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Abstract

Maternal and child nutritional issues remain significant public health challenges in Indonesia.
Longitudinal cohort data on growth and development from pregnancy through early childhood are scarce.
This study describes the nutritional status of a cohort of children assessed at birth and at 6, 12, and 24
months. This operational study included 3,895 newborn infant, 874 children followed from birth to 1
year, and 110 children tracked over the same period till 2 years. Anthropometric measurements of body
weight and length were collected. Findings indicate that stunting should not be the sole focus when
assessing nutritional status in children up to 2 years of age. Wasting also persists as a significant
nutritional issue, with its prevalence increasing when the exclusive breastfeeding period was completed.
Low birth weight (LBW) is recognized as an important factor of infant growth and development through
12 months. Implementation of a single-package intervention in the Gemas Maternal and Child Health
Program was effective in promoting catch-up growth among cohort children following the exclusive
breastfeeding period.
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INTRODUCTION

After 80 years of independence,
Indonesia is still burdened with major
public health problems. MCH problems
such as the MMR, IUGR, LBW,
undernourished and severely malnourished
under-five children, including stunting and
micronutrient  deficiencies;' chronic
infectious diseases such as tuberculosis,
parasitic infestations like helminthiasis,
filariasis and malaria, are still observed to
be persistent? as if they cannot be overcome
even though strengthening primary health
care programs has been carried out for
decades with increased resources and
budgets.> Public health problems in
Indonesia are becoming increasingly
complex with the high incidence and
prevalence of NCDs, such as cerebro-
cardio-vascular diseases with their risk
factors such as overweight and obesity,
diabetes, hypertension, dyslipidemia, and
cancers,” which have drained significant
funds from the Social Health Insurance
Agency (Badan Penyelenggara Jaminan

Sosial).>*

Nutrition plays a crucial role in the
MCH program. It encompasses the entire
spectrum of life, from adolescent girls and
brides-to-be, pregnant women and their

fetuses, newborns, 2-year old children, and

5-year old children. In this context,
Indonesia launched the National Strategy to
Accelerate Stunting Prevention (Stranas
Stunting) in 2017, which was formalized in
2021 through Presidential Regulation No.
72.7 The program's initial focus was on
improving nutrition and health services for
pregnant women and children under two,
driven by a multi-sectoral, coordinated
approach involving various government
agencies, civil society organizations, and
the private sector.

The elimination of malnutrition and
stunting in Indonesia is a complex issue.
The WHO defines stunting as the impaired
growth and development that children
experience due to poor nutrition, repeated
infection, and inadequate psychosocial
stimulation.® Clearly, there are three key
elements that are strongly inter-related:
chronic malnutrition, repeated infection,
and psychosocial stimulation. These three
key elements should be used to construct
intervention modalities when needed.
Although Indonesia ranks among the top
four countries in the incidence of lung
tuberculosis world-wide,? until now, there
is no data on the prevalence of malnutrition
and stunting in households with lung
tuberculosis, given the fact that the core
family in Indonesia may be extended to
second level family tree, grandparents.
Therefore, there is still piecemeal

interdisciplinary action against

malnutrition and stunting.
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With the complexity of the

abovementioned public health problems,
accompanied by the existence of regional
autonomy,!®!2 there is a need for the
evidence of regional existence by
developing a community-based MCH
program model as a complementary and
supporting programs to the government's
MCH program, especially the regional
governments of Central Java and Kudus
Regency, so that evidence-based policy
recommendations and solutions can be
formulated. Gemas (Movement to Preserve
the Golden Age) MCH Program, initiated
by the Universitas Diponegoro, Indonesian
Medical Association Kudus Regency, and
Kudus Health Regency is a model of health
and nutrition program that potentially
leverages a key strategy for institutional-
and community-based health nutritional
interventions.

This study aimed to describe the
nutritional status of a cohort of two years
old children, starting at birth, and then at 6,
12, and 24 months of age. This paper also
explains the extent to which nutritional
status at birth may influence the ability to

catch-up growth in later months/years.

METHODS
STUDY DESIGN
The design of this project was an

operational study. The recruitment of the

participants followed the scheduled times
of the working team. Overall, the
recruitment procedures were real-life.
Therefore, our cohort was a partially
retrospective rather than a prospective
cohort with a complete set of
predetermined criteria, as in well-designed
studies. Group participants were informed
that apart from their nutritional and clinical
assessments, consultation and appropriate
medical treatment were also delivered, and
their data would be used for scientific
deliberations. Prior group informed consent
was obtained, and the data were kept
confidential and anonymous. The proposal
and protocol of this operational study were

approved by the Komisi Etik Penelitian

Kesehatan,  Faculty @ of  Medicine,
Universitas ~ Diponegoro, Semarang,
Indonesia  (Ethical  Clearance  No.

007/EC/KEPK/FK-UNDIP/1/2026).

TARGET GROUP

The target group of this study was a
cohort of newborn infants until two-year
old children. These children were obtained
from a cohort of pregnant mothers who
work as cigarette rollers located in Kudus

Regency, Central Java Province.

Conduct of the study
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The Gemas MCH Program is a wide-

ranging operational study that involves
many project elements, so that observations
can be carried out comprehensively. The
human resource elements include field
implementing cadres, supervisors, and
project management, DCGs (monitor
clinical parameters and deliver medical
treatment), health regency, heads of
Primary Health Care centers (to
synchronize Primary Health Care Center
data), academics to monitor the academic
value of the project, anthropometric
assessors, data  administrator, and

biostatistician.

Roles of cadres

The preparation of Gemas MCH
Program started in 2017 with the
recruitment of a number of dedicated
cadres. They were trained (for two months)
to undertake the following responsibilities:
1). Developing MCH training materials,
which covered materials for pregnant
women (1% - 3 trimester of pregnancy),
nutrition, child’s growth and development,
children’s health, and pregnancy exercises;
2). Socializing and training on nutrition and
lifestyle (pregnancy and growth and
development); and 3). Measuring BW and
BL/Ht for monitoring and evaluation of
under-five  children’s  growth  and

development.

Roles of DCGs

The Gemas MCH Program involved
30 primary care physicians practicing at
Primary Health Care facilities (Faskes
Pratama). The primary care physician
group is part of the DCG. The DCGs
implemented primary care programs in
their respective areas for the target
population of women-of-reproductive-age,
pregnant women, and under-five children.

The DCGs’ main responsibilities
were: 1). providing primary care to
newborn infants with LBW and or stunting,
and appropriately referring them to the
pediatricians; and 2). providing primary
care to infants and toddlers with
developmental disorders, including the

treatment of diagnosed infectious diseases.

Roles of Lokadata

The Gemas MCH Program involves
Lokadata (founded in 2016), a data research
and analytics firm that focuses on assisting
organizations and companies in strategic
decision-making (http.//lokadata.id/). In
this study, Lokadata's primary functions
included cleaning raw data from the field,
converting raw data into database format,
and interpreting them in the dashboard
development for the regular monitoring and

evaluation of the project.

Anthropometric measurement
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Anthropometric  indicators  were
measured by trained personnels. With
appropriate clothes, BW was measured in
kilograms to the nearest 0.1 kg using a
digital scale (Onemed type EB-7010,
Indonesia). Ht was measured in centimeters
to the nearest 0.1 cm standing position with
bare feet, using a microtois (GEA stature
meter, China). The BW and BL of the
newborn infants were measured in

kilograms and centimeters to the nearest 0. 1

kg and 0.1 cm using an infant scale and

infantometer

Indonesia), respectively. WHO Child

(Onemed  type 721,

Growth Standards was used to define
nutritional status of newborn infants,

infants and under-five years old

children.!3:14

Operational definitions
Table 1 describes the following
definitions of cut-off for newborn infants,

infants, and two years old children.

Table 1. Operational definitions and cut-off values.

Parameter Cut-off values/Measurement Interpretation

Nutritional status

Newborn baby

Birth weight!”-'8 <2.5kg Low birth weight
>25kg Normal birth weight

Body length!”:!8 <48 cm Stunted newborn baby
>48 cm Normal body length

Under-five children

Weight-for-age z-score 2<WAZ <+1 Normal

(WAZ)®" 3<WAZ<-2 Moderate underweight
WAZ <-3 Severe underweight

Height-for-age z-score HAZ >+2 Tall for age

(HAZ)?H 2 <HAZ<+2 Normal
-3<HAZ<-2 Moderately stunted
HAZ <-3 Severely stunted

Weight-for-height z-score -2<WHZ <+1 Normal

(WHZ)"* -3<WHZ<-2 Moderate wasting
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WHZ <-3

Severe wasting

*WHO and UNICEF. United Nations Children’s Fund. WHO child growth standards and the identification of severe acute malnutrition in
infants and children: A Joint Statement. Geneva: World Health Organization; 2009.

“World Health Organization. WHO child growth standards: length/height-for-age. weight-for-age. weight-for-length. weight-for-height and
body mass index-for-age: methods and development. Geneva: World Health Organization; 2006.

Nutritional intervention strategies for
infants after 6-month old till two years old
children

All newborn infants till two years old
children were required to undergo a
nutritional assessment once a month for 24
Their

evaluated monthly. I[f BW and or BL/Ht were

months. nutritional status was
stagnant in two subsequent measurements,
they were referred to the DCGs for medical
evaluation and treatment of any underlying
illnesses, and whenever necessary, they were
referred to the pediatricians.

In the Gemas MCH Program, both
nutritional

specific and sensitive

interventions were delivered. Nutrition-
sensitive intervention was undertaken in
other projects with relevant partners. Figure
1 illustrates the framework of the Gemas
MCH Program. The nutrition-specific
intervention strategies for infants after 6-
month old till two years of age followed the
following principles: 1). For wasting (W/H z-

score): from mild to severe, nutritional

intervention was in the form of
complementary foods (fresh milk, energy-
dense biscuits, incrementally with additional
daily energy intake of approximately 200 —
400 kcal and protein 6 — 11 g) and multi-
vitamins; 2). For stunting (H/A z-score): a) if
wasting was present, nutritional intervention
followed the wasting pattern. b) if wasting
was absent, nutritional intervention followed
the stunting pattern (fresh milk, energy-dense
biscuits, incrementally with additional daily
energy intake of approximately 150 — 300
kcal and protein 5 — 10 g) and multi-vitamins;
3). if there were accompanying illnesses in
the form of infections such as diarrhea,
helminthiasis and  other  parasitosis,
pulmonary tuberculosis (children and parents
or other family members in the same house),
it was absolutely necessary to treat them
regularly. 4). nutritional education and
parenting skills. Appropriate refrigerators
were provided for the storing of milked

breast-milk during working hours.

DO : https//doiorg/10.54773/jcnp
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FRAMEWORK

Sustainable decline in the prevalence of stunting

in Kudus Regency

1

Decline in the incidence of

Well-met nutritional needs
for children

infections
Improvement in community Increase in immunization Increase in exclusive Provision of nutritious
sanitation practices participation breastfeeding participation and balanced meals
Adequate WASH GEMAS DIARUM foundation
H O et lade Emakd
=. l“"‘ L
Figure 1. Framework of the Gemas MCH Program.

Data Management and Data Cleaning
Procedures

A template database structure was
developed, and statistical exclusion was
performed to filter outlier values and improve
the study's internal validity. Data were
treated as categorical and numerical data.
Categorical data included data on gender (1=
male, 2= female), newborn infants’ BW (1=
< 2.5 kg, categorized as LBW; 2=> 2.5 kg
categorized as NBW) and stunting condition
(1= <48 cm, categorized as stunted newborn
infants; 2= > 48 cm, categorized as non-
stunted newborn infants). Numerical data on
the newborn infants and under-five years old
children consisted of age at the first
encounter (months) and age at subsequent

visits, BW at birth (kg) and BW (kg) at the

subsequent visits (in months), BL at birth
(cm) and BL or Ht (cm) at the subsequent
visits. The compiled data were -carried
forward in the analyses during regular
observation of newborn infants, and the
growth and development of children till the
age of 24 mos.

The WHOAnthro application was used
to convert the anthropometric data of the
under-five children to z-scores, namely
weight-for-age, height-for-age, and weight-
for-height z-scores (WAZ, HAZ, and WHZ,
respectively). WHOAnthro undertook basic
self-cleaning anthropometric data of the
newborn infants’ BW and BL, which were
assumed to be premature or twin babies. Only
newborn infants from singleton and matured

pregnancy were included in the analyses.
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We had an initial data of 4,020
newborn infants. We then performed data
cleaning in stages. The following newborn
infants were excluded: 1). 69 newborn
infants with BW < 2 kg.; 2). 22 newborn
infants with BL > 55 cm; 3). two newborn
infants with missing BL values; 4). five
newborn infants with BW of 5.2, 5.6, 7, 7.4,
and 7.8 kgs, as the WHOAnthro produced a
value of 999.99 indicating ‘the child's data is
biologically implausible’; 5). 18 newborn
infants with BL ranging 12 - 37 cm, as the
WHOAnthro produced a value of 999.99,
which means ‘the child's data is biologically

implausible’.!3

Furthermore, we excluded 9
under-two years old children, who had BL/Ht
differences at aged 12 months minus aged 6
months less than or equal zero. At this data
cleaning stage, we had a total number of 3895

children.

We then defined a cohort of the
children with several age points: 1) newborn
is the

infants, whose nutritional status

outcome of intrauterine growth and
development; 2) infants aged 6 months,
considering that this age marks the end of
exclusive breastfeeding; 3) children aged 12
mos, considering that this age point is
important for observing the capacity of early
catch-up growth; 4) children aged 24 mos,
considering that this age has been known as
the end of ‘the golden age period’.

From the above data cleaning steps, we
obtained the first cohort with the same
children from newborn, aged 6 months, and
aged 12 months of 874 cohort children. For
the second cohort with the same children
from newborn, aged 6 mos, aged 12 mos, and
aged 24 mos, we obtained a total of 110
cohort children. Figure 2 shows the flowchart
of the data cleaning of the children.

D01 : https://dororg/10.54773/jjcnp
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Figure 2.

Statistical Analyses

Data analyses were performed using
IBM SPSS version 25. The distributions of
continuous variables were assessed for
normality using the Kolmogorov-Smirnov.
For continuous variables with normal
distribution, such as BW, BL/Ht, descriptive
statistics were presented as means + SD,
otherwise, they were presented as median

(minimum — maximum).

Flow chart of the data cleaning of under-two years old children.

We used the WHO Anthro Survey
Analyser!® to detect extreme outliers in the
data. It said ‘The syntax file flags any
extreme (i.e. biologically implausible) z-
scores for each indicator. The extreme z-
scores were defined as follows: weight-for-
age z-score (WAZ) WAZ < -6 or WAZ > 5;
length/height-for-age z-score (HAZ), HAZ <
-6 or HAZ > 6; weight-for-length/height z-
score (WHZ), WHZ < -5 or WHZ > 5°.13
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Basic descriptive analyses were done at
4 age group data points, namely at birth, aged
6, 12, and 24 mos old. In the subsequent
analyses, we performed descriptive analyses
on the cohorts at birth, 6, and 12 mos of age;
and the same analyses on the cohorts at birth,
6, 12, and 24 mos of age.

The newborn infants’ nutritional status,
LBW vs NBW and stunted vs non-stunted
newborn infants, was then explored whether
it determined their catch-up growth at the age
of 6, 12, and 24 mos, respectively.
Significant differences of catch-up growth
values at each age point were statistically

tested using t-test if the catch-up growth

values were normally distributed, or Mann-

Whitney test if the values were not normally

distributed.

RESULTS

In the dataset, the number of children
aged 6, 12, and 24 mos was not equal. This
was due to the fact that in time of the data
analyses, some children had not yet reached
the age of 6, 12, or 24 mos for the monitoring
of their nutritional status. Furthermore, some
children were absent when the monitoring of
nutritional status was due.

The prevalence of LBW newborn
infants was 8.9%, and the prevalence of
stunted newborn infants was 28.1%. These

values are presented in Table 2.

Table 2. Prevalence of low-birth weight and stunted newborn infants.
Birth weight category n Percent Body length category n Percent
BW <2.5kg 346 8.9 BL <48 cm 1094 28.1
BW>25kg 3549 91.1 BL>48 cm 2801 71.9

Notes: BW=body weight at birth/body weight; BL= body length at birth; Ht= height.

Tables 3 explains the growth and
development of the cohort children observed
continuously from birth, aged 6, and 12 mos.
The mean and median of nutritional status
values in the context of WHZ, WAZ, and

Table 3.
6, and 12 months old.

HAZ did not indicate wasting, underweight,
or stunting according to WHO criteria.
Severe wasting, severe underweight, and
severe stunting values were seen at the

minimum values across different age cohorts.

Changes in nutritional status of 874 cohort children during observation at birth,

WHZ WAZ HAZ
At At At
birth 6mos 12 mos birth 6mos 12 mos birth 6 mos 12 mos
N 847 869 872 874 872 874 874 874 873
Mean -0.42 -1.14 -0.81 -0.65 -0.01 -0.54 -0.77 -0.95 -0.87
Median -0.41 -1.10 -0.80 -0.62 -0.12 -0.60 -0.73 -0.92 -0.84
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SD 1.15 1.31 1.21 1.01 1.44 1.33 0.92 1.00 1.06
Minimum -4.28 -5.00 -4.71 -5.98 -5.92 -5.06 -3.21 -4.28 -4.12
Maximum 4.69 4.68 4.58 2.07 4.24 3.78 2.67 2.42 3.61
10 -1.92 -2.85 237 -2.05 -1.80 -2.20 -1.91 -2.18 -2.21
25 -1.17 -1.98  -l1.61 -1.15 -0.95 -1.46 -1.42 -1.59 -1.55
Percentiles 50 -0.41 -1.10  -0.80 -0.62 -0.12 -0.60 -0.73 -0.92 -0.84
75 0.24 -0.32 -0.04 0.06 0.96 0.34 -0.10 -0.28 -0.23
90 0.98 0.50 0.71 0.46 1.97 1.24 0.31 0.34 0.48

Notes: WHZ= weight-for-height z-score; WAZ= weight-for-age z-score; HAZ= height-for-age z-score; mos=

months.

However, when we look at the
prevalence of wasting, underweight and
stunting (Figure 3), the results were different.
The prevalence of wasting (WHZ < 2) in 6-
mo-old infants was almost three fold higher
than that of newborn infants. The prevalence
declined by ~7% in 12-mo old children

compared to the 6-mo-old children.

25

20

%

15

At birth

On the other hand, the prevalence of
severe stunting (HAZ < 2) at birth was
10.6%, but it was lower at 6.9% in 6-mo-old
infants, and then went up at 12.1% in 12-mo

old children.

22,9
15.7
14.3 14.3
12.1
10.6
10
8.1
1? I : I
| I I l
[1]

Aged 6 months Aged 12 months

Age of the cohort children

B\Wasting B Underweight B Stunting

Figure 3. Changes in the prevalence of wasting, underweight, and stunting of 874 cohort

children during observation at birth, 6, and 12 months old.

Tables 4 explains the growth and
development of the cohort children observed

continuously from birth, aged 6, 12, and 24

mos. The mean and median of nutritional
status values in the context of WHZ, WAZ,
and HAZ did not

indicate  wasting,

underweight, or stunting according to WHO
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criteria. Severe wasting, severe underweight,
and severe stunting values are seen at the

minimum values across different age cohorts.

Table 4. Changes in nutritional status of 110 cohort children during observation at birth,
6, 12, and 24 months old.

WHZ WAZ HAZ
At 6 12 24 At 6 12 24 At 6 12 24

birth mos mos mos birth mos mos mos birth mos mos mos

n 106 110 109 110 110 110 110 110 110 110 110 110
Missing 4 0 1 0 0 0 0 0 0 0 0 0
Mean -046 -1.21 -1.07 -0.55 -0.59 023 -0.30 -0.67 -0.75 -0.86 -0.97 -0.72
Median -043 -1.27 -1.07 -0.83 -0.47 0.08 -0.39 -0.63 -0.73 -0.82 -090 -0.83
SD 1.10 130 1.10 142 .00 153 139 1.17 090 1.03 1.06 1.24
Minimum 336 -4.68 -343 -3.88 -4.69 -3.19 -506 -4.06 -3.21 -428 -3.80 -347
Maximum 469 1.84 1.75 490 .12 3.82 335 220 263 189 1.67 3.66
10 -191 -293 -247 -198 -2.05 -1.63 -2.09 -2.38 -1.88 -2.13 -245 -2.13

25 -1.01 -2.05 -1.84 -1.44 -1.00 -0.83 -1.12 -1.31 -142  -1.59 -1.72 -1.51

Percentiles 50 -043 -127 -1.07 -0.83 -047 0.08 -0.39 -0.63 -0.73  -0.82 -0.90 -0.83
75 0.19 -042 -027 0.08 0.06 140 069 -0.05 -0.16 -0.19 -0.22 -0.06

90 069 044 037 1.21 059 2.14 150 1.02 036 035 024 077

Notes: WHZ= weight-for-height z-score; WAZ= weight-for-age z-score; HAZ= height-for-age z-score; mos=
months.

However, when we look at the at aged 12-mo and 24-mo old children,
prevalence of wasting, underweight and  respectively.
stunting (Figure 3), the results were different. The prevalence of stunting (HAZ < 2)
The prevalence of wasting (WHZ < 2) of 6-  at birth was 9.7%, then declined to 6.7% in 6-
mo old infants was more than 2.5 times  mo old infants, but then went up to 15% in
higher than that in the newborn infants. The  24-mo old children.
prevalence then declined to 15.1% and 12.8%
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Figure 4. Changes in the prevalence of wasting, underweight, and stunting of 110 cohort

children during observation at birth, 6, 12, and 24 months old.

Tables 5 and 6a, and b describe the
extent to which LBW vs NBW, and stunted
vs non-stunted newborn infants were
determinants of growth and development of

children aged 6, 12, and 24 mos. Existing

children aged 6 to 12 mos with BW at birth <
2.5 kg and BL at birth < 48 cm was
significantly lower than their counterparts
with BW at birth > 2.5 kg and BL at birth >
48 cm.

data demonstrated that catch-up growth in

Table 5. Catch-up growth at 6 mos and at 12 mos between LBW vs NBW, and between
stunted vs non-stunted newborn infants.

BW/BL n
category of
newborn infants

BWat 6 p
mos (kg)

BW at 12 p Ht at 6 mos p Ht at 12 mos p
mos (kg) (kg) (kg)

LBW<25kg oo 640(490— 0000 800(610— 0000  6505(5950- 0.000 72.00(6450—  0.000
9.30) 11.10) 75.50) 84.00)
NBW>25kg o 7.00(4.70 8.54 (5.50 — 67.50 (49.00 — 74.00 (64.50 —
10.40) 18.00) 78.00) 85.00)

Stunted (birth . 680470~  0.000 840 (610~ 0.000 6630 (49.00~ 0.000 73.10(64.50~  0.000
BL < 48 cm) 9.50) 18.00) 75.00) 84.00)
Non-stunted 7.10 (4.90 — 8.60 (5.50 — 67.90 (51.00 74.50 (64.50 —
(birth BL>48 617 10.40) 14.40) 78.00) 85.00)

cm)
Notes: Notes: BW= body weight at birth/body weight; BL= body length at birth; Ht= height; mos= months.
Values are presented in median (minimum — maximum). Differences between groups of BW and BL at birth are
calculated using Mann-Whitney test.
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Table 6a.

Catch-up growth at 6 mos, 12 mos, and 24 mos between LBW vs NBW, and
between stunted vs non-stunted newborn infants.

BW/BL category n  BW at 6 mos P BWat 12 mos P BW at 24 mos P
of newborn infants (kg) (kg) (kg)

LBW <2.5kg 7 6.94 0.006 8.08 0.016 9.50 (8.20— 0.089
(n=17) 17.10)*
NBW >=2.5kg 103 7.22 8.63 11.00 (8.30 —
(n=103) 18.50)*

Stunted 24 6.97 0.548 8.48 0.650 11.20 (8.20— 0.648
(birth BL <48 cm) 13.20)*
Non-stunted 26 7.27 8.63 10.92 (8.30 —
(birthBL > 48 cm) 18.50)*

Notes: Notes: BW= body weight at birth/body weight; BL= body length at birth; Ht= height; mos= months.
Values are presented in mean + SD. T-test was used to assess significance between the groups. *Values are
presented in median (min — max). Differences between groups of BW and BL at birth are calculated using

Mann-Whitney test.

If we extend the observation to 24
months of age, LBW was only able to predict
the growth of BW in children up to 12 mos of

Table 6b.

age, but not in children aged 24 mos.
Furthermore, LBW predicted the growth of
BL/Ht in children up to 12 mos of age, but

not in children aged 24 mos.

Catch-up growth at 6 mos, 12 mos, and 24 mos between LBW vs NBW, and
between stunted vs non-stunted newborn infants.

BW/BL category of n Htat 6 mos (kg) Ht at 12 mos (kg) p Ht at 24 mos P
newborn infants (kg)
LBW <2.5kg 7 67.29 0.011 74.52 0.004 83.64  0.060
NBW >=25kg 103 68.35 75.06 84.92
Stunted 24 68.44 0.761 75.42 0.250 84.29  0.763
(birth BL <48 cm)
Non-stunted 68.23 7491 84.90

(birthBL > 48 cm)

Notes: BW= body weight at birth/body weight; BL= body length at birth; Ht= height; mos= months.
Values are presented in mean &+ SD. T-test was used to assess significance between the groups. Values are
presented in median (min — max) in differences between birth weight category for birth weight at 24 mos.
Differences between groups of BW and BL at birth were measured using Mann-Whitney test.

DISCUSSION

This study attempts to explain the
nutritional status of cohort children from
birth, through to aged 6, 12, and 24 mos. Data
on changes in the nutritional status of cohort
children is hardly available in Indonesia. One

landmark study in Indonesia that examined

the nutritional status of children through
adolescence was the Tanjungsari Cohort
Study, which initially conceptualized for
perinatal and neonatal research with the goal
of reducing mortality rates.'® The Kudus
Cohort Study is more comprehensive than the

Tanjungsari Cohort Study. In the Kudus
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Cohort Study, researchers also observed fetal
growth and development in the womb, and
more comprehensive nutritional parameters

are assessed, and complemented with

specific and sensitive nutritional
interventions.

In this study, both specific and
sensitive nutritional interventions were

delivered. As far as the nutrition-specific
intervention is concerned, it consisted of
complementary foods such as fresh milk,
energy-dense biscuits, and multivitamins, but
the compliance was not assessed. Therefore,
to determine whether improvements in
nutritional status were due to nutrition-
specific interventions in this study could not
be ascertained. Clearly, this paper discusses
interventions in the form of the overall
Gemas MCH Program, which covers both
specific and sensitive nutritional
interventions, aiming at improving the health
and nutritional status of pregnant women and
under-five children.

The prevalence of LBW in newborn
infants in this study was approximately 2%
higher than that of the 2023 SKI national
data, and the prevalence of stunted newborn
infants was approximately 8% higher
compared to the 2023 SKI national data, and
4% higher than that of the SKI Central Java

data.!” The only explanation for the

discrepancy in these figures is the difference
in the calculation, where the calculation of
prevalence in SKI was using a proportion, ie.
the proportion of low birth weight/low birth
length="number of children aged 0-59
months with birth weight < 2500 g or birth
length < 48 cm divided by total number of
children aged 0-59 mos with LBW/LBL
times 100%, whereas in the Gemas MCH
program, due to its smaller scope area, the
calculation of prevalence is the number of
LBW or LBL values divided by the total
population of newborn babies.

One finding of this study, which may
have been previously reported, is the
consistency of data regarding growth
faltering at the end of the exclusive
breastfeeding  period, with  different
trajectory values.'®!® These findings are
consistent across both cross-sectional and
cohort observation, although the mean and
median values of nutritional status in our data
have not exceeded the cut-off value to
indicate wasting or stunting.

An important note from our data is the
increasing prevalence of wasting in infants
aged 6 mos, following the end of exclusive
breastfeeding. Meanwhile, the prevalence of
stunting declined during the same period. In

fact, the nutrition specific intervention in this

study was carried out on infants after 6 mos
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of age, which is the age after the end of
exclusive breast-feeding. Early growth
could be

persistent growth faltering and mortality

faltering consequential ~ for
during the first 24 months of life.?’

Of many references, wasting during the
exclusive breastfeeding period is less
thoroughly explored. During exclusive
breastfeeding, a newborn's sole source of
nutrition is breast milk. Therefore, we must
ensure a balance between the quantity,
frequency, and quality of breast milk and the
newborn's calorie and nutritional needs,
aiming to achieve desirable growth and
development of the newborns.

The energy requirements of a newborn
weighing 2.5 kg range from 250 - 337 Kcal
per day, which should be met with a volume
of breast milk of 400 - 450 mL per day.?!
Human lactation study showed that there is
an incremental volume of breast milk
production from the first day of breastfeeding
at 56 mL/day to 848 mL/day on the 180t day.
However, breast milk intake in infants is
slightly lower than the available breast milk
volume.?? While the breastfeeding rate is
high among Asians?} including Indonesians,
there is no adequate data on the daily volume
of breast milk given to infants. Damanik et
al.?* conducted a phenomenal study by
providing 150 g of Torbangun (Coleus
amboinicus Lour) lactagocum per day in the

form of soup to mothers after giving birth,

they were able to demonstrate the increment

of the volume of breast milk by 361 mL on
the 8" day, then increasing to 479 mL on the
28™ day, further 440 mL on the 40™ day, and
again increasing to 478 mL on the 50 day.
They concluded that the Torbangun
lactagocum was able to extend its effect until
the 2" month after giving birth. Indonesia
has quite variety of breast milk enhancers like
katuk leaves (Sauropus androgynous)* and
papaya leaves (Carica papaya)®® that can be
studied and explored for their application in
breast-feeding mothers. It seems reasonable
to promote lactagocum to early breastfeeding
mothers, especially those in rural areas and
marginalized mothers, so that breast milk
volume can meet the daily energy needs of
newborns.

It was reported that newborn infants
with a history of [IUGR experiencing growth
in BL/Ht 12-month

retardation during

observation.?’”” We conducted a similar
analysis by comparing newborn infants with
LBW vs NBW and stunted vs non-stunted
growth and development of BW and BL/Ht
at the ages of 6, 12, and 24 months. It has
been well documented that LBW infants, to

many extent, is due to the existence of IUGR

Our

during pregnancy.?8-3°

data again
confirm the previous findings that LBW
seems to be a strong predictor for the growth
and development of children aged 6 to 12
months. Therefore, IUGR and LBW are
priorities that cannot be ignored to overcome

LBW, and wasting, as well as stunting in
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Indonesian children's later life. The inability
of LBW newborn infants to predict child
growth and development up to 24 mos could
be due to the small sample size in the cohort
observation of growth and development up to
24 mos.

Overall, the data demonstrate that
although catch-up growth occurs during
infancy, infants born with LBW or low BL
remain significantly smaller than their
normal counterparts at both 6 and 12 mos of
age. These findings suggest that [IUGR exerts
a sustained influence on early postnatal
growth

trajectories, underscoring the

importance of early-life nutritional and

growth  monitoring, and  appropriate
interventions  for infants born  with
suboptimal  anthropometric =~ parameters.

Delivery of interventions under Gemas MCH
Program has demonstrated positive catch-up
growth outcomes of the children at 12 and 24

mos of age.

CONCLUSION

Results of this study strongly indicate
that stunting should not be the only primary
issue in defining the nutritional status of
infants up to 2 years of age. Wasting is also
an unresolved nutritional problem, and its
prevalence indeed increases at the end of
exclusive This

breastfeeding  period.

condition should be of concern for
policymakers, and promotion of increased
breast milk volume and feeding frequency
should be intensified, and the use of
lactagocum should be considered to fulfill the
energy requirements of exclusively breast-
fed infants. Nutritional intervention, both
specific and sensitive should be delivered,
aiming to achieve positive catch-up growth
outcomes of under-2 year children at 12 and
24 mos of age. Delivery of one package
intervention in Gemas MCH Programs
seemed to be effective for positive catch-up
growth of the cohort children after the end of
the exclusive breast-feeding period.

It is apparent from the current findings
that LBW is an important factor of infant
growth and development up to 12 mos of age.
LBW is a well-known outcome of IUGR
during pregnancy, and this notion justifies
reporting fetal growth and development data
in the near future. Nutritional interventions
for at-risk pregnant women should be
prioritized.
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