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Comparison of Indonesian Growth Reference Chart and World
Health Organization Child Growth Standard in Detecting Stunting:
A Systematic Review and Meta-analysis of 15,874 Children
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What is already known on this topic?

The World Health Organization Child Growth Standards (WHOCGS) overestimates the stunting population in several countries, including
Indonesia. An accurate growth standard is needed to avoid overdiagnosis and overtreatment of stunting.

What this study adds?
This systematic review and meta-analysis combine the previous findings that compare WHOCGS and the 2018 Indonesian Growth
Reference Chart (IGRC). Pooled analysis showed that the IGRC resulted in a lower prevalence of stunted and severely stunted but not
normal and tall children.

Abstract

Recognition of an overestimation of stunted children in Indonesia when using the World Health Organization Child Growth Standards
(WHOCGS) led to the creation of the Indonesian Growth Reference Chart (IGRC) in 2005, with further improvement in 2018. This
systematic review aimed to determine whether there is a difference in the diagnosis of stunting when using these two charts. This
systematic review is registered in the PROSPERO database (CRD42021259934). Literature research was performed on PubMed, Science
Direct, Medline, Scielo, Medrxiv, Research Square, SSRN, and Biorxiv to identify studies published from 2018 onwards that examined
the comparison of IGRC and WHOCGS in detecting stunting. Three studies were included in this review. Pooled analysis showed that
IGRC resulted in a lower prevalence of stunted and severely stunted children [risk ratio (RR): 0.28 (95% confidence intervals (CI): 0.15-
0.51), p<0.0001, ’=97 %]. Comparison between IGRC and WHOGCS for prevalence of normal height children showed that there was
no difference, and this finding was not significant [RR: 1.56 (95% Cl: 0.92-2.66), p=0.1, =100 %], and the comparison for prevalence
of tall children also showed that there was no difference when using IGRC or WHOGCS, and this finding was also insignificant [RR:
2.02 95% CI: 0.78-5.20), p=0.14, ?=98%]. This meta-analysis showed that stunted and severely stunted Indonesian children are
over-represented using WHOCGS. The difference between IGRC and WHOCGS has occurred because of the sample population, as IGRC
includes children from all 33 provinces in Indonesia, better reflecting the growth of all children in Indonesia.
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Introduction It was previously believed that undernutrition was the

o i . ) leading cause of stunting (3), so aggressive nutrition has
Despite improvements in accessibility to basic needs, such

. . . been provided for stunted children, which resulted in
as food and water and primary medical care, stunting is still

prevalent amongst Indonesian children (1). Although the
percentage of children with stunting decreased to 11.6% in
2020, some provinces still have more than 20% of children
who suffer from stunting (2).

increased prevalence of obesity (4). Starvation inhibits
growth, but intervention at a nutritional level does not
show any beneficial effect (3). Similarly to other countries
that have adopted local reference growth charts, an
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overestimation of stunted children in Indonesia was
noted when using the World Health Organization Child
Growth Standards (WHOCGS) (5). Some other factors
may influence the potential growth of South East Asian
children, such as variation in genetic growth potential
and intergenerational epigenetic growth limitations (6).
When investigating stunted and stunting children, other
anthropometric measurements, such as body mass index
(BMI), skinfold thickness, or even height standard deviation
scores, need to be considered. This is because one or more
obvious clinical symptoms of malnutrition are present in
stunted children (3).

Therefore, an Indonesian Growth Reference Chart (IGRC)
was created in 2005 (7) and was further improved in
2018 (8). However, the adoption of IGRC is still slow, even
though there are apparent disparities between findings
using WHOCGS and IGRC (7,8). Therefore, the primary aim
of this systematic review was to determine whether there
is a difference in diagnosis of stunting when using these
two charts (2006 WHOCGS vs 2018 IGRC). The secondary
aim was to assess whether IGRC charts also detect normal
height children and tall children better than WHOGCS.

Methods

Eligibility Criteria

The Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) 2020 statement was followed in this
systematic review (9,10). The protocol for this systematic

review has been uploaded to the International Prospective
Register of Systematic Reviews (PROSPERO) database
(CRD42021259934).

The literature search was limited to the period from 2018
onwards, with no restrictions on language. The reason for the
timeframe restriction was because the version of IGRC used
in this study was published in 2018 (8). All cross-sectional
studies and cohort studies were eligible for inclusion in
this review. The inclusion criteria were children aged 0-60
months with their height measured and plotted against
both IGRC and WHOCGS. Exclusion criteria comprised
studies making comparison of stunting using charts other
than the specific two in question - IGRC and WHOCGS.
Abstracts, letters to the editor, and reviews were screened
for references to ensure literature saturation before they
were excluded.

Stunting was defined as length/height below -2 standard
deviation (SD) for children under the age of two, while
severe stunting was defined as length/height below -3 SD
for children under the age of three for both WHOCGS and
IGRC, taking into account their sexes.

Search Strategy and Study Selection

The literature search started on July 10, 2021, and ended
on the same day. The authors utilized four public databases,
PubMed, Science Direct, Medline, and Scielo, and four
different preprint databases, Medrxiv, Research Square,
SSRN, and Biorxiv. Table 1 contains a list of keywords used
to search each database.

Table 1. Keywords used in each database platform

Database
Medline

Keyword or medical subject headings

(((Indonesian[All Fields] AND (“federal government® [MeSH Terms] OR (“federal® [All Fields] AND “government* [All Fields]) OR

“federal government“ [All Fields] OR “national“ [All Fields]) AND (“growth and development* [Subheading] OR (“growth* [All
Fields] AND “development” [All Fields]) OR “growth and development® [All Fields] OR “growth* [All Fields] OR “growth* [MeSH
Terms]) AND reference[All Fields] AND “chart® [All Fields]) AND (WHO[AII Fields] AND (“growth charts* [MeSH Terms] OR
(“growth® [All Fields] AND “charts” [All Fields]) OR “growth charts® [All Fields] OR (“growth* [All Fields] AND “chart* [All Fields])
OR “growth chart” [All Fields]))) AND (“thinness* [MeSH Terms] OR “thinness“ [All Fields] OR “underweight“ [All Fields])) OR
(“growth disorders” [MeSH Terms] OR (“growth* [All Fields] AND “disorders® [All Fields]) OR “growth disorders® [All Fields] OR

“stunting“ [All Fields])
Research Square
Google Scholar
PubMed

(Indonesian growth chart) AND (WHO growth chart) AND (underweight) OR (stunting)
Indonesian growth chart AND WHO growth chart AND underweight OR stunting
((“indonesian* [All Fields] OR “indonesians® [All Fields]) AND (“growth charts® [MeSH Terms] OR (“growth* [All Fields] AND

“charts” [All Fields]) OR “growth charts® [All Fields] OR (“growth* [All Fields] AND “chart” [All Fields]) OR “growth chart* [All
Fields]) AND (“WHO" [All Fields] AND (“growth charts* [MeSH Terms] OR (“growth* [All Fields] AND “charts* [All Fields])
OR “growth charts* [All Fields] OR (“growth* [All Fields] AND “chart® [All Fields]) OR “growth chart* [All Fields]))) AND

(2018:2021 [pdat])

Science Direct

Scielo )
Medrxiv (Indonesian growth chart) AND (WHO growth chart)
Biorxiv (Indonesian growth chart) AND (WHO growth chart)
SSRN (Indonesian growth chart) AND (WHO growth chart)

(Indonesian growth chart) AND (WHO growth chart) AND (underweight) OR (stunting)
(Indonesian growth chart) AND (WHO growth chart) AND (underweight) OR (stunting)

AND (underweight) OR (stunting)
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Data Extraction and Quality Assessment

Three independent reviewers (CP, CT, and CF) compiled
the data in a standardized format, including demographic
characteristics of the included participants (age, sex, and
height) and prevalence of stunting according to IGRC and
WHOCGS. It was planned that if there was any missing data
needed for this systematic review in any identified study, the
corresponding author of the research would be contacted
directly.

The same independent reviewers conducted the quality
assessment of each study. The Newcastle Ottawa Quality
Assessment Scale (NOS) was used to assess the quality
of cross-sectional and longitudinal studies (11). Any
differences between NOS results were discussed until a
consensus was reached. If there were still any unresolved
disagreements, two expert reviewers (GSO and AJ) were
consulted, and the final decision was made based on their
expertise and consensus. A score of =7 was the cut-off
used for a study to be considered of good quality (11).

Statistical Analysis

The meta-analysis was carried out using the Review
Manager 5.4 (Cochrane Collaboration) software. The
risk ratios (RR) and their 95 percent confidence intervals
(Cl) were calculated using Mantel-Haenszel’s formula. In
contrast, the mean difference and its SD were calculated
using the Inverse Variance technique. Low, moderate, and
high degrees of heterogeneity was determined using the I?
statistic, with values of 25 percent, 26 percent -50 percent,
and > 50 percent, respectively. When the two-tailed p-value
was 0.05 or less, the results were considered significant.
Begg’s funnel plot analysis was used to estimate the
qualitative risk of publication bias.

Results

The study selection process is listed in Figure 1, where
ultimately, three studies were selected for inclusion in this
review (12,13,14). Two studies (12,13) had good quality
with a NOS of eight each, while Hilmy and Fatharani’s (14)
(2021) study only scored five using NOS (Table 2). All of the
studies were cross-sectional studies. There were 15,874
children included in total in this review, with 7372 children
being male (46.4%). Using WHOCGS, there were 7627
stunted children (48.04 %), while there were only 1884
stunted children (11.87 %) when plotted against the IGRC.

Three studies (n=15,874) reported on the prevalence
of stunted and severely stunted children. Pooled analysis
showed that IGRC resulted in a lower prevalence of stunted
and severely stunted children [RR: 0.28 (95% CI: 0.15-

98

0.51), p<0.0001, *=97%, random-effect modelling;
Figure 2A]. When comparing IGRC and WHOGCS in terms
of normal height children, pooled analysis of the three
studies (n=15,874) showed that there was no difference,
and this finding was not significant ‘RR 1.56 (95% CI: 0.92-
2.66), p=0.1, ’=100%, random-effect modelling; Figure
2B]. Lastly, pooled analysis of tall children from two studies
(n=15,656) showed that there was also no difference
between IGRC and WHOGCS, and this finding was also
insignificant [RR: 2.02 (95% CI: 0.78-5.20), p=0.14,
=98 %, random-effect modelling; Figure 2C]. The funnel
plot was not used to visualize publication bias as there were
less than ten studies (15).

Discussion

Several studies of the Indonesian population have
attempted to identify factors associated with stunting in
children (16,17,18). there is little consensus
on determinants that might be associated with stunting,
prompting doctors, researchers, and government officials
to discuss the potential of developing an IGRC. The need
for a local growth reference chart stems from reports that

However,

[ Identification of studies via databases and registers ]
o Records identified from:
PubMed=3
= Science Direct=590
2 Medline=65
E Scielo=0 Records removed before
= Medrxiv=0 | screening:
E Research Square=0 Duplicate records removed (n=0)
kel SSRN=0
Biorxiv=0
Google Scholar=543
—
Records screened
(n=1201)
i Reports not retrieved after
A screening titles and abstracts
> Reports smight for retrieval (n=1195)
g (n=1201) -
=
o
o
e i Reports excluded:
Comparing with CDC chart (n=1)
Reports assessed for eligibility Does not use the 2018 IGRC (n=2)
(n=6)

v

Studies included in review
(n=3)

Reports of included studies
(n=3)

Figure 1. PRISMA flow chart of this study
IGRC: Indonesian Growth Reference Chart
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WHOCGS is more likely to overdiagnose underweight and IGRC and WHOCGS is in the sample population. While
stunting in otherwise normal children (19). The result of this  WHOCGS includes children that have followed the feeding
meta-analysis supports this finding, as stunted and severely recommendations of the WHO, IGRC includes children
stunted were over-represented when using the WHOCGS in  from all 33 provinces in Indonesia which better reflects the
the three studies examined. The main difference between growth of children in the whole population of Indonesia

Table 2. Summary of studies included in this review

Author (year) Study location  Total sample Stunted Stunted Conclusion NOS
(% male) chlldre-n chlldre.n Selection Comparability =~ Outcome
according  according
to to IGRC
WHOCGS (%)
(%)
Novina et al (12) Bandung 12772 (b4.6) 7193 1698 The WHOCGS grossly 4 1 3
(56.31) (13.3) underestimates the
true prevalence of
malnourishment among
Indonesian children.
Flynn et al (13) Musi sub- 218 (49.5) 112 (51.4) 18 (8.3) In Musi sub-district, 3 2 3
district WHOCGS is not
appropriate for
reflecting child growth.
Hilmy and Blega sub- 2884 (50.8) 322 (11.2) 168 (5.8) When IGRC was used 2 1 2
Fatharani (14) district instead of WHOCGS,

the frequency of
stunting was twice
lower. More research is
required.

WHOCGS: World Health Organization Child Growth Standard, IGRC: Indonesian Growth Reference Chart, NOS: Newcastle-Ottawa Scale

A)
IGRC WHOCGS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total ight M-H, Rand 95% CI M-H, Rand 95% CI
Flynn 2020 18 218 112 218 29.7% 0.16[0.10, 0.25] —a—
Hilmy 2021 168 2884 322 2884 347% 0.52[0.44,062] =
Novina 2020 1698 12772 7139 12772 356% 0.24[0.23, 0.25] L]
Total (95% ClI) 15874 15874 100.0% 0.28 [0.15, 0.51] <>
Total events 1884 7573
Heterogeneity: Tau*= 0.27; Chi*=72.55, df= 2 (P < 0.00001); F= 97% '[!_[]1 0'1 1'0 100‘

Test for overall effect. Z= 4.09 (P < 0.0001) Fa;/ours IGRC Favours WHOCGS

B)
IGRC WHOCGS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% ClI
Flynn 2020 200 218 106 218 328% 1.89[1.64,2.17] =
Hilmy 2021 2253 2884 2195 2884 336% 1.03[1.00, 1.08] .
Novina 2020 10828 12772 5504 12772 336% 1.97 [1.93,2.01] L
Total (95% CI) 15874 15874 100.0% 1.56 [0.92, 2.66] <
Total events 13281 7805
Heterogeneity: Tau®= 0.22; Chi*= 1421.94, df= 2 (P < 0.00001); #=100% :EI 01 011 130 100:
Test for overall effect. Z=1.64 (P=0.10) . Fai/ours IGRC Favours WHOCGS
©)
IGRC WHOCGS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total ight M-H, Rand. 95% CI M-H, Rand 95% Cl
Hilmy 2021 463 2884 367 2884 50.7% 1.26[1.11,1.43]
Novina 2020 246 12772 75 12772 49.3% 3.28[2.54,4.24] k&
Total (95% Cl) 15656 15656 100.0% 2.02[0.78, 5.20]
Total events 709 442

Heterogeneity: Tau®= 0.45; Chi*= 43.44, df=1 (P < 0.00001); *= 98% f f |

Test for overall effect: Z=1.46 (P =0.14) K ngjours IGRC1Fav0urs V\;l—?OCGS o

Figure 2. Forest plot that demonstrates the association of stunting and severe stunting (A), normal height (B), and tall (C) children
when comparing IGRC and WHOCGS

WHOCGS: World Health Organization Child Growth Standard, IGRC: Indonesian Growth Reference Chart, CI: confidence interval
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(13). Genetic and unknown environmental factors are still
debated as the cause of differences between local growth
reference charts and WHOCGS population analyses (20).

Study Limitations

However, a local growth reference chart also has
limitations, including both statistical and practical
limitations (20). This might explain why there are no
differences in IGRC and WHOCGS in detecting normal
height children and tall children. As the local guideline
recommends using 2006 WHOCGS in children under five
years old, we suggest that the IGRC can be incorporated
when a child is stunted according to WHOCGS. If the
child is clinically normal and the IGRC detects that the
child is not stunted, these findings can be discussed and
explained to the parents.

Several caveats should be noted when comparing WHOCGS
and IGRC. While IGRC plots the development of 0-18
years old children, WHOCGS only plots for the 0-5 years
old. Comparing IGRC and WHOCGS is thus like comparing
apples with pears. The optimal growth chart, according to
Karlberg’s (21) infancy-childhood-puberty development
model, should include the whole growth spectrum, from
infancy to puberty, due to the significant variations in
growth rates in each phase of childhood and WHOCGS does
not do this.

There are several limitations of this review. Firstly, one
study has a low NOS, which indicates that the study is
not well-conducted and may have introduced a bias in
our synthesis. Secondly, there are only three studies that
could be included due to the limited number of studies
available. There was one study that was excluded because
the study used the 2005 IGRC instead of the 2018
IGRC (22). Lastly, there was significant heterogeneity
amongst the studies that study design or publication
bias might explain. However, despite the limitations, our
meta-analysis might provide a stimulus for clinicians,
researchers, or government bodies to conduct more
large, well-designed, prospective studies to investigate
the continuous growth of children in terms of weight and
height, in both Indonesia and other countries that have
noted discrepant findings between WHOCGS and local
growth reference charts.

Conclusion

The result of this meta-analysis showed that Indonesian
stunted and severely stunted children are over-represented
using WHOCGS compared to IGRC. This could be due to the
difference in sample population between the two growth

100

charts, because IGRC includes children from all 33 provinces
in Indonesia. Despite this, IGRC also has its limitations
which might explain why there are no differences in IGRC
and WHOCGS in detecting the prevalence of normal height
and tall children. Therefore, more well-designed, large,
prospective studies are still needed to investigate this matter
further.
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