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I. INTRODUCTION

Abstract

Adolescent girls are one of the groups that are prone to iron deficiency anemia because they have a high need for
iron for growth. Iron nutritional anemia in adolescent girls is at a higher risk because they are very concerned
about body shape (body image). Many limit their food consumption and follow a strict diet. Riskesdas 2018, the
prevalence of anemia in adolescents is 32%, meaning that 3-4 out of 10 adolescents suffer from anemia. Riskesdas
2018 data shows that 25,7% of adolescents aged 13-15 years and 26,9% of adolescents aged 16-18 years with
short and very short nutritional status. In addition, 8,7% of adolescents aged 13-15 years and 8.1% of adoles-
cents aged 16-18 years with thin and very thin conditions. In contrast, the prevalence of overweight and obesity
is 16,0% in adolescents aged 13-15 years and 13,5% in adolescents aged 16-18 years. The purpose of this study
was to determine the relationship between Body Mass Index (BMI) and the incidence of anemia in adolescent girls.
This study uses a meta-analysis study. Researchers carried out research data collection by browsing online jour-
nals, using the PubMed, ScienceDirect, and Google Scholar databases. Analysis of the results using the application
Review Manager 5.4.1. The results of this study are the BMI variable with the I? value obtained is 74% and the p -
value of the heterogeneity test < 0.05, meaning that the heterogeneity between studies is quite high. The Random
Effect Model produces a combined effect size value of 1,84 (95% CI 1,17-2,90) diamond with a significant test z
- value = 2,63, p = 0.009. The results of the meta-analysis of 9 articles showed that there was a tendency of the
relationship betwee BMI and the incidence of anemia in adolescent girls, with a p - value < 0,05, namely p = 0,009
and a pooled odds ratio value of 1,84 (95% CI 1,17 - 2,90).

© 2021 The Author(s). Published by TAF Publishing.

cent girls are one of the groups that are prone to iron nu-

Anemia is defined as a condition in which the level of
Hemoglobin (Hb) in the blood is lower than the normal
value for groups of people according to age and gender[1].
The criteria for anemia are based on the normal level of
hemoglobin in adult women is 12 mg/dL - 15 mg/dl and
in adult men is 14 g/dL - 18 g/dL. Community groups that
are prone to anemia are infants, toddlers, young women,
women of childbearing age, and pregnant women. Adoles-
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tritional anemia because they have a high need for iron for
growth [2].

Healthy adolescents under normal conditions have Hb lev-
els around > 12 g/dl. Adolescent girls are said to be anemic
if their Hb level is < 12 g/dl1. Adolescence is an age stage
that comes after childhood ends, characterized by rapid
physical growth. In general, anemia is more common in
women and young women compared to men, which is very
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unfortunate is that most sufferers do not know or do not re-
alize it; even when they know, they still consider anemia as
a trivial problem [3].

The incidence of anemia in adolescent girls in developing
countries, one of which is Indonesia, according to informa-
tion from the World Health Organization (WHO), is around
53,7% of all adolescent girls; anemia often attacks young
women due to stress menstruation or late eating. This can-
not be separated from what happened to teenagers scat-
tered throughout Indonesia. Based on the 2018 Riskes-
das data, the prevalence of anemia in adolescents is 32%,
meaning that 3-4 out of 10 adolescents suffer from anemia.
Riskesdas 2018 data shows that 25,7% of adolescents aged
13-15 years and 26,9% of adolescents aged 16-18 years
with short and very short nutritional status. In addition,
there are 8,7% of adolescents aged 13-15 years and 8,1% of
adolescents aged 16-18 years with thin and very thin con-
ditions. While the prevalence of overweight and obesity is
16,0% in adolescents aged 13-15 years and 13,5% in ado-
lescents aged 16-18 years [4].

Anemia in adolescent girls is currently one of the most com-
mon public health problems encountered in Indonesia. The
impact of anemia on adolescents can reduce concentration
and learning achievement, as well as affect productivity
among adolescents. Besides that, it also lowers the body's
resistance so that it is susceptible to disease. As a result
of long-term anemia in young women, young women who
will become pregnant will not be able to meet the nutri-
ents for themselves and their fetuses so that it can increase
the risk of maternal death, LBW prematurity, and perinatal
death [5, 6]. The causes of anemia are generally due to lack
of knowledge about anemia, lack of iron, folic acid, vitamin
B12, and vitamin A. Acute and chronic inflammation, para-
sitic infections, inherited disorders that affect hemoglobin
synthesis, lack of red blood cell production can cause ane-
mia [7, 8].

Adolescents with underweight nutritional status have 1,5
times the risk of experiencing anemia compared to adoles-
cents with normal nutritional status [9, 10, 11].

Nutritional status positively correlates with Hb levels,
meaning that the worse a person's nutritional status eats,
the lower his Hb levels. Malnutrition in adolescent girls of-
ten occurs due to wrong body image followed by restric-
tions on food consumption by not paying attention to nutri-
tion and health rules. Lack of iron intake in adolescents can
be caused by a lack of knowledge of adolescents about food
sources of iron and the role of iron for adolescents [12, 13].
In line with the research of Noviatiningsih et al. [14], which
found that there was a relationship between counseling in-
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formation from health workers. As a result, nutritional in-
take in quantity and quality is not in accordance with the
recommended Nutrient Adequacy Ratio (RDA). The recom-
mended average RDA for women in Indonesia aged 16-18
years with an average weight of 50 kg and height of 154 cm
isabout 2200 calories of energy and 50 grams of protein per
day [14, 15].

Anemia, which is characterized by a decrease in hemoglobin
levels in developing countries, is related to the economic
crisis, the occurrence of protein-energy deficiency, which
is manifested by low body BMI and upper arm circumfer-
ence (LILA), as well as low intake of iron sources (heme
and nonheme). Similarly, research conducted in Yogyakarta
showed that other factors that affect hemoglobin levels in-
clude BMI, individual and family health history, health be-
havior, and menstruation for women. Obesity can also af-
fect hemoglobin levels in the blood because it inhibits the
absorption of iron in the blood. Similar to the research by
Pinhas-Hamiel et al., which showed that iron levels had a
significant negative correlation with the Z-score of BM], i.e.,
with every increase in the Z-score of BMI, there was a de-
crease in iron levels [16, 17].

In line with Martini's research results [18], Akma Listiana's
research [19], and Mahmut Jaelani [20] showed a relation-
ship between BMI and the incidence of anemia in adolescent
girls. On the other hand, there are several other research
results, such as the research of Ikea Ekayanti [21], the re-
search of Irfan Ekasanti [22], and Sabuj Kanti Mistry [23],
stated that there was no relationship between BMI and the
incidence of anemia in adolescent girls.

Based on the results of the previous studies above, shows
that there are inconsistencies or differences in research re-
sults. The existence of these differences in results will con-
fuse future researchers in determining which results to fol-
low. Therefore, it is considered important to conduct a
meta-analysis study by combining several research results
regarding the relationship between BMI and the incidence
of anemia in adolescent girls. Thus, new quantitative data
will be obtained with a large number of subjects, and more
definitive conclusions can be drawn.

II. METHOD

This type of research is a meta-analysis study where the
researcher uses several articles to analyze empirical stud-
ies that previous researchers, quantitative research results
have carried out, and research results in a form that can be
compared, for example, mean correlation coefficient, and
odds-ratio.

Identification of research questions is a question that is
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used as the basis for conducting a review. As a reference
for formulating research questions, you can use "SPIDER":
S for Sample: adolescent girls, PI for Phenomenon of Inter-
est: Why is BMI with anemia in adolescent girls related or
unrelated, D for Design: Cross-Sectional, E for Evaluation:
there is a p-value and P. OR with 95% CI which can repre-
sent the situation in the actual population, R for Research
Type: Quantitative.

The research protocol is detailed planning that includes the
scope of the study, procedures, criteria for assessing qual-
ity (inclusion and exclusion criteria), and the scale of the
research to be carried out. The research protocol in the
meta-analysis can use the concept of Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
is this method is carried out systematically by following the
stages or the correct research protocol. Data search refers
to database sources such as Science Direct, PubMed, Google
Scholar, Research Gate, Garuda, which are adjusted to the
research title, abstract, and keywords used to search for
articles, namely “indeks Massa Tubuh (MT)," "status gizi,"
"anemia remaja Puteri," "BMI," "nutritional status," "anemia
adolescent girls."

Screening of research data begins with screening the ti-
tle of research articles on search results in the databases
of Google Scholar (Google Scholar), Science Direct, Garuda
Portal (indexed by SINTA 1-4), and PubMed. Research
screening begins by looking for titles that have the same
variables. Then the screening was continued to the research
objectives in the articles obtained. After the title screen-
ing process is complete, the research objectives on the ar-
ticles obtained in the screening are also adjusting the ob-
jectives to the problems taken. Research articles with simi-
lar research objectives. Then proceed with abstract screen-
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ing. The research method is homogeneous in the abstract.
The final stage of screening carried out is to scan the arti-
cle as a whole (full-text article) to assess whether the re-
search articles filtered in the search results are similar arti-
cles overall. Journal quality assessment is carried out using
the Critical Appraisal Skills Program (CAPS) table and data
synthesis using the SPIDER format (Sample, Phenomenon
of Interest, Design, Evaluation, and Research type). The
search strategy is carried out by referring to the protocol
that has been created and determines the location or source
of the database (PubMed and Google Scholar) for data re-
trieval. Searches were made on these databases, named
Google Scholar (in Indonesian for Sinta 1-4 indexed arti-
cles) and PubMed (in English). The search time is carried
out from January 20, 2021 to April 14, 2021. The process of
screening and extracting search results articles based on the
keywords that have been searched is carried out according
to PRISMA. Then the data synthesis was carried out using a
meta-analysis technique (forest plot) using the Comprehen-
sive Meta-Analysis Version statistical application.
Sampling in this study used a purposive sampling tech-
nique, which is a sampling technique by selecting a sam-
ple among the population in accordance with what the re-
searcher wants (objectives and problems in the study) so
that the sample can represent the characteristics of the pop-
ulation that have been known previously. Based on the
known characteristics of the population, selection criteria
are made.

Criteria for selecting articles in journals include inclusion
and exclusion. Inclusion criteria are all aspects that must
exist in a study that we will review, and exclusion criteria
are factors that can cause a study to be unfit for review. In-
clusion criteria include:

TABLE 1
RESEARCH INCLUSION CHARACTERISTICS OF THE RELATIONSHIP BETWEEN BMI AND THE INCIDENCE OF
ANEMIA IN ADOLESCENT GIRLS

Criteria Inclusion

Time period C1 Maximum period of journal publication is 5 years (2016-2020)

Language C2 Indonesian and English

Subject C3 Young girl

Journal type C4 Original research article full text available

Journal theme and content C5 The relationship between BMI and the incidence of anemia in ado-
lescent girls

Research design C6 Cross-Sectional Study

DataBase C7 Accredited national journals and reputable international journals

Research result C8 There is a p-value and Prevalence Ratio (CI 95%)
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III. RESULTS AND DISCUSSION
The search was conducted on three databases, namely: Sci-
ence Direct, Google Scholar, and PubMed. In the Google
Scholar database, the results obtained are 2.720 for Indone-
sian and 23.600 for English when searched. In the PubMed
database, 22 results were obtained. Science Direct found
1.248. Articles that were excluded because they did not
meet the inclusion criteria were 22.981. So that a total of
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1.889 articles were filtered based on the title, abstract, and
full text. Next, the article is reviewed in the abstract. Ar-
ticles with potentially relevant abstracts will then be re-
viewed in full text. Meanwhile, articles that are not rele-
vant are excluded 1.880 articles were excluded. From this
review, 9 articles were included in the systematic review
and entered the inclusion criteria and were included in the
quantitative synthesis of the meta-analysis.

Body Mass Index (BMI)
TABLE 2
CHARACTERISTICS OF BMI VARIABLES
No Researcher Publication Year N(sample) P-value P-OR CI95%
1 Fransiske 2019 172 0,034 2,048 1,040-4,035
2 Jaelani 2017 100 0,000 5405 1,522-18,465
3 Liliana 2016 255 0,002 2,329 1,377 -3,937
4 Mengistu 2019 443 0,0047 3,2 1,43-7,05
5 Yulianingsih 2020 306 0,009 0,518 0,315-0,851
6 Fentie 2020 551 0,01 231 091-545
7 Ekasanti 2020 97 0,468 1,818 0,580 - 5,700
8 Jayanti 2020 84 0,448 2,217 0,221-22,254
9 Mistry 2019 1.314 0,093 1,42 1,0-2,1
Total Sample 3.322

The results of data analysis from 9 research articles regard-
ing the relationship between BMI and the incidence of ane-
mia in adolescent girls are p-value = 0,0002, then the null
hypothesis is accepted. This proves that all studies have un-
equal effect sizes. The variance in the effect size includes the
variance in the actual effect size of the research study, the I

value obtained is 74%, and the p-value of the heterogene-
ity test is < 0,05, meaning heterogeneity between studies
is high. The results of the analysis show that the variation
between studies is heterogeneous, so the model used to cal-
culate the combined effect is the random effect model.

TABLE 3
HETEROGENEITY TEST RESULTS
Heterogeneity
Tau squared Chi-square df(Q) P-value [ squared
0,31 30,37 8 0,0002 74%

The results of data analysis from 9 research articles regard-
ing the relationship between BMI and the incidence of ane-
mia in adolescent girls are p-value = 0,0002, then the null
hypothesis is accepted. This proves that all studies have un-
equal effect sizes. The variance in the effect size includes the
variance in the actual effect size of the research study; the
12 value obtained is 74%, and the p-value of the heterogene-
ity testis < 0,05, meaning heterogeneity between studies is
high. The results of the analysis show that the variation be-
tween studies is heterogeneous, so the model used to calcu-
late the combined effect is the random effect model.

ISSN: 2517-9616
DOI: 10.20474/jahms-7.2

The results of data analysis from 9 research articles regard-
ing the relationship between BMI and the incidence of ane-
mia in adolescent girls are p - value = 0,0002, then the null
hypothesis is accepted. This proves that all studies have un-
equal effect sizes. The variance in the effect size includes the
variance in the actual effect size of the research study, the I?
value obtained is 74%, and the p - value of the heterogene-
ity test is < 0,05, meaning heterogeneity between studies
is high. The results of the analysis show that the variation
between studies is heterogeneous, so the model used to cal-
culate the combined effect is the random effect model.
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ekasanti 2020 05977 045828 8.3% 1.82 [0.58, 5.70] ]
Ekayanti 2020 08202 11887  31%  2.27[0.22, 2334
Fentie 2020 08372 0328 13.0% 231 [1.22,4.37) —
Fransiska 20149 07169 03457 126% 2.05[1.04,4.03] —
Jaelani 2017 16873 DE4BE  74%  5.40[1.52,19.19] e —
Listiana 2016 08454 02681 14.1% 2.3371.38, 3.84] —
Mengistu 2019 11632 0411 11.3% 3.20[1.43,7.16) B
Mistry 2017 03507 01789 15.8% 1.42101.00, 2.0 =
Yulianingsih 2020 -06478 02538 14.4% .52 [0.31, 0.84] —
Total (95% Cl) 100.0% 1.84 [1.17, 2.90] <
Heterogeneity: Tau®=0.31; Chi®= 3037, df= 8 (F = 0.0002); F=T4% 'n.m DH 1'I2| 1E|D'

Test for overall effect 7= 263 (F=0.009)
Fig. 1. Forest Plot BMI

TABLE 4
EFFECT SIZE OF COMBINED RESEARCH ON BMI VARIABLES

Effect Size and 95% CI Significant Test
Model Number of Research  Combined Effect Lower limit Upper limit Z P
Random 9 4,8509 0,1789 1,1887 2,63 0,009

It can be seen that the analysis using the Random Effect
Model resulted in a combined effect size value of diamond

that the null hypothesis is rejected, in other words, there is
a relationship between BMI and the incidence of anemia in

of 1.84 (95% CI 1,17-2,90) with a significant test z-value = adolescent girls.
2,63 p-value = 0,009. Because the p-value < 0,05, this means
g SE(0gIORD) .
o ©
g
0.5+ 1
? o
o
1.5 i
. . . o,
.01 o 1 10 100
Fig. 2. Funnel Plot BMI
The plot in the picture has publication bias because it is analysis.

marked by the asymmetrical distribution of plots on the
right and left of the vertical line, the number of plots on the
right and left but uneven, and 2 plots touching the vertical
line. Plots above the curve indicate that the study has a high
effect size, while studies with plots below the curve indicate
that the study has a low effect size, and plots that touch the
vertical line indicate that the study causes bias in the meta-
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The results of data analysis from this study indicate that
there is a relationship between BMI and the incidence of
anemia in adolescent girls. This is evidenced by the overall
effect p test value of less than 0,05, namely p = 0,009. The
pooled odds ratio value is 1.84 with a 95% confidence in-
terval of 1,17 - 2,90, so it can be concluded that BMI tends
to be 1,84 times, increasing the incidence of anemia in ado-
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lescent girls. The average effect size is 0,5126, which means
that BMI has a moderate effect on the incidence of anemia
in adolescent girls.

The results of the analysis of 6 research articles which
stated that there was a relationship between BMI and the
incidence of anemia in adolescent girls showed that the
pooled odds ratio value was 2.00 with a 95% confidence in-
terval of 1,02 - 3,91, overall effect (combined effect) also
produces a Z value of 2,02 and a p-value = 0,04. Statistically,
the overall effect is significant if the p-value < 0,05, so it can
be concluded that for this group of articles, there is a rela-
tionship between BMI and the incidence of anemia in ado-
lescent girls. Thus, the BMI tends to increase 2,00 times the
incidence of anemia in adolescent girls.

In Fig 2 the forest plot is the result of synthesis in the meta-
analysis that describes the conclusions drawn from several
similar studies, which were combined together with the ef-
fect size value of each study and the combined effect size
value. In the forest plot, there is a small black box B this
is the estimated effect in each study, and (-) the horizontal
line in the small box is the 95% CI value; the narrow hor-
izontal line of the CI value indicates good precision and is
always more informative than the CI wide, if the sample is
small then the horizontal line will be wide. Then in the form
of diamond ¢ which is the effect size value of the combined
study with a certain confidence interval confidence.

Based on the results of the effect size value, the largest value
in the group of unrelated articles was 0,6502, which showed
a tendency for a moderate effect, so the researchers con-
cluded that BMI was associated with the incidence of ane-
mia in adolescent girls with a moderate effect. The average
value of the largest effect size is 0,6502 from the analysis
of the group of articles which states that there is no rela-
tionship between BMI and the incidence of anemia in ado-
lescent girls, while the average effect size in the group of
articles which states there is a relationship is 0,3750. So
it can be concluded that BMI has no relationship with the
incidence of anemia in adolescent girls and has a moder-
ate effect on the occurrence of anemia in adolescent girls.
The absence of this relationship could be due to the data in
unrelated studies being homogeneous compared to related
studies with heterogeneous data.

Effect size is a measure of the magnitude of the effect of a
variable on other variables, the magnitude of the difference,
and the relationship, which is free from the influence of the
size of the sample [24]. The related variables are usually
in the form of response variables, also called independent
variables and outcome variables or often called dependent
variables. Effect size can also be considered as a measure
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of the meaningfulness of research results at a practical level
[25, 26].

This measure is needed because statistical significance does
not provide meaningful information regarding the magni-
tude of the difference or correlation. Statistical significance
only describes the probability that a statistic with a certain
value will appear in a distribution [27].

From the results of the synthesis of articles, there are 6 ar-
ticles which state that there is a relationship between BMI
and the incidence of anemia in adolescent girls, namely re-
search by Jaelani [20], Listiana [19], Martini [18], Mengistu
[28], serta Yulianingsih [29]. In research by Martini [18],
Nutritional status based on BMI shows the relationship be-
tween nutritional status BMI and the incidence of anemia
in adolescent girls. Adolescents with a lean BMI have a
3.1 times risk of experiencing anemia compared to adoles-
cents with normal nutritional status (OR = 3,059 (95% CI
1,425-6,761). Food consumption is related to nutritional
status; if the food consumed has good nutritional value,
then the nutritional status is also good. Good nutrition can
be achieved by providing balanced food for the body accord-
ing to the needs, and lack of nutrition describes the imbal-
ance of food consumed with human needs.

In line with Listiana's research [19] states that there is a sig-
nificant relationship between BMI and the incidence of ane-
mia in adolescent girls. Based on the results of the analysis,
the value of OR = 2,329 means that young women whose
BMI is not normal to have a 2,329 times risk of developing
anemia compared to young women whose BMI is normal.
The wrong diet or diet will result in not optimal growth in
adolescents. BMI is an indicator of nutritional status be-
cause it can express both other anthropometric measure-
ments [30].

Research by Jaelani [20] stated that there was a significant
relationship between nutritional status using BMI and the
incidence of anemia in adolescent girls with an OR = 5,301
which means that in this study, female adolescents who
had an abnormal BMI had a 5,301 risk of experiencing ane-
mia compared to female adolescents. Who have a normal
BMI. From the results of the study, adolescents with anemia
reached 53,5% who had an abnormal nutritional status of
BMI.

Research by Thamban [31], also found that BMI was sig-
nificantly associated with anemia in adolescent girls with
a p-value = 0.000. Anemia and abnormal BMI are two
nutritional disorders worldwide, especially in developing
countries. Underweight, overweight, and obese adolescents
are prone to anemia, especially adolescent girls. Adoles-
cents, especially young women, are most susceptible to ane-
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mia problems and increase the risk of maternal, neonatal,
and child mortality. Anemia during adolescence can im-
pair physical and mental development, impair behavioral
and cognitive development, reduce physical fitness, reduce
work performance and even contribute adversely to preg-
nancy.

In addition to seeing the magnitude of the combined effect
of the 9 journals, the funnel plot images in this study rep-
resent the presence of bias or not. The funnel plot shows
publication bias. If there is no bias, the plot will form a sym-
metrical distribution. If there is a bias, the funnel plot will
appear asymmetrical, with gaps on the right and left sides
of the graph. The funnel plot in this study shows a publica-
tion bias which is indicated by the asymmetric distribution
of the plot (dots) bounded by vertical lines. This bias may be
due to the fact that smaller studies did not show a statisti-
cally significant effect and were not published, resulting in a
publication bias. Funnel plot asymmetry is often attributed
to publication bias without consideration of other possibil-
ities. Publication bias is only one of several reasons that al-
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low funnel plots to be asymmetrical [32]. We would like to
thank the Faculty of Medicine, Lambung Mangkurat Univer-
sity supported this research.

IV. CONCLUSION
Based on the results of meta-analysis and synthesis of data
from previous research articles that match the inclusion cri-
teria, it can be concluded that there is a relationship be-
tween BMI and the incidence of anemia in adolescent girls
with p-value < 0,05, namely p = 0,009.
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