhibited no significant change in
the control group, while a significant difference (P =0.029)
was found among the three groups (Table 4). Percentage
of mean changes in MIS also significantly improved in the
ONCE dialyze [— 29.0% (95% CI — 40.5 to — 17.4)] and
NEPRO [- 23.9% (95% CI — 37.2 to — 10.6)] groups, com-
pared with the control, [12.1% (95% CI — 19.2 to 43.4)]
(overall P=0.006; P=0.012 for ONCE dialyze vs. control
and P=0.023 for NEPRO vs. control, Fig. 3).
Additionally, serum albumin concentration increased
significantly in the ONCE dialyze group, whereas no
significant change was found in the control and NEPRO
groups. Significant differences in change of serum albu-
min levels were observed in the ONCE dialyze group
[0.18 (95% CI 0.07-0.28)] when compared with the con-
trol group [— 0.04 (95% CI — 0.17 to 0.09)] (P=0.031;
Table 4). Percentage of changes in serum albumin
was 5.3% (95% CI 1.9-8.7), 3.3% (95% CI — 0.1 to
6.7) and — 0.8% (95% CI — 4.3 to 2.7) for the ONCE

dialyze, NEPRO, and control groups, respectively (overall
P =0.039; P=0.043 for ONCE dialyze vs. control, Fig. 3).

Change of serum pre-albumin (0.02 mg/dL, 95% CI
0.002-0.04) and percentage of change serum pre-albumin
(8.5%, 95% CI 1.4-15.5) significantly increased after
ONCE dialyze supplement, but no significant change was
found among the three groups (Table 4; Fig. 3). Body
weight, BMI, mid-arm circumference and BUN showed
significant increases in the intervention groups, but these
parameters did not significantly differ among groups
(Table 4). No significant change was observed between
groups by treatment effects regarding anthropometric
measurements, body composition or physical function
(Table 4).

During the study, no serious adverse events were
observed especially electrolyte disturbances and fluid over-
load. Changes in serum electrolytes and minerals did not
significantly differ among groups. One patient in the ONCE
dialyze group, and two patients in the NEPRO group pre-
sented mild nausea, vomiting and diarrhea. At the study’s
completion, patient compliance, receiving the ONS on
schedule, was 96.0% and overall outcomes at the end study
are demonstrated in Table 5.

@ Springer
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Table 4 Change of nutritional

. : Control (n=24) NEPRO (n=30) ONCE dialyze (n=26) Group*time
parameters and biochemical

P value
profiles between groups
Clinical parameters
Body weight (kg) 0.236
Baseline 56.9+14.5 56.5+12.5 59.1+9.9
End of study 56.9+14.8 57.1+12.3% 59.8+9.9°
Body mass index (kg/m?) 0.257
Baseline 23.3+5.1 23.6+4.0 22.7+4.6
End of study 23.4+5.2 229+4.6 23.9+4.1°
Percentage of body fat (%) 0.223
Baseline 25.7+10.0 25.8+11.6 28.5+10.3
End of study 23.5+124 27.1+10.2 26+11.8
Muscle mass (kg) 0.396
Baseline 39.6+7.6 39.4+8.2 40.0+6.8
End of study 40.6+8.5 39.3+8 41.4+8.1
Mid-arm circumference (cm) 0.197
Baseline 289+59 27.5+4.8 28.7+3.4
End of study 289+5.6 28.24+5% 29.3+3.2°
Triceps skinfold thickness (mm) 0.991
Baseline 28.3+11.8 30.5+9.3 31.5+9.9
End of study 282+11.2 30.6+9.6 31.7+8.5
Hand grip test (kg) 0.502
Baseline 16.9+9.0 14.5+4.3 172+6.5
End of study 17+£7.8 15.4+4.9* 18.5+8.1
Total SF36 0.307
Baseline 60.1+20.2 54.5+24.1 48.8+20.9
End of study 60.6 +25 64.4+22.1° 55.4+233
Individual MIS score
Medical history 0.031
Baseline 3.0+1.6 32+23 37422
End of study 2.8+2.1 20+1.3% 1.8+0.9%¢
Physical exam 0.241
Baseline 09+1.0 1.2+1.14 0.9+09
End of study 0.8+1.0 0.6+09*" 0.6+0.9°
Body mass index (kg/m?) 0.580
Baseline 04+0.6 04+ 0.2+0.7
End of study 0.3+0.5 0.4+0.6 0.1+0.7
Laboratory parameters 0.035
Baseline 1.7+1.2 19+1.5 1.9+1.3
End of study 22+1.0 1.6+1.2 1.5+0.9
Total MIS 0.029
Baseline 0+2. 6.7+4.1 6.7+3.8
End of study 59+32 4.6+2.7* 4.1+1.8%
Laboratory findings
Blood urea nitrogen (mg/dL) 0.650
Baseline 43.9+18.6 41.6+15.9 42.7+16.0
End of study 57.6+21.7 59.6+21.8* 61+16.8°
Serum creatinine (mg/dL) 0.908
Baseline 7.7+3.0 7.4+2.6 9
End of study 83+24 8.1+38 +3.1
Sodium (mEgq/L) 0.341
Baseline 137.7+3.2 136.7+4.0 137.1+3.3
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Table 4 (continued)

Control (n=24) NEPRO (n=30) ONCE dialyze (n=26) Group*time
P value

End of study 142 +20.8 136.8+4.9 137.1+3.6

Potassium (mEq/L) 0.516
Baseline 43+0.8 4.3+0.7 42+0.6
End of study 42+0.7 44+09 43+0.6

Chloride (mEq/L) 0.877
Baseline 96.5+4.0 94.7+3.3 95.2+2.6
End of study 97+3.3 94.8+4.7 95+3.1

Bicarbonate (mEq/L) 0.310
Baseline 30.8+6.6 30.3+3.5 30.1+3.7
End of study 26.8+3.2° 27.4+3.3% 27.9+3.5°

Calcium (mg/dL) 0.537
Baseline 9.3+0.6 93+12 9.2+0.7
End of study 8.7+1.1* 89+13 8.5+1.2°

Phosphorus (mg/dL) 0.444
Baseline 3714 37+1.5 39+1.8
End of study 37+1.5 41+1.8 43+1.5%

Magnesium (mg/dL) 0.866
Baseline 2.5+0.7 23+0.5 24+09
End of study 2.5+0.6 2.6+0.7 2.6+0.7

Fasting plasma glucose (mg/dL) 0.174
Baseline 108.4+31.2 113 +£53.5 134.8+98.6
End of study 115.6 +36.62 114.6+71.4 148.1+96.2

Prealbumin (mg/dL) 0.514
Baseline 0.28 +£0.06 0.31+0.08 0.29+0.08
End of study 0.28 +£0.09 0.32+0.10 0.31+0.08*

Albumin (g/dL) 0.031
Baseline 35+03 3.6+0.2 3.6+0.2
End of study 3.7+0.4 3.8+0.6 3.9+0.5%¢

AST (U/L) 0.250
Baseline 21.0+9.3 233+11.9 20.5+6.6
End of study 21+12.3 214+8 22.4+9

ALT (U/L) 0.240
Baseline 11.5 (8.5, 24) 15 (9, 28) 13 (10, 17)
End of study 12 (8, 20.5) 14 (10, 18) 15 (12, 19)

Values for each group represented the mean and standard deviation. P values of the main effect and interac-
tion effect were given by repeated measure ANOVA

4P value of <0.05 was defined as statistical significance used to compare two time points (baseline and end
of study) with in group by Bonferroni multiple comparison test

P value <0.05 was used to compare the main effect between control groups

°P value <0.05 was used to compare the mean difference between control groups by multiple comparison

test in the analysis of variance

Discussion

Administration of ONS represents the first step of nutri-
tional intervention when dietary counseling aimed at
increasing spontaneous intake of nutrients fails. This ran-
domized controlled trial investigated the effects of renal-
specific ONS among patients with kidney failure undergo-
ing maintenance hemodialysis. Our results supported the

use of ONCE dialyzed and NEPRO supplement to improve
total MIS, energy, protein, fat, fiber and magnesium intake
without significant influence on serum electrolytes among
patients with kidney failure receiving hemodialysis. Our
finding is consistent with a related meta-analysis [12]. We
also demonstrated improvements in serum albumin after
30 days of receiving ONCE dialyzed supplement.
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Fig. 3 Percentage of mean changes with 95% CI in total MIS, body weight, serum albumin and pre-albumin after nutritional intervention. Values
are presented as percentage of mean change with 95% CI. “P value <0.05 compared with baseline

Malnutrition is highly prevalent among patients with kid-
ney failure undergoing dialysis, which is associated with
increased mortality risk among patients on dialysis [11].
One of the most important causes of malnutrition inflamma-
tion complex syndrome is loss of appetite with low dietary
protein and energy intake [20]. Clinical studies from retro-
spective and cohort studies have indicated that nutritional
interventions were associated with improved mortality and
morbidity among patients undergoing dialysis patient, but
large randomized clinical trials remain limited [21]. Sev-
eral epidemiological studies have indicated that improved
nutritional status parameters were associated with improved
survival among patients undergoing dialysis [1]. Addition-
ally, ONS significantly improved the quality of life during
interventions [22-24]. Our study indicated that the renal-
specific diet supplement significantly improved total MIS,
energy, protein and fiber intake and maintained nutritional
markers among patients with kidney failure undergoing
maintenance hemodialysis. This study was consistent with
other studies demonstrating effectiveness of dietary inter-
vention on nutritional biomarkers among patients with kid-
ney failure undergoing maintenance hemodialysis [25, 26].

@ Springer

Therefore, additional long-term well-designed studies are
needed to be conducted concerning the efficacy of specific
renal supplements among malnourished patients with kidney
failure undergoing maintenance hemodialysis.

Causes of malnutrition inflammation complex syndrome
during hemodialysis include an imbalance between pro-
and anti-oxidant system [27]. As MIS is a reliable method
to assess chronic inflammation and malnutrition among
patients undergoing dialysis. Moreover, evaluating the nutri-
tional status of patients on maintenance hemodialysis using
MIS can determine patient outcomes [17]. Our study con-
firmed that renal-specific diet supplement improved nutri-
tional score from the calculated MIS among patients with
kidney failure undergoing maintenance hemodialysis. The
improvement in dietary energy and protein intake has ana-
bolic, anti-inflammatory and anti-oxidative effects on nutri-
tional status among patients with kidney failure. This finding
was consistent with related studies of improved inflamma-
tory markers, persistent anabolic benefits for muscle metabo-
lism and physical function among patients on maintenance
hemodialysis after intradialytic protein supplementation [22,
28, 29].
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Table 5 Outcomes at the end of
study between groups

Control (n=24) NEPRO (n=30)

ONCE dialyze (n=26) P value

Dietary intake
Energy (kcal/day)
Energy (kcal/kg/day)
Protein (g/day)
Protein (g/kg/day)
Carbohydrate (g/day)
Fat (g/day)
Dietary fiber (g/day)
Phosphorus (mg/day)
Potassium (mg/day)
Sodium (mg/day)
Calcium (mg/day)
Magnesium (mg/day)
Clinical parameters
Body weight (kg)
Body mass index (kg/m?)
Percentage of body fat (%)
Muscle mass (kg)
Mid-arm circumference (cm)
Triceps skinfold thickness (mm)
Hand grip test (kg)
Total SF36
Total MIS
Laboratory findings
Blood urea nitrogen (mg/dL)
Serum creatinine (mg/dL)
Sodium (mEq/L)
Potassium (mEq/L)
Chloride (mEq/L)
Bicarbonate (mEq/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
Magnesium (mg/dL)
Fasting plasma glucose (mg/dL)
Prealbumin (mg/dL)
Albumin (g/dL)
AST (U/L)
ALT (U/L)

1213943239  1418.7+242 1453.9+383 0.044
229+83 25.8+7.6 247465 0.453
53.6+11.6 61.3+12.1 66+ 17.8 0.025
1403 1.1+03 1.1+03 0.448
183.4+57.1 189.9+44.7 198.6+59.2 0.667
29.6+13.8 46.7+12.8% 4524159 <0.001
5.6+3.6 7.8+33 103434 <0.001
503.8+178.7  576.3+147.9 596.5+187.7 0.207
1111.9+388.8 1217.7+303.3  1263.5+526 0.498
1882.3+697.4 2046.6+783.5  1865.6+938.8 0.713
299.7+171.4  368.7+103.2 358.3+140.9 0.240
18 (12.9,34.2)  69.3 (60.2,89.3)* 65 (56, 90.2)" <0.001
56.9+14.8 57.1+123 59.8+9.9 0.690
23.4+52 229446 23.9+4.1 0.756
235+124 27.1+10.2 26+11.8 0.607
40.6+8.5 39.3+8 41.4+8.1 0.686
28.9+5.6 28245 293+32 0.711
282+11.2 30.6+9.6 31.7+85 0.495
17+7.8 154449 18.5+8.1 0313
60.6+25 64.4+22.1 5544233 0.460
59432 46427 41+18 0.106
57.6+21.7 59.6+21.8 61+16.8 0.832
8.3+24 8.1+3.8 8.1+3.1 0.956
1424208 136.8+4.9 137.1+3.6 0.219
42407 44409 43406 0.736
97433 94.8+4.7 95+3.1 0.091
26.8+3.2 274433 279435 0.511
87+1.1 89+13 8.5+1.2 0.448
37+15 41+18 43415 0.434
2.5+0.6 2.6+0.7 2.6+0.7 0.876
107 (89, 134.5) 120 (88, 193) 104 (94, 175) 0.179
0.3+0.1 0.3+0.1 0.3+0.1 0.297
3.7+0.4 3.8+0.6 3.9+0.5 0.263
214123 21.4+8 22449 0.870
12 (8, 20.5) 14 (10, 18) 15 (12, 19) 0.695

Values represented mean + SD and Median (IQR)

4P value <0.05 was used to compare the mean or median between control groups by Scheffe post hoc test
in the analysis of variance or Kruskal-Wallis test

Hypoalbuminemia is another marker reflecting nutritional
status and a strong predictor of poor outcomes and mortality
among patients on dialysis [30]. In our study, we found that
serum albumin and pre-albumin in the ONCE dialyze group
were significantly increased by 0.18 g/dL and 0.02 mg/L,
respectively. The beneficial effects of ONCE dialyze with
a high amount of protein (16.98 g/370 kcal) and 29.5%
whey protein content on nutritional status might have been

due to anabolic effects of whey protein and its branched-
chain amino acid contents on stimulating protein synthesis,
increasing muscle mass and ameliorating exercise injuries
[31, 32]. Another study supported that whey protein consti-
tuted an anti-oxidant with anti-inflammatory properties that
increased glutathione content and inhibited DNA damage
[33]. However, soy and casein protein provide potentially
less muscle protein synthesis than whey protein [34]. As a
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consequence, our study found that oral ONCE Dialyze sup-
plements with 29.5% whey protein isolate improved serum
albumin levels among malnourished patients with kidney
failure.

Our study found that oral ONCE Dialyze and NEPRO
supplements had no significant effect on serum potassium
and phosphorus level. Both renal-specific ONS supplement
with low potassium and phosphorus content did not increase
risk of electrolyte abnormalities among patients with kidney
failure undergoing maintenance hemodialysis. Although our
study showed a significant increase in dietary magnesium
intake after ONS intervention, no significant change was
observed in serum magnesium levels in the ONCE Dialyze
and NEPRO groups. Moreover, compliance of patients in our
study was extremely good; 96% of patients complied with
the ONS supplement for 30 days, improving an average addi-
tional caloric intake with high amount of protein and fiber.
The high percentage of compliance may reflect the type of
patient selection in our study in that they received the inter-
vention based on their excellent reputation for nutritional
management. Therefore, the ONCE Dialyze supplement
was convenient for educated patients with kidney failure on
hemodialysis and unable to choose the most appropriate high
protein renal diet with low sodium, phosphate and potas-
sium to maintain adequate energy intake. However, patient
compliance was limited by the relatively short period of
follow-up.

Our study encountered several limitations. First, our study
comprised a single-center study with a small sample size
lacking any blinding of the interventions causing detection
and performance bias. Second, the effects of ONS on serum
albumin levels was observed in our study, but we could not
determine the effects of ONS or a short-term increase in
albumin level concerning the mortality risk among patients
on dialysis. Third, the INMUCAL program could not rep-
resent all micronutrients completely, especially magnesium
(validity 36.3%). Therefore, the amount of magnesium was
shown lower than that of the usual diet. Finally, we could
not evaluate the effects of ONS on inflammation, which is
closely associated with treatment outcomes among patients
with kidney failure.

In conclusion, short-term oral nutritional supplements
using ONCE dialyze or NEPRO were associated with
increased energy, protein, fat, fiber and magnesium intake.
ONCE dialyze supplement significantly improved nutri-
tional status score and serum albumin level in malnourished
patients with kidney failure undergoing maintenance hemo-
dialysis without abnormal electrolyte disturbance. There-
fore, renal-specific formula might be regarded as a com-
plementary supplement to the current therapeutic remedies
for malnutrition among patients on hemodialysis. Further
trials are required to confirm the long-term efficacy of renal-
specific ONS particularly those involving the observation of

@ Springer

morbidity and mortality risk among malnourished patients
on hemodialysis.

Acknowledgements The authors wish to acknowledge the contribu-
tions of the following individuals to this study: staff in the Division of
Nephrology in Phramongkutklao Hospital.

Funding The study was supported by a Grant from Phramongkutklao
Hospital and College of Medicine, Bangkok, Thailand and the Thai
Otsuka Pharmaceutical Co., Ltd. Thailand, which had no influence on
the design, conduct, analysis or reporting of our trial.

Data availability Data supporting this study are available upon request.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethics approval The study was approved by the Ethics Committee of
the Institute Review Board at the Royal Thai Army Medical Depart-
ment and was conducted according to the Declaration of Helsinki.

Informed consent Informed consent was obtained from all participants.

References

1. Ikizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb J, Kalan-
tar-Zadeh K, Kuhlmann MK, Stenvinkel P, TerWee P, Teta D,
Wang AY, Wanner C, International Society of Renal N, Metabo-
lism (2013) Prevention and treatment of protein energy wasting
in chronic kidney disease patients: a consensus statement by the
International Society of Renal Nutrition and Metabolism. Kidney
Int 84(6):1096-1107. https://doi.org/10.1038/ki.2013.147

2. Kalantar-Zadeh K, Ikizler TA, Block G, Avram MM, Kopple
JD (2003) Malnutrition-inflammation complex syndrome in
dialysis patients: causes and consequences. Am J Kidney Dis
42(5):864-881

3. Ballmer PE, McNurlan MA, Hulter HN, Anderson SE, Garlick
PJ, Krapf R (1995) Chronic metabolic acidosis decreases albumin
synthesis and induces negative nitrogen balance in humans. J Clin
Invest 95(1):39-45. https://doi.org/10.1172/JC1117668

4. Burrowes JD, Larive B, Cockram DB, Dwyer J, Kusek JW,
McLeroy S, Poole D, Rocco MV, Hemodialysis Study G (2003)
Effects of dietary intake, appetite, and eating habits on dialysis
and non-dialysis treatment days in hemodialysis patients: cross-
sectional results from the HEMO study. J Ren Nutr 13(3):191-
198. https://doi.org/10.1016/s1051-2276(03)00069-4

5. Supasyndh O, Satirapoj B, Seenamngoen S, Yongsiri S, Choovi-
chian P, Vanichakarn S (2009) Nutritional status of twice and
thrice-weekly hemodialysis patients with weekly Kt/V > 3.6.J
Med Assoc Thai 92(5):624-631

6. Sezer S, Bal Z, Tutal E, Uyar ME, Acar NO (2014) Long-term oral
nutrition supplementation improves outcomes in malnourished
patients with chronic kidney disease on hemodialysis. JPEN J Par-
enter Enteral Nutr 38(8):960-965. https://doi.org/10.1177/01486
07113517266

7. Malgorzewicz S, Galezowska G, Cieszynska-Semenowicz M,
Ratajczyk J, Wolska L, Rutkowski P, Jankowska M, Rutkowski B,
Debska-Slizien A (2019) Amino acid profile after oral nutritional
supplementation in hemodialysis patients with protein-energy


https://doi.org/10.1038/ki.2013.147
https://doi.org/10.1172/JCI117668
https://doi.org/10.1016/s1051-2276(03)00069-4
https://doi.org/10.1177/0148607113517266
https://doi.org/10.1177/0148607113517266

International Urology and Nephrology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

wasting. Nutrition 57:231-236. https://doi.org/10.1016/j.
nut.2018.06.013

Leonberg-Yoo AK, Wang W, Weiner DE, Lacson E Jr (2019) Oral
nutritional supplements and 30-day readmission rate in hypoal-
buminemic maintenance hemodialysis patients. Hemodial Int
23(1):93-100. https://doi.org/10.1111/hdi.12694

Weiner DE, Tighiouart H, Ladik V, Meyer KB, Zager PG, Johnson
DS (2014) Oral intradialytic nutritional supplement use and mor-
tality in hemodialysis patients. Am J Kidney Dis 63(2):276-285.
https://doi.org/10.1053/j.ajkd.2013.08.007

Benner D, Brunelli SM, Brosch B, Wheeler J, Nissenson AR
(2018) Effects of oral nutritional supplements on mortality,
missed dialysis treatments, and nutritional markers in hemodialy-
sis patients. J Ren Nutr 28(3):191-196. https://doi.org/10.1053/j.
jrn.2017.10.002

Lacson E Jr, Ikizler TA, Lazarus JM, Teng M, Hakim RM (2007)
Potential impact of nutritional intervention on end-stage renal
disease hospitalization, death, and treatment costs. J Ren Nutr
17(6):363-371. https://doi.org/10.1053/j.jrn.2007.08.009

Liu PJ, Ma F, Wang QY, He SL (2018) The effects of oral nutri-
tional supplements in patients with maintenance dialysis therapy:
a systematic review and meta-analysis of randomized clinical
trials. PLoS ONE 13(9):e0203706. https://doi.org/10.1371/journ
al.pone.0203706

Sabatino A, Piotti G, Cosola C, Gandolfini I, Kooman JP, Fiac-
cadori E (2018) Dietary protein and nutritional supplements in
conventional hemodialysis. Semin Dial 31(6):583-591. https://
doi.org/10.1111/sdi.12730

Satirapoj B, Limwannata P, Kleebchaiyaphum C, Prapakorn J,
Yatinan U, Chotsriluecha S, Supasyndh O (2017) Nutritional sta-
tus among peritoneal dialysis patients after oral supplement with
ONCE dialyze formula. Int J] NephrolRenovasc Dis 10:145-151.
https://doi.org/10.2147/IINRD.S 138047

Cano N, Fiaccadori E, Tesinsky P, Toigo G, Druml W, Dgem KM,
Mann H, Horl WH, Espen (2006) ESPEN guidelines on enteral
nutrition: adult renal failure. ClinNutr 25(2):295-310. https://doi.
org/10.1016/.clnu.2006.01.023

Kistler BM, Benner D, Burrowes JD, Campbell KL, Fouque
D, Garibotto G, Kopple JD, Kovesdy CP, Rhee CM, Steiber A,
Stenvinkel P, Ter Wee P, Teta D, Wang AYM, Kalantar-Zadeh
K (2018) Eating during hemodialysis treatment: a consensus
statement from the international society of renal nutrition and
metabolism. J Ren Nutr 28(1):4—12. https://doi.org/10.1053/j.
jrn.2017.10.003

Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH (2001)
A malnutrition-inflammation score is correlated with morbidity
and mortality in maintenance hemodialysis patients. Am J Kidney
Dis 38(6):1251-1263. https://doi.org/10.1053/ajkd.2001.29222
Leal VO, Stockler-Pinto MB, Farage NE, Aranha LN, Fouque
D, Anjos LA, Mafra D (2011) Handgrip strength and its dialysis
determinants in hemodialysis patients. Nutrition 27(11-12):1125—
1129. https://doi.org/10.1016/j.nut.2010.12.012

Wight JP, Edwards L, Brazier J, Walters S, Payne JN, Brown
CB (1998) The SF36 as an outcome measure of services for end
stage renal failure. Qual Health Care 7(4):209-221. https://doi.
org/10.1136/qshc.7.4.209

Wang AY, Sanderson J, Sea MM, Wang M, Lam CW, Li PK, Lui
SF, Woo J (2003) Important factors other than dialysis adequacy
associated with inadequate dietary protein and energy intakes in
patients receiving maintenance peritoneal dialysis. Am J ClinNutr
77(4):834-841. https://doi.org/10.1093/ajcn/77.4.834

Mpio I, Cleaud C, Arkouche W, Laville M (2015) Results of
therapeutics strategy of protein-energy wasting in chronic hemo-
dialysis: a prospective study during 12 months. NephrolTher
11(2):97-103. https://doi.org/10.1016/j.nephro.2014.11.002
Tomayko EJ, Kistler BM, Fitschen PJ, Wilund KR (2015) Intradia-
lytic protein supplementation reduces inflammation and improves

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

physical function in maintenance hemodialysis patients. J Ren
Nutr 25(3):276-283. https://doi.org/10.1053/.jrn.2014.10.005
Fouque D, McKenzie J, de Mutsert R, Azar R, Teta D, Plauth
M, Cano N, RenilonMulticentre Trial Study G (2008) Use of a
renal-specific oral supplement by haemodialysis patients with
low protein intake does not increase the need for phosphate bind-
ers and may prevent a decline in nutritional status and quality
of life. Nephrol Dial Transplant 23(9):2902-2910. https://doi.
org/10.1093/ndt/gfn131

Sharma M, Rao M, Jacob S, Jacob CK (2002) A controlled trial
of intermittent enteral nutrient supplementation in maintenance
hemodialysis patients. J Ren Nutr 12(4):229-237. https://doi.
org/10.1053/jren.2002.35300

Caglar K, Fedje L, Dimmitt R, Hakim RM, Shyr Y, Ikizler TA
(2002) Therapeutic effects of oral nutritional supplementation
during hemodialysis. Kidney Int 62(3):1054-1059. https://doi.
org/10.1046/j.1523-1755.2002.00530.x

Stratton RJ, Bircher G, Fouque D, Stenvinkel P, de Mutsert R,
Engfer M, Elia M (2005) Multinutrient oral supplements and
tube feeding in maintenance dialysis: a systematic review and
meta-analysis. Am J Kidney Dis 46(3):387-405. https://doi.
org/10.1053/j.ajkd.2005.04.036

Coombes JS, Fassett RG (2012) Antioxidant therapy in hemodi-
alysis patients: a systematic review. Kidney Int 81(3):233-246.
https://doi.org/10.1038/ki.2011.341

Cheu C, Pearson J, Dahlerus C, Lantz B, Chowdhury T, Sauer PF,
Farrell RE, Port FK, Ramirez SP (2013) Association between oral
nutritional supplementation and clinical outcomes among patients
with ESRD. Clin J] Am SocNephrol 8(1):100-107. https://doi.
org/10.2215/CIN.13091211

Pupim LB, Majchrzak KM, Flakoll PJ, Ikizler TA (2006) Intra-
dialytic oral nutrition improves protein homeostasis in chronic
hemodialysis patients with deranged nutritional status. ] Am Soc-
Nephrol 17(11):3149-3157. https://doi.org/10.1681/ASN.20060
40413

Kalantar-Zadeh K, Kilpatrick RD, Kuwae N, McAllister CJ,
Alcorn H Jr, Kopple JD, Greenland S (2005) Revisiting mortality
predictability of serum albumin in the dialysis population: time
dependency, longitudinal changes and population-attributable
fraction. Nephrol Dial Transplant 20(9):1880-1888. https://doi.
org/10.1093/ndt/gfh941

Chen WC, Huang WC, Chiu CC, Chang YK, Huang CC (2014)
Whey protein improves exercise performance and biochemical
profiles in trained mice. Med Sci Sports Exerc 46(8):1517-1524.
https://doi.org/10.1249/MSS.0000000000000272

Huang WC, Chang YC, Chen YM, Hsu YJ, Huang CC, Kan NW,
Chen SS (2017) Whey protein improves marathon-induced injury
and exercise performance in elite track runners. Int J Med Sci
14(7):648—654. https://doi.org/10.7150/ijms.19584

Hassan AM, Abdel-Aziem SH, Abdel-Wahhab MA (2012)
Modulation of DNA damage and alteration of gene expression
during aflatoxicosis via dietary supplementation of Spirulina
(Arthrospira) and Whey protein concentrate. Ecotoxicol Environ
Saf 79:294-300. https://doi.org/10.1016/j.ecoenv.2012.01.017
Tang JE, Moore DR, Kujbida GW, Tarnopolsky MA (1985) Phil-
lips SM (2009) Ingestion of whey hydrolysate, casein, or soy
protein isolate: effects on mixed muscle protein synthesis at rest
and following resistance exercise in young men. J ApplPhysiol
107(3):987-992. https://doi.org/10.1152/japplphysiol.00076.2009

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.nut.2018.06.013
https://doi.org/10.1016/j.nut.2018.06.013
https://doi.org/10.1111/hdi.12694
https://doi.org/10.1053/j.ajkd.2013.08.007
https://doi.org/10.1053/j.jrn.2017.10.002
https://doi.org/10.1053/j.jrn.2017.10.002
https://doi.org/10.1053/j.jrn.2007.08.009
https://doi.org/10.1371/journal.pone.0203706
https://doi.org/10.1371/journal.pone.0203706
https://doi.org/10.1111/sdi.12730
https://doi.org/10.1111/sdi.12730
https://doi.org/10.2147/IJNRD.S138047
https://doi.org/10.1016/j.clnu.2006.01.023
https://doi.org/10.1016/j.clnu.2006.01.023
https://doi.org/10.1053/j.jrn.2017.10.003
https://doi.org/10.1053/j.jrn.2017.10.003
https://doi.org/10.1053/ajkd.2001.29222
https://doi.org/10.1016/j.nut.2010.12.012
https://doi.org/10.1136/qshc.7.4.209
https://doi.org/10.1136/qshc.7.4.209
https://doi.org/10.1093/ajcn/77.4.834
https://doi.org/10.1016/j.nephro.2014.11.002
https://doi.org/10.1053/j.jrn.2014.10.005
https://doi.org/10.1093/ndt/gfn131
https://doi.org/10.1093/ndt/gfn131
https://doi.org/10.1053/jren.2002.35300
https://doi.org/10.1053/jren.2002.35300
https://doi.org/10.1046/j.1523-1755.2002.00530.x
https://doi.org/10.1046/j.1523-1755.2002.00530.x
https://doi.org/10.1053/j.ajkd.2005.04.036
https://doi.org/10.1053/j.ajkd.2005.04.036
https://doi.org/10.1038/ki.2011.341
https://doi.org/10.2215/CJN.13091211
https://doi.org/10.2215/CJN.13091211
https://doi.org/10.1681/ASN.2006040413
https://doi.org/10.1681/ASN.2006040413
https://doi.org/10.1093/ndt/gfh941
https://doi.org/10.1093/ndt/gfh941
https://doi.org/10.1249/MSS.0000000000000272
https://doi.org/10.7150/ijms.19584
https://doi.org/10.1016/j.ecoenv.2012.01.017
https://doi.org/10.1152/japplphysiol.00076.2009

	Effectiveness of renal-specific oral nutritional supplements compared with diet counseling in malnourished hemodialysis patients
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Clinical trial registration 

	Background
	Methods
	Study design and patient characteristics

	Outcomes
	Statistical analysis

	Results
	Changes of energy and nutrient intake
	Changes of MIS and nutritional status

	Discussion
	Acknowledgements 
	References




