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ABSTRACT 

This study aimed to determine the effect of high-protein milk intervention on weight gain and renal 
function in malnourished children. This research is a randomized controlled trial (RCT). A total of 52 
wasting children (BAZ -3<SD<-2) aged 3-12 years were selected by simple random sampling from five 
primary schools (6-12 years) and two Community Health Center (children below 6 years). Subjects 
were divided into two groups; control group (26) and intervention group (26). The intervention group 
was given high-protein milk (HPM) 3x25 g each day for 12 weeks. Body weight, serum creatinine, 
and urea were measured at week 0 (baseline), 6th (midline), and 12th (endline). The study showed that 
the body weight of the intervention group significantly increased by 1.54 kg after 12 weeks of high-
protein milk consumption. Serum urea and creatinine levels in the intervention group also significantly 
increased  (p<0.05). The increase in serum urea and creatinine levels in the intervention group were still 
within the normal range (normal serum urea level 15-43 mg/dl and normal creatinine level 0.6-1.2 mg/
dl). This suggests that significant increases in urea and creatinine levels of the intervention group were 
normal because of increased protein intake and body muscle mass and it did not lead to renal function 
abnormalities.
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INTRODUCTION

Nutrition plays an important role in 
achieving quality of human resources. Nutrition 
problems at an early age can result in the risk of 
various degenerative diseases during adulthood 
(Barker Theory) (Dover 2009). Data from the Ba-
sic Health Research (MoH 2013) indicated that 
the prevalence of malnutrition, based on  Body 
Mass Index for Age z-score (BAZ) in Indonesian 
children aged 5-12 years was 11.2%, consisted of 
4% severe wasting and 7.2% wasting.

One strategy to overcome wasting in 
childhood is to increase the level of protein in-
take. Protein intake affects the body composition 
through changes in protein synthesis. A high-
protein diet can lead to increase positive protein 
balance which leads to increase protein synthe-
sis. Protein serves as a body-builder, body-main-
taining agent, and maintains resistance to disease 
(Istiany & Rusilanti 2013). Do Thi et al. (2009) 

explained that milk supplementation could in-
crease body weight due to high quality proteins, 
fats, and a number of essential micronutrients 
content in milk, which might be lacking in the 
regular diet. 

Milk is included in the five most popular 
beverages as breakfast among children aged 6-12 
years in Indonesia (Hardinsyah & Aries 2012). 
Research conducted by Damayanthi et al. (2010) 
in elementary school children in urban Bogor 
showed that more than 90% of primary school 
students consume milk every day with an average 
consumption of more than twice a day. However, 
the type of milk mostly consumed by children is 
sweetened condensed milk (Hardinsyah & Aries 
2012). Sweetened condensed milk contains a low 
protein (8%) but has a high sugar content (54%).

Therefore, the provision of high-protein 
milk (HPM) is one of the methods proposed to 
increase protein consumption, especially in mal-
nourished children to increase body weight. But 
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long term high protein intake can increase meta-
bolic burden for the kidney that can leads to renal 
function impairment (Campbell et al. 2007). The 
decreased in renal function is characterized by  
elevation of urea and creatinine levels. Urea is the 
result of protein decomposition, especially from 
food. Therefore, the level of urea is influenced by 
the amount of protein intake. If creatinine levels 
increased 1-2 mg/dl from the normal level, it in-
dicates that glomerular filtration rate (GFR) de-
crease +50% (Badye et al. 2016). 

Considering the potential gain and nega-
tive effect of HPM, this study aims to determine 
the effect of HPM on weight gain and renal func-
tion in malnourished children.

METHODS

Design, location, and time
This research is an experimental research 

with randomized controlled trial (RCT) design. 
This research was conducted in elementary stu-
dents of five primary schools and two Commu-
nity Health Centers in Bogor. Blood serum analy-
sis was performed at Regional Health Laboratory 
of Bogor. The study was conducted from August 
2016 to January 2017.

Materials and tools
The main material used was commercial 

HPM (Appeton Weight Gain 3-12 Years). The 
tools used during the intervention are weight 
scales, microtoise, food recall form, milk con-
sumption compliance form, and food model. 
Equipment for blood collection were tubes, alco-
hol swabs, and syringes.

Sampling
There were two groups in this study, the 

control group and the intervention group. The 
control group received nutrition education with-
out HPM and intervention group received nutri-
tion education and HPM. Each group consists of 
30 malnourished children. 

The inclusion criteria for the study were 
healthy children aged 13-12 years old with BAZ 
score between -3<SD<-2 SD, able to respond to 
verbal instructions without difficulties, parents 
or guardians agree to sign informed consent, and 
have been given an explanation of the research. 
Subjects were excluded if they have had history 
of milk allergies metabolic syndrome, kidney di-
sease, regularly take medications that affect body 
composition, take part in other studies, and un-
able to fully take part in this study. Subjects aged 

3-5 years old were recruited from Community 
Health Centers, while subjects aged 6-12 years 
old were recruited from primary schools.

Steps of intervention
The first stage was baseline data collection, 

data collected in this stage were sex, age, food 
consumption, weight, height, and renal function 
(urea and creatinine). The second stage was the 
provision of HPM intervention. Products were 
distributed every 12 days (each subject received 2 
cans (@900 g). The intervention group was given 
daily HPM of 3x25 g (75 g/day) for 12 weeks. 
Every 25 g of milk contains 120 kcal of energy, 7 
g protein, 6 g of fat and 10 g of carbohydrate. The 
dosage of the HPM was based on the serving size 
written on the can.

Milk consumption was monitored and 
evaluated every week to assess compliance. HPM 
consumption were recorded every day, under five 
children and elementary school students were 
monitored by cadres and school teachers, respec-
tively. Counseling /nutrition education and the 
introduction of intervention products are given 
once a week as an effort to improve compliance 
and to maintain subject participation in research 
activities. The third stage was the measurement 
of weight gain and renal function in relation to 
HPM administration. Body weight, serum urea, 
and creatinine levels were measured at week 6th 
and 12th of intervention.

Data analysis
Individual characteristics were described 

descriptively, presented in percent (%), mean 
(mean), and standard deviation. Repeated ANO-
VA analysis was used for different test of all vari-
ables in each group before and after intervention 
(baseline, midline, and endline). Independent t-
test was used for the analysis of the difference 
between intervention and control group on all 
variables.

RESULTS AND DISCUSSION

Weight gain
There were 30 subjects at the initial stage 

for each group and four subjects were drop out 
due to experiencing nausea and diarrhea after 
consuming milk for each group. Total subjects 
who completed the study were 52 children.  In-
tervention and the control group each  consisted 
of 26 children with 46.2% boys and 53.8% girls. 
The mean age was 9.5 +1.80 and 9.95 +1.66 years 
in control and intervention group, respectively. 
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At the baseline, the body weight in the 
control group and the intervention group showed 
no significant difference (p=0.312). Six weeks af-
ter receiving high protein milk intervention, the 
body weight of intervention group increased sig-
nificantly compared to control group (p=0.009). 
At  week 12th, the body weight of the interven-
tion group increased significantly to 1.54 kg. The 
weight gain (∆BB2) of the intervention group 
was almost doubled than the control group. Mea-
surement of body weight is presented in Table 1.

Body weight can reflect the increase or de-
crease of all existing tissues in the body such as 
bones, muscles, organs, and body fluids (Gibson 
2005) therefore the nutritional status and deve-
lopment of children can be measured. Supple-
mentary feeding in malnourished children with a 
higher proportion of energy from protein is as-
sociated with greater weight gain (Pimpin et al. 
2015). The intervention product (HPM) in this 
study has 480 kcal/100g energy content with 
24% energy derived from protein (28 g/100g). 
The intake of HPM meets 17.1%-22.5% Recom-
mended Daily Allowance (RDA) of energy and 
37.5%-60.0% RDA of protein for children aged 
3-12 years.

Adequate protein intake plays an important 
role, especially during the growth period. Pro-
tein plays a role in forming the major structural 
components of all cells in the body, maintaining 
established cells or tissues, and for replacing da-
maged cells (Wu 2016). A high-protein diet has 
been reported to increase positive protein balance 
(reduced protein degradation and increased pro-
tein synthesis) (Setiowati 2012). Whereas post-
prandial protein synthesis depends on the rate of 
protein absorption. 

Milk is a source of high bioavailable pro-
tein (Aimutis 2004). High protein milk contains 
two major protein components, casein (80%) 
and whey protein (20%) (Pal et al. 2010). Whey 
protein is easier and faster to digest than casein 
and has a high amino acid profile (Jakubowicz & 
Froy 2013). The whey proteins contained in milk 
is α-lactalbumin (α-LA, 20%), β-lactoglobulin 

(β-Lg, 50%), serum albumin (BSA, 10%), im-
munoglobulins (10%) and peptones protease. 
Whey protein content in milk is associated with 
increased muscle mass and growth hormone In-
sulin-like Growth Factor (IGF)-1 which stimu-
lates protein synthesis by activating mTOR sig-
nal (Mitchel et al. 2015). Abargouei et al. (2012) 
also explained that dairy consumption has posi-
tive effect on body weight.

Intake of energy and protein (other than 
HPM) and compliance level

Weight gain is closely related to the 
amount of energy and protein intake per day 
from HPM and other daily food consumption. 
The energy and protein intake derived from HPM 
associated with the level of compliance level of 
subject consumption. Compliance analysis of 
subjects showed that 88.5% had high compliance 
level (>70%) and 11.5% had moderate compli-
ance level (50-70%).

Energy intake of control group during 
the study period did not change significantly 
(p=0.559) while energy intake of intervention 
group at 12 weeks increased significantly. The 
increase in energy intake (Δ2) of intervention 
group did not differ significantly with the control 
group (p=0.149).

Daily protein intake from food (other than 
HPM) during 12 weeks intervention in both 
groups did not differ significantly (p>0.05). The 
results of energy and protein intake analysis are 
available in Table 2. Energy and protein intake 
(other than HPM) is not considered to be a con-
founding variable in weight gain (ΔBB1 and 
ΔBB2) since mean of energy and protein intake 
between control and intervention groups did not 
differ significantly and subjects had high compli-
ance level of HPM.

Renal function
Serum urea and creatinine measurements 

can be used to evaluate renal function. The re-
sults of serum urea and creatinine analysis are 
presented in Table 3. Measurements of urea and 

Table 1. Measurement of body weight

Group
Mean body weight (kg)

p-value2 ∆BB1 ∆BB2
Baseline Midline Endline

Control 22.18±4.19a 22.91±4.28b 23.15±4.41b 0.000* 0.73 0.90
Intervention 21.07±3.58a 22.38±3.86b 22.62±3.91c 0.000* 1.30 1.54
p-value1 0.312 0.641 0.646 0.009* 0.021*

1Independent t-test; 2 repeated ANOVA test for baseline, midline and endline data; *statistically significant at α<0.05; 
The mean value followed by superscript letter in the same column does not differ significantly; ∆1=(baseline-midline);                                
∆2=(baseline-endline)
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creatinine levels before intervention (baseline) in 
control and intervention groups showed no sig-
nificant differences (p>0.05). Urea level in the 
intervention group increased significantly after 
six weeks of intervention (Δ1) (p<0.05) while the 
creatinine level increased significantly at week 
12th (Δ2) (p>0.05). These findings were similar 
to a meta-analysis comparing high vs. normal/
low protein diets on renal function in subjects 
without chronic kidney disease (Schwingshackl 
& Hoffmann 2014). The study found that high 
protein diets were associated with increase glo-
merular filtration rate (GFR) and serum urea. 

Urea is the end product of protein catabo-
lism and amino acids produced by the liver. Urea 
is distributed through intracellular and extracel-
lular fluids into the blood. Level of urea in the 
blood reflects the balance of urea production and 
excretion. Urea in blood is a major element that 
results from decomposition process of proteins 
and other chemicals that contain nitrogen. Urea 
and other nitrogen-rich waste products, normally 
removed from blood vessels through the kidneys. 
The reference value of normal serum urea level 

is 15-43 mg/dl (Suryawan et al. 2016). Elevated 
blood urea may occur in fever, high-protein diets, 
corticosteroid therapy, gastrointestinal bleeding 
due to increased protein catabolism (Gowda et 
al. 2010).

Increased urea level in the intervention 
group is thought to be due to high protein in-
take. Protein from HPM contributed 37.5%-60% 
of RDA in children aged 3-12 years. However, 
protein was also obtained from daily food con-
sumption (other than HPM) in the amount 72.8% 
-116% of RDA.

High protein supplementation is thought 
to cause an increased in muscle mass characte-
rized by weight gain in the intervention group. 
The outcome of muscle cells metabolism will be 
converted into creatinine in the blood. Creatinine 
is the result of muscle phosphate creatin break-
down that is produced constantly by the body. 
Creatinine level depends on muscle mass rather 
than muscle activity or protein metabolic rate 
(Baxmann et al. 2008). Normal creatinine refer-
ences in children are 0.6-1.2 mg/dl (Ghasemi et 
al. 2015).

Table 2.	 Energy and protein intake (other than High Protein Milk) 
Group Baseline Midline Endline p2 ∆1 ∆2

Energy (kcal)
Control 1117±193a 1199±401a 1153±252a 0.559 82.5 36.4
Intervention 1129±271a 1223±392ab 1295±318bc   0.039* 93.7 166
p-value1 0.855 0.834 0.081 0.925 0.149

Protein (g)
Control 37.5±7.32a 39.2±15.4a 37.6±9.1a 0.885 1.64 -0.10
Intervention 37.0±9.7a 41.6±10.0a 43.4±12.7a 0.126 4.57 6.37
p-value1 0.829 0.509 0.061 0523 0.094

1Independent t-test; 2 repeated ANOVA test for baseline, midline and endline data; *statistically significant at α<0.05; The mean 
value followed by superscript letter in the same column does not differ significantly; ∆1=(baseline-midline); ∆2=(baseline-
endline)

Tabel 3. Measurement of serum urea dan creatinine level
Group Baseline Midline Endline p-value2 ∆1 ∆2

Urea (mg/dl)
Control 24.6±6.19a 24.6±4.56a 24.4±4.65a 0.983 -0.03 -0.23
Intervention 22.6±4.48a 29.5±6.46b 29.4±7.31b 0.000* 6.92 6.80
p-value1 0.189 0.002* 0.005* 0.000* 0.001*

Creatinine (mg/dl)
Control 0.65±0.11a 0.79±0.18b 0.60±0.13a 0.000* 0.13 -0.05
Intervention 0.67±0.10a 0.72±0.14a 0.71±0.10a 0.318 0.05 0.03
p-value1 0.550 0.151 0.005* 0.068 0.049*

1Independent t-test;  2repeated ANOVA test for baseline, midline and endline data; *statistically significant at α<0.05; The mean 
value followed by superscript letter in the same column does not differ significantly;  ∆1=(baseline-midline); ∆2=(baseline-
endline)
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The increased urea and creatinine levels in 
the intervention group were still within the nor-
mal range. This suggests that significant increase 
in urea and creatinine levels of intervention group 
did not lead to impairment in renal function. In-
creased urea and creatinine level was normal due 
to increase in protein intake and body muscle 
mass.

CONCLUSION

High-protein milk intervention three times 
per day (75 g/day) for 12 weeks can promote sig-
nificant weight gain (p<0.05). High-protein milk 
intervention could cause increased serum urea 
and creatinine levels but did not interfere with re-
nal function, indicated by the level of serum urea 
and creatinine still within the normal range. Thus 
consumption of high-protein milk should be done 
properly (not excessive) and maintaining healthy 
diet according to balanced nutrition guidelines is 
suggested.
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