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The prevalence of stunting in Indonesia still exceeds WHO recommended standards.
Stunting increases the risk of inhibition of brain growth. Head circumference is one of
the parameters of brain growth. The study aimed to prove the mean head circumference
growth difference between the stunted and non-stunted groups in the first 3 years of life.
Another goal was to prove the relationship between zinc intake and zinc levels in tod-
dlers on head circumference. The cohort study involved 50 subjects who were observed
from birth to the age of 3 years and were born at Sultan Agung Islamic Hospital and
Bangetayu Health Center Semarang City. The mean head circumference growth in the
stunting group was lower than in the non-stunting group (4.1 v.s 4.6), p=0.043. The mean
head circumference of stunted toddlers was smaller than that of non-stunted toddlers
(44.9 vs. 47.2 ), p=0.000. There was no relationship between daily zinc intake and zinc
levels of toddlers with stunting, p>0.05. The growth of the head circumference of stunted
toddlers was lower than in the non-stunted group, as well as the head circumference was

smaller than in the non-stunted group.

Introduction

The Indonesian Nutrition Status Study
(SSGI), 2021 found that the stunting rate in
Indonesia is quite high, at 24.4%. It is still above
the WHO-recommended figure, which is below
20%. Indonesia’s target stunting prevalence rate
in 2024 is 14% (Kemenkes RI, 2021; Menpan,
2022). Anthropometric measurement is a
measurement used as a sign to determine
growth disorders in children. Three parameters
that are commonly used to monitor growth
in children are weight, height, and head
circumference. Head circumference (HC) or
occipital frontal circumference (OFC) is often
used as a reflection tool for brain growth. A
measurement that is often overlooked by parents
is the measurement of head circumference.
Monitoring head circumference can be used
as a simple parameter reflecting brain size and

growth (Nicolaouetal.,2020)its association with
cognitive function remains unclear. We sought
to understand the relationship among various
biological and socioeconomic risk factors,
HC and cognitive development. Methods We
analysed data across resource-poor settings
in Bangladesh, India, Nepal, Peru, South
Africa and Tanzania from the Etiology, Risk
Factors and Interactions of Enteric Infections
and Malnutrition and the Consequences for
Child Health and Development longitudinal
birth cohort study. Participating children were
enrolled and followed up between 2009 and
2014. A final sample of 1210 children aged
0-24 months were included in the analyses.
The main outcomes were HC for age Z-score
and cognitive, gross motor and language scores
from Bayley Scales of Infant Development-III
tests. Length, weight and HC were measured
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monthly, and cognitive tests were administered
at 6, 15 and 24 months of age. To disentangle
the associations between risk factors and HC
from linear growth and to distinguish the
direct and indirect effects of these risk factors
on cognitive function, we conducted mediation
analysis using longitudinal models to account
for all data measured during follow-up. Results
Average HC-for-age Z-score (HCAZ.

Based on previous research, low head
circumference is significantly associated with
stunting (Sindhu et al., 2019). Smaller head
circumference at the age of 2 years is associated
with cognitive abilities, so it is said that the
most optimal brain development occurs in the
first 1000 days of life (Qian et al., 2021; Koshy
et al., 2021). Other studies have shown that
head circumference growth does not predict
cognitive or fine motor scores, but predicts
better gross motor skills in boys (Dupont et al.,
2018).

The fastest child growth occurs in the
first 1000 days of life, at this time formation of
the brain and other organs occurs. Disorders
that occur at this time not detected and not
intervened properly will cause long-term
effects that can reduce their quality of life. Head
circumference measurements need to be carried
out every month until the age of 2 years as
early detection for disorders that may occur in
children’s brain development. The growth and
development of children are very dependent
on the adequacy of nutrition obtained during
the first 1000 days of life. A multicenter study
by Scharf looked at children from birth to 24
months of age in low-middle-income families
in 8 countries. The study concluded that there
was a tendency for an increase in cognitive
scores to be associated with head circumference
compared to body length in children aged the
first 24 months (Scharf et al., 2018).

Previous studies have shown that zinc
supplementation given to mothers before
the 24th week of gestation can prospectively
increase the head and chest circumference
of neonates (Zhou et al., 2021). Research in
Nepal states that zinc supplementation has a
beneficial effect on the growth rate of infants
(Surkan et al, 2012)(2. Research in India
proves that zinc supplementation increases the
average body length gain compared to controls
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but there is no difference in the increase in head
circumference in infants aged 6 months (Miir,
2017).

The scope of services of RSI Sultan Agung
includes residents of the city of Semarang
(urban) as well as residents of the Demak area
(rural). In 2020 the stunting rate in Semarang
City was 3.31% while Demak is 6.05% higher
(RepJogja, 2022; Dinkominfo Demakkab,
2022). To support the Indonesian government’s
efforts to reduce the stunting rate by 14%
and to detect the risk of head circumference
growth inhibition in stunting cases, it is still
necessary to study the effect of stunting on head
circumference growth. The results of previous
research on the role of zinc on linear growth
have not been consistent, so it is still necessary
to observe the effect of zinc early in life and at
the age of 3 years on the head circumference of
toddlers.

Method

This cohort study involved 50 children
aged 3 years who were born healthy and
at term with a history of births at Sultan
Agung Hospital and Bangetayu Public Health
Center, Semarang City. The growth of head
circumference (HC) was measured when the
infant was born and when the infant was 3
years old, the measurement was carried out
with an inelastic measuring tape around the
head, starting from the midpoint between the
eyebrows, placing 1 finger above the eyebrows,
circling towards the back to the lower part. Most
prominently at the back of the head, back to the
starting point of measurement, or the greatest
length of the occipitofrontal circumference
(Margaret McCarthy & Nugent, 2015)both
in utero and early postnatally. Some of these
are intrinsic, such as gonadal steroids, while
others are externally imposed, such as maternal
nutrition or stress. All of these variables can
have enduring consequences by imposing
epigenetic modifications on the genome that
alter set points for activation in adulthood,
thereby reflecting early-life programming. In
this review, we provide an overview of the most
well studied epigenetic processes that occur
in the brain. Next, we summarize the studies
to date that have implicated gonadal steroids,
stress exposure, and nutritional deficits/excess



Sri Priyantini, et all. / Stunting and Head Circumference Growth in The First 3 Years of Life

in changes in neural epigenetic marks, which
ultimately alter brain development, but we also
note that this field is still in its infancy. Epigenetic
regulators include DNA methylation, changes
to the chromatin via acetylation and other
chemical modifiers, and noncoding RNAs all of
which impact the expression of specific genes.
In this way gonadal steroids in the developing
male fetus direct masculinization of adult
brain and behavior, and similarly in utero
exposure to a high-fat or calorie-restricted
diet impacts glucose metabolism and body fat
composition throughout life. Stress early in life
changes the sensitivity of the hypothalamic-
pituitary-adrenal (HPA. The average annual
head circumference growth is calculated based
on the difference between the size of the head
circumference at birth at the age of 3 years
and then divided by 3, the result is cm/year.
Determination category of Head Circumference
toddlers based on the WHO Z-score curve, it is
said that the head circumference is less (small)
if < -2SD - -3SD, while normal is between - 2SD
- +2SD. None of the children with LK > +2 SD
or < -3 SD.

Daily zinc intake, including energy,
protein, and calories was measured through
a 2 x 24-hour food recall approach. Direct
interviews were conducted to ask about food
consumed in the last 2 consecutive days. The
history of eating for the first 24 hours was
recorded, then it was backed up to the previous
1-2 days. All food consumed by toddlers was
recorded in detail including the type, portion
(volume) of food, and finished or not. The
questionnaire was filled out and asked directly
to the caregiver who most often took care the
of children. Calculation of the amount of zinc
intake, calories, and protein is calculated using
Nutrisurvey application. Calculation of the
amount of zinc intake, calories, and protein is
calculated using Nutrisurvey application. Zinc
needs of toddlers aged 1-3 years according to
nutritional adequacy rate Kemenkes RI., 2019
and RDA (Recommended Dietary Allowances)
is 3 mg/day, and zinc intake is considered
sufficient at 3 mg/day, while daily protein is
considered sufficient at 20 g/day (Kemenkes
RI, 2019; National Institute of Health, 2022).
Examination of blood serum zinc levels in this
study was carried out in the GAKI Faculty of

Medicine laboratory, Diponegoro University,
Semarang.

Childrens height measurements are
made with a microtome with an accuracy of 0.1
cm which is permanently mounted on a sturdy
wooden ruler for easy portability and stability
during measurements. Height was measured
by standing barefoot on the wall right in front
of the microtome. Body weight was measured
using a digital scale and the child stood still on
the scale with an accuracy of 0.1 g. Stunting
according to the Ministry of the Health Republic
of Indonesia based on WHO anthropometry,
namely height according to age is below - 2 SD
HAZ score (Kemenkes RI, 2019).

Average height growth is height growth
in the first 3 years of life. The difference between
birth length and height at age 3 years. The
stunting category is HAZ (height for age Z score)
< -28D according to WHO Z-score calculation
(Kemenkes RI, 2019). The nutritional status
category is based on Weight for Height Z-score
(WHZ), normal (well nourished) if it is in
the range of -2SD to +2SD, while moderately
Underweight status is in the range <-2SD to -3
SD, and in the range <-3 SD is included in the
category of severely Underweight (Kemenkes
RI, 2021). This research was conducted after
obtaining ethical approval from the Medical/
Health and Bioethics Research Committee
of the Faculty of Medicine, Sultan Agung
University Semarang, all respondents were
given informed consent with parental consent.
Statistical analysis using t-test and chi-square
test with SPSS application.

Result and Discussion

The characteristics of respondents in
this study consisted of gender, socioeconomic
status, history of complementary foods,
and nutritional status. The characteristics of
respondents are shown in the Table 1.

Table 1 shows that the majority of
respondents in this study were male respondents
as many as 28 (56%), with sufficient socio-
economic conditions 41 (82%), and a history
of poor complementary foods as much as 29
(58%). The nutritional status of the majority
of respondents in this study was normal, with
normal WAZ as many of as 45 (90%), normal
HAZ of as many as 42 (84%), and good WHZ
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of as many as 43 (86%). There are 16% stunting
toddlers, but no toddlers with anthropometric
WHZ score < - 3SD. Background of the
incidence of stunting is generally related to
malnutrition that lasts for a long time even
from birth. Factors that can be associated with a
lack of nutritional intake for children under five
include poverty, family diet, poor nutrition for
pregnant/breastfeeding mothers, and especially
inappropriate food intake in early life (Menpan,
2022).

Table 1. Characteristics of Respondents.

Characteristic N %
Gender

Male 28 56
Female 22 44
Socio-Economic

Sufficient Income 41 82
Low Income 9 18
History of weaning food

appropriate 21 42
inappropriate 29 58
Nutritional status

WAZ (BB/U)

Well 45 90
Low 5 10
HAZ (PB/U)

Non-stunting 42 84
Stunting 8 16
WHZ (BB/PB)

Normal 43 86
Moderately Underweight 7 14

Source: Results of data processing

Maternal nutrition during pregnancy is
very important to note. Based on the review,
in the second and third trimesters during
pregnancy, the nutritional reserves of the fetus
can be used after birth. In the fetal phase, until
the child is 3 years old, there is a rapid growth
of the brain and central nervous system, and
gestational deficiencies of minerals (iodine,
selenium, iron, zinc, calcium, magnesium) that
occur at this time can cause problems related
to brain function such as hyperactivity, autism,
speech delays, and memory problems (Farias
et al., 2020). Deficiency or excess of nutrients,
stress, and gonadal hormones can affect the
epigenetic changes in brain development.
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It is stated that early life stress changes the
hypothalamic-pituitary-adrenal (HPA)
sensitivity axis, which cannot be separated from
epigenetic changes. Epigenetic factors bridge the
interaction between the genome, environment,
hormones, and nutrients (Margaret McCarthy
& Nugent, 2015).

This study can provide additional
information that even though babies are born
healthy at term, with normal birth weight,
the majority of socio-economic conditions
are sufficient with a history of fairly good
growth based on data that there are no cases
of severe malnutrition. However, there are
still toddlers who are stunted and have a
small head circumference (Z-score < -2SD).
Environmental factors after birth have a
large enough effect on the growth of head
circumference or brain, this can be explained
by the concept of epigenetic Environment has
a major effect on signal expression from the
child’s genome, especially the environment
in the golden period of brain development
in the first 1000 days of life. The biomedical
environment, infection, toxic substances, and
climate, influence changes in expression signals
at the genome level, even though the genome
structure does not change. Environmental
factors after birth such as nutritional intake,
behavior, repeated infections, stimulation of
parents/caregivers, experiences of stress, and
fulfilment of emotional needs for affection.
All of these factors can alter gene expression
that create positive or negative effects on brain
development (Margaret McCarthy & Nugent,
2015; Bacon & Brinton, 2021).

Table 2. Average Growth and Head
Circumference Size Between Stunting and
Non-stunted Groups.

Toddler Head n Mean p*

Circumference
HC Growth (cm/year)
Normal 42 4.6

.04

Stunting 8 41 0.043
Average HC of Toddler (cm)
Normal 42 472
Stunting 8 449 0,000

*Independent t-test
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The limitation of the study was that
food recall was not carried out at the age of
under 1 year, especially the period of giving
complementary foods at the age of 6 months - 12
months. This is because the fastest growth speed
for head circumference is the first 6 months of
age and 6 months to 12 months. Second year
the rate of brain growth decreases by only about
1 cm every 6 months. Thus, adequate weaning
food intake is likely to have a major effect on
that period (Jones & Samanta, 2022).

Based on Table 2, the results of the
independent t-test showed that the growth
of head circumference in the stunting group
(4.1cm/year) was significantly smaller than
the normal group (4.6cm/year), p = 0.043.
The mean head circumference of the stunting
group was significantly smaller than that of
normal toddlers, p = 0.000. Another result of
this research is that the nutritional status of
pregnant women is not related to HC births and
HC aged 3 years, HC births are not correlated
with HC under five, as well as levels of zinc in
newborns (from the umbilical cord) are not
significantly related to HC births and HC age
3 years, we do not display data. The results of
previous studies proved that the mean umbilical
cord zinc levels were lower in the group of
babies with birth weight in the range of 2500g
- < 2800g compared to the 2800-3900g group
(Priyantini., 2021)

Table 3. Correlation between Zinc and Annual
Increase in Head Circumference

Daily Zinc ~ Toddler
Intake Zinc Level
HC growth/ r -0.135 0.027
year p*  0.349 0.854
n 50 50

* Pearson correlation

Table 3 presents data on daily zinc intake
according to the food recall questionnaire
and blood zinc levels of toddlers, it turns
out that there is no significant correlation
between daily zinc intake and zinc levels
with annual head circumference growth.
Fulfillment of nutritional needs can be done
by providing supplementation. Giving oral
zinc supplementation early on in neonates
with low birth weight can help catch up on

growth, either by increasing insulin-like
growth factor-1 (El-Farghali et al., 2015). The
results of systematic reviews and meta-analyses
of zinc supplementation in children are still
diverse, it is said that zinc supplementation in
pregnant women does not significantly increase
the weight of newborns or the risk of low birth
weight.

Zinc  supplementation after birth
increased height, weight, and WAZ, but did
not increase the HAZ or WHZ scores. Zinc
supplementation tends to increase height and
HAZ scores in children 2 years old (Liu et al.,
2018). The low dietary zinc intake observed in
Ethiopian children has a significant association
with children’s health status (Ayana et al.,
2018). Another study also stated that daily
consumption of multi-nutrient fortified milk-
based drinks by toddlers could improve the
nutritional status of vitamin A, vitamin D,
and selenium, with respect to growth, z-score
of body weight, height, and increased BMI
(Senbanjo et al., 2022). This study has not
proven that daily zinc intake, toddler zinc
levels, and newborn zinc levels are related to
head circumference growth. However, other
results of our study prove that daily zinc intake
is associated with stunting in children under
five (Priyantini et al, 2023). Analysis of the
relationship between the characteristics of
toddlers and head circumference category was
determined by chi-square test which is shown
in table 4.

This study shows that there is a
relationship between head circumference
and HAZ (p=0.000, RR: 22.2), in line with
previous research conducted in the semi-urban
Vellore settlement which stated that small
head circumference was significantly related
to stunting. The researcher proved that small
head circumference (< -2SD) for infants aged
1 month is at risk of 10.8 times more frequent
stunting at the age of 2 years (Sindhu et al.,
2019). The growth of head circumference can
indicate brain development and is responsible
for development of intelligence (Qian et al.,
2021). Another study in India proved the
correlation of development quotient (DQ)
scores with head circumference. The lower
the head circumference followed by the lower
the DQ score of children aged 6-60 months
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Table 4. Relationship Between Head Circumference and Characteristics/ Weaning Food/Dietary.

Intake
Category Head Circumference p* RR
Normal Low
Gender
Male 21 7
0,563
Female 18 4
Socio-Economic
Sufficient Income 34 7
0,073
Low Income 5 4
First Child
Yes 14 1
0,087
No 25 10
Very Early Formula feeding
Yes 8 5
0,096
No 31
History of complementary feeding
Sufﬁc1ent.1y qualified 17 4 0.668
Less qualified 22 7
Intake of animal protein
Moderate 28 10
Low 11 1 0.190
Daily protein
Moderate 38 0,118
Low 1
Zinc intake/day
fadequafe 1nt‘ake 28 0,103
insufficient intake 11
WHZ
Normal 35 0.151
Underweight 4 ’
HAZ
N b
or@al 37 5 0,000 22,2
Stunting 2
WAZ
Normal 37
0,064**
Underweight 2

*Chi square test **Fisher test

(Tiwari et al., 2017). It should be noted that the
characteristics of our study subjects were term
babies with normal birth weight, so in general,
there was not much difference in birth head
circumference. It is possible that the small head
circumference of some toddlers was caused by
other factors such as nutritional intake before
the age of 3 years, repeated infections, and
genetics that we have not completely controlled.

Other results from this study proved that
HAZ (stunting) was not related to the adequacy
of income and the level of education of the
mother (Priyantini et al., 2023). The nutritional
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status of children is also influenced by parenting
styles, not limited to complementary feeding in
the first year of life. As the results of research
in Banyumas, that mother’s parenting style for
toddlers is related to the incidence of stunting
(Wati et al., 2022). While, research in Bengkulu
proved that family planning (marriage at
a young age, birth spacing of 2-5 years,
primipara, and several toddlers) was related to
the practice of child feeding (PCF) (Simbolon
et al,, 2022). In contrast, the results of the study
in Depok did not prove a relationship between
feeding practices and nutritional status (weight
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for height) in children aged 6-23 months
(Permatasari & Waluyanti, 2019). A systematic
review study concluded that larger children’s
head circumference is associated with better
weight growth, higher socioeconomic scores,
and taller mother’s length (Nicolaou et al.,
2020).

Head circumference is a very important
measure of brain development (Vandenplas
et al., 2019). The results of previous studies
have shown that head circumference growth is
associated with behavioral traits in early infancy
(Dupont et al, 2018). Head circumference
discrepancy in the first 6 months of life is related
to factors such as gestational age, gestational
age, and birth weight (Bouthoorn et al., 2012).
The expansion of the human brain in particular
the neocortex is one of the most remarkable
evolutionary processes and is correlated with
cognitive, emotional, and social adaptation
abilities. The process of expanding the area
determines the growth of head circumference
to be normal, microcephaly, or macrocephaly.
Brain growth abnormalities may be found as
the sole symptom or as part of a syndrome of
other neurodevelopmental disorders such as
epilepsy, autism, intellectual disability, brain
malformations, and body growth abnormalities
(Pirozzi et al., 2018). Therefore, measurement
of head circumference cannot be ignored,
especially at the age of the first 2 years.

Research conducted on children born
at term in developed countries with free
access to health care showed that higher I1Qs
occur in infants with larger birth weight
measurements, as well as greater growth in
height and head circumference during the
first 5 years of life (Kirkegaard et al., 2020).
Weight gain, growth in body length, and head
circumference are markers of nutritional
status and are independently associated with
long-term neurodevelopment. Delayed brain
development is not only the result of nutrient
intake but also interactions with other factors
such as growth hormone, thyroid hormone,
susceptibility to recurrent infections, genetics,
and epigenetics that occur in the early 1000
days of life (Dauncey, 2014; Skinner & Narchi,
2021).

Conclusion

This study did not show a correlation
between zinc intake and the growth of head
circumference in children under five but did
prove the relationship between growth in
head circumference and incidence of stunting.
The daily zinc intake of children under five
is not associated with the growth of head
circumference. Further research is still needed
regarding the effect of weaning food aged 6-12
months on the growth of body length and head
circumference.

Acknowledgement

Thank you to LPPM Sultan Agung
Islamic University Semarang and the Ministry
of Research, Technology, and Higher Education
R.I who provided research funds. Thank
you also to the Sultan Agung Hospital and
Bangetayu Health Centre Semarang City for
supporting this research.

References

Ayana, G., Moges, T., Samuel, A., Asefa, T., Eshetu, S.,
& Kebede, A.,. 2018. Dietary Zinc Intake and
Its Determinants Among Ethiopian Children
6-35 Months of Age. BMC Nutrition, 4(1).

Bacon, E.R., & Brinton, R.D., 2021. Epigenetics of the
Developing and Aging Brain: Mechanisms
that Regulate Onset and Outcomes of
Brain Reorganization. Neuroscience and
Biobehavioral Reviews, 125, pp.503.

Bouthoorn, S.H., van Lenthe, EJ., Hokken-Koelega,
A.C.S., Moll, H.A., Tiemeier, H., Hofman, A.,
Mackenbach, J.P, Jaddoe, VW.V,, & Raat, H.,
2012. Head Circumference of Infants Born to
Mothers with Different Educational Levels;
The Generation r Study. PLoS ONE, 7(6).

Dauncey, M.J., 2014. Nutrition, the Brain and
Cognitive Decline: Insights from Epigenetics.
European Journal of Clinical Nutrition,
68(11), pp.1179-1185.

Dinkominfo Demakkab., 2022. Angka Stunting
di Demak Alami Penurunan, Kerja Keras
Pimpinan Dan PD.

Dupont, C., Castellanos-Ryan, N., Séguin, J.R,,
Muckle, G., Simard, M., Shapiro, G.D.,
Herba, C.M., Fraser, W.D., & Lippé, S., 2018.
The Predictive Value of Head Circumference
Growth During the First Year of Life on Early
Child Traits. Scientific Reports, 8(1).

El-Farghali, O., El-Wahed, M.A., Hassan, N.E.,
Imam, S., & Alian, K., 2015. Early Zinc

347



KEMAS 19 (3) (2024) 341-349

Supplementation and Enhanced Growth of

the Low-Birth Weight Neonate. Macedonian

Journal of Medical Sciences, 3(1), pp.63-68.
PM., Marcelino, G., Santana, LE, de

Almeida, E.B., Guimaraes, R.C.A,, Pott, A,,

Hiane, P.A., & Freitas, K.C., 2020. Minerals

in Pregnancy and Their Impact on Child

Growth and Development. Molecules, 2020.

Jones, S.G., & Samanta, D., 2022. Macrocephaly.
Schwartzs Clinical Handbook of Pediatrics:
Fifth Edition. StatPearls Publishing, pp.546-
550.

Kemenkes RI., 2019. Peraturan Kemenkes RI No.
28 tahun 2019 tentang Angka Kecukupan
Gizi yang Dianjurkan untuk Masyarakat
Indonesia. Menteri Kesehatan Republik
Indonesia. Indonesia.

Kemenkes RI., 2021. Buku Saku Hasil Studi Status
Gizi Indonesia (SSGI) Tingkat Nasional,
Provinsi, dan Kabupaten/Kota Tahun 2021.
Angewandte Chemie International Edition,
6(11), pp.951-952.

Kirkegaard, H., Moller, S., Wu, C., Higgstrom,
J., Olsen, S.F, Olsen, J., & Nohr, E.A.,
2020. Associations of Birth Size, Infancy,
and Childhood Growth with Intelligence
Quotient at 5 Years of Age: A Danish Cohort
Study. American Journal of Clinical Nutrition,
112(1), pp.96-105.

Koshy, B., Srinivasan, M., Murugan, T.P, Bose, A,
Christudoss, P, Mohan, V.R., John, S,
Roshan, R., & Kang, G., 2021. Association
between Head Circumference at Two Years
and Second and Fifth Year Cognition. BMC
Pediatrics, 21(1).

Liu, E., Pimpin, L., Shulkin, M., Kranz, S., Duggan,
C.P, Mozaftarian, D., & Fawzi, W.W,, 2018.
Effect of Zinc Supplementation on Growth
Outcomes in Children Under 5 Years of Age.
Nutrients, 2018, pp.1-20.

Nugent, B., & McCarthy, M.M., 2015. Epigenetic
Influences on the Developing Brain: Effects
of Hormones and Nutrition. Advances in
Genomics and Genetics, 5, pp.215-225.

Menpan., 2022. Presiden: Target Angka Prevalensi
Stunting Di Bawah 14 Persen pada 2024
Harus Tercapai.

Miir, D.A.A., 2017. Effect of Zinc Supplementation
on the Growth of Exclusively Breastfed
Newborn Babies. IOSR Journal of Nursing
and Health Science, 6(2), pp.5-8.

National Institute of Health., 2022. Fluoride: Fact
Sheet for Health Professionals. Dietary
Supplement Fact Sheets.

Nugent, B., & McCarthy, M.M., 2015. Epigenetic
Influences on the Developing Brain: Effects

Farias,

348

of Hormones and Nutrition. Advances in
Genomics and Genetics, 5, pp.215-225.

Nicolaou, L., Bhutta, A.T., Bessong, Z.A., Kosek, P,
M., Lima, A.A.M,, Shrestha, S., Chandyo, R.,
Mduma, E.R., Murray-Kolb, L., Morgan, B.,
Grigsby, M.R., & Checkley, W., 2020. Factors
Associated with Head Circumference and
Indices of Cognitive Development in Early
Childhood. BM] Global Health, 5(10),
pp.e003427-e003427.

Permatasari, A.D., & Waluyanti, ET., 2019. The
Correlation between Infant and Toddler
Feeding Practices by Working Mothers and
the Nutritional Status. Enfermeria Clinica,
29, pp. 65-69.

Pirozzi, E, Nelson, B., & Mirzaa, G., 2018.
From Microcephaly to Megalencephaly:
Determinants of Brain Size. Dialogues in
Clinical Neuroscience, 20(4), pp.267-282.

Priyantini, S., 2021. Delivery of Cesarean Section
Tends to Reduce Umbilical Zinc Levels in
Healthy Newborns. International Journal of
Human and Health Sciences, 4(4), pp.298-
304.

Priyantini, S., Nurmalitasari, A., & AM, M., 2023.
Zinc Intake Affects Toddler Stunting: A
Cross-Sectional Study on Toddlers Aged 3
Years. Amerta Nutrition, 7(1).

Qian, L., Gao, E, Yan, B, Yang, L., Wang, W,, Bai,
L., Ma, X, & Yang, J., 2021. Mendelian
Randomization = Suggests  that  Head
Circumference, but not Birth Weight and
Length, Associates with Intelligence. Brain
and Behavior, 11(6).

RepJogja., 2022. Semarang Kembali
Penanganan Stunting.

Scharf, RJ., Rogawski, E.T., Murray-Kolb< L.E.,
Maphula, A., Svensen, E., Tofail, E, Rasheed,
M., Abreu, C., Vasquez, A.O., Shrestha,
R., Pendergast, L., Mduma, E., Koshy, B.,
Conaway, M.R., Platts-Mills, J.A., Guerrant,
R.L., & DeBoer, M.D., 2018. Early Childhood
Growth and Cognitive Outcomes: Findings
from the MAL-ED Study. Maternal ¢ Child
Nutrition, 14(3).

Senbanjo, 1.O., Owolabi, A.J., Oshikoya, K.A,
Hageman, J.H.J., Adeniyi, Y., Samuel, E,
Melse-Boonstra, A., & Schaafsma, A., 2022.
Effect of a Fortified Dairy-Based Drink on
Micronutrient Status, Growth, and Cognitive
Development of Nigerian Toddlers- A Dose-
Response Study. Frontiers in Nutrition, 9,
pp.864856.

Simbolon, D., Bathari, R.R., Rahmadewi., Riastuti,
E, 2022. Family Planning and Mother’s
Practice In Childrens Feeding In Bengkulu

Genjot



Sri Priyantini, et all. / Stunting and Head Circumference Growth in The First 3 Years of Life

Province, Indonesia. @KEMAS: Jurnal
Kesehatan Masyarakat, 18(1), pp.41-48.

Sindhu, K.N., Ramamurthy, P, Ramanujam, K,
Henry, A., Bondu, ].D., John, S.M., Babji,
S., Koshy, B., Bose, A., Kang, G., & Mohan,
V.R., 2019. Low Head Circumference During
Early Childhood and Its Predictors in a
Semi-Urban Settlement of Vellore, Southern
India. BMC Pediatrics, 19(1).

Skinner, A.M., & Narchi, H., 2021. Preterm Nutrition
and Neurodevelopmental Outcomes. World
Journal of Methodology, 11(6), pp.278-293.

Surkan, PJ., Shankar, M., Katz, J., Siegel, E.H.,,
Leclerq, S.C., Khatry, S.K., Stoltzfus, R.J., &
Tielsch, J.M., 2012. Beneficial Effects of Zinc
Supplementation on Head Circumference
of Nepalese Infants and Toddlers: A
Randomized Controlled Trial. European
Journal of Clinical Nutrition, 66(7), pp.836-
842.

Tiwari, K., Goyal, S., Malvia, S., Sanadhya, A,
Suman, RL., & Jain, R., 2017. Impact of
Malnutrition on Head Size and Development
Quotient. International Journal of Research in

Medical Sciences, 5(7), pp.3003.

Vandenplas, Y., Rakhecha, A., Edris, A., Shaaban,
B., Tawfik, E., Bashiri, EA., Aql, EA,
Alsabea, H., Haddad, J., Barbary, M.E,
Salah, M., Abouelyazid, M., Kumar, M., &
Alsaad, S., 2019. Physicians’ Understanding
of Nutritional Factors Determining Brain
Development and Cognition in the Middle
East and Africa. Pediatric Gastroenterology,
Hepatology and Nutrition, 22(6), pp.536-544.

Wati, E., Wahyurin, LS., Sari, H.P, Zaki, I, &
Dardjito, E., 2022. Stunting Incidence in
Infant Related to Mother’s History During
Pregnancy. KEMAS: Jurnal Kesehatan
Masyarakat, 17(4), pp.535-541.

Zhou, Z., Zhou, Z., Yu2, D., Chen, G., Li, P, Wang,
L., Yang, ], Rao, ], Lin, D,, Fan, D., Wang, H.,
Gou, X., Guo, X,, Suo, D,, Huang, F,, & Liu,
Z., 2021. Fasting Plasma Glucose Mediates
the Prospective Effect of Maternal Metal
Level on Birth Outcomes: A Retrospective
and Longitudinal Population-Based Cohort
Study. Fronmtiers in Endocrinology, 12,
pp.763693.

349



