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ABSTRACT

Background. Growth failure in the first 1000 days of life can have a major impact on a child's health. Therefore, 
catching up on growth in early childhood is essential to prevent nutritional problems, especially stunting, as indicated 
by the height for age z-score (HAZ). Catch-up growth after a period of malnutrition in the first 1000 days of life can 
be measured as an improvement in linear growth using HAZ parameters. 

Objective. This study aimed to determine the factors that influence catch-up growth in early childhood based on 
the HAZ.

Methods. This three-year cohort study used two waves of secondary data from the Indonesian Family Life Survey 
(IFLS). Baseline data of the study were taken in 1997 when the children were 0 to 23 months old, then followed up 
in 2000 (at 3 to 5 years old). The study included 537 children aged 0 to 23 months in 1997. The dependent variable 
was catch-up growth. The independent variables were: children-related, parent-related, and household factors. We 
collected secondary data from the IFLS annual report book. Bivariate data analysis was performed using the Chi-
squared test, while multivariate analysis was performed using multinomial logistic regression.

Results. There were four groups in this study: not stunted 
(reference group), stunted catch-up, stunted non-catch-
up, and late incident stunted. Bivariate analysis showed 
that catch-up growth, based on HAZ, was significantly 
influenced by birth weight (normal birth weight), head 
circumference (normal head circumference), maternal 
nutritional status (normal), and maternal height (p 
<0.05). After controlling for potentially confounding 
factors, sex (p = 0.003; 95% CI:1.43-5.93) and maternal 
nutritional status (p = 0.011; 95% CI:0.19-0.81) were 
the most influential factors on catch-up growth in early 
childhood.

Conclusion. Children with stunting and catch-up growth 
are more common among males, and poor maternal 
nutritional status was associated with stunting and 
failure to achieve catch-up growth. The determining 
factors for the late incident and stunted non-catch-
up groups include head circumference, breastfeeding 
status, maternal height, and maternal nutritional status. 
The stunted non-catch-up group is also influenced by 
small gestational age (SGA). Therefore, it is important 
to regularly monitor the growth and development of 
children in early childhood.
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INTRODUCTION

Growth in early childhood affects the health status, 
productivity, and cognitive abilities of children later 
in life.1 Stunting in children under five due to chronic 
malnutrition can be measured by height-for-age indicators. 
Stunting conditions often occur in low and middle-income 
countries, and are known as the biggest bottleneck for child 
development. Stunted children experience linear growth 
retardation. Stunting is defined as a condition in which the 
height-for-age Z-score (HAZ) is less than -2SD.2 Growth 
failure at the age of 2 years affects children's height in the 
next period of growth. Therefore, stunting at the age of 2 years 
is a risk factor for stunting at school age. To prevent stunting 
in adulthood, monitoring growth with the height-for-age 
indicator at an early age is essential so that children can catch 
up with growth lags. Children aged 0 to 2 years with normal 
height-for-age should be regularly monitored to ensure that 
the height-for-age does not decrease when children are 
older than 2years. Although several studies from a reference 
population continue to show inconsistent results, 2-year-old 
children who are stunted can catch up from this poor start 
and achieve similar adult heights.3-5

Most studies on catch-up growth focus on conditions of 
recovery much later in adolescence. As a result, little is known 
about recovery among five-year-old children. The severity 
and duration of the period of malnutrition and the stage of 
development at which malnutrition begins are influential 
factors in catch-up growth.6 According to a 2018 UNICEF 
report, catch-up growth can still occur until adolescence.7 
However, this condition does not always occur in every child 
due to several influencing factors, such as puberty and growth 
hormones that affect nutritional status during adolescence.1 

Several studies show that catch-up growth can still occur 
from an early age to adolescence. However, most of these 
studies did not make clinical observations or measurements 
on the effect of puberty and growth on children with catch-
up growth conditions.8

Catch-up growth measurements in this study were 
carried out on children under five years of age because other 
growth factors–including puberty– heavily influenced the 
observation of catch-up growth in adolescence. Puberty will 
affect growth, so it is not clear whether catch-up growth is 
caused by growth or the influence of puberty conditions. One 
study showed that the most important time for catch-up 
growth is between the ages of 24 months to mid-childhood 
(48 months) and after mid-childhood to adulthood.5 

The definition of catch-up growth has been debated 
and defined in several different ways in the literature.4,9,10 

A 1990 Philippine study defined catch-up growth as the 
restoration of growth to normal levels and an acceleration of 
growth rates that may or may not result in growth status up 
to normal limits according to age and sex.11 Catch-up growth 
after a period of malnutrition in the first 1000 days of life 
can be seen by the improvement of linear growth with height 

parameters at a later age. In a recent study, catch-up growth 
was defined in terms of changes in height-for-age z-scores 
that explained the increased variability in height according 
to age in children.3,12,13 Catch-up growth can be measured 
in absolute and relative terms. In absolute terms, the catch-
up growth means the positive change in the difference in 
height according to age (Height for Age Difference), while 
the relative parameter sees a positive change in height-for-
age z-score (HAZ).11,14 This study uses the same definition of 
catch-up growth as the condition of recovery from stunting. 
The definition used is relative catch-up growth, focusing on 
the change in height-for-age z-scores over time at an indi-
vidual level.6 This study focused on 'recovery from stunting', 
defined as a positive change in height-for-age z-scores. 

Several previous studies have stated that the linear 
growth of early childhood is persistent and irreversible.11 In 
contrast, recent studies have shown that catch-up growth is 
possible among children under five in studies from LMICs 
countries.3,4,10,12,13  These studies differed in how they 
measured and defined catch-up growth.

Various factors may affect catch-up growth in children 
(based on changes in HAZ) and child development. The 
Young Lives (YL) study conducted in Ethiopia, India, Peru, 
and Vietnam showed that parental education, dietary intake, 
and maternal height affected children's HAZ. The results 
show that 50% of stunted children at the age of 1 year will 
experience improvement and become non-stunted (recovered) 
at 8 years of age. Although early childhood development and 
growth vary among children in different countries, the results 
estimate that 250 million children (43%) under five years of 
age in low and middle-income countries are at risk of not 
achieving their development and growth potential based on 
proxy measures of stunting and poverty.17 A study of children 
in the Philippines showed that children with taller mothers 
managed to recover from stunting at 8.5 to 12 years of age. 
Low birth weight is also a factor that inhibits catch-up 
growth in children.14

Barriers to growth in height include inadequate 
intake, suboptimal parenting, and infectious diseases.2 The 
importance of linear growth in the first 1000 days of life 
(1000 HPK) has provided definite research evidence. How-
ever, research and debate continue to explore the extent to 
which children can have catch-up growth after the age of 
two and which factors greatly influence catch-up growth.18 It 
is important to monitor children's growth from an early age 
by paying attention to other factors that can affect children's 
growth, for instance, parental factors, socio-economic 
household, and the community environment.19 This study 
aims to analyze longitudinal changes in nutritional status 
and factors that influence linear growth catch-up in children 
under five in Indonesia.

Methods
This study was a retrospective cohort study conducted 

from April to September 2021 using Indonesian Family Life 
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Survey (IFLS) secondary data. The IFLS was designed to 
provide a wealth of information collected at the individual 
and household level, including many indicators of economic 
well-being, non-economic, marital, fertility, contraceptive 
use, health status, and health care use.20 IFLS has been 
conducted since 1993 in 13 provinces in Indonesia. IFLS 
collected interview data related to the children, parents, 
households, living environment, and existing facilities in the 
neighborhood. This survey also measured children's health 
data, anthropometry, and other biochemical measurements. 
We collected data on children's characteristics and health, 
parents, and household socio-economics from two data waves 
in 1997 (IFLS 2) and 2000 (IFLS 3). The questionnaire 
instrument used by IFLS was included in its annual reports 
according to the year and survey waves. In addition, this 
research questionnaire was stated in the household and 
individual books on IFLS 2 and IFLS 3 data.

Sampling in IFLS data uses multistage random sampling 
under the provisions of the data owner. Our study subjects 
were 818 children (with clean data including weight at birth; 
out of 1215) aged 0 to 23 months in 1997 and followed up 
to 2000 when children were 3 to 5 years old. Based on the 
study's inclusion criteria, the number of children who had 
complete data according to the research objectives was 537. 
The dependent variable was catch-up growth under the 
definition of relative catch-up growth, focusing on the change 
in height-for-age z-scores over time at an individual level.6 
Catch-up growth was observed from changes in height-for-
age z-score (HAZ) relative to several definitions used in 
several studies.21

Baseline data were taken in IFLS 2, and nutritional 
status was calculated using the WHO Anthro software for 
children under five. Calculation of nutritional status based 
on body height/length relative to age was used to categorize 
children's groups based on nutritional status. The group of 
children aged 0-23 months in this study was divided into two 
groups: stunted and not stunted. At 3-5 years old, they were 
grouped again into not stunted, late incident, stunted catch-
up, and stunted non-catch-up. The independent variables are 
factors related to children's growth: children, parents, and 
household income. We included gender, birth weight, head 
circumference, history of infectious disease, anemia status, 
breastfeeding, child's first feeding, and immunization in 
the child factors. Parental factors included the covariates of 
maternal height, gestational age category, father's nutritional 
status, maternal nutritional status, fathers' smoking habits, 
and household income. Parents' nutritional status was divided 
into normal BMI and BMI at risk (being underweight or 
overweight). Gestational age was divided into two categories: 
term (≥37 weeks) and preterm (<37 weeks).

Univariate analysis was used to assess the subject's 
characteristics (average and percentage). Bivariate analysis 
was used to determine the relationship of the dependent 
variable according to related factors in each study group using 
the chi-square test. In addition, the Multinomial logistic 

regression test was conducted for multivariate analysis. This 
study was approved by the Research Ethics and Community 
Service Commission, Faculty of Public Health, University of 
Indonesia No: Ket- 459/UN2. F10.D11/PPM.00.02/2021, 
on August 27th, 2021. The questionnaire book used in this 
secondary data collection has received an ethical license 
granted by the RAND Human Subject Protection Committee 
(IRB RAND) to IFLS5 No. s0064-06-01-CR01.

Results

Out of 537 included children, 536 were assessed on 
their nutritional status using the HAZ (Table 1). One child 
was not assessed due to incomplete data in the final wave 
of the IFLS 2014. A little above half of the children were 
girls (51.3%), but more than half in the stunted catch-up 
group were boys (59.5%). Most children from all groups 
had normal birth weight (78.4%) and head circumference 
(84.1%). The majority had no history of infectious disease 
(72.4%) and anemia (54.7%) for both catch-up and non-
catch-up groups. Most children were breastfed for≥6 months 
(70.2%), but were given complementary foods for the first 
time at the age of <6 months (62.7%). Most children did not 
receive basic immunization below two years of age (69.4%). 
Most had mothers with normal maternal height at delivery 
(82.09%) and term gestational age (92.2%), i.e., giving birth 
at a gestational age greater than 36 weeks for all groups. In 
each group, both parents had mostly normal BMI category h 
(fathers, 67.7%; mothers, 86.1%). More than half of fathers 
had a smoking habit (64.4%), and household income was 
evenly distributed in each quartile. 

 Bivariate analysis showed that birth weight, head 
circumference, maternal height, and maternal nutritional 
status were associated with stunted catch-up growth. After 
being controlled by other factors and using multinomial 
logistic analysis, the most influential factors on stunted catch-
up growth were gender (0.003) and maternal nutritional status 
(0.011). Boys had a higher chance of experiencing a stunted 
catch-up (aOR = 2.92; 95% CI1.43, 5.93) than girls. Normal 
maternal nutritional status is a stunted catch-up protection 
factor (aOR =. Children with BMI at-risk mothers had more 
stunted catch-up (aOR=0.40; 95% CI 0.19, 0.81).

Table 2 shows that the variables that affect the stunted 
catch-up group of children are sex and maternal nutritional 
status (p<0.05). There is a difference with the stunted catch-
up group. Table 3 shows the variables that affect the late 
incident stunted group and the bivariate analysis results. 
Head circumference, infection, duration of breastfeeding, 
child immunization, maternal height, and maternal 
nutritional status were associated with late incident stunted 
conditions (p<0.05). Multivariate analysis showed that 
children with small head circumference were at risk of late-
incident stunting (aOR=4.74; 95% CI: 1.90-11.81). Children 
with breastfeeding duration <6 months (aOR=2.82; 95% CI: 
1.35-5.87) and short mothers (aOR=3.00; 95% CI: 1.26-
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7.12) are risk factors for late incident stunting in children 
under five. BMI of risk mothers was protective against late-
incident stunting (aOR= 0.35; 95% CI: 0.17-0.73).

Based on the bivariate analysis results, the factors that 
significantly affected the stunted non-catch-up condition 
were birth weight, head circumference, breastfeeding 
duration, maternal height, and gestational age (p <0.05) 
(Table 4). After being controlled for other factors by 
conducting multinomial logistic analysis, it was shown that 
the determinants of the stunted non-catch-up group were 
birth weight, head circumference, duration of breastfeeding, 

and maternal height (p <0.05). Children with low birth 
weight (aOR = 2.31; 95% CI 1.11,4.79) and small head 
circumference (aOR = 2.82; 95% CI 1.09, 7.28) have a risk 
of experiencing stunted non-catch-up or persistent stunting 
compared to children with normal birth weight and head 
circumference. Breastfeeding ≥6 months was a protective 
factor for the occurrence of stunted non-catch-up (aOR = 
0.29; 95% CI 0.13, 0.66). Children with short mothers were 
at risk of experiencing stunted non-catch-up (OR = 2.97; 
95% CI 1.34, 6.56).

Table 1.	Distribution of Children Based on Demographic and Clinical Characteristics

No. Characteristic

Change in height for age

N %
None Changed

Not stunted* Stunted 
non-catch-up

Stunted 
catch-up

Late incident 
stunted

n % n % N % n %

Total 206 38.43 143 16.68 79 14.74 108 20.15  536 100
1 Sex (N=536) Male 97 47.09 64 44.76 47 59.49 53 49.07 261 48.69

Female 109 52.91 79 55.24 32 40.51 55 50.93 275 51.31
2 Birth weight (N=536) Normal 174 84.47 105 73.43 56 70.89 85 78.70 420 78.36

Low 32 15.53 38 26.57 23 29.11 23 21.30 116 21.64
3 Head circumference 

(N=536)
Normal 189 91.75 117 81.82 66 83.54 79 73.15 451 84.14
Small 17 8.25 26 18.18 13 16.46 29 26.85 85 15.86

4 Infection 0-2 years
(N=536)

No 156 75.73 106 74.13 56 70.89 70 64.81 388 72.39
Yes 50 24.27 37 25.87 23 29.11 38 35.19 148 27.61

5 Anemia status
(N=466)

No 102 59.65 63 50.40 39 56.52 51 50.50 255 54.72
Yes 69 40.35 62 49.60 30 43.48 50 49.50 211 45.28

6 Duration of breastfeeding
(N=536)

≥6 months 141 68.45 123 86.01 63 79.75 49 45.37 376 70.15
<6 months 65 31.55 20 13.99 16 20.25 59 54.63 160 29.85

7 Complementary food 
(N=536)

≥6 months 80 38.83 44 30.77 25 31.65 51 47.22 200 37.31
<6 months 126 61.17 99 69.23 54 68.35 57 52.78 336 62.69

8 Basic immunization 
0-2 years (N=536)

Yes 72 34.95 45 31.47 26 32.91 21 19.44 164 30.60
No 134 65.05 98 68.53 53 67.09 87 80.56 372 69.40

9 Mother’s height (N=536) Normal 192 93.20 103 72.03 65 82.28 80 74.07 440 82.09
Short 14 6.80 40 27.97 14 17.72 28 25.93 96 17.91

10 Gestational age
(N=536)

Term 184 89.32 139 97.20 68 86.08 103 95.37 494 92.16
Preterm 22 10.68 4 2.80 11 13.92 5 4.63 42 7.84

11 Father’s nutritional status 
(N=536)

Normal BMI 131 63.59 104 72.73 57 72.15 71 65.74 363 67.72
Abnormal BMI 75 36.41 39 27.27 22 27.85 37 34.26 173 32.28

12 Mother’s nutritional status 
(N=536)

Normal BMI 168 81.55 122 85.31 75 94.94 102 94.44 467 87.13
Abnormal BMI 38 18.45 21 14.69 4 5.06 6 5.56 69 12.87

13 Father’s smoking habits 
(N=483)

No 67 36.61 46 34.33 26 36.11 33 35.11 172 35.61
Yes 116 63.39 88 65.67 46 63.89 61 64.89 311 64.39

14 Household income
(N=536)

Quartile 4 66 32.04 25 17.48 21 26.58 22 20.37 134 25.00
 Quartile 3 45 46.39 37 57.81 25 53.19 23 43.40 130 24.25
Quartile 2 51 46.79 47 59.49 14 43.75 26 47.27 138 25.75
Quartile 1 44 25.29 34 32.38 19 33.93 37 43.53 134 25.00

Note: *Reference group
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Discussion

HAZ has been used to assess catch-up growth in 
children.4 Recovering from stunting or experiencing catch-
up growth can help reduce the negative effects of early 
growth retardation and successfully catch up with growth 
and developmental delays later in life. Our study used a strict 
definition according to a recent 2020 study, which includes 
a relative measurement using the HAZ to assess catch-up 
growth.21 

The prevalence of stunting among children was 41.53% 
for those aged 0 to 23 months, and 46.83% for those aged 
3 to 5 years.22 The present study results show that children 
who are stunted at their younger ages may regain their growth 
in their later development stages, specifically during early 

adolescence. Bivariate analysis showed that children who have 
low birth weight and small head circumference had higher 
odds of experiencing stunting at 0 to 23 months and have 
the opportunity to experience catch-up growth. Birth weight 
(cOR=1.87;95%CI: 1.17-2.99) and head circumference 
(cOR=1.99: 95% CI: 1.01-3.91) were risk factors for 
stunted catch-up. Thus, birth weight is a fairly dominant 
factor affecting the postnatal nutritional status and later 
life. Research in Tanjung Sari shows that birth weight and 
maternal height are associated with child stunting.23 For the 
same reason, finding that the incidence of catch-up growth 
is associated with maternal height.12. Based on a 2020 study, 
several maternal characteristics result in stunting reduction 
and trigger catch-up growth, including parity, number of 
parity, maternal nutritional status, and maternal height.24 

Table 2.	Child, Parents, Household Characteristic, and Stunted Catch-Up Growth

No. Variables N %
Stunted Catch-up

COR (95% CI) P-value AOR (95% CI) P-value

1 Sex Female 276 51.4 1 1
Male 261 48.6 1.26 (1.00-1.59) 0.061 2.92 (1.43-5.93) 0.003*

2 Birth weight Normal 421 78.4 1 1
Low 116 21.6 1.87 (1.17-2.99) 0.009 2.23 (0.96-5.15) 0.061

3 Head circumference Normal 452 84.17 1 1
Small 85 15.38 1.99 (1.01-3.91) 0.043 2.21 (0.72-6.77) 0.165

4 Infection 0-2 years No 389 72.44 1 1
Yes 148 27.56 0.93 (0.79-1.09) 0.402 0.53 (0.24-1.13) 0.102

5 Anemia status No 255 54.72 1 1
Yes 211 45.28 1.07 (0.77-1.49) 0.656 0.88 (0.44-1.75) 0.724

6 Duration of breastfeeding ≥6 months 377 70.2 1 1
<6 months 160 29.8 0.64 (0.39-1.03) 0.058 0.43 (0.18-1.06) 0.068

7 Complementary food ≥6 months 201 37.43 1 1
<6 months 336 62.57 1.11 (0.92-1.34) 0.260 0.89 (0.44-1.79) 0.747

8 Basic immunization 0-2 years Yes 165 30.73 1 1
No 372 69.27 1.03 (0.85-1.23) 0.764 1.32 (0.63-2.76) 0.462

9 Mother’s height Normal 440 81.94 1 1
Short 97 18.06 2.60 (1.30-5.22) 0.006 1.57 (0.57-4.30) 0.374

10 Gestational age Term 495 92.18 1 1
Preterm 42 7.82 1.30 (0.66-2.65) 0.444 1.70 (0.55- 5.18) 0.351

11 Father’s nutritional status Normal BMI 364 67.78 1 1
Abnormal BMI 173 32.22 0.76 (0.52-1.14) 0.172 0.76 (0.38-1.50) 0.430

12 Mother’s nutritional status Normal BMI 468 87.15 1 1
Abnormal BMI 69 12.85 0.27 (0.10-0.74) 0.004 0.40 (0.19-0.81) 0.011*

13 Father’s smoking habit No 172 35.54 1 1
Yes 312 64.46 1.01 (0.82-1.23) 0.940 1.17 (0.57-2.40) 0.665

14 Household income Quartile 4 134 24.95 1.08 (0.92-1.27) 0.239 0.96 (0.71-1.32) 0.836
Quartile 3 130 24.21
Quartile 2 138 25.7
Quartile 1 135 25.14

Note: Significant p <0.05; COR: Crude Odds Ratio, AOR: Adjusted Odds Ratio
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Multivariate analysis showed that determinant factors 
in stunted catch-up were sex and maternal nutritional status. 
A previous study showed a negative relationship between 
females and catch-up growth, where males were more likely 
to experience catch-up growth than females. The results 
show that mothers with BMI at risk are a protective factor 
in the stunted catch-up growth group. Maternal nutritional 
status is one of the predictors of child stunting. This finding 
is important because it shows that children can recover 
from early nutritional disorders and identifies predictors of 
catch-up growth for children under five. A study in Peruvian 
children stated that additional factors associated with catch-
up growth included the child's sex, age at second assessment, 
and maternal height.25

Almost half of the children in this study were stunted 
when they were under two years old and under five. The 

children in this study not only experienced catch-up but also 
experienced late incident stunted and stunted non-catch-
up conditions. Bivariate analysis in the late incident group 
showed that head circumference, infection, breastfeeding, 
child immunization, height, and maternal nutritional status 
were significantly related to the late incident stunted group. 
Only childhood immunization was not a determining factor 
based on multinomial logistic analysis of the significantly 
related variables. The bivariate analysis results showed that 
children who did not receive complete basic immuniza- 
tion were at risk of experiencing a late incident stunted 
condition (OR = 1.23; 95% CI 1.08,1.42). A systematic review 
showed that complete childhood vaccination is an indicator 
of a functional health system.24 Complete vaccination is 
predicted to increase the change in HAZ rates in Nepalese 
children by 4 to6% and 3% in Paraguay.24

Table 3.	Child, Parents, Household Characteristic, and Late Incident Stunted Group

No. Variables N %
Late-incident Stunted

COR (95% CI) P-value AOR (95% CI) P-value

1 Sex Female 276 51.40 1 1
Male 261 48.60 1.04 (0.82-1.32) 0.738 1.52 (0.78-2.93) 0.213

2 Birth weight Normal 421 78.40 1 1
Low 116 21.60 1.37 (0.85 - 2.22) 0.202 1.50 (0.64-3.48) 0.343

3 Head circumference Normal 452 84.17 1 1
Small 85 15.38 3.25 (1.87 -5.65) 0.000 4.74 (1.90-11.81) 0.001*

4 Infection 0-2 years No 389 72.44 1 1
Yes 148 27.56 0.855 (0.73-1.03) 0.041 0.94 (0.45-1.96) 0.883

5 Anemia status No 255 54.72 1 1
Yes 211 45.28 1.22 (0.93-1.60) 0.141 1.24 (0.65-2.36) 0.512

6 Duration of breastfeeding ≥6 months 377 70.20 1 1
<6 months 160 29.80 1.73 (1.32-2.25) 0.006 2.82 (1.35-5.87) 0.005*

7 Complementary food ≥6 months 201 37.43 1 1
<6 months 336 62.57 0.86 (0.70-1.06) 0.152 1.23 (0.62-2.44) 0.543

8 Basic immunization 
0-2 years

Yes 165 30.73 1 1
No 372 69.27 1.23 (1.08-1.42) 0.004 1.36 (0.62-3.01) 0.438

9 Mother’s height Normal 440 81.94 1 1
Short 97 18.06 3.81 (2.09-6.93) 0.000 3.00 (1.26-7.12) 0.013*

10 Gestational age Aterm 495 92.18 1 1
Preterm 42 7.82 0.43 (0.16-1.12) 0.069 0.33 (0.068-1.64) 0.178

11 Father’s nutritional status Normal BMI 364 67.78 1 1
Risk BMI 173 32.22 0.94 (0.68-1.29) 0.706 0.97 (0.52-1.84) 0.944

12 Mother’s nutritional status Normal BMI 468 87.15 1 1
Risk BMI 69 12.85 0.30 (0.13-0.69) 0.002 0.35 (0.17-0.73) 0.005*

13 Father’s smoking habit No 172 35.54 1 1
Yes 312 64.46 1.02 (0.85-1.23) 0.805 1.02 (0.52-2.02) 0.936

14 Household income Quartile 4 134 24.95 1.17 (1.02-1.34) 0.045 1.28 (0.96-1.73) 0.092
Quartile 3 130 24.21
Quartile 2 138 25.70
Quartile 1 135 25.14

Note: Significant p <0.05 (95% CI); COR: Crude Odds Ratio, AOR: Adjusted Odds Ratio
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This study's potential determinant factors for late 
incident stunting were infection (diarrhea and respiratory 
tract infections), breastfeeding status, maternal height, and 
maternal nutritional status. Infection in the form of prolonged 
diarrhea in children will reduce the nutritional status and 
inhibit child growth.15,16 A study in Peru showed a significant 
reduction in linear growth in each age-related panel with 
diarrhea during the first six months of life and prolonged 
diarrhea up to 2 to 6 months before the age at which height 
was measured. Diarrhea occurring after six months of age 
is associated with a transient height deficit followed by a 
subsequent period of growth.11 Breastfeeding for less than 
six months is at risk for late-onset stunting conditions. 
However, a study stated that breastfeeding in the 2nd and 3rd 
years of life, regardless of the child's food intake from the 
main meal, had a significant relationship with stunting and 

severe stunting. Mothers need to be educated about the 
risks of prolonged breastfeeding to reduce the burden of 
this undernutrition.26 Thus, it is important for children to be 
exclusively breastfed for six months with controlled breast-
feeding duration and complementary feeding after that age.

Developing countries often experience multiple insults 
with limited recovery time, leading to persistent height 
deficits.27 Gestational age was the only determining factor in 
the stunted non-catch-up group. Children born at preterm 
or premature gestational age are a protective factor for the 
occurrence of stunted non-catch-up (cOR= 0.26; 95% CI: 
009-0.74). A leading systematic review shows that global risk 
factors in the total number of attributable stunting cases were 
identified: fetal growth restriction (defined as being born at 
term and small for gestational age), premature, unimproved 
sanitation, childhood diarrhea, and short maternal stature. 

Table 4.	Distribution of Children according to Characteristics of the Child, Parents, Household, and Stunted Non-catch-up

No. Variables N %
Stunted non-catch-up

COR (95% CI) P-value AOR (95% CI) P-value

1 Sex Female 276 51.40 1 1
Male 261 48.60 0.95 (0.75 -1.19) 0.667 1.03 (0.57-1.87) 0.906

2 Birth weight Normal 421 78.40 1 1
Low 116 21.60 1.71 (1.12-2.60) 0.011 2.31 (1.11-4.79) 0.025*

3 Head circumference Normal 452 84.17 1 1
Small 85 15.38 2.20 (1.24-3.90) 0.006 2.82 (1.09-7.28) 0.031*

4 Infection 0-2 years No 389 72.44 1 1
Yes 148 27.56 0.97 (0.86-1.11) 0.734 1.08 (0.55-2.14) 0.807

5 Anemia status No 255 54.72 1 1
Yes 211 45.28 1.23 (0.95-1.58) 0.114 1.22 (0.68-2.19) 0.484

6 Duration of breastfeeding ≥6 months 377 70.20 1 1
<6 months 160 29.80 0.44 (0.21-0.69) 0.000 0.29 (0.13-0.66) 0.003*

7 Complementary food ≥6 months 201 37.43 1 1
<6 months 336 6.57 1.13 (0.97-1.32) 0.122 1.23(0.67-2.28) 0.493

8 Basic immunization 
0-2 years

Yes 165 30.73 1 1
No 372 69.27 1.05 (0.91-1.23) 0.498 1.49 (0.79-2.81) 0.213

9 Mother’s height Normal 440 81.94 1 1
short 97 18.06 4.11 (2.32-7.27) 0.000 2.97 (1.34-6.56) 0.007*

10 Gestational age Term 495 9.18 1 1
Preterm 42 7.82 0.26 (0.09-0.74) 0.006 0.36 (0.08-1.51) 0.165

11 Father’s nutritional status Normal BMI 364 67.78 1 1
Risk BMI 173 32.22 0.74 (0.54-1.03) 0.074 0.753 (0.41-1.36) 0.351

12 Mother’s nutritional status Normal BMI 468 87.15 1 1
Risk BMI 69 12.85 0.79 (0.48-1.29) 0.357 0.66 (0.36-1.22) 0.194

13 Father’s smoking habit No 172 35.54 1 1
Yes 312 64.46 1.03 (0.87-1.22) 0.675 1.30 (0.69-2.43) 0.413

14 Household income Quartile 4 134 24.95 1.21 (1.07-1.36) 0.022 1.16 (0.89-1.51) 0.250
Quartile 3 130 24.21
Quartile 2 138 25.70
Quartile 1 135 25.14

Note: Significant p <0.05 (95% CI); COR: Crude Odds Ratio, AOR: Adjusted Odds Ratio
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Low birth weight, low head circumference, short maternal 
stature, and breastfeeding duration <6 months are risk factors 
for the stunted non-catch-up status. Therefore, children 
who are not exclusively breastfed for six months are likely 
to experience stunting throughout their lives. A systematic 
review (14 studies) found that exclusive breastfeeding for the 
first six months of life, followed by continued breastfeeding 
for two years, has a protective effect against infection and 
stunting by providing an optimal source of nutrition for 
children.24

Low birth weight is strongly associated with stunting 
in children and can be persistent. Low birth weight can 
indicate fetal growth restriction in utero, a process that can 
contribute to linear growth faltering. A systematic review 
examined the association between a child's low birth weight 
and stunting as an outcome in countries in South Asia and 
Africa. In all studies, improved birth outcomes (i.e., increased 
birth weight or reduced low birth weight) were significantly 
associated with improved measures of child growth.24 The 
main risk factors affecting head circumference (HC) were 
found to be similar to those affecting body length. Low HC 
was significantly associated with stunting. Children who 
recorded low HC at birth continued to have low HC at all 
time points until two years of age. Stunting was significantly 
associated with low head circumference in the first two years 
of life. HC measurement can be a simple tool that can be 
additionally used by clinicians as well as parents/caregivers to 
monitor child growth and predict stunting.28 Low maternal 
stature was an important predictor of childhood height. 
The association between maternal stature and childhood 
height in Peruvian children remained significant even after 
controlling for environmental factors.11

A strength of our study is its longitudinal design, which 
provides a stronger relationship to predict the determinants 
of catch-up growth in children under five. Furthermore, the 
children included in the study are representative since they 
cover almost five major islands in Indonesia. In addition, 
we have height measurements that allow us to determine 
changes in nutritional status as the main dependent variable 
in this study. However, our study has several limitations; the 
catch-up growth was measured in children under five and 
not observed until adolescence. Also, the observed factors are 
only related to children, parents, and household income, and 
do not consider environmental factors and housing area.

CONCLUSION

Boys experience more stunted catch-up than girls. 
The nutritional status of the mother greatly determines the 
child's stunting status and catch-up growth. The late incident 
stunted and non-catch-up stunted groups is associated with 
head circumference, breastfeeding status, maternal height, 
and maternal nutritional status, while the stunted non-catch-
up group is also influenced by gestational age. Therefore, 
we recommend regular follow-up and additional follow-up 

assessments for each group of catch-up and non-catch-up 
children.

Statement of Authorship
All authors certified fulfillment of ICMJE authorship 

criteria.
 
Author Disclosure

All authors declared no conflicts of interest.

Funding Source
This study was supported by research funding from 

the PTNB Affirmation BPPDN scholarship, Ministry of 
Education, Culture, and Technology Research, Indonesia.

REFERENCES

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

2.	 Leroy JL, Frongillo EA. Perspective: What does stunting really 
mean? A critical review of the evidence. Adv Nutr. 2019 Mar 1; 
10(2):196–204. doi: 10.1093/advances/nmy101. PMID: 30668597; 
PMCID: PMC6416044.

3.	 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 Apr;7(2):163–71. doi: 
10.1017/S2040174415007175. PMID: 26399543.

4.	 Cameron L, Preece MA, Cole TIM. Catch-up growth or regression 
to the mean? Recovery from stunting revisited. Am J Hum Biol. 2005 
Jul–Aug;17(4):412–17. doi: 10.1002/ajhb.20408. PMID: 15849702.

5.	 Leroy JL, Ruel M, Habicht JP. Critical windows for nutritional 
interventions against stunting. Am J Clin Nutr. 2013 Sep;98(3): 
854–55. doi: 10.3945/ajcn.113.066647. PMID: 23902780; PMCID: 
PMC3726501.

6.	 Faye CM, Fonn S, Levin J. Factors associated with recovery from 
stunting among under-five children in two Nairobi informal 
settlements. PLoS One. 2019 Apr 18;14(4):e0215488. doi: 10.1371/
journal.pone.0215488. PMID: 30998790; PMCID: PMC6472785.

7.	 UNICEF. UNICEF Programme Guidance for the Second Decade: 
Programming with and for Adolescents [Internet]. 2018 [cited 2021 
Sep 1]. Available from: https://www.unscn.org/en/news-events/ 
recent-news?idnews=1863

8.	 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? 
Off Res – Innocenti Work Pap. 2018;WP-2018-12:1–31.

9.	 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 Sep;17(9):2131–37. doi: 10.1017/
S1368980013003017. PMID: 24001139; PMCID: PMC4028874.

10.	 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 Apr 9; 
15(1):1–11. doi: 10.1186/s12887-015-0458-9. PMID: 25886179; 
PMCID: PMC4396157.

11.	 Adair LS. Filipino children exhibit catch-up growth from age 2 to 12 
years. J Nutr. 1999 Jun;129(6):1140–48. doi: 10.1093/jn/129.6.1140. 
PMID: 10356073.

12.	 Desmond C, Casale D. Catch-up growth in stunted children: 
Definitions and predictors. PLoS One. 2017 Dec 7;12(12):e0189135. 
doi: 10.1371/journal.pone.0189135. PMID: 29216291; PMCID: 
PMC5720710.

VOL. 60 NO. 12 202696

Determinants of Catch-up Growth in Early Childhood



13.	 Zhang N, Bécares L, Chandola T. Does the timing of parental 
migration matter for child growth? A life course study on left-behind 
children in rural China. BMC Public Health. 2015 Aug 11;15(1): 
1–12. doi: 10.1186/s12889-015-2088-5. PMID: 26260131; PMCID: 
PMC4531505.

14.	 Pradeilles R, Norris T, Ferguson E, Gazdar H, Mazhar S, Bux Mallah 
H, et al. Factors associated with catch-up growth in early infancy 
in rural Pakistan: A longitudinal analysis of the women's work and 
nutrition study. Matern Child Nutr. 2019 Apr;15(2):e12733. doi: 
10.1111/mcn.12733. PMID: 30345717; PMCID: PMC6587826.

15.	 Richard SA, Black RE, Gilman RH, Guerrant RL, Kang G, Lanata 
CF, Mølbak K, Rasmussen ZA, Sack RB, Valentiner-Branth P, 
Checkley W; Childhood Malnutrition and Infection Network. Catch-
up growth occurs after diarrhea in early childhood. J Nutr. 2014 
Jun;144(6):965–71. doi: 10.3945/jn.113.187161. PMID: 24699805; 
PMCID: PMC4018956.

16.	 Checkley W, Epstein LD, Gilman RH, Cabrera L, Black RE. Effects of 
acute diarrhea on linear growth in Peruvian children. Am J Epidemiol. 
2003 Jan 15;157(2):166–75. doi: 10.1093/aje/kwf179. PMID: 
12522024.

17.	 Black MM, Walker SP, Fernald LCH, Andersen CT, DiGirolamo 
AM, Lu C, et al. Early childhood development coming of age: science 
through the life course. Lancet. 2017 Jan 7;389(10064):77–90. doi: 
10.1016/S0140-6736(16)31389-7. PMID: 27717614; PMCID: 
PMC5884058.

18.	 Lundeen EA, Stein AD, Adair LS, Behrman JR, Bhargava SK, 
Dearden KA, et al. Height-for-age z scores increase despite increasing 
height deficits among children in 5 developing countries. Am J 
Clin Nutr. 2014 Sep;100(3):821–25. doi: 10.3945/ajcn.114.084368. 
PMID: 25008851; PMCID: PMC4135497.

19.	 Fink G, Rockers PC. Childhood growth, schooling, and cognitive 
development: Further evidence from the Young Lives study. Am J 
Clin Nutr. 2014 Jul;100(1):182–88. doi: 10.3945/ajcn.113.080960. 
PMID: 24808485.

20.	 Strauss J, Witoelar F, Sikoki B. The Fifth Wave of the Indonesia Family 
Life Survey: Overview and Field Report: Volume 1. March 2016. WR-
1143/1-NIA/NICHD.

21.	 Casale D, Desmond C, Richter LM. Catch-up growth in height and 
cognitive function: Why definitions matter. Econ Hum Biol. 2020 
Aug;38:100853. doi: 10.1016/j.ehb.2020.100853. PMID: 32334342.

22.	 Jayalakshmi R, Kannan S. The catch-up growth in stunted children: 
Analysis of first and second India human development survey data. 
Indian J Community Med. 2019 Apr–Jun;44(2):199–204. doi: 10.4103/
ijcm.IJCM_291_18. PMID: 31333283; PMCID: PMC6628702.

23.	 Alam MA, Richard SA, Fahim SM, Mahfuz M, Nahar B, Das S, et 
al. Impact of early-onset persistent stunting on cognitive development 
at 5 years of age: Results from a multi-country cohort study. PLoS 
One. 2020 Jan 15;15(1):1–16. doi: 10.1371/journal.pone.0227839. 
PMID: 31940385; PMCID: PMC6961951.

24.	 Vaivada T, Akseer N, Akseer S, Somaskandan A, Stefopulos M, 
Bhutta ZA. Stunting in childhood: An overview of global burden, 
trends, determinants, and drivers of decline. Am J Clin Nutr. 2020 
Sep 1;112(Suppl 2):777S–791S. doi: 10.1093/ajcn/nqaa159. PMID: 
32844813; PMCID: PMC7727478.

25.	 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 Nov;140(11):1996–2001. doi: 10.3945/jn.109.118927. 
PMID: 20861217.

26.	 Syeda B, Agho K, Wilson L, Kumar G, Qasim M. Relationship 
between breastfeeding duration and undernutrition conditions among 
children aged 0–3 years in Pakistan. Int J Pediatr Adolesc Med. 2021 
Mar;8(1):10–17. doi: 10.1016/j.ijpam.2020.01.006. PMID: 33718573; 
PMCID: PMC7921038.

27.	 Richard SA, Black RE, Checkley W. Revisiting the relationship of 
weight and height in early childhood. Adv Nutr. 2012 Mar 1;3(2): 
250–54. doi: 10.3945/an.111.001099. PMID: 22516736; PMCID: 
PMC3648729.

28.	 Sindhu KN, Ramamurthy P, Ramanujam K, Henry A, Bondu JD, John 
SM, et al. Low head circumference during early childhood and its 
predictors in a semi-urban settlement of Vellore, Southern India. BMC 
Pediatr. 2019 Dec 7;19(1):1–11. doi: 10.1186/s12887-019-1858-9. 
PMID: 31812151; PMCID: PMC6898930.

VOL. 60 NO. 12 2026 97

Determinants of Catch-up Growth in Early Childhood


