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Background and Objectives: Protein-energy wasting (PEW) is common among maintenance hemodialysis 
(MHD) patients and is strongly associated with mortality and adverse outcomes. This study aimed to assess the 
effects of low-protein energy supplements on the nutritional status of MHD patients with PEW. Methods and 
Study Design: We conducted a prospective randomized controlled trial in 68 MHD patients suffering from PEW. 
Patients randomized to the intervention group received dietary counseling along with daily low-protein supple-
ments containing 212 kcal of energy and 2.4 g of protein every day for 3 months. The control group received die-
tary counseling only. Dietary data, nutritional assessments, anthropometric measurements, bioelectrical imped-
ance analysis and blood analysis were collected at baseline and after three months from both groups. Results: Fif-
ty-nine MHD patients completed the study. Patients in the intervention group showed an increase in energy in-
takes (p < 0.001). A significant decrease in the Malnutrition Inflammation Score (MIS) (p < 0.001) and Nutrition 
Risk Screening 2002 (p < 0.001) were found in the intervention group compared with the control group. Moreo-
ver, significant improvements in mid-upper arm circumference (p < 0.001), mid-arm muscle circumference (p < 
0.001), albumin (p = 0.003), and prealbumin (p = 0.033) were observed in the intervention group compared with 
the control group. Conclusions: The combination of oral low-protein supplements and dietary counseling for 
three months was more effective than dietary counseling alone in terms of improving the nutritional status of 
MHD patients with PEW. 
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INTRODUCTION 
Protein-energy wasting (PEW) is a widespread problem 
in maintenance hemodialysis (MHD) patients, with inci-
dences ranging from 18% to 75%.1 It is a state of im-
paired catabolism resulting from metabolic and nutrition-
al disturbances in chronic kidney disease (CKD) and is 
characterized by the depletion of body proteins and ener-
gy reserves.2 Several factors contribute to PEW among 
MHD patients, including insufficient clearance of uremic 
toxins, inflammation, inadequate protein intake, comor-
bidities, inadequate physical activity, nutritional losses in 
dialysate, and endocrine and metabolic disorders.3, 4 Nu-
merous studies have demonstrated the association of 
PEW with an elevated risk of morbidity and mortality, as 
well as a diminished quality of life.5 Therefore, timely  
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implementation of nutritional interventions is crucial in 
the management of MHD patients. 

The National Kidney Foundation’s Kidney Disease 
Outcomes Quality Initiative (KDOQI) guidelines in 2000 
recommended a caloric intake of 35 kcal/kg/day and a 
dietary protein intake (DPI) of 1.2 g/kg/day for MHD 
patients.6 However, many patients fail to meet these rec-
ommendations due to factors such as anorexia, dietary 
restrictions, and socioeconomic limitations.7 Chen et al. 
proposed that improvements in dialysis technology and 
treatment strategies for metabolic disorders and complica-
tions may lead to a decrease in the daily protein intake 
requirement.8 Moreover, recent research has indicated 
that DPI of 0.7-0.9 g/kg/day has been sufficient to main-
tain good nutritional status for hemodialysis patients.9, 10 
Therefore, the latest KDOQI guidelines in 2020 slightly 
reduced the protein intake and recommend the DPI of 
1.0~1.2 g/kg/day in MHD patients.11 Even though some 
high protein-containing supplements were found to im-
prove the nutritional status of malnourished MHD pa-
tients.12-14 Increased protein intake can result in higher 
blood phosphorus levels, which independently increase 
the risk of mortality in MHD patients.15 Additionally, 
higher DPI can exacerbate metabolic acidosis in MHD 
patients due to increased acidic products produced by 
protein metabolism. Furthermore, sufficient energy intake 
played a pivotal role in sparing protein.16 It can be seen 
that appropriately adjusting the protein intake of mainte-
nance hemodialysis patients can also maintain their good 
nutritional status and reduce side effects from excessive 
protein intake.  

While renal-specific oral low-protein nutritional sup-
plements can overcome the problems of energy deficien-
cy and phosphorus overload in MHD patients. Currently, 
this formulation is commonly used in CKD patients not 
receiving dialysis, the efficacy of renal specific low-
protein calorie oral supplements on MHD patients with 
PEW remains unexplored. Therefore, in this study, we 
aimed to investigate the effects of low-protein energy 
supplements on the nutritional status of MHD patients 
with PEW. 
 
METHODS 
Study design and patients 
This was a prospective, randomized, controlled, single 
center clinical study conducted from October 2022 to 
September 2023. The participants were recruited from the 
hemodialysis center in Shunde Hospital of Southern Med-
ical University. This study was approved by the Ethics 
Committee of Shunde Hospital of Southern Medical Uni-
versity (Approval No. KYLS20220775). Informed con-
sent was obtained from all participants prior to their in-
clusion in the study. The trial was registered with the 
Chinese Clinical Trial Registry (https://www. 
chictr.org.cn, ChiCTR2400081663). This trial was con-
ducted in compliance with the principles of the Declara-
tion of Helsinki. The inclusion criteria were patients aged 
18 to 80 who were on regular hemodialysis (three times 
per week for 4 hours each session) for over 3 months, 
with a Malnutrition Inflammation Score (MIS) ≥ 8 and 
without nutritional supplements in the last 3 months. The 
exclusion criteria were patients who required renal trans-

plantation, had experienced trauma, surgery, a peptic ul-
cer, or a serious infection within the previous 3 months, 
needed elective surgery, had a confirmed diagnosis of 
malignancy, or had pacemakers installed. 

 
Intervention protocol 
Patients meeting the inclusion criteria were randomized 
into either the intervention or the control group using a 
SPSS software-generated randomization table with the 
permuted block method (block sizes of 4). During the 
study, all participants received dietary counseling from 
dietitians. Participants in the intervention group were 
treated with the oral low-protein supplements dedicated 
for MHD patients at a daily dosage of 50 g for 3 months. 
The nutritional content of the supplement are wheat 
starch, maltodextrin, refined vegetable oil, concentrated 
whey protein, carrot powder, milk powder, whole egg 
powder, polydextrose, oligofructose, a vitamin blend and 
a mineral blend. Each serving (50 g) of the oral nutrition-
al supplements contains 212 kcal of energy, 2.4 g of pro-
tein, 5.5 g of lipids, and 37.4 g of carbohydrates, with a 
reduced content of phosphorus and potassium. Partici-
pants visited the hemodialysis units three times a week, 
where they were provided with 14 servings of the oral 
nutritional supplements every two weeks. 

 
Study outcomes 
MIS is commonly used as a diagnostic tool for PEW. 
Therefore, the primary outcome was MIS in this study. 
The secondary outcomes included Nutrition Risk Screen-
ing 2002 (NRS2002), serum albumin, body mass index 
(BMI), serum prealbumin and phosphorus. Other compo-
site nutritional indicators, including laboratory measure-
ments, anthropometric measurements and dietary intake, 
were also collected. These outcome measurements were 
assessed at the baseline and at the end of the trial. 

 
Dietary intake 
Dietary intake was assessed using three 24-hour diet re-
calls questionnaires through face-to-face interviews for 
three days (one dialysis day and two non-dialysis days). 
The energy intake of all food and drink items was sourced 
using a computer aided dietary software (Zhending, 
Shanghai, China; software version 2.0), in which nutrient 
models were according to the Chinese Food Composition 
Table came from the Chinese Center for Disease Control 
and Prevention in 2018. 

 
Evaluation of nutritional status 
The NRS2002 and MIS were utilized as nutritional 
screening and assessment tools respectively at the base-
line and at the third month of the study. The NRS2002 
scoring system entails the summation of three component 
scores, resulting in a total score ranging from 0 to 7. A 
total NRS2002 score ≥ 3 indicated patients were at nutri-
tional risk.17 The MIS comprises 10 components, each 
graded on a severity scale from 0 (normal) to 3 (severely 
abnormal). The total MIS score ranges from 0 (normal) to 
30 (severely malnourished); a higher score reflects a more 
severe degree of malnutrition and inflammation.18 Pa-
tients with MIS ≥ 8 were diagnosed with PEW.19 
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Laboratory parameters 
Blood samples were collected from each participant fol-
lowing a fasting period before the hemodiaysis session 
and sent for biochemical examination. The serum bio-
chemical parameters [creatinine, blood urea nitrogen 
(BUN), prealbumin, albumin, total cholesterol (TCHOL), 
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), hemoglobin, 
triglyceride, C-reactive protein (CRP), ferritin, total iron 
binding capacity (TIBC), calcium, phosphorus, sodium, 
potassium and intact parathyroid hormone (PTH)] were 
analyzed using an AU5800 automatic biochemical ana-
lyzer. 

 
Anthropometrics 
The MHD patients had their height and dry weight (post-
dialysis weight) measured using electronic column scales 
(SECA 206, Seca, Germany). BMI was calculated as 
weight (kg) / height (m2). Handgrip strength (HGS) was 
measured using the Xiangshan Electronic Hand Dyna-
mometer (Xiangshan, Zhongshan Camry Electronic Co., 
Ltd., China). Mid-arm circumference (MAC) was meas-
ured with a flexible, non-stretchable measuring tape, 
while the triceps skinfold (TSF) was measured by the 
Harpenden skinfold caliper on the non-fistula arm for 
hemodialysis patients. The mid-arm muscle circumfer-
ence (MAMC) was calculated by the following formula: 
MAMC (cm) = MAC (cm)- π × TSF (mm). 

 
Bioelectrical impedance analysis measurement 
The InBody 270 (Biospace, Seoul, Korea) body composi-
tion analyzer, a multifrequency bioelectrical impedance 
analysis (BIA) device, was used to estimate body compo-
sition. The BIA measurement of dialysis patients was 
conducted 20-30 min after a hemodialysis session with 
the standardized procedures. BIA-derived fat mass (FM), 
fat-free mass (FFM), percent body fat (BF%), skeletal 
muscle mass (SMM), and skeletal muscle mass Index 
(SMI) values were recorded. 

 
Statistical analysis 
The sample size calculation was performed using PASS 
15.0.5 software (NCSS, LLC, Kaysville, Utah, USA) 
based on the results from a previous trial that demonstrat-
ed a 2.1 decrease in MIS due to oral nutritional supple-
mentation. In this study, we used a mean difference in 
MIS of 2.1, with a standard deviation (SD) of 2.7, a type 
1 error rate of 5%, and 80% power. Thus, the minimum 
required sample size was 27 patients in each group. As-
suming a drop-out rate of 20%, 34 enrolled patients were 
required in each group. 

SPSS version 21.0 (Statistical Package for the Social 
Sciences, Chicago, IL) was used for statistical analysis. 
Values displaying a normal distribution were expressed as 
mean ± SD, while values with a skewed distribution were 
expressed as medians (first quartile and third quartile). 
Categorical data were presented as frequencies (percent-
ages). Baseline characteristics of the two groups were 
compared using the t-test or the Wilcoxon–Mann–
Whitney test for continuous data, and the chi-squared test 
for categorical data. Change was defined as the value at 3 
months minus the value at baseline, and the difference in 

change between the intervention and control groups was 
compared using the t-test. Statistically significant differ-
ences were considered to be p < 0.05. 
 
RESULTS 
Baseline characteristics 
Three hundred fifty-one patients in our HD unit (n = 351) 
were assessed for eligibility based on the inclusion and 
exclusion criteria. Of these, 68 patients were included and 
randomized; however, 9 participants did not complete the 
study. Thus, 59 participants were included in the data 
analysis, comprising 30 patients in the control group and 
29 patients in the intervention group (Figure 1). There 
were no significant differences between the groups re-
garding age, gender, dialysis duration, etiology of end-
stage renal disease (ESRD), and dialysis adequacy at 
baseline (p > 0.05) (Table 1). 
 
Dietary intake 
After three months of oral nutritional supplementation, no 
significant differences were observed between the groups 
in the changes in intake of protein, fat, phosphate, sodi-
um, calcium, potassium, vitamin B1, vitamin C, and folic 
acid throughout the study period (p > 0.05). However, the 
intervention group showed an increase in energy and car-
bohydrate intake (p < 0.001) compared to the control 
group during the trial (Table 2). 
 
Nutritional scores and measurement findings 
It was found that the MIS score and the Nutrition Risk 
Screening 2002 score in the intervention group signifi-
cantly decreased compared with the control group (p < 
0.001). Regarding the anthropometric measurements, 
MAC and MAMC significantly increased in the interven-
tion group compared with the control group (p < 0.001). 
However, no significant differences were observed in the 
changes in BMI, HGS, TSF, and bioelectrical impedance 
analysis measurements between the two groups (Table 3). 
 
Laboratory findings 
There were significant increases in albumin (p = 0.003) 
and prealbumin (p = 0.033) in the intervention group 
compared with the control group. However, no significant 
differences were observed in the changes in hemoglobin, 
triglycerides, ferritin, TIBC, TCHOL, HDL-C, LDL-C, 
CRP, BUN, creatinine, calcium, phosphorus, sodium, 
potassium, and PTH between the two groups (Table 4). 
 
DISCUSSION 
Protein-energy wasting is frequent in maintenance dialy-
sis and is closely associated with both increased morbidi-
ty/mortality risk and worsened quality of life.1, 20 Oral 
nutritional supplements are important for MHD patients 
with PEW, especially when individual dietary counseling 
is ineffective. In most previous studies, the clinical effi-
cacy of oral supplements, with and without protein, has 
been examined in MHD patients.12, 21-25 Some high pro-
tein-containing supplements have been found to improve 
the nutritional status of MHD patients with PEW.12, 14 
However, high protein intake may lead to increased in-
gestion of several potentially harmful substances, particu-
larly phosphate.4, 26 It is widely recognized that adequate 
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energy intake plays a crucial role in sparing protein.16 

This suggests that properly reducing the protein while 
increasing the energy content in supplements may over-
come those problems. However, the effectiveness of low-
protein calorie supplements in the MHD patients is lack-
ing. 

According to a study, many hemodialysis patients con-
sume less energy than the recommended intake of 30-35 
kcal/kg/day, with observed intakes around 25.3 
kcal/kg/day.27 This necessitates an additional daily intake 

 of approximately 200 kcal/day. Therefore, this random-
ized controlled study examines the effects of a renal-
specific low-protein calorie supplement with 212 kcal in 
MHD patients. The hypothesis aims to investigate wheth-
er MHD patients at risk of malnutrition can maintain ade-
quate nutritional status by taking a daily oral supplement 
as compared to patients receiving conventional care. The 
results of this study indicate that after using the oral sup-
plement, the intervention group showed an increase in 
energy and carbohydrate intake, but there was no signifi-
cant increase in protein and phosphorus intake. There-

 

 
 
Figure 1. Flow chart of patient enrolment 
 
 
Table 1. Characteristics of the participants at the baseline 
 
Parameters Control group (n =30 ) Intervention (n = 29) t/2/Z p 
Age (years) 63.0 ± 12.5 64.6 ± 10.1 0.57 0.574 
Male, n (%) 16 (53.3) 17 (58.6) 0.17 0.683 
Dialysis duration (months) 29 (14.5, 56.5) 46 (19.0, 74.5) -1.15 0.250 
Primary diseases, n (%)   5.18 0.159 

 Chronic glomerulonephritis 10 (33.3) 6 (20.7)   
 Diabetic nephropathy 8 (26.7) 15 (51.7)   
 Unknown causes 9 (30.0) 4 (13.8)   
 Other causes 3 (10.0) 4 (13.8)   

Dialysis adequacy (Kt/V) 1.37 ± 0.20 1.40 ± 0.24 0.51  0.610 
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Table 2. Nutrient intake of the participants (mean ± SD) 
 
 
Parameters 

Control Intervention p 
Baseline 3 months Change  Baseline 3 months Change 

Energy (kcal/kg BW/d) 28.9 ± 7.44 27.8 ± 5.22 -0.97 ± 3.28  27.5 ± 7.77 31.6 ± 6.90 4.03 ± 1.75 < 0.001 
Protein (g/kg BW/d) 1.00 ± 0.29 0.99 ± 0.22 -0.00 ± 0.19  0.99 ± 0.29 1.04 ± 0.28 0.05 ± 0.04 0.207 
Energy (kcal/d) 1526 ± 317 1472 ± 332 -40.0 ± 162  1474 ± 381 1591 ± 325 217 ± 96.8 < 0.001 
Protein (g/d) 52.8 ± 14.7 52.1 ± 10.9 -0.22 ± 9.76  53.4 ± 15.1 55.6 ± 14.8 2.17 ± 2.20 0.228 
Carbohydrate (g/d) 259 ± 53.8 239 ± 52.3 -18.2 ± 27.0  251 ± 64.8 288 ± 84.9 37.3 ± 0.46 < 0.001 
Fat (g/d) 30.8 ± 6.87 34.0 ± 7.97 3.54 ± 6.24  28.7 ± 8.60 35.1 ± 9.26 6.46 ± 10.6 0.230 
Sodium (mg/d) 1980 ± 530 1954 ± 385 -14.5 ± 213  1819 ± 470 1860 ± 369 40.6 ± 152 0.289 
Calcium (mg/d) 450 ± 121 455 ± 96.1 8.50 ± 42.2  414 ± 107 405 ± 112 7.31 ± 36.9 0.914 
Phosphorus (mg/d) 881 ± 236 864 ± 176 -11.5 ± 88.8  810 ± 210 822 ± 159 11.8 ± 70.0 0.297 
Potassium (mg/d) 1602 ± 434 1584 ± 311 -27.5 ± 1715  1489 ± 385 1523 ± 276 34.4 ± 140 0.160 
Vitamin B1(mg/d) 0.82 ± 0.22 0.80 ± 0.16 -0.01 ± 0.08  0.75 ± 0.19 0.72 ± 0.14 -0.03 ± 0.07 0.365 
Vitamin C (mg/d) 85.5 ± 22.9 83.8 ± 17.0 -1.12 ± 8.67  78.7 ± 20.4 77.2 ± 21.9 1.50 ± 6.55 0.226 
Folic acid (mg/d) 216 ± 57.8 212 ± 41.9 -3.00 ± 22.6  199 ± 51.4 200 ± 35.3 1.85 ± 19.7 0.414 
 
 
Table 3. Nutritional score and measurement findings of the participants (mean ± SD) 
 
 
Parameters 

Control Intervention p 
Baseline 3 months Change  Baseline 3 months Change 

MIS 10.6 ± 2.63 11.3 ± 2.59 0.73 ± 1.12  10.8 ± 2.59 9.60 ± 2.70 -1.17 ± 1.10 < 0.001 
NRS2002 3.03 ± 1.01 3.20 ± 1.19 0.17 ± 0.70  3.34 ± 1.01 2.80 ± 1.31 -0.66 ± 0.81 < 0.001 
BMI (kg /m2) 21.2 ± 2.41 21.0 ± 2.73 -0.14 ± 1.49  20.9 ± 2.92 20.6 ± 2.50 0.17 ± 0.81 0.343 
HGS (kg) 13.7 ± 7.67 13.8 ± 7.90 0.14 ± 1.63  12.0 ± 4.18 13.0 ± 4.95 1.04 ± 2.44 0.104 
MAC (cm) 23.4 ± 2.01 23.3 ± 1.97 -0.11 ± 0.89  23.6 ± 1.76 24.6 ± 2.27 1.00 ± 1.06 < 0.001 
TSF (mm) 8.92 ± 5.21 8.57 ± 4.90 -0.36 ± 0.69  8.74 ± 4.01 9.50 ± 4.23 0.76 ± 3.28 0.078 
MAMC (cm) 20.6 ± 1.81 20.6 ± 1.84 0.00 ± 0.85  20.9 ± 1.27 21.6 ± 1.73 0.76 ± 3.28 < 0.001 
FM (kg)  11.8 ± 6.44 14.9 ± 8.04 3.18 ± 8.86  14.6 ± 19.8 11.1 ± 4.07 1.12 ± 3.83 0.415 
FFM (kg)  42.4±9.50 39.2±7.43 -3.06 ± 9.17  40.1±10.7 41.5±6.71 0.01 ± 7.74 0.294 
BF (%) 21.8±11.5 26.9±11.5 5.25 ± 13.5  20.1±8.84 21.0±7.04 2.13 ± 7.99 0.421 
SMM (kg) 22.9±5.49 21.1±4.52 -1.89 ± 5.56  22.6±3.90 22.4±3.99 0.01 ± 4.46 0.277 
SMI (kg) 6.56±1.36 6.24±0.99 -0.31 ± 1.41  6.38±0.98 6.57±1.03 0.29 ± 0.72 0.135 
 
MIS, malnutrition inflammation score; NRS2002, nutrition risk screening 2002; BMI, body mass index; HGS, handgrip strength; MAC, mid-arm circumference; TSF, triceps skinfold; MAMC, mid-arm muscle 
circumference; FM, fat mass; FFM, fat-free mass; BF (%), percent body fat; SMM, skeletal muscle mass; and SMI, skeletal muscle mass Index. 
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Table 4. Serum biochemical measurements of the participants (mean ± SD) 
 
 
Parameters 

Control Intervention p 
Baseline 3 months Change  Baseline 3 months Change 

Albumin (g /L) 36.6 ± 3.66 34.1± 3.53 -2.27 ± 3.34  36.4 ± 2.67 36.7 ± 2.68 0.43 ± 2.75 < 0.001 
Prealbumin (mg/L) 271 ± 82.0 248 ± 77.3 -28.9 ± 54.0  251 ± 76.1 255 ± 73.0 4.43 ± 45.3 0.033 
Hemoglobin (g/L) 98.7 ± 21.7 101 ± 23.1 2.58 ± 26.5  97.5 ± 16.6 106 ± 21.7 8.86 ± 18.5 0.314 
Triglyceride (mmol /L) 1.31 ± 0.74 1.28 ± 0.81 -0.04 ± 0.87  1.10 ± 0.70 1.13 ± 0.53 0.02 ± 0.63 0.792 
Ferritin (μg/L) 146 ± 321 190 ± 319 29.3 ± 122  135 ± 140 148 ± 156 13.2 ± 116 0.656 
TIBC (μmol/ L) 46.1 ± 8 .93 39.8 ± 9.29 -1.34 ± 7.02  42.7 ± 10.8 43.0 ± 11.1 -4.66 ± 7.49 0.112 
TCHOL (mmol /L) 3.49 ± 1.21 3.07 ± 0.89 -0.41 ± 1.01  3.52 ± 0.97 3.39 ± 0.90 -0.17 ± 0.60 0.283 
HDL-C (mmol /L) 1.07 ± 0.35 0.89 ± 0.39 -0.15 ± 0.38  1.23 ± 0.34 1.16 ± 0.34 -0.08 ± 0.21 0.359 
LDL-C (mmol /L) 2.13 ± 0.84 1.89 ± 0.56 -0.24 ± 0.73  2.03 ± 0.71 2.04 ± 0.58 -0.04 ± 0.60 0.279 
CRP (mg/L) 6.57 ± 15.7 7.48 ± 9.19 1.05 ± 16.8  6.93 ± 8.93 5.37 ± 3.79 -1.64 ± 9.44 0.473 
BUN (mmol/ L) 24.8 ± 7.26 23.8 ± 7.33 -1.23 ± 8.94  27.5 ± 13.0 24.3 ± 8.66 -3.89 ± 12.7 0.385 
Creatinine (μmo l/L) 923 ± 387 926 ± 346 -16.3 ± 228  855 ± 233 896 ± 273 28.9 ± 148 0.394 
Calcium (mmol/L) 2.07 ± 0.21 2.00 ± 0.21 -0.07 ± 0.26  2.12 ± 0.19 2.12 ± 0.24 0.01 ± 0.24 0.308 
Phosphorus (mmol/L) 1.70 ± 0.41 1.67 ± 0.35 -0.05 ± 0.38  1.78 ± 0.49 1.78 ± 0.37 -0.03 ± 0.53 0.854 
Sodium (mmol/L) 137 ± 3.05 136 ± 2.93 -0.04 ± 3.04  137 ± 3.71 137 ± 3.22 -0.44 ± 2.32 0.586 
Potassium (mmol/L) 4.72 ± 0.76 4.61 ± 0.86 0.04 ± 1.08  4.76 ± 0.92 4.85 ± 0.93 -0.19 ± 1.03 0.423 
PTH (pg/mL) 377 ± 358 306 ± 340 -45.7 ± 303  624 ± 727 348 ± 261 -303 ± 650 0.066 
 
TIBC,total iron binding capacity; TCHOL, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; BUN, blood urea nitrogen;  and PTH, 
parathyroid hormone. 
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fore, patients who adhered to the supplementation showed 
an improvement in nutritional status (MIS, NRS2002, 
albumin, Prealbumin, MAC, and MAMC) without an 
increase in the serum PTH and phosphorus levels. 

Experts recommend NRS2002 as a nutritional risk 
screening tool17, 28 and MIS as a nutritional assessment 
tool for MHD patients.18 The current study found a signif-
icantly decreased MIS score and NRS2002 score in the 
intervention group compared with control, suggesting that 
the oral low-protein energy supplements had a positive 
influence on the nutritional status of MHD patients by 
increasing energy intake. Our finding is consistent with 
that of a recent study using oral energy nutritional sup-
plements.24                        

Previous studies have demonstrated that the hemodial-
ysis procedure results in a catabolic state with decreases 
in whole-body protein synthesis and concomitant increas-
es in whole-body and skeletal muscle breakdown.11, 29 

Muscle wasting and diminished muscle strength are relat-
ed to poor quality of life, frailty, and a higher risk of hos-
pitalization and mortality in CKD patients.30, 31 Therefore, 
our focus was on examining changes in indicators of 
muscle mass, specifically the MAC and MAMC, over the 
course of the study. In the present study, MAC and 
MAMC of participants in the intervention group showed 
greater improvement than those in the control group after 
three-month trial, indicating that the low-protein energy 
supplements could alleviate the muscle loss of MHD pa-
tients with PEW. These results corroborate the findings 
reported by Wen.25 A possible explanation for this might 
be that the protein-sparing effect of low-protein energy 
supplementation contributed to shifting this balance to a 
positive protein anabolic state in MHD patients.32 Fur-
thermore, we have also emphasized the importance of 
routinely including BIA in assessments of the nutritional 
status of patients with MHD due to its ease of implemen-
tation and utility as a nutrition assessment tool.33 Howev-
er, in this study, low-protein energy supplementation did 
not significantly change the BIA indicators in MHD pa-
tients after 3 months of treatment. This outcome could 
potentially be attributed to the relatively short observation 
period.  

Serum albumin and prealbumin concentrations are ro-
bust markers of nutrition, but hypoalbuminemia is likely 
the strongest predictor of hospitalization and mortality 
among MHD patients.34 In this study, we found a signifi-
cant increase in serum albumin and prealbumin concen-
trations in the intervention group, although the oral nutri-
tion supplementation we used could mainly supply energy 
with little protein. Consistent with these results, previous 
studies reported similar conclusions.24, 35 This indicates 
that sufficient energy supply can prevent protein from 
being utilized as calories by replenishing energy, thus 
achieving a positive nitrogen balance and ameliorating 
nutritional status.  

Hyperphosphatemia is widespread, and alterations in 
serum phosphorus levels have been related to subsequent 
disturbances in circulating parathyroid hormone levels 
and calcium homeostasis.36 Such disturbances in mineral 
bone disease may subsequently lead to vascular calcifica-
tion.37 Therefore, current clinical practice guidelines rec-
ommend that MHD patients consume a low-phosphorus 

diet in order to mitigate hyperphosphatemia.38 Further-
more, an added benefit of the present supplement is its 
exceptionally low phosphate content (90 mg/100 g), in 
addition to providing 426 kcal energy per 100 g. Conse-
quently, serum phosphate did not increase in the interven-
tion group, which is a significant benefit to patients. In 
contrast, an equivalent amount of energy from the diet 
(e.g., rice) would provided an additional 132 mg dietary 
phosphate. Although controlling hyperphosphataemia by 
reducing protein intake is no longer recommended,39 

many patients still avoid high-protein foods in order to 
mitigate the risk of hyperphosphataemia. Therefore, the 
use of a supplement with a small amount of phosphate 
content is very safe for patients with advanced CKD, es-
pecially those with ESRD. 

  The limitations of this study should be recognized. 
Firstly, the sample size was relatively small, and the dura-
tion of the study was insufficient for comprehensive ob-
servations of malnutrition. Further research will need to 
identify the effects of low-protein energy supplements on 
PEW using a long-term, large-scale approach. Secondly, 
the lack of medication records for patients could poten-
tially influence the accuracy of serum biochemical meas-
urements. Despite this, we were unable to precisely moni-
tor the daily protein intakes (DPIs) and total energy in-
takes (TEIs) because the study’s design involved review-
ing 3 days of data from the dietary diaries at monthly in-
tervals only, which is a common approach to assess pa-
tient compliance. Additionally, this study lacked follow-
up information on long-term prognostic indicators such as 
hospitalization rates, mortality, and quality of life for pa-
tients, all of which are influenced by nutritional status. 

 
Conclusion 
In conclusion, we found that the provision of low-protein 
energy supplements containing 212 kcal of energy and 
2.4 g of protein per day can induce a significant im-
provement in MIS, NRS2002, MAC, MAMC, serum al-
bumin and prealbumin levels. It is concluded that low-
protein energy supplements could improve the nutritional 
status of MHD patients with PEW without significantly 
increase the serum phosphorus levels. 
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