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Abstract Inadequate energy intake and muscle wasting often occur in patients with end-stage kid-
ney disease, particularly in those undergoing hemodialysis (HD). Proper protein and energy intake has
long been recognized to maintain the condition of patients with renal disease, especially those who
undergo HD. An ongoing problem is the inadequate dietary intake of these patients, which poses
them with the risk of malnutrition. However, limited research has been conducted on the effects of
soy protein-containing commercial formula supplementation on the nutritional status of patients under-
going HD with hypoalbuminemia. This study investigated the effects of a commercial soy protein-con-
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taining formula on the nutritional status of hypoalbuminemic patients undergoing HD. The inclusion
criteria were HD patients with a serum albumin level of < 3.0 mg/dL. The interventional study included
44 eligible HD patients who received soy protein-containing commercial formulas daily for 12 weeks,
providing 206 kcal and 16.8 g of soy protein. After 12 weeks of soy protein-containing commercial
formula supplementation, an increase in plasma albumin concentration, mean corpuscular volume, and
nutritional status-related values was observed. Our results suggested that oral supplementation with
a commercial soy protein-containing formula may improve the nutritional status of malnourished pati-

ents on HD.

Key words: soy protein-containing commercial formula, hemodialysis, protein-energy malnutrition, nuftritional status,

kidney failure

INTRODUCTION

Protein-energy malnutrition (PEM) frequently oc-
cursin patients with end-stage kidney disease undergo-
ing long-term hemaodialysis (HD) and constitutes a
heavy burden on globa health ®. PEM can occur for
severa reasons, such as uremia as the common sign of
end-stage kidney disease or the side effects of HD treat-
ment. All of these factors contribute to the poor appetite
of patients, accelerating protein loss ®, The degree of
mal nutrition, as assessed by the low serum albumin lev-
el and fat and muscle wasting, is positively correlated
with an increased length of hospital stay and is the
strongest predictor of mortality ¢ . While the preva
lence of PEM may range between 18-70% among HD
patients @9, it has been found that for those consuming
insufficient calories or protein, poor nutritional status
can be ameliorated by supplementing a diet with ad-
equate protein and calories 412,

According to the recommendations of the Kidney
Disease Outcomes Quadlity Initiative (KDOQI-2020)
proposed by the National Kidney Foundation (NKF) for
patients undergoing HD, the caloric requirement is
25-35 kcal/kg dry body weight (DBW)/day and 1.0-1.2
o/kg DBW/day for protein ®®, Ensuring adequate pro-
tein and calorieintakeiscritical for patients undergoing
HD to prevent the catabolism of body tissues, as men-
tioned above. Soy protein is a protein with a high bio-
logical value, commonly used in special formulas

However, reaching the recommended intake is
challenging for those with poor appetite, which is very
prevalent in end-stage kidney disease patients, and
more than half of the HD patients struggle to meet the

recommended dietary intake goal ®¥. Oral nutritional
supplementation (ONS) conventionally provides an ad-
ditional 7-10 kcal/kg/day of energy and 0.3-0.4 g/kg/
day of protein @, It has been shown to reduce mortality
among in-center HD patients when ONS was imple-
mented on adaily basis and during HD on dialysis days
@9, and to significantly increase plasma albumin and
prealbumin concentrations . However, studies on soy
protein ONSin Asian hypoal buminemic patients under-
going HD are lacking. This study investigated the ef-
fects of commercial soy protein formula on the nutri-
tional status of malnourished patients undergoing HD,
with the objective of improving the nutrition markers
often dtered in patients with end-stage kidney disease.

MATERIALSAND METHODS

The patients for this interventiona study were re-
cruited fromthe HD department of Taipei Tzu Chi Hos-
pital between June and September 2013. The inclusion
criteria were as follows. age > 20 years old and not
scheduled for kidney transplantation in the near future,
plasma albumin concentration < 3.0 mg/dL, and not on
parenteral nutrition, intravenous albumin supplementa-
tion, or enteral nutrition. Patients with hemodynamic
instability or poor compliance of medication use (as de-
termined by the attending physician in the nephrology
department) and those on steroids or immunosuppres-
sive drugs were excluded. All recruited participants re-
ceived adaily supplement of acommercia powder for-
mula containing 206 kcal and 16.8 g of isolated soy pro-
tein (Table 1) as anutritional intervention. The patients
only received instructions regarding formulausage with
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Table 1. Nutrient composition of the soy protein-containing commercial formula”?

Nutrients per 48 g

Calories (kcal)
Protein (g)

Fat (9)

Saturated fat (g)
Transfat (g)
Carbohydrate (g)
Dietary fiber (g)
Vitamin A (ug RE)
Vitamin D (ug)
Vitamin E (mg o-TE)
Vitamin K (ug)
Vitamin C (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B6 (mg)
Vitamin B12 (ug)
Niacin (mg NE)
Pantothenic acid (mg)
Folic acid (ug)
Biotin (ng)
Choline (ug)
Calcium (mg)
Phosphorous (mg)
Magnesium (mg)
Zinc (mg)

Iron (mQ)
Manganese (mg)
Copper (mg)
lodine (ug)
Fluorine (mg)
Sodium (mg)
Potassium (mg)
Chloride (mg)
Chromium (ug)
Molybdenum (ug)
Selenium (ug)
Taurine (M)

205.92
16.8
6.96
0.432
0
18.96
1.68
160.32
3.264
3.456
5.472
22.416
0.288
0.384
1.392
0.576
3.264
144
159.36
72
64.32
177.6
211.68
8.64
12
3.312
0.096
0.288
13.2
0.048
214.56
158.4
58.08
1.344
1.296
1.392
27.36

! Nu-Reno, Nutritec Enjoy, Taipei, Taiwan

2 Protein 31% (100% isolated soy protein); fat 30% (100% canolaoil); carbohydrate 39% (100% maltodextrin).
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no additional nutrition-related consulting, All partici-
pantswereinstructed to mix 48 g of the powder formula
with 150 mL of water and consume the su pplement
daily for 12 weeks.

On the days that the patients underwent HD, the
dietitians prepared the supplement onsite and adminis-
tered the supplement to the participants during dialysis
under the supervision of the attending nurse. On non-di-
alysisweekdays, the participants were instructed to take
the supplement at home and return empty packaging as
proof of supplement intake. Pre-dialysis blood urea ni-
trogen (BUN), Kt/V, and normalized protein nitrogen
appearance (NnPNA) values were used to objectively es-
timate protein intake and compare it with the reported
dietary protein intake, thus confirming the actual use of
supplements.

After the intervention period, intervention compli-
ance was assessed; patients consuming < 75% of thein-
tended dosage were excluded from the final analysis. A
total of 294 patients undergoing HD were screened, of
whom 66 met the eligibility criteria. Of these, 50 were
recruited for the study and provided written informed
consent. Furthermore, 6 participants were excluded
from the study because of death (n = 2), changein treat-
ment plan (n = 2), or personal reasons (n = 2). Finaly,
44 participants were included in the analysis. All 44
participants had a supplement usage rate of > 75%. This
study was approved by the Institutional Review Board
(IRB) of the Taipel Tzu Chi Hospital.(Protocol No.: 01-
X21-069)

Anthropometric data, such as dry body weight
(DBW), along with biochemical values, were collected
before and after the intervention. Body mass index
(BMI) was calculated using the DBW. 3-day food re-
cords, including one HD day, one non-dialysis week-
day, and one weekend, were obtained at week O (pre-in-
tervention) and 12 (post-intervention) via face-to-face
interviews conducted by adietitian. The EKitchen Roy-
al Kitchen Nutrition Anaysis Software (Nutrition
Steward Enhanced Labeled Version, Royal Kitchen
Business Co., Ltd.) was used to calculate and analyze
dietary nutritiona intake, including calorie, protein,
phosphorus, and potassium intake. Blood was sampled

from the participants prior to HD treatment for bio-
chemical analysis. Biochemical values related to nutri-
tional status were obtained from the patient’s medical
record, including the concentrations of abumin, crea-
tine, blood phosphorus, hemoglobin (Hb), hematocrit,
blood cholesteral, triglycerides (TG), fasting blood glu-
cose (glucose AC), low-density lipoprotein-cholesterol
(LDL), BUN, Kt/V, and nPNA. An automated biochem-
ical and immunological analyzer (Siemens Dimension
RXL Chemistry Analyzer; Pennsylvania, USA) was
used for blood biochemical analysis, and an automated
blood cell counter (Sysmex X E-5000 Automated Hem-
atology System; Kobe, Japan) was used for blood count
anaysis.

Statistical analysis. Data were presented as mean *
standard deviation (SD), whereas dietary intake analy-
sis data were presented as mean * standard error of the
mean (SEM). Statistical Package for the Social Scien-
ces (SPSS, version 18.0) software was used for statis-
tical analysis. Paired t-tests were used to compare dif-
ferences in blood biochemical measurements and die-
tary intake before and after the 12-week intervention
with soy protein nutritional supplements. Statistical sig-
nificance was set at P < 0.05.

RESULTS

The baseline characteristics of the patients are sho-
wnin Table 2.

Table 3 presents the analysis of dietary intake bas-
ed on the 3-day food records collected pre-intervention
(shown as ‘Baseline’) and during the intervention per-
iod. The intake of all participants was calculated using
the values obtained from the average of the 3-day re-
cord on and off dialysis days. Compared to pre-inter-
vention, there were significant increases in calorie
(1709.4 £ 67.3 vs. 1441.9 + 58.0 kcal/day) and protein
intake (80.5+ 3.1vs. 57.5+ 2.7 g/day), even after DBW
normalization (30.2 + 1.3 vs. 25.0 £ 1.0 kcal/kg DBW/
day,and 1.4 + 0.1vs. 1.0 + 0.1 g/lkg DBW/day). A sig-
nificant increase in potassium (1565.5 + 65.7 vs. 1294.0
+ 90.4 mg/day) and phosphorusintake (907.8 £ 34.5vs.
666.3 + 43.9) post-intervention was also observed.
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fable 2. Baseline characteristics of hemodialysis patients
All Patients!
(n=44
Age (years) 69.7+11.1
Gender
Male 19 (43.2%)
Female 25 (56.8%)
DBW (kg) 58.3+11.2
BMI (kg/m?) 229+ 41
Dialysis vintage?
Mean (years) 6.4+6.9
Median (years) 5.02.0-7.0
Cause of ESRD (%)
Diabetic nephropathy 47.7
Hypertension nephropathy 31.8
Glomerulonephritis 137
Autosomal recessive polycystic kidney disease 45
Misuse of drugs 23
Albumin (mg/dL) 28+03

L All values are shown in mean + SD or n (%) unless marked
2 Shown in mean and median (years)
Abbreviations: DBW, dry body weight; BMI, body mass Index; ESRD, end-stage renal disease

Table 3. Differences in intake at baseline and during usage of soy protein-containing commercial formula supplementation on kid-
ney disease-related nutrient

Intervention period
averaged 3-d food intake +

Baseline averaged 3-d food intake ONS
Total calorie (kcal/day) 1441.9+58.0 1503.4+ 67.3 1709.4 + 67.3*
Intake per kilogram DBW (kcal/ "
kg DBW/day) 25.0+1.0 265+1.3 302+ 1.3
Total protein (g/day) 575+ 27 63.7 £ 3.1* 80.5+ 3.1*
Intake per kilogram DBW (g/kg .
DBW/day) 1.0+01 11+01 14+0.1
Potassium (mg/day) 1294.0 + 90.4 1407.1+ 65.7 1565.5 + 65.7*
Phosphorus (mg/day) 666.3 + 43.9 696.1+ 34.5 907.8 + 34.5¢

Averaged 3-d food intake: nutrition intake from food without soy protein-containing commercial formulasupplementation, averaged 3-d food
intake + ONS: nutrition intake from food with soy protein-containing commercial formula supplementation

All values are shown in mean = SEM, * P < 0.05 versus baseline

Abbreviation: DBW, dry body weight
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Table 4 presents the analysis results of the com-
parison of biochemical values between pre- and post-in-
tervention. The average plasma albumin concentration
after 12 weeks of supplementation has significantly in-
creased (3.0 £ 0.3 mg/dL) compared to the average pre-
intervention (2.8 + 0.3 mg/dL; P <0.001). A similar tre-
nd can also be observed in BUN (90.1 + 19.9 mg/dL vs.
72.7 + 20.6 mg/dL, P < 0.001), phosphorus (5.1 + 1.0
vs. 45+ 1.2mg/dL, P <0.001), sodium (135.2 £ 2.5vs.
134.0 £ 3.4 mEg/L, P = 0.033), calcium (9.2 + 1.0 vs.

%k

Table 4. Effects of soy protein-containing commercial formula on

8.9+ 0.7 mg/dL; P = 0.034), total iron-binding capacity
(TIBC; 238.1+£52.2vs. 204.5+ 48.0 ug/dL, P < 0.001),
and normalized protein equivalent of nitrogen (NPNA;
1.4+ 03vs 1.2+ 04 mEgL, P<0.001). A decrease
after oral soy protein-containing commercial formula
supplementation can be seen in mean corpuscular vol-
ume(MCV;91.0£6.7vs.91.9+ 6.3fL, P= 0.040) and
transferrin saturation (23.0% + 11.5% vs. 25.8% *
11.3%, P = 0.015). No statistically significant changes
was observed for other biomarkers.

biochemical values.

Pre-intervention Post-intervention P-value
DBW (kg) 58.3+11.2 57.9+10.9 0.181
BMI (kg/m?) 229+41 22.8+4.0 0.152
Albumin (mg/dL) 28+0.3 3003 < 0.001*
Predialysis BUN (mg/dL) 72.7+20.6 90.1+19.9 <0.001*
Predialysis creatinine (mg/dL) 98+21 9.7+19 0.785
Kt/V 18+0.3 18+03 0.881
Phosphorus (mg/dL) 45+12 51+10 < 0.001*
Potassium (meg/L) 49+0.8 48+0.8 0.482
Sodium (mEg/L) 1340+ 34 1352+25 0.033*
Calcium (mg/dL) 89+0.7 92+10 0.034*
Triglyceride (mg/dL) 129.4 + 90.8 1329+ 799 0.881
Total cholesterol (mg/dL) 1476+ 34.1 1535+ 36.3 0.236
LDL-C (mg/dL) 91.0+23.0 96.8 + 50.5 0.473
Glucose AC (mg/dL) 139.0+61.3 133.1+ 555 0.46
Hb (mg/dL) 100+ 1.6 103+1.2 0.052
Hct (%) 30.1+4.9 31.0+4.0 0.068
MCV (fL) 91.9+6.3 91.0+6.7 0.040*
Fe (ng/dL ) 50.6 + 19.6 525+ 22.8 0.441
TIBC (pg/dL) 204.5+48.0 238.1+52.2 < 0.001*
Ferritin (ng/dL) 702.4 + 458.7 723.8 + 462.7 0.461
Transferrin saturation (%) 258+ 11.3 23.0+ 115 0.015*
nPNA (g/kg DBW/day) 1.2+0.4 14+03 <0.001*

All values are shown in mean + SD
*P <0.05

Abbreviations: DBW, dry body weight; BMI, body massindex; BUN, blood urea nitrogen; LDL-C, low-density lipoprotein-cholesterol; Hb,
hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; TIBC, total iron-binding capacity; nPNA, normalized protein equivalent of

nitrogen.



HTE & A G H SRR T SR LRGE AT B BRI & - 103 -

DISCUSSION

The presence of inflammation often accompanies
the occurrence of PEM in patientsundergoing HD @3, A
high concentration of nitrogenous waste in the blood-
stream stimulates the secretion of inflammatory cytok-
ines . Patients can experience symptoms such as an-
orexia, taste changes, fatigue, and delayed gastric em-
ptying, which can affect their nutritional status, contri-
buting to the malnutrition commonly present in end-
stage kidney disease patients 2, Incorrect dietary bel-
iefs and adherence to diets that restrict phosphorus, po-
tassium, and sodium can also contribute to a deteriorat-
ing nutritional status caused by inadequate nutritional
intake >,

According to the most recent NKF KDOQI-2020
guideline, patients on HD have a caoric requirement of
25-35 kcal/kg DBW/day ¥, while the guideline used
during the experiment period, NKF KDOQI-2001, sug-
gested 30-35 kcal/kg DBW/day ?¥. The intake prior to
intervention was lower than NKF KDOQI-2001 sug-
gestion and right within the recommended energy con-
sumption range in NKF KDOQI-2020 guideline.
Supplementation helped raise the calorie intake to ap-
proximately 30.2 kcal/lkg DBW/day, fitting the energy
requirement for both guidelines. A similar pattern can
be observed for protein intake, where oral supplementa
tion can contribute to approximately a quarter of the
protein requirement per day. The intake of protein post-
supplementation exceeds the recommended range of
1-1.2 g/kg/day for patients on maintenance HD, with
values corresponding to the nPNA calculated 2. In this
study, patients with hypoalbuminemia were recruited,
some of whom had comorbidities such as chronic in-
flammatory diseases or infections. These conditions are
known to elevate metabolic stress and increase protein
catabolism. Consequently, a protein intake of at least
1.2 g/lkg DBW/day, and ideally 1.3 g/kg DBW/day, was
considered more appropriate for hemodiaysis patients
under metabolic stress ®* 29, Our study demonstrated
that a 12-week intervention using soy protein-contain-
ing commercial formulas increased participants aver-
age protein intake from 1.0 to 1.4 g/lkg DBW/day and

significantly improved their plasmaalbumin concentra-
tions by the end of the study period.

Interestingly, though there was a significant in-
crease in calorie and protein intake, no substantia
changes in DBW or BMI were observed after the 12-
week dietary supplementation period. After considering
the significant increase in plasma albumin concentra-
tion, it can be inferred that the low albumin level prior
to intervention may contribute to increased swelling in
the periphery and reduce the effectivity of diaysis.
After supplementation, the albumin increased signifi-
cantly, allowing the excess water from the periphery to
be removed effectively by dialysis. Fouque et al. ob-
served that even with daily supplementation of 500 kcal
for 12 weeks, no significant changes were observed in
body weight or BMI @, whichissimilar to the phenom-
enon we observed in this study. As body weight main-
tenance in patients undergoing hemodialysisis critical
to prevent the decline of health status 9, supplementa-
tion can help patients achieve their caloric intake and
maintain their body weight.

Oral supplementation of the formulaincreased the
intake of potassium and phosphorus, whichisrelated to
the higher protein intake. However, phosphorus and po-
tassium levelsin the plasmawere still in the normal ran-
gefor HD patients **27, despite the former seeing asig-
nificant increase of about 0.6 mg/dL.

Albumin is commonly used to assess nutritiona
status and is considered the best predictor of prognosis
and survival in patients undergoing HD @@, Studies have
indicated that approximately 40% of HD patients have
blood albumin concentrations bel ow the standard range
@) A systematic review and meta-analysis found pati-
ents undergoing HD had an average increase of 0.23
mg/dL in albumin concentration after a high-protein
nutritional supplementation ©°. This is similar to our
findings, where after continuous supplementation for
12 weeks, there was a significant increase of 0.2 mg/dL
in plasma albumin concentration. In severely malnour-
ished HD patients, even a small increase of 0.2 mg/dL
in albumin levels can lead to significant benefits, inclu-
ding a25% increasein survival rates, reduced hospitali-
zation days, and substantial cost reduction in healthcare
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expenses b,

BUN concentration is another parameter used to
monitor the buildup of nitrogenous waste ©?, and the
values can rise with an increased intake of proteins or
during catabolic conditions. Though findings regarding
high BUN and its outcomes, with some studies indicat-
ing increased mortality rate with increased BUN levels,
Leeet a. found that BUN may also be indicative of ad-
equate protein intake 2. In this study, the participants
had a pre-supplementation BUN concentration of 72.7
+ 20.6 mg/dL, significantly increasing to 90.1 £ 19.9
mg/dL post-supplementation. The increased protein in-
take via oral supplementation corresponded to the in-
crease in albumin concentration and BUN levels. Not-
ably, there were no differences in creatinine levels,
which also increased with protein intake. A meta-analy-
sis analyzing protein supplementation in CKD patients
found a decrease in creatinine levels post-soy protein-
containing commercial formula supplementation 2,
The differences between BUN and creatinine trends
should be addressed in future studies.

This study found that the predialysis sodium and
calcium levels saw a dtatistically significant increase
after supplementation. The sodium level was below the
normal range and entered the normal range post-supple-
mentation ¥, Serum calcium saw a0.3 mg/dL increaseg;
plasma calcium level increase, even in the normal ran-
ge, was found to help attenuate the progression of CKD
@)

Themost commonly used teststo assessiron status
in dialysis patients are transferrin saturation and serum
ferritin concentration. Hematological alterations is a
common phenomenon in patients with renal disease, as
the kidney accounts for hematopoiesis regulation ©9,
Surprisingly, there was a significant decrease in trans-
ferrin saturation among the participants after the inter-
vention, wheresas ferritin levels did not differ; the two
values are till outside of the absolute iron deficiency
range ©". However, because the synthesis of erythropoi-
etin in patients with kidney failureis atered, iron status
cannot be used as a sole marker for nutrition status. This
study also detected a significant decrease in MCV.

The strength of this study lies in the various bio-

markers, aside from body weight changes, that werein-
cluded in the study for analysis. Thisled to the findings
of notable features of soy protein-containing commer-
cial formula supplementation. This study had severd
limitations. This study had no placebo control group to
compare the effects of the intervention, and the sample
size was too small to generalize the findings. Addition-
aly, participantswere not explicitly advised to maintain
their usual dietary intake, which may have led to are-
duction in food consumption during the period of the
supplementation. This study also lacked biomarkersre-
lated to diabetic nephropathy or hypertension nephro-
pathy, which prevented us from analyzing further cor-
relations.

CONCLUSION

In conclusion, this study showed that a 12-week
intervention with oral nutritional supplementation of a
soy protein-containing commercial formula significan-
tly increased plasma albumin concentration and nutri-
tional status-related values, including plasma sodium
and calcium concentration. The high dietary compli-
ance of participants also indicated that this approach is
feasible for future nutritional intervention in clinical
settings among mal nourished patients undergoing HD.
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