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The mTOR and total protein levels
of stunted children

Ria Andreinie!, Ninik Mudjihartini?, Dian Novita Chandra3, Rini Sekartini*

Abstract

Background Malnutrition is still a major health problem for
children, with stunting being one of its manifestations. Human
growth is in part controlled by the mammalian target of rapamycin
(mTOR) pathway. Studies reviewing mTOR level and growth
disorders in children are still limited and no research has described
mTOR levels in stunted children in Indonesia.

Objective To assess for a relationship between mTOR and total
protein levels in blood plasma in stunted children aged 6-24
months and compare these levels with those in non-stunted
children.

Methods This case-control study was conducted in South Sumatra
Province, Indonesia. Subjects were children aged 6-24 months.
The inclusion criteria for the case group are children who have a
length-for-age of <-2SD and the control group are children who
have a body length according to age of more than or equal to -2 SD
from the WHO growth standard chart. Anthropometric measure-
ments were plotted on the WHO Growth Standards chart, while
mTOR and total protein levels were measured using an ELISA
method and spectrophotometry, respectively.

Results Of 142 subjects, 71 children were allocated into each case
and control group. Child characteristics that were significantly
different between the two groups were age (P=0.002), birth length
(P=0.012), weight-for-age Z-score (WAZ) (P<0.001), and body
mass index (BMI) (P=0.015).

WAZ status with the categories underweight and severely under-
weight had a higher risk of stunting. The mTOR and total protein
levels between the two groups were not significantly different.
Conclusion Further research is needed to explain the mecha-
nism of mTOR signal deviations in children’s growth and
development, as mTOR and protein levels are not signifi-
cantly different in stunted and non-stunted children. [Paediatr
Indones. 2025;65:26-36; DOI: https://doi.org/10.14238/
pi65.1.2025.26-36 |.
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rowth is influenced by two main factors,
namely, genetic and environmental
factors.12 Growth and development in the
womb are "plastic," allowing the baby to
prepare itself for the environment outside the womb.
However, the postnatal nutritional environment may
vary from that in the womb.3
In general, health problems that children
often experience are malnutrition, poor diet, lack
of exercise, and abuse.* Adequate nutritional
intake results in good nutritional status, whereas
an imbalance between nutritional intake and needs
results in nutritional disorders or malnutrition.!
Malnutrition in childhood is closely related to
several acute diseases, stunted growth and mental
development, impaired body immunity; it contributes
to around 45% of child deaths worldwide.¢
The most common form of child malnutrition
is stunting. Stunting is characterized as a condition
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of growth and developmental retardation observed
in children as a result of prolonged inadequate
nutritional consumption, recurring infectious illnesses,
and insufficient psychosocial interactions.” Stunting is
of concern to the World Health Organization (WHO)
because it can cause disturbances in immunological,
cognitive, and physical development.® Stunting
is defined as a length-for-age Z-score of <-2SD
(LAZ <-2).7 In 2018, the WHO reported that 21.9%
of children under 5 years worldwide experienced
stunting, with Asia in second place with a prevalence
of 31.9%. Indonesia had a stunting prevalence of
30.5%.10

Studies have revealed that the mammalian target
of rapamycin (mTOR) pathway is a key regulatory
system that governs human growth. The mTOR
functions as a pivotal protein kinase that orchestrates
various cellular processes, including metabolism,
catabolism, immune responses, autophagy, cellular
survival, proliferation, and migration, thereby ensuring
the preservation of cellular homeostasis. mTOR is
responsible for the phosphorylation of numerous
essential proteins, such as AKT, protein kinase C,
insulin growth factor receptor (IGF-1R), 4E binding
protein 1 (4E-BP1), ribosomal protein S6 kinase
(S6K), transcription factor EB (TFEB), and sterol-
responsive element-binding proteins (SREBPs). The
signaling mediated by mTOR is instrumental in the
regulation of translation, lipid biosynthesis, nucleotide
production, lysosomal biogenesis, nutrient sensing,
and the signaling pathways associated with growth
factors.!112 The mTOR pathway is a significant
intracellular signaling cascade that regulates cell
growth and proliferation by monitoring cellular energy
levels, mitogenic signals, and nutrition availability.!!
Disruption of the mTOR signaling pathway has been
associated with various human diseases, including
cardiovascular disease, obesity, neurodegenerative
diseases, and metabolic disorders.!?

The mTOR serves as the catalytic element
within two distinct signaling assemblages: mTOR
complex 1 (mTORC1) and complex 2 (mTORC?2),
each encompassing mTOR alongside various
supplementary constituents. The operational
functionality of mTORCI is subject to modulation
by nutritional factors. Upon activation, mTORCI1
triggers processes such as protein biosynthesis,
lipid generation, enhancement of ATP synthesis,

augmentation of mitochondrial DNA levels, and
promotion of oxidative metabolic pathways.!3

Currently, research examining mTOR levels and
growth disorders in children is still limited. To date,
there has been no study describing mTOR levels in
stunted children in Indonesia. The aim of this study
was to determine the relationship between mTOR
and total protein levels in children with stunting and
compare them to those of normal children.

Methods

This case-control study was conducted in South
Sumatra Province, Indonesia, from September to
December 2022. Participants were children aged
6-24 months. The sample size was calculated using
the formula for hypothesis testing of the difference
between two proportions. With an assumed stunting
proportion of 0.62 and a 1:1 ratio of cases to controls,
the minimum sample size was 67 subjects in each
group. The sampling technique was multistage random
sampling in three regions of the South Sumatra
Province, namely, Palembang City, Muara Enim
Regency, and Ogan Komering Ulu Regency.

Inclusion criteria were children aged 6-24
months who were registered at the local community
health center and had a growth and development
registration card (KMS/KIA Book). Children with
LAZ <-2SD were allocated into the case group
and those with LAZ >-2SD were allocated to
the control group.? Furthermore, individuals who
experienced illness on the specified examination day,
were on certain medications, and/or had congenital
diseases/syndromes that could affect anthropometric
measurements were excluded.

Body length was measured in the supine posture.
When measured in standing position, the results for
children 0-24 months were adjusted by adding 0.7 cm.
An infantometer was used to measure body length of
children aged less than 2 years, with an accuracy of up
to 0.1 cm. Body weight was measured using a digital
scale with an accuracy of up to 0.1 kg 14.

Blood specimens (1-2 mL) were taken from the
cubital vein using a 25G BD Vacutainer Safety-Lok®
wing needle (BD, Franklin Lakes, New Jersey, USA)
and collected into Vaculab EDTA.K3® collection
tubes (OneMed, Krian, East Java, Indonesia), usually
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in the morning between 9:00 AM and 12:00 PM.
Plasma specimens were prepared as follows: whole
blood was centrifuged at 3,500 rpm for 10 minutes to
separate the plasma. The plasma was then transferred
to a 2.0-mL sterile Bio-Seen Cat.SGB0020 cryogenic
tube (Bio-Seen, Shandong, China) and stored at -80°C
before further examination.

The mTOR levels were evaluated using a
commercially available enzyme-linked immunosorbent
assay (ELISA) kit (Indolisa® ID-EH10522 human
serine/threonine-protein kinase mTOR ELISA kit,
Indogen, Jakarta, Indonesia). The ELISA procedure
was performed according to the manufacturer's
instructions and guidelines. Optical density (OD)
reading was done using a Varioskan® Flash microplate
reader (Thermo Fisher Scientific, Waltham, MA,
USA) at a wavelength of 450 nm; mTOR levels were
calculated as pg/mL of plasma.

Total protein levels in plasma were measured
using the Christian-Warburg method.!> The light
absorption of the plasma was measured using a
spectrophotometer at a wavelength of 280 nm. Total
protein concentration was calculated as mg/mL of
plasma.

The chi-square test was employed to analyze
differences between the two groups' attributes. Mann-
Whitney U test was used to analyze non-normally
distributed data. The correlation between the traits
thought to have the most significant impact on the
mTOR levels under investigation was evaluated using
Spearman’s rank test.

Multivariate analysis with logistic regression test
was carried out to analyze various factors associated
with risk of stunting in the bivariate analysis, using
the normal group as a reference. All variables from
the bivariate analysis that have a P value less than
0.25 were included in the final multivariate logistic
regression model, which calculated odds ratios with
95%CI. All statistical analyses were carried out using
Statistical Package Social Science (SPSS) version 20.0
(IBM Corporation, Armonk, NY, USA), in which
P values <0.05 were considered to be statistically
significant.

This research was approved by the Health
Research Ethics Committee, Faculty of Medicine,
University of Indonesia - RSUPN Dr. Cipto
Mangunkusumo and permission was obtained from
the provincial and district health departments. All
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participants’ mothers consented to participation in
this research.

Results

One hundred fifty-one children aged 6-24 months
were initially included in this study, 75 in the control
group and 76 in the case group. Subjects underwent
anthropometric examinations. Data analysis was done
using the per-protocol (PP) method, as we included
only participants from whom we successfully obtained
blood specimens in the final analysis. Thus, 142
subjects, with 71 subjects in each group, were included
in the final analysis (Figure 1).

The majority of subjects were aged 12-24 months
(78.2%) and more than half were boys (55.6%).
Between the case and control groups, there were
significant differences in age groups (P=0.002), birth
length (P=0.012), WAZ status (P<0.001), and BMI
status (P=0.015). Multivariate analysis revealed that
children aged 12-24 months had 2.8 times the risk of
stunting, birth length in stunted categories had 1.9
times the risk, BMI status in overweight categories had
4.9 the times risk, whereas WAZ in the underweight
and severely underweight categories had the highest
risk, namely, 82.1 times the risk of stunting (Table 1).

The differences in plasma mTOR levels and
total protein levels between the case (stunted) and
control (non-stunted) groups are shown in Figure
2. The median value mTOR level was 229.9 (range
50.8-2742.3) pg/mL in the case group and 215.4
(85.8-2145.2) pg/mL in the control group (P=0.509).
The median value total protein level was 95.1 (77.3-
212.5) mg/mL in the case group and 94.5 (69.2-128.9)
mg/mL in the control group (P=0.271).

Age, gender, gestational age, birth weight
and length, exclusive breastfeeding, WAZ, and
BMI were not significantly correlated with mTOR
levels (Table 2). Some of the correlations were
positive/unidirectional and some were negative/non-
unidirectional, but none were statistically significant

(P>0.05).
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Figure 1. Subject recruitment flow

Discussion

Our results showed that age and stunting were
significantly associated, with stunting found in 88.7%
of children aged >12 months, yielding a 3.5-fold risk
compared to that in children aged <12 months. This
finding aligned with that of a study in Ethiopia, which
reported that stunting was more common in children
aged over 12 months compared to those aged 6-11
months. !¢ Similarly, a study of children under 2 years
of age in Bangladesh showed that stunting was most
prevalent in the older age group, as the rate of stunting
in children aged 12 to <24 months was nearly twice
as high as in children aged <6 months (OR 2.54;
95%CI 2.21 to 2.92).17

Children aged over 12 months are more likely
to experience stunting than younger children for
several reasons. First, children begin to switch from
breast- or formula milk to solid foods at this age.
Children over 12 months have more diverse food
choices, providing opportunities for unhealthy
food consumption, unbalanced nutrition, and low

micronutrient content.!$1? For children aged 1-3
years, the recommended daily intake is as follows:
1,125 kcal of calories, 155 g of carbohydrates, 26 g of
protein, 44 g of fat, 16 g of fiber, 1,200 mL of water,
400 mcg of vitamin A, 15 mcg of vitamin D, 6 mg of
vitamin E, 15 mcg of vitamin K, 8 mg of iron, 650 mg
of calcium, 500 mg of phosphorus, 4 mg of zinc, and
3,000 mg of potassium.2® Children will only grow to
their full potential if their diet meets their nutritional
needs; deficiencies in essential nutrients can result
from an unbalanced and unvaried diet.?! In addition,
children <12 months tend to experience a decrease
in the frequency and duration of breastfeeding. While
there are advantages to breastfeeding until two years
of age, only a small percentage of children do so. Many
children > 12 months begin to wean or cut back on
the amount of time they breastfeed.?? Breastfeeding for
> 12 months has been associated with higher cognitive
abilities and lower rates of non-communicable diseases
in adulthood.?? Third, infection and disease, as
children >12 months interact more frequently with
their environment. Children living in poor sanitation

Paediatr Indones, Vol. 65 No. 1, January 2025 * 29



Ria Andreinie et al.: The mTOR and total protein levels of stunted children

Table 1. Characteristics of subjects (N=142)

i Control Case _ b o

Characteristics (n=71) (n=71) N=142 P value? AOR?® (95%Cl) P value®
Age, n (%)

6-11 months 23 (74.2) 8 (25.8) 31 (21.8) 1

12-24 months 48 (43.2) 63 (56.8) 111 (78.2) 0.0022* 2.830 (0.843 t0 9.496) 0.092
Gender, n (%)

Female 37 (58.7) 26 (41.3) 63 (44.4) 1

Male 34 (43.0) 45 (57.0) 79 (55.6) 0.0632 1.543 (0.612 to 3.890) 0.358
Gestational age, n (%)

Full term 60 (51.7) 56 (48.3) 116 (81.7)

Preterm 10 (43.5) 13 (56.5) 23 (16.2) 0.624b

Post term 1(33.3) 2 (66.7) 3(2.1)
Birth weight, n (%)

Normal 64 (52.9) 57 (47.1) 121 (85.2)

Low 6 (33.3) 12 (66.7) 18 (12.7) 0.3000

High 1(33.3) 2 (66.7) 3(2.1)
Birth length, n (%)

Normal 65 (54.6) 54 (45.4) 119 (83.8) 1

Stunted 6 (26.1) 17 (73.9) 23 (16.2) 0.0122* 1.989 (0.531 to 7.455) 0.308
Exclusive breastfeeding, n (%)

Yes 48 (49.0) 50 (51.0) 98 (69.0) 0.7172

No 23 (52.3) 21 (47.7) 44 (31.0)
WAZ status, n (%)

Normal 63 (74.1) 22 (25.9) 85 (59.9) 1

Underweight & severely underweight 5(9.3) 49 (90.7) 54 (38.0)  <0.0010* 82.086 (10.479 to <0.001*

Risk of overweight 3(100.0) 0(0.0) 3(2.1) 643.028)
BMI status, n (%)

Normal 60 (55.0) 49 (45.0) 109 (76.8) 1

Wasted & severely wasted 6 (24.0) 19 (76.0) 25(17.6) 0.015b* 0.187 (0.020 to 1.756) 0.142

Risk of overweight & overweight 5 (62.5) 3(37.5) 8 (5.6) 4.965 (0.688 to 35.818) 0.112

aChi-square test; PFisher’s exact test; ®logistic regression test, adjusted for age, gender, birth length, WAZ status, and BMI status; *significant;

WAZ=weight-for-age Z-score, BMI=body mass index

environments are more susceptible to recurrent
infections, such as worms, diarrhea, or respiratory
diseases. These infections can reduce appetite and
nutrient absorption, increasing the risk of stunting.24

Higher stunting rates in older children
demonstrate the importance of sustainable
interventions since efforts to improve nutrition
and water, sanitation, and hygiene behavior are
most effective early in improving long-term health
outcomes for children. Therefore, the feeding plan for
children >12 months calls for giving them a variety
of foods from each food group to ensure that they are
getting enough nutrients in all forms, giving food in
small portions more frequently, emphasizing foods
that are high in nutrients, and giving them healthy
snacks.2%20

In our study, the history of exclusive breastfeeding
was not significantly associated with stunting
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(P=0.717); inconsistent results have been observed
in various studies in Indonesia.2?28 However,
optimal breastfeeding for six months reduces the
risk of infections that cause stunting. Breast milk
contains immunological and anti-inflammatory
components, specifically immunoglobulin A (IgA)
and immunoglobulin G (IgG), which bind to toxins,
bacteria, and viruses and prevent pathogens from
attaching to cells. Lactoferrin, a glycoprotein in breast
milk that binds iron, also has antimicrobial properties,
including the ability to absorb iron, prevent bacterial
growth, bind to proteins in bacterial cell membranes,
disrupt bacterial integrity, and inhibit pathogen
attachment. Together, these compounds transfer
specific and non-specific passive immunity from
mother to baby, protecting the baby from common
pathogens, especially those that cause diarrheal and
respiratory diseases.?3
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Figure 2. Differences between the case and control groups in:
A. mTOR levels and B. total protein levels
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Table 2. Analysis of subjects’ characteristics and mTOR levels (N=142)

Characteristics Correlation coefficient P value?
Age -0.076 0.369
Gender 0.071 0.401
Gestational age 0.132 0.116
Birth weight -0.020 0.814
Birth length 0.038 0.657
Exclusive breastfeeding -0.001 0.988
WAZ status 0.083 0.324
BMI status 0.032 0.707

aSpearman Rank test

Birth length was significantly associated
with stunting (P=0.012), with 2.1 times higher risk
in children with stunted birth length. Furthermore,
previous studies have shown that stunted children
have a history of short birth length.2?39 Birth length
and childhood growth patterns impact the length
standard deviation score at 2 years of age, with
shorter birth length correlating with growth failure
at 24 months in preterm infants.>! Short birth
length can impact a child's height through various
mechanisms. Studies have highlighted genetic factors
affecting growth, such as by pituitary development,
growth hormone (GH)-insulin-like growth factor 1
(IGE-1) or IGF-2 axis variations, and thyroid axis
anomalies. Additionally, disturbances in the GH-IGF
axis, including lowered IGF-1 levels and increased
expression of IGF-binding proteins, can hinder
sufficient catch-up growth in children born small for
gestational age (SGA).3? Furthermore, children born
SGA may face an increased risk of type 2 diabetes
mellitus due to growth retardation in utero, potentially
leading to insulin resistance later in life.3*> Metabolic
profiles of SGA children without catch-up growth
have alterations in cell turnover, GH and IGF-I
signaling, and metabolic pathways, shedding light
on the molecular mechanisms influencing postnatal
growth.3* These factors collectively contribute to
the complex interplay between birth length, genetic
influences, and growth hormone pathways in
determining a child's final height.

WAZ status had a significant relationship with
the prevalence of stunting (P<0.001), with children in
the underweight and severely underweight categories
having a high-risk level (81.76 times). While this

finding may seem unusual, it indicates that the
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stunting that occurred in our subjects was genuinely
caused by malnutrition.

BMI status did not significantly affect mTOR
levels. Although the OR indicated a higher risk of
stunted growth in the overweight category (OR 4.95;
95%CI 0.688 to 35.818; P=0.112). Children's BMI
can reportedly influence his height through the growth
hormone (GH) mechanism; the consequence of a high
BMI is decreased GH secretion. Additionally, a BMI-
for-age above the 85t percentile in childhood was
associated with reduced growth, potentially affecting
linear growth by approximately 1 ¢cm within four
years.>> Genetic factors also play a role, with a genetic
correlation between BMI and changes in height during
childhood and adolescence, especially evident in early
to middle childhood.?® These findings highlight the
complex interactions between BMI and height in
children and emphasize the importance of monitoring
both aspects for healthy growth and development.

The mTOR is a conserved protein kinase that
is part of numerous cellular processes. It is made
up of two complexes, mMTORC1 and mTORC?2.
Though only mTORCI is regulated by nutrition,
both react to growth stimuli.3? Protein synthesis, cell
size, and metabolism are among the growth-related
processes that mTOR regulates crucially in healthy
and pathological situations. Although mTOR's
cytoplasmic activity in controlling translation rate is
primarily responsible for these functions, mounting
evidence points to other roles that this serine/
threonine kinase plays inside the nucleus. Because
mTOR may affect the expression of genes involved
in ribosomal biogenesis and proliferation, its nuclear
activities have been linked to the regulation of
protein biosynthesis capability.’® Our study showed
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no statistically significant difference in plasma mTOR
levels between the control (non-stunted) and case
(stunted) groups (P=0.509). The large variability
of mTOR levels in the case group, as illustrated in
Figure 2, may account for the failure of our statistical
methods to detect significant differences.

In stunted children, the body may compensate for
the nutritional deficit by adaptively activating mTOR,
but this may not occur in all individuals. The mTOR
mechanism is influenced by various environmental
and metabolic factors. The heterogeneous response to
stunting conditions may result in the high variability
of mTOR data in our stunted subjects. There is
significant heterogeneity in mTOR expression
and mTOR signaling, both in reduced signal and
signal hyperactivation conditions.?® The regulation
of growth hormone secretion involves mTOR
signaling. In particular, mTOR inhibition decreases
GH and prolactin secretion, while mTOR activation
increases GH secretion in pituitary adenoma cells.4°
Malnutrition in children is linked to dysregulation
of the mTOR pathway, specifically decreased
phosphorylation of mMTORCI, and alterations in gene
expression, specifically higher expression of the TSC1
gene and lower expression of the LAMTOR?2 gene.*!
These findings provide important information about a
possible down-modulation in overall mMTOR pathway
activity in childhood malnutrition.

The normal range for total protein in the blood
is between 6 to 8 g/dL (or the equivalent of 60-80 mg/
mL).* Various factors, including nutritional intake,
the condition of the liver and kidneys, and other
health problems, can influence blood protein levels. In
our study, total protein in plasma was similar between
the case and control groups (P=0.271). The median
total protein levels in both groups were above the
normal range, namely 95.1 mg/mL and 94.5 mg/mL.

During growth, children need protein to
form and repair new body tissue (muscle, skin, and
organs), synthesize hormones and enzymes, and form
antibodies in the immune system. Protein also plays a
role in cellular transport, including the transportation
of oxygen, nutrients, and other materials needed to
grow body cells.*> Therefore, it is common to check
protein levels in children with suspected nutritional
deficiencies. However, we found no significant total
protein levels between normal and stunted children.
A prospective cohort study also found no correlation

between protein intake and linear growth.* In
addition, another sizable population-based study
conducted in the US, a country known for its high
protein intake, reported a correlation between higher
prenatal protein intake, shorter birth lengths, and
slower mid-childhood linear growth, suggesting that
higher protein intake may not necessarily positively
affect early linear growth.*> A recent study showed
that recombinant SMAD family member 5 (SMADS5)
is targeted by miR-24-1-5p, which can reduce the
bone mass in children due to a high maternal protein
diet.#6 According to this study, eating a lot of protein
may deleteriously affect bone mass and osteoblast
maturation.

Our study is the first in Indonesia to study the
association between mTOR and stunting in children
aged 6-24 months. Some limitations of our study
include the lack of measurement of other protein
complexes directly related to protein synthesis, namely
mTORCI or mTORC?2, and lack of assessment of
specific protein components that may have provided
a better picture of the nutritional status and health
of the body, such as albumin and globulin. Another
limitation was that we did not exclude subjects who
were already receiving nutritional intervention.

In conclusion, WAZ-for-age denoting
underweight and severe underweight is an important
determining factor in the risk of stunting in children.
The focus must be given to providing food that
is adequate in quantity and quality starting from
the intrauterine period and continuing through
postnatal growth. Efforts toward catch-up growth
in children with a history growth delays should keep
in mind the child's age and illness history to achieve
optimal growth. Various cellular mechanisms tightly
regulate homeostasis in mTOR levels to maintain
proper cellular function, and dysregulation of mMTOR
signaling can impact energy balance and cause
metabolic disorders. Therefore, understanding the
signaling dynamics of mTOR and proteins is critical for
developing strategies to maintain cellular homeostasis
and prevent growth impairment. In the future, more
in-depth research will be needed regarding how the
mechanism for balancing mTOR and protein levels
affects child growth.
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