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Abstract
BACKGROUND: Children’s cognitive abilities are influenced by the nutritional condition of children in early childhood. 
Catch-up growth in early childhood affects cognitive abilities at school age.

AIM: This study aims to analyze the effect of catch-up growth in early childhood on the cognitive abilities of school-
aged children in Indonesia.

METHODS: This study was a cohort study incorporating 10 years of follow-up using three waves of secondary data 
(1997, 2000, and 2007) from the Indonesia Family Life Survey. Research studies and data analysis were carried 
out from April to September 2021. The initial data collection of the study was conducted in 1997 when the children 
were 0–23 months old, then followed in 2000 (age 3–5 years) and 2007 (age 10–12 years). The study subjects were 
537 children aged 0–23 months in 1997. Cognitive ability was measured using the Raven Progressive Matrices 
method. Statistical analysis for cognitive ability scores with catch-up growth was carried out using one-way analysis 
of variance and multivariate analysis using the generalized linear model.

RESULTS: Significant differences were observed in the cognitive ability scores of normal children and stunted 
children who did not experience catch-up growth (p<0.001), but the cognitive scores of normal children are not 
significantly different from the stunting catch-up growth group. Other factors that affect the cognitive ability score 
were as follows: (1) Child factors consist of child stunting status, head circumference, hemoglobin levels, duration of 
breastfeeding, and complete basic immunization history; (2) parental factors such as father’s occupation, parental 
education, and number of parity; (3) household socioeconomic factors (household income and wealth index); and 
(4) environmental factors (housing area, father’s smoking habit, defecation facilities, and household drinking water 
sources).

CONCLUSION: Cognitive abilities of school-age children were most influenced by catch-up growth, stunting status, 
duration of breastfeeding, number of parity, father’s education, father’s occupation, and father’s smoking habit. 
Children who experience catch-up growth have better cognitive abilities than stunted non-catch-up group or who 
experience stunting during early life.
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Introduction

One of the most important factors affecting 
children cognitive abilities is nutrition intake. In the 
first 1000 days of life, malnourished children are most 
likely to experience cognitive developmental issues if 
appropriate early intervention is missing [1]. At present, 
the Indonesian government put stunting as the most 
highlighted nutritional problem. Stunting is a condition 
of failure to grow and develop in children experiencing 
long-term nutritional deprivation, a history of infectious 
diseases, and suboptimal psychosocial stimulation. 
This condition is defined as a body length-for-age (LAZ) 
or height-for-age (HAZ) <2 SD in the WHO Z-score. 
Stunting has short-term and long-term impacts. 
The short-term impacts of stunting include failure to 
thrive, cognitive and motor development disruption, 
suboptimal physical body size, and metabolic 

disorders. The long-term impact of stunting can reduce 
intellectual capacity due to impaired brain development 
at an early age [2], [3]. The cognitive abilities of both 
pre-school-aged children (3–5  years old) and school-
aged children (6–12  years old) can predict children’s 
achievement and productivity as adults [4]. Data show 
that 200 million children under 5  years of age have 
developmental cognitive skills delays, especially in 
South Asia and sub-Saharan Africa [5]. The Program 
for International Student Assessment for children 
age 15-year olds in 2018 showed that Indonesia was 
ranked 72 out of 78 participating countries in the 
selection. Indonesian children’s Mathematics scores 
were ranked 72 out of 78 countries, while the Science 
scores were ranked 70 out of 78 countries [6]. These 
ranks tend to be stagnant in the past 10–15 years. The 
trend in International Mathematics and Science Study 
for Grade 4 elementary school to Grade 2 junior high 
school students with an age range of 9–15 years shows 
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that Indonesian children’s learning achievement is still 
below the average of other Southeast Asian countries.

A cohort study in Vietnam conducted for 3 years 
(2013–2016) showed an increase in the prevalence of 
stunting in pre-school-aged children (3–6 years) living in 
rural areas [7]. This chronic undernutrition condition also 
increases the risk of morbidity and mortality. In addition, 
it contributes to delayed neurocognitive development, 
low school achievement, low income in adulthood, and 
an increased likelihood of developing non-communicable 
diseases [8]. Research in various countries shows 
that most children who are stunted at an early age can 
experience catch-up growth after 2  years until they 
are teenagers, so they do not experience stunting in 
adulthood [9]. Children can still grow into not stunted 
adults if they continuously receive optimum nutritional 
intake and rarely experience infectious diseases in the 
catch-up period after 2 years. However, this growth will 
still not be as optimal as children who are not stunted [10].

A study shows that children who have catch-up 
growth after experiencing growth disruption or previous 
malnutrition conditions are at risk of declining cognitive 
abilities compared to normal children. Another report 
also shows that children who are not stunted in the first 
1000 days of life who experience a decrease in HAZ 
Z-scores at the age of 5 years or called failure to thrive 
have lower cognitive abilities than children who have 
never been stunted [11]. The relationship between 
catch-up growth and cognitive function remains 
unclear. A cohort study conducted by Crookston et al. 
(2011) [12] who showed that children who experienced 
catch-up growth had the same cognitive scores as 
children who had never experienced stunting. Another 
study from Guatemala found that catch-up growth 
early in life (0–2 years) was predicted to reduce female 
achievement in adulthood [13]. Another study showed 
that children who successfully underwent catch-up 
growth early in life had lower cognitive scores than 
children who had never experienced stunting. However, 
the cognitive scores of children who experienced 
catch-up growth were higher than stunted children 
during the study period [11], [14].

At present, research in Indonesia only assesses 
the relationship between stunting or HAZ Z-scores 
with cognitive abilities using a cross-sectional design. 
Therefore, it is necessary to conduct a longitudinal 
study to determine catch-up growth in children when 
they reach the age of 3–5 years. In addition, this study 
also aims to see how the effect of catch-up growth on 
cognitive abilities after other factors is controlled.

Methods

This study has received ethical approval from 
the ethics committee of research and public health 

service, University of Indonesia No: Ket-459/UN2.F10.
D11/PPM.00.02/2021 and was conducted from April to 
September 2021. This study used secondary data from 
the Indonesia Family Life Survey (IFLS). Our research 
focuses on wave two, three, and four IFLS data; 1997, 
2000, and 2007, respectively. The three survey years 
were chosen because the distance between the years 
of data collection is in accordance with our study 
objectives. This study used a retrospective observational 
cohort study design. Observations of catch-up growth of 
children were focused on two periods of analysis year; 
when children aged 0–23  months in 1997 and aged 
3–5  years in 2000. Cognitive abilities were observed 
when children were in school age, 10–12 years in 2007.

We used multistage random sampling 
(according to the IFLS dataset), with the study sample 
which was children aged 0–23  months in 1997. The 
sample was determined purposively by meeting the 
inclusion criteria. The inclusion criteria for this study 
were (1) children who had complete baseline data on 
individual characteristics, parents, household, and living 
environment, (2) children with complete body length, 
weight, and birth weight data in 1997 and 2000, and (3) 
children have cognitive ability data in 2007. Based on 
the inclusion criteria, the sample size was 537 children 
from the total sample of children under 5 in 1997 which 
was 1215 children.

The dependent variable is a cognitive ability 
score based on data from the measurement results using 
the Raven’s Colored Progressive Matrices method and 
mathematical ability. The questionnaire for measuring 
cognitive abilities consists of several questions using 
Raven’s Colored Progressive Matrices is contained in 
the book EK 1 (measurement of logical development 
aged 7–14  years) in 2007. The main independent 
variable is catch-up growth, with the definition used 
which is the change in HAZ. A child is categorized as 
having catch-up growth if they recover from stunting 
(stunting recovery) [11]. Children with catch-up growth 
are observed by comparing the LAZ or HAZ measured 
in 1997 with 2000. Other variables analyzed in this 
study are cognitive abilities, such as children, parents, 
household socioeconomics, and living environment.

The group of children in this study at baseline 
was divided into two – stunting and normal children. 
Then, when children aged 3–5 years are grouped into 
four categories based on changes in the HAZ Z-score 
value and grouped into stunting non-catch-up growth 
(stunting during observation), stunting catch-up growth 
(stunting to normal), normal non-catch-up growth (normal 
to stunting), and normal during observation. Thus, the 
study begins with creating data sets and retrieval on 
the three waves of IFLS data. Furthermore, statistical 
analysis is carried out to prove the existing theory with 
the research conducted. Finally, bivariate data analysis 
was used to see the relationship between variables using 
the one-way analysis of variance test and multivariate 
analysis using the generalized linear model.
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Results

The results of the univariate analysis were 
carried out to describe the characteristics of the sample 
and the variables observed in this study. Results are 
presented in frequency and percentage distributions for 
categorical variables and mean ± standard deviation 
for numerical variables. The characteristic data of the 
sample in this study are shown in Table 1. Children’s 
cognitive abilities in this study were measured using the 
Raven’s Colored Progressive Matrices Questionnaire 
and Mathematics test, consisting of 17 questions. The 
average cognitive score of children aged 10–12 years 
in this study was 12.31 points, equivalent to an average 
cognitive ability percentage of 70.58%. If cognitive 
abilities are categorized based on the mean value, it 
is found that 52.3% of children have cognitive scores 
above the average. The percentage of stunting children 
who experienced catch-up growth was 14.74%, non-
catch-up stunting was 26.68%, normal non-catch-up 
(late incident) was 20.15%, and normal children 
throughout the observation were 38.43%. This study 
used the distribution of children in four categories of 
stunting recovery status as a catch-up growth variable. 
The frequency distribution of the catch-up growth 
variable is shown in Table 2.

The study data distribution shows that the 
stunting prevalence in children aged 0–23  months is 
41.53%, and this figure has increased by 5.3 points 
when children are 3–5  years old (46.83%). In our 
observations, the age group of children showed that most 
of the children were in the age group of 12–23 months 
(49.72%) in 1997 and aged 36–47 months (50.47%) in 
2000. The child factor variables analyzed were stunting 
status, gender, birth weight, head circumference, 
history of infection, hemoglobin level, duration of 
breastfeeding, complementary feeding, and complete 
basic immunization. Most of the study samples were 
female (51.40%) with a history of low birth weight of 
21.56%. Most of the children had a head circumference 
Z-score in the normal category (78.73%) and had no 
history of infectious diseases such as diarrhea, acute 
respiratory infections, and helminthiasis (72.44%). 
Some of the children had their hemoglobin levels 
measured at 0–23 months and found an average blood 
hemoglobin level of 10.2 mg/dL. The average duration 
of breastfeeding was 10  months, and only 29.8% of 
children were breastfed for <6  months. Children who 
were given the first food <6  months were 62.57%, 
where most of the mothers gave honey or bananas 
when the child was only 2–4  months old. The basic 
immunization history was seen from the completeness 
of the children receiving immunizations for hepatitis, 
BCG, Polio, DPT-HB, and measles. The results of this 
study indicate that basic immunization was not given 
to the 372 Indonesian children (69.27%) who were the 
sample of this study.

Table 1: Characteristics of study participants
Variables Category Mean/n SD/percent Total
Cognitive ability scores 
(10–12 years)

12.31 (70.58%) 2.8 537

Catch‑up growth  
(0–5 years)

Normal 206 38.43 536

Stunting catch‑up 79 14.74
Normal not catch‑up 108 20.15
Stunting not catch‑up 143 26.68

Child factors
Stunting 0–2 years Normal 314 58.47 537

Stunting 223 41.53
Stunting 3–5 years Normal 285 53.17 536

Stunting 251 46.83
Sex Male 261 48.60 537

Female 276 51.40
Birth weight Normal 421 78.44 537

Low 116 21.56
Head circumference 
(Z‑score)

Normal 422 78.73 536

Small 114 21.27
Infection 0–2 years No 389 72.44 537

Yes 148 27.56
Hemoglobin level 0–2 
years

10.2 1.41 466

Duration of breastfeeding 10.62 6.88 537
Complementary food ≥6 months 201 37.43 537

<6 months 336 62.57
Basic immunization 0–2 
years

Yes 165 30.73 537

No 372 69.27
Parental factors
Father’s education No school 26 5.37 484

Elementary school 224 46.28
Junior high school 78 16.12
Senior high school 120 24.79
College 36 7.44

Mother’s education No school 32 5.96 537
Elementary school 287 53.45
Junior high school 89 16.57
Senior high school 109 20.3
College 20 3.72

Mother’s height 149.8 5.18 537
Father’s nutritional status 
(BMI/Age)

Underweight 56 13.43 417

Normal 308 73.86
Overweight 53 12.71

Mother’s nutritional status 
(BMI/Age)

Underweight 77 14.34 537

Normal 391 72.81
Overweight 69 12.85

Gestational age Aterm 495 92.18 537
Preterm 42 7.82

Number of parity 2.88 2.06 537
Father’s occupation Entrepreneur 192 39.67 484

Government employee 36 7.44
Private sector employee 177 36.57
Unpaid family work 79 16.32

Mother’s occupation Entrepreneur 70 13.04 537
Government employees 18 3.35
Private sector employee 56 10.43
Unpaid family work 393 73.19

Household socioeconomic 
factors
Household income Quartile 4 (High) 134 24.95 537

Quartile 3 (Good) 130 24.21
Quartile 2 (Medium) 138 25.7
Quartile 1 (Low) 135 25.14

Wealth index Quartile 4 (Good) 134 24.95 537
Quartile 3 (Medium) 134 24.95
Quartile 2 (Lower) 135 25.14
Quartile 1 (Poor) 134 24.95

Environmental factors
Housing area Rural 313 58.29 537

Urban 224 41.71
Father’s smoking habit No 172 35.54 484

Yes 312 64.46
Mother’s smoking habit No 533 99.26 537

Yes 4 0.74
Drinking water Other than 420 78.21 537

Bottled/tap water 117 21.79
Defecation facilities Yes have 211 39.29 537

Do not have 326 60.71
BMI: Body mass index.
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Parental factors and household socioeconomic 
status observed in this study are father and mother’s 
education, mother’s height at birth, nutritional status 
of father and mother, gestational age, parity, father 
and mother’s occupation, monthly household income, 
and household wealth index. The education level of 
parents is divided into five categories according to 
IFLS data, namely, no school, elementary school, junior 
high school, high school, and college. For the level 
of education of fathers and mothers when children 
are 0–23  months old, the most education is up to 
elementary school. The mean height of the mother 
during childbirth is 149.8  cm. The nutritional status 
of the father and mother was measured by looking 
at the body mass index (BMI) by age or BMI for age. 
Fathers and mothers of children aged 0–23 months had 
normal nutritional status with a percentage of 73.86% 
and 72.81%, respectively. Maternal gestational age of 
children <2 years old was in the term category (92.18%). 
The average number of deliveries experienced by 
mothers in this study sample was 2–3 deliveries. The 
occupations of fathers of children <2  years old are 
mostly entrepreneurs and private employees, while 
mothers of children <2 years old are mostly household 
moms. The income category and household wealth 
index were spread over four levels and had almost the 
same proportions, so no distinct group stands out in the 
household socioeconomic category.
Table 2: Distribution of catch‑up growth category
Catch‑up growth category Boys Girls n %
Normal 97 109 206 38.43
Stunted catch‑up 47 32 79 14.74
Normal non catch‑up (late incident) 53 55 108 20.15
Stunted non catch‑up 64 79 143 26.68

The environmental factors observed in this 
study are the housing area – divided into a rural 
and urban area, smoking habits of parents, sources 
of drinking water, and defecation facilities in the 
household. In 1997, 58.29% of households with children 
aged 0–23  months were in rural areas. Almost all 
children aged 2 years have a father who used to smoke 
(64.46%). Most of the family’s drinking water sources 
come from wells and do not consume bottled or tap 
water. Defecation facilities are also only available for 
39.19% of households with children aged 0–23 months.

The statistical analysis of the relationship 
between variables showed that catch-up growth in early 
childhood was significantly related to the cognitive abilities 
of school-age children (10–12 years; p = 0.0002). Stunting 
status at the age of 0–23 months (p = 0.0075) and age 
3–5 years (p = 0.0001) was significantly correlated to the 
cognitive abilities of school-age children. Children who 
are stunted at an early age have lower cognitive abilities 
than normal children at the age of 0–23 months. Factors 
that had a significant relationship with children’s cognitive 
abilities were head circumference Z-score (p = 0.0484), 
hemoglobin level (p = 0.002), duration of breastfeeding 
(p = 0.044), and history of basic immunization (0.0409). 
For the variables of gender, birth weight, and history of 

infectious diseases, giving children complementary foods 
were not statistically related to the cognitive abilities of 
school-age children (10–12 years) in this study. Factors 
from parents and household socioeconomics that were 
significantly related to children’s cognitive abilities were 
father’s education (p = 0.000), mother’s education 
(p = 0.000), parity (0.002), father’s occupation (0.032), 
wealth index level (0.001), and households income 
per month (0.001). The cognitive abilities of children 
whose fathers and mothers have higher education are 
significantly different when compared to children whose 
fathers and mothers do not attend school and only finish 
elementary and junior high school.

Factors related to the area of residence that 
was significantly related to cognitive ability were housing 
area (p = 0.0072), father’s smoking habit (p = 0.0006), 
family drinking water sources (p = 0.0397), and 
defecation facilities (p = 0.0001). Thus, most children 
living in rural areas have lower cognitive abilities than 
children in urban areas. The analysis of cognitive ability 
variables with independent variables in the form of 
stunting status was carried out utilizing catch-up growth 
defined as the condition of recovery from stunting. The 
analysis is shown in Table 3.
Table 3: Analysis of factors related cognitive ability
Variable Category Mean+SD p‑value 95% CI

Lower Upper
Catch‑up reference: Normal 0.0002
Stunting 0–23 months Normal 12.59 ± 1.71 0.0075 12.29 12.89

Stunting 11.92 ± 3.04 11.52 12.32
Stunting 3–5 years Normal 12.78 ± 2.53 0.0001 12.48 13.07

Stunting 11.78 ± 3.14 11.39 12.17
Sex Male 12.21 ± 2.76 0.4068 11.87 12.54

Female 12.41 ± 2.97 12.06 12.76
Birth weight Normal 12.36 ± 2.84 0.1198 12.11 12.6

Low 11.46 ± 3.24 10.15 12.77
Head circumference 
(Z‑score)

Normal 12.44 ± 2.81 0.0484 12.17 12.71

Small 11.84 ± 3.04 11.27 12.4
Infection 0–2 years No 12.29 ± 2.89 0.9237 11.82 12.76

Yes 12.32 ± 2.86 12.03 12.6
Hemoglobin level 0–2 years 0.002
Duration of breastfeeding 0.044
Complementary food ≥6 months 12.38 ± 2.86 0.4637 12.07 12.69

<6 months 12.19 ± 2.88 11.79 12.6
Basic immunization 0–2 years Yes 12.69 ± 2.81 0.0409 12.26 13.12

No 12.14 ± 2.88 11.85 12.44
Father’s education 0.0000
Mother’s education 0.0000
Mother’s height 0.121
Father’s nutritional status 
(BMI/Age)

0.3837

Mother’s nutritional status 
(BMI/Age)

0.6947

Gestational age Aterm 12.32 ± 2.88 0.8979 12.06 12.57
Preterm 12.26 ± 2.72 11.41 13.11

Number of parity 0.002
Father’s occupation 0.032
Mother’s occupation 0.096
Wealth index 0.0001
Household income (per 
months)

0.0001

Housing area Rural 12.03 ± 2.96 0.0072 11.7 12.36
Urban 12.7 ± 2.69 12.35 13.06

Father’s smoking habit No 12.97 ± 2.7 0.0006 12.56 13.38
Yes 12.03 ± 2.94 11.7 12.36

Mother’s smoking habit No 12.3 ± 2.87 0.6333 12.06 12.55
Yes 13 ± 2.16 9.56 16.43

Defecation facilities Yes have 12.92 ± 2.64 0.0001 12.56 13.28
Do not have 11.92 ± 2.94 11.59 12.24

Drinking water Other than 12.18 ± 2.94 0.0397 11.89 12.46
Bottled/tap water 12.79 ± 2.57 12.32 13.26
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Discussion

Cognitive ability is a construction of thinking 
processes including remembering, solving problems, 
learning, understanding ideas, planning, and decision-
making from childhood to adulthood [15]. Thus, childhood 
is a critical period for the growth and development of 
cognitive abilities, assessed by academic achievement. 
Children’s cognitive abilities are influenced by multifactor 
consisting of underlying factors (life in early pregnancy, 
gender, and genetic factors), socioeconomic factors 
(education, occupation, and income), behavioral factors 
(food intake, physical activity, and availability of health 
services), environmental factors (physical and social 
environment), and individual factors (physical and 
psychological factors) [16].

There are several definitions of catch-up growth 
in the literature because there is debate about the 
extent to which a child can be said to have succeeded 
in reaching the catch-up growth period [17], [18], [19]. 
Catch-up growth describes a phase of rapid growth that 
allows a child to accelerate growth until he fully recovers 
his genetic growth rate. Postnatal normal growth is a 
condition resulting from the interaction of endogenous 
factors, hormones, genetics, and exogenous factors 
that affect growth [20].

Cognitive ability is directly or indirectly 
influenced by nutritional status. A study was conducted 
to observe the height growth pattern of children aged 
1 and 8 years with cognitive achievement and learning 
performance in school. The four groups of children 
compared were children who grew normally (never 
stunted), children who experienced recovery (stunting 
at the age of 1  year and not stunting at the age of 
8  years), children who experienced growth faltering 
(not stunting at the age of 1 year and stunting at the 
age of 8 years), and persistent stunting (stunting at the 
age of 1 year and still stunting at the age of 8 years). 
Cognitive achievements and performance of children 
who experienced recovery were better than children 
who were persistently stunted. However, in general, 
cognitive achievements are different from children who 
experience growth faltering [21].

Definition of catch-up growth used in this study is 
the child experienced a recovery from stunting such that 
HAZ at 5 years fell within the “normal” range [11]. This study 
showed that stunted children who experienced catch-up 
growth at the age of 3–5 years had better cognitive ability 
scores at the age of 10–12 years compared to children 
who did not experience catch-up growth. The cognitive 
scores of children with catch-up growth and normal non-
catch-up stunting were lower than the cognitive scores 
of normal children aged 0–59 months but not statistically 
significant. Based on a study conducted in South Africa, 
children who were stunted at the age of 2  years who 
later experienced catch-up growth, on average, had 
lower cognitive test results compared to children who 

had never been stunted. Thus, children who experience 
catch-up growth have different cognitive scores from 
children who do not experience catch-up [11].

The study results in several developing 
countries state that children’s cognitive abilities must 
be considered starting from the prenatal period and pay 
attention to children’s nutritional intake until the age of 
8 years [22]. This finding needs to be taken into account 
because there is a possibility that children will succeed 
in pursuing their growth and improving their cognitive 
abilities. Several studies have shown that stunting in 
the first 1000 days of life will have a major effect on the 
cognitive abilities of schoolchildren to adults if not given 
the right intervention. This study finding indicates that 
stunting has a significant relationship with children’s 
cognitive abilities. Stunting children in the first 1000 days 
of life have lower cognitive scores than normal children.

Several catch-up growth studies in low-
middle-income countries (LMICs) report that growth 
without intervention in poor and developing countries 
impacts inconsistent catch-up growth conditions. So 
that several studies in LMIC show that there has been 
an increase in stunting while several other countries 
have reported a decrease in stunting. Children who are 
stunted at an early age may impact catch-up growth 
or non-catch-up conditions as adults [9]. Children who 
experience catch-up growth after being stunted have 
average cognitive test results at the age of 5  years 
lower when compared to children who have never been 
stunted. However, there is an exception to this finding, 
where children who experience growth spurts between 
the ages of 2–5 years will achieve normal growth with 
a HAZ value ≥  -1 SD, so that at the age of 5  years, 
the average score on the child’s cognitive test is almost 
the same with normal children. Hence, it is important 
to pay attention to children’s growth after 2  years of 
age because many present studies have found that 
children’s growth can still be improved after 2 years of 
age [11].

This study found that head circumference 
and hemoglobin levels of early childhood influence 
cognitive abilities of school age (10–12 years). A greater 
head circumference at birth is associated with better 
cognitive abilities in childhood. These abilities include 
learning abilities, long-term and short-term memory, 
and visuospatial [23]. In addition, head circumference 
and brain volume are positively correlated with 
children’s cognitive abilities, where subjects with very 
low head circumferences usually have below-average 
brain volumes [24]. Therefore, measuring the head 
circumference, especially at 4 years of age, is suitable 
for predicting total brain growth and neurodevelopment 
for a child’s cognitive development.

Low hemoglobin levels will have an impact on 
the occurrence of anemia. Anemia is a problem that 
must be considered because it is closely related to 
cognitive abilities. The cause of anemia is inadequate 
Fe intake. Fe deficiency conditions in the body will 
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affect hemoglobin levels because hemoglobin is a 
protein that contains most of the iron [25]. Low levels 
of hemoglobin in the body in children have the effect 
of decreasing cognitive abilities. Therefore, giving iron 
(Fe) supplementation to pregnant women is highly 
recommended so that children born do not lack Fe 
and cause a decrease in hemoglobin levels. Good 
hemoglobin levels in the body during early childhood 
can improve children’s cognitive abilities at school 
age [26].

The duration of exclusive breastfeeding has 
a significant effect on increasing children’s cognitive 
abilities. A longitudinal study on children in South Korea 
showed a positive correlation between breastfeeding 
duration and Mental Development Index scores. These 
results indicate that the long duration of breastfeeding 
affects increasing the child’s cognitive development 
[27]. Cognitive abilities in babies who are breastfed are 
better and have a faster body response than babies 
who are not breastfed. Other factors that affect cognitive 
abilities are a history of childhood disease and genetic 
factors. However, in this study, the history of childhood 
infection at the age of 0–23 months was not significantly 
associated with cognitive abilities. The history of the 
child’s illness will impact metabolic disorders and 
malnutrition so that there is a risk of reducing cognitive 
abilities [28].

In addition to child factors, parental factors, 
household socioeconomics, and living environment are 
related to the cognitive abilities of school-age children. 
Several studies have shown that the socioeconomic 
status of adults, such as education, income, and 
employment, is protective factors against the decline 
in children’s cognitive abilities in a family [16]. The 
results of a 2020 study with observations of 3–18 years 
in children to adolescents concluded that avoiding 
exposure to cigarette smoke children and adolescents 
will be able to improve cognitive function in adulthood 
[29]. The findings support our study’s results that 
children under 2  years of age whose fathers smoke 
have lower cognitive abilities than children whose 
fathers do not smoke.

The type of fuel used for cooking, sources of 
drinking water, home sanitation facilities, and household 
wealth index, which are built as proxies for household 
economic status, are associated with improving 
children’s nutritional status and preventing stunting. 
Prevention of stunting in the long term will be associated 
with cognitive improvement in children. This variable is 
formed from an inventory of household facilities and 
assets using Principal Component Analysis [30]. In our 
study, family welfare index, drinking water sources, 
and defecation facilities were significantly related to 
cognitive abilities.

Other studies mention factors that affect 
cognitive abilities are the environment in which they 
live and the nutritional adequacy of the family. Children 
aged 7–18  years in the developing countries have 

low cognitive, motor and social development due to 
malnutrition, poverty, poor health services, and low 
stimulation from the environment. Malnourished children 
in Indonesia tend to have poor performance in school 
and ultimately reduce academic ability and productivity 
in adolescence and adulthood [31]. However, the 
study has limitations, where the relationship between 
children’s food intake and cognitive abilities was not 
observed in this study. This condition might be because, 
in IFLS secondary data, food intake is not measured in 
children under 5. In addition, monitoring of weight and 
height also does not perform every year.

Recommendation

From this study, it can be suggested to 
conduct additional feeding interventions and monitoring 
nutritional status regularly in stunted children after 
2  years because many studies have found that 
children’s growth can still be improved after 2 years of 
age. Catch-up growth in children can improve cognitive 
status from school age to adulthood. In addition, 
support from parents and the household environment in 
improving the nutritional status of children is also very 
much needed.

Conclusion

Catch-up growth in early childhood affects the 
cognitive abilities of school-age children (10–12 years). 
Stunting children who experience catch-up growth have 
higher cognitive abilities than non-catch-up stunting 
children. In addition, from the results of our study, the 
most influential factors on cognitive ability were catch-up 
growth, stunting status of children at an early age, duration 
of breastfeeding, number of parity, father’s education, 
father’s occupation, and father’s smoking habit.

References

1.	 Achadi EL, Achadi A, Anindhita T. Stunting Prevention 
Importance of the First 1000 Days of Life. Depok : Rajagrafindo 
Persada; 2020.

2.	 Indonesian Ministry of Health. Indonesian Basic Health 
Research Report (Riskesdas) 2018. 2018 Basic Health 
Research. Indonesia: Indonesian Ministry of Health; 2018. 
p. 182-3.

3.	 The National Team for the Acceleration oF Poverty (TNP2K). 
TNP2K Series. Vol 01/No.01. Jakarta: TNP2K.2020. The 
National Team for the Acceleration OF Poverty; 2020.

4.	 Rao N, Sun J, Wong J, Weekes B, Ip P, Shaeffer S, et al. 
Early Childhood Development and Cognitive Development in 
Developing Countries: A Rigorous Literature Review; 2014. 
p. 1-100. Available from: http://cerc.edu.hku.hk/wp-content/

https://oamjms.eu/index.php/mjms/index


� Marjan and Sartika. Correlation between Catch-up Growth in Early Childhood with Cognitive Ability

Open Access Maced J Med Sci. 2022 Jan 03; 10(T8):23-29.� 29

uploads/ECD-review.pdf [Last accessed on 2021 Aug 20].
5.	 World Bank Group, Bank Dunia KUP. Perkembangan, Potret 

Usia, Anak. United States: World Bank Group; 2010. p. 4-7.
6.	 OECD. PISA 2018 Results (Volume IV): Are Students 

Smart about Money? Paris: PISA, OECD; 2020. https://doi.
org/10.1787/48ebd1ba-en

7.	 Minh L, Lissner L, Ascher H. Overweight, stunting, and 
concurrent overweight and stunting observed over 3  years in 
Vietnamese children. Glob Health Action. 2018;11(1):1517932. 
https://doi.org/10.1080/16549716.2018.1517932

	 PMid:30253704
8.	 Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, 

De Onis M, et  al. Maternal and child undernutrition and 
overweight in low-income and middle-income countries. Lancet. 
2013;382(9890):427-51.

9.	 Campisi SC, Carducci B, Söder O, Bhutta ZA. The Intricate 
Relationship between Chronic Undernutrition, Impaired Linear 
Growth and Delayed Puberty : Is “Catch-Up” Growth Possible 
During Adolescence ? Innocenti Working Papers WP-2018-12; 
2018. p.  1-31. Available from: https://www.unicef-irc.org. [Last 
accessed on 2021 Aug 20].

10.	 Prendergast AJ, Humphrey JH. The stunting syndrome in 
developing countries. Paediatr Int Child Health. 2014;34(4):250-
65. https://doi.org/10.1179/2046905514Y.0000000158

	 PMid:25310000
11.	 Casale D, Desmond C, Richter LM. Catch-up growth in height 

and cognitive function: Why definitions matter. Econ Hum Biol. 
2020;37:100853. https://doi.org/10.1016/j.ehb.2020.100853

	 PMid:32036257
12.	 Crookston BT, Penny ME, Alder SC, Dickerson TT, Merrill RM, 

Stanford JB, et  al. Children who recover from early stunting 
and children who are not stunted demonstrate similar levels 
of cognition. J  Nutr. 2010;140(11):1996-2001. https://doi.
org/10.3945/jn.109.118927

	 PMid:20844188
13.	 Gu H, Wang L, Liu L, Luo X, Wang J, Hou F, et al. A gradient 

relationship between low birth weight and IQ: A  meta-
analysis. Sci Rep.  2017;7(1):1-13. https://doi.org/10.1038/
s41598-017-18234-9

	 PMid:29269836
14.	 Casale D, Desmond C. Recovery from stunting and cognitive 

outcomes in young children: Evidence from the South African 
birth to twenty cohort study. J Dev Orig Health Dis. 2015;7(2):163-
71. https://doi.org/10.1017/S2040174415007175

	 PMid:26399543
15.	 Shehata GA. Childhood cognitive impairment. Acta 

Psychopathol. 2016;2(5):3-5.
16.	 Xu H, Vorderstrasse AA, McConnell ES, Dupre ME, Østbye T, 

Wu B. Migration and cognitive function: A conceptual framework 
for global health research. Glob Health Res Pol. 2018;3(1):1-12.

17.	 Lundeen EA, Behrman JR, Crookston BT, Dearden KA, Engle P, 
Georgiadis A, et  al. Growth faltering and recovery in children 
aged 1-8  years in four low-and middle-income countries: 
Young lives. Public Health Nutr. 2014;17(9):2131-7. https://doi.
org/10.1017/S1368980013003017

	 PMid:24477079
18.	 Leroy JL, Ruel M, Habicht JP, Frongillo EA. Using height-for-

age differences (HAD) instead of height-for-age z-scores (HAZ) 
for the meaningful measurement of population-level catch-up in 
linear growth in children less than 5 years of age. BMC Pediatr. 
2015;15(1):1-11. http://doi.org/10.1186/s12887-015-0458-9

	 PMid:26444012

19.	 Desmond C, Casale D. Catch-up growth in stunted children : 
Definitions and predictors. PLoS One. 2017;12(12):e0189135. 
http://doi.org/10.1371/journal.pone.0189135

	 PMid:29236728
20.	 Léger J, Lévy-Marchal C. The role of catch-up growth. In: 

Encyclopedia of Endocrine Diseases. Netherlands: Elsevier; 
2004. p. 71-6.

21.	 Crookston BT, Dearden KA, Alder SC, Porucznik CA, 
Stanford JB, Merrill RM, et al. Impact of early and concurrent 
stunting on cognition. Matern Child Nutr. 2011;7(4):397-409. 
http://doi.org/10.1111/j.1740-8709.2010.00255.x

	 PMid:21902807
22.	 Woldehanna T, Behrman JR, Araya MW. The effect of early 

childhood stunting on children’s cognitive achievements: 
Evidence from young lives Ethiopia. Ethiop J Heal Dev. 
2017;31(2):75-84.

	 PMid:29249889
23.	 Veena SR, Krishnaveni GV, Wills AK, Kurpad AV, 

Muthayya  S, Hill JC, et  al. Association of birthweight and 
head circumference at birth to cognitive performance in 9-to 
10-year-old children in South India: Prospective birth cohort 
study. Pediatr Res. 2010;67(4):424-9. http://doi.org/10.1203/
PDR.0b013e3181d00b45

	 PMid:20032815
24.	 Treit S, Zhou D, Chudley AE, Andrew G, Rasmussen C, 

Nikkel  SM, et  al. Relationships between head circumference, 
brain volume and cognition in children with prenatal alcohol 
exposure. PLoS One. 2016;11(2):1-15. http://doi.org/10.1371/
journal.pone.0150370

	 PMid:26928125
25.	 Sanou D, Ngnie-Tet I. Risk factors for anemia in preschool 

children in Sub-Saharan Africa. In: Anemia. India: IntechOpen; 
2012.

26.	 Larson LM, Phiri KS, Pasricha SR. Iron and cognitive 
development: What is the evidence? Ann Nutr Metab. 
2017;71(3):25-38. http://doi.org/10.1159/000480742

	 PMid:29268256
27.	 Lee H, Park H, Ha E, Hong YC, Ha M, Park H, et  al. Effect 

of breastfeeding duration on cognitive development in infants: 
3-year follow-up study. J Korean Med Sci. 2016;31(4):579-84. 
http://doi.org/10.3346/jkms.2016.31.4.579

	 PMid:27051242
28.	 Haddad L, Cameron L, Barnett I. The Double Burden of 

Malnutrition in SE Asia and the Pacific: Priorities, Policies and 
Politics. Vol.  30, Health Policy and Planning. Oxford: Oxford 
University Press; 2015. p.  1193-206. http://doi.org/10.1093/
heapol/czu110

	 PMid:25324529
29.	 Rovio SP, Pihlman J, Pahkala K, Juonala M, Magnussen CG, 

Pitkänen N, et al. Childhood exposure to parental smoking and 
midlife cognitive function the young Finns study. Am J Epidemiol. 
2020;189(11):1280-91. https://doi.org/10.1093/aje/kwaa052

	 PMid:32242223
30.	 Titaley CR, Ariawan I, Hapsari D, Muasyaroh A, Dibley MJ. 

Determinants of the stunting of children under two years 
old in Indonesia: A  multilevel analysis of the 2013 Indonesia 
basic health survey. Nutrients. 2019;11(5):1106. http://doi.
org/10.3390/nu11051106

	 PMid:31109058
31.	 Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, 

Richter L, Strupp B. Developmental potential in the first 5 years for 
children in developing countries. Lancet. 2007;369(9555):60-70.


