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Anemia in Indonesia has been of concerning persistence in all age groups for some 75 years since independence. 
The relationships between anemia and nutrition are complex being evident with compromised general health and 
nutrition. Increased micronutrient intakes, especially iron and folic acid, has alleviated the problem, but encour-
aged nutrient-specific micronutrient interventions as attractive policy directions as if anemia were a stand-alone 
disease irrespective of associated disorder. Concerted action to deal with the fundamental causality has been 
missing. Much of the pathogenetic pathway may be nutritional, but its multifactoriality is ultimately socioecolog-
ical. Given the intransigence and progression of societal and ecosystem dysfunction, it can be expected that fail-
ure to recognize their causal importance will further entrench endemic anemia. This review deliberates the practi-
cal measures taken to recognize anemia by symptomatology, food and nutrition surveys, screening (fingerpick 
blood), nutrition assessment, and blood loss (menstrual and faecal). It identifies vulnerable groups including 
premenopausal and pregnant women, children and adolescents, unwell adults, and the dependent aged. Risk set-
tings include food insecurity, infectious disease, non-communicable disease, inheritance and epigenetics, and so-
cioeconomic disadvantage. Underlying socio-ecological problems are livelihood, food systems, cultural habits, 
belief systems, and social networks and activities. With this framework, policy directions could deal more com-
prehensively and effectively with the socioecological complexity which underpins and limits progress towards 
anemia eradication at a time of intense global food and health insecurity. It will require co-operative intersectoral 
and eco-nutritional approaches which take into account the need for universal, sustainable livelihoods. 
Recommendations have been made accordingly. 
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INTRODUCTION 
Anemia is still prevalent worldwide, including in 
Indonesia.1-5 It accounts for widespread morbidity which 
may be as non-descript and under-diagnosed as fatigue or 
as grave as intergenerational ill-health on account of 
compromised pregnancy.6-8 Consecutive 5-year 
Indonesian Basic Health Research reports in 2008, 2013 
and 2018 showed the persistent prevalence of anemia in 
various at-risk people. In 2008, the prevalence of anemia 
was 19.7%, 13.1%, and 9.8% in adult women, men, and 
children, consecutively.9 In 2008, anemia data on 
pregnant women could not be considered due to the small 
sample size. In 2013, the prevalence of anemia were 
29.7% and 26.5% in under-five boys and girls; and 22.7% 
and 37.1% in adult women and pregnant women.10 In 
2018, the prevalence of anemia were 27.2%, 20.3%, 
38.5%, and 48.9% in adult women and men, under-five 
children, and pregnant women consecutively.11 Anemia 
affects any at-risk population, under-five children,

 
 
adolescents, reproductive-age women, pregnant women, 
and the aged. Although national data on anemia of the 
aged are not available, in a selected group of urban 
Indonesian elderly, Juguan et al reported that anemia was 
common, and the prevalence was 25% and 32% in 
elderly men and women, respectively.12 Clearly, anemia 
with its determinants and various health and non-health 
consequences, contribute to significant public health 
problems in Indonesia. 
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The understanding of erythropoietic and iron physiolo-
gy and the development of improved screening and 
diagnostic tools now enable more accurate typing for cau-
sality.13 Pathogenetic biomarkers now include ferritin, 
transferrin saturation, hepcidin and erythropoietin,14-16 
along with inflammatory markers, enabling more distinc-
tion to be made between nutrient deficiency inflammatory 
anemias and other underlying disease such as chronic 
kidney disease and, in older people, the myelodysplastic 
syndrome.13 The ready availability of a medical and nutri-
tional history, a physical examination, finger prick blood 
for haematocrit, haemoglobin and microscopy for red cell 
morphology (and smears for malaria) still go a long way 
towards establishing the presumptive anemia type (refer 
to Table 2). However, in many developing countries, 
including Indonesia, it continues to be regarded principal-
ly as nutritional anemia, and is further presumed to be 
iron-deficiency anemia.8,13,17-23 It is understandable given 
that WHO indicates that iron deficiency is the most com-
mon cause of anemia globally24 and the Global Burden of 
Disease (GBD) reports now refer to inappropriate food 
intakes as risk factors or ‘iron deficiency’, rather than 
anemia, not being a disease, but a manifestation of vari-
ous diseases.25,26 Consequently, iron supplementation has 
been the policy priority to alleviate anemia. Decades of 
this type of program with increasing budget and different 
levels of compliance throughout the autonomous 
provinces and districts across archipelago of Indonesia 
has not demonstrated uniformly positive outcomes.27 
Fortification and the emerging biofortification of staple 
foods provide promising food-based approach, but await 
appropriate evaluation.27 

With the escalating prevalence of non-communicable 
disease (NCD) and its underlying inflammatory 
mechanisms, the anemia of inflammation is of increasing 
relevance.28-30 Individuals with long-term pharmacothera-
py for NCDs, may also suffer from chronic occult blood 
loss contributing to the development of anemia.3 Like-
wise, the major endemic public health problems of 
pulmonary tuberculosis (TB) and helminthiasis, 
contribute extensively to the incidence and prevalence of 
anemia.3,30 In a tropical country like Indonesia, the 
benefits and risks of iron and folate tablet 
supplementation programs in areas endemic for malaria 
and TB cannot be overlooked.30 

The genetics and epigenetics of anemia in Indonesia 
and the extent to which they contribute to anemia preva-

lence and its inadequate rectification by intervention 
programs are being clarified.31 Anemia as found in Indo-
nesia is complex in its underlying risk factors and ulti-
mate causality, and in its related health and non-health 
consequences.  

Indonesia is the largest economy in Southeast Asia re-
gion and the world’s 10th largest economy in term of pur-
chasing power. In term of population, Indonesia has a 
huge number of populations, which is about 250 million 
people in 2016. This makes Indonesia as the world’s 
fourth most populous nation. Prior to the COVID-19 
pandemic, it is predicted that by 2030, Indonesia will 
emerge as 7 largest economy in the world with $1.8 tril-
lion market opportunity.32 Therefore, alleviation of 
anemia is the cornerstone in materializing this prediction. 
It is timely to call for another review of anemia and 
recommend a better strategic approach in formulating the 
near future policies. 
 
DEFINITIONS OF ANEMIA AND NUTRITIONAL 
ANEMIA 
Anemia is arguably not a disease, but a manifestation of 
net erythropoiesis based on various underlying disorders 
or diseases. It is not generally defined but described by 
hematologic biomarkers, like low hemoglobin, low 
hematocrit concentrations, and low red blood cell counts, 
unable to meet the body’s physiologic needs. In 
Indonesian communities, anemia is often regarded as a 
health complaint ‘kurang darah’ (lack of blood) and 
‘pucat’ (pale). The World Health Organization uses 
hemoglobin concentration to define anemia and its 
severity (Table 1).33 

Several approaches have been applied to classify 
anemia. In the hematologic literature, morphologic 
evaluation of red blood cells is used to classify anemia as 
presented in Table 2.34,35 By using cytometric methods, it 
is nowadays possible to quantify the volume and size of 
red blood cells, and as a substitute for microscopic blood 
smear analyses, although the latter has its own value in 
diagnosing various blood disorders. Morphologic types of 
red blood cells indicate the potential causes of anemia.5,34-

36 
Nutritional anemia is that seen in association with nu-

tritional deprivation or requiring conjoint nutritional 
management.37 This may be evident with chronic energy 
deficiency (CED),7 sub-optimal intakes and reduced bio-
availabilities of haematinic nutrients (limited dietary di-

 
Table 1. Haemoglobin levels to diagnose anaemia at sea level (g/L) 
 

Population Non-anaemia† Anaemia‡ 
Milda Moderate Severe 

Children 6-59 months of age 100 or higher 100-109 70-99 lower than 70 
Children 5-11 years of age 115 or higher 110-114 80-109 lower than 80 
Children 12-14 years of age 120 or higher 110-119 80-109 lower than 80 
Non-pregnant women (15 years of age and above) 120 or higher 110-119 80-109 lower than 80 
Pregnant women 110 or higher 100-109 70-99 lower than 70 
Men (15 years of age and above) 130 or higher 110-129 80-109 lower than 80 
 
References33,36 
†Hemoglobin in grams per litre. 
‡“Mild” is a misnomer: iron deficiency is already advanced by the time anemia is detected. The deficiency has consequences even when 
no anemia is clinically apparent. 
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versity and food intake quality, vitamins, elements, 
essential fatty acids, and other bioactive food compo-
nents),37 excessive nutrient loss by way of the gut (malab-
sorption, intestinal parasitosis, atrophic gastritis), repro-
ductive tract (menstrual loss, lactation), integument or 
intravascular haemolysis (inherited or acquired including 
malaria),31 with inflammatory diseases (including over-
fatness) and in association with a wide range of chronic 
diseases.30 It is responsive, at least in part, to nutrition 
support if an oral, enteral or parenteral portal is available 
and losses can be met by intake or the underlying cause 
addressed. Non-nutritional anemia is where none of these 
situations apply. 
 
UNDER RECOGNITION OF OTHER CAUSES AND 
RISK FACTORS OF ANEMIA AND 
MISCONCEPTION OF NUTRITIONAL ANEMIA 
Many stakeholders have perceived nutritional anemia to 
be iron-deficiency anemia. Iron-deficiency anemia has 
been diagnosed without the assessment of iron status. 
This perception obtains because iron-deficiency anemia 
represents about half of nutritional anemia in developing 
countries including Indonesia, and because iron  
supplementation with acceptable recipient compliance  
has partly improved hemoglobin concentrations,4,7,38 and, 
therefore, reduced morbidity and mortality related to 
IDA.39-41 However, some  reports indicate that anemia 
associated with iron deficiency is much less than 50% in 
reproductive age women, especially in developing 
countries,  where the prevalence of anemia may be  >40%,  
with a high burden of infection and inflammation.2,29 
Meta-analysis  of anemia in pregnant Indonesian women, 
Lipoeto et al7 have demonstrated that chronic energy 
deficiency, not iron deficiency, is the key determinant of 
anemia. Therefore, to reduce the burden of anemia in 
reproductive age Indonesian women by 50% in 2030 (as 
stipulated by the World Health Assembly and  the Food 
and Agriculture Organization  SDGs - Sustainable Devel-
opments Goals as Target 2.2),42 it is timely to consider 
other underlying causes of anemia in Indonesia like 
infection burden, and implement targeted intervention 
strategies.  

Indonesia has the second  highest incidence of 
tuberculosis (TB) after India.43 WHO acknowledges that 
TB is a communicable disease that is a major cause of ill 
health, one of the top 10 causes of death worldwide and 
the leading cause of death from a single infectious agent 

(ranking above HIV/AIDS).Nutritional factors are in-
volved in susceptibility to it in Indonesia.44 Without 
adequate treatment, chronic TB infection leads to 
malnutrition with further health consequences like 
anemia.45-48 In a case-control study, Karyadi et al49  
reported that 60% of active TB patients vs 20% of 
healthy controls were anemic.50 Anemia in TB individuals 
is  related to inflammation as evidenced by high ferritin 
concentrations in TB-associated anemia,48,51 and adequate 
treatment of TB, not iron supplementation, to some extent, 
improve the hemoglobin status. Excess of iron due to iron 
supplementation to active TB sufferers potentially leads 
to exacerbation of TB and worsen the outcome of TB  
since M tuberculosis scavenges iron from the host-cell 
transferrin-iron acquisition pathway, which enhances its 
growth in the alveolar macrophages.52,53 

Malaria is highly endemic in the eastern part of 
Indonesia, namely East Nusa Tenggara and Papua.31,54  It 
is evident in many studies that in malaria-endemic 
malaria, anemia, so called malaria-associated anemia, is 
prevalent. The pathophysiology of anemia is described by 
Malik et al.31 In the eastern part of Indonesia, malaria-
associated anemia may worsen  anemia related to 
malnutrition,1,8,9 helminthiasis,55 and inherited disorders 
related to red blood cells like hemoglobinopathies.31 

In malaria endemic areas, anemia and iron/folate 
deficiency seem to protect individuals against malaria 
infection.31,56-59 Despite the unknown definitive 
mechanisms for this phenomena, available data revealed 
that iron supplementation to young children living in an 
endemic area may increase the risk of malaria-related 
hospitalization and mortality.60-63 Morbidity among 
breast-fed infants given iron supplementats is dependent 
on hemoglobin concentration being greater when Hb was 
≥110 g/L.64 Reticulocytosis stimulated by iron supple-
mentation,64 with a younger and  larger  RBC population  
increases their susceptibility  to the malarial parasite  and 
may lead to overwhelming parasitosis, especially in in-
fants.63,65  

In pregnant women, malaria-associated anemia is 
complex. It leads to adverse pregnancy outcomes like  
low-birth weight due to preterm delivery and intra-uterine 
growth retardation, most likely caused by placental 
malaria.66-68 Iron deficiency may confer protection against 
malaria and all-cause mortality during early childhood, 
while needed for optimal neurodevelopment.57 The 
management of anemia in malaria-endemic areas needs 

Table 2. Morphologic assessment of anemia, and its potential risk factors and causes. 
 
Morphology of anemia MCV Risk factors and causes 
Microcytic MCV <82fL Iron deficiency 

 Anemia of inflammation (chronic disease) 
 Thalassemias 
 Vitamin A deficiency 

Normocytic MCV=82–98fL Anemia of inflammation (chronic disease) 
 Renal disease 
 Bone marrow failure (aplastic anemia, leukemia) 

Macrocytic MCV >98fL Folate deficiency 
 Vitamin B12 deficiency 

 
MCV: mean corpuscular volme. 
References5,34,35. 
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consideration of  whether at-risk people have access to  
effective  primary health care; and whether effective 
malaria case management is in place.31,56,66 Malaria 
management and prevention arrangements must be in 
place  prior to iron and folate supplementation. 
Interventions with biofortified grains and legumes, and 
bioavailability generated by food biodiversity, are safer 
and more preferable than iron and or folate 
supplementation. Since helminthiasis may co-exist with 
malaria and contribute to anaemia as well, its conjoint 
management is also required.31,56,66,69 
 
THE NEED TO ADDRESS INTERSECTORAL AND 
ECO-NUTRITIONAL DESCRIPTION IN ANEMIA 
AND NUTRITIONAL ANEMIA 
Perhaps one of the major weaknesses in many literatures 
on anemia and nutritional anemia of any forms, is the lack 
of eco-nutritional description. It has become apparent that 
human biology is strongly associated with its ecosystem, 
and, any disturbances, potentially lead to ecosystem 
health disorders.71,72 As a megadiverse country, Indonesia 
is rich in plant foods and animal species, which support 
hematinic nutriture for its population. Therefore, it is fair 
to assume that iron- and vitamin B-rich foods are 
available in the daily life of Indonesian communities. In 
available publications of nutritional anemia, data on how 
background dietary patterns and consumption of iron- and 
vitamin B-rich foods are very limited. Consumption of 
varied food does not only mean consumption of iron-rich 
foods, but also means consumption of vitamin C-rich 
foods, given vitamin C enhances iron absorption. This 
may mean a reduction in phytate-rich foods consumption, 
as phytate inhibits iron absorption, but this is better man-
aged by the inclusion of foods with phytase which retain 
inositol since phytate is a hexaphosphate. There is evi-
dence that inositol is protective against metabolic disease, 
as in diabetic neuropathy.72,73 This illustrates the ad-
vantage of consumption of biodiverse foods for  better 
health outcomes.74 (Table 3) Practical guidelines to obtain 
food variety scores should be developed, and the food 
variety check list as developed for Australians, could be 
developed for Indonesians.71 

Socio-cultural factors affect food habits and dietary 
patterns. In many cultural contexts with patrilineal and 
matrilineal systems, marginal income generation, intra-
household food distribution is discriminatory, with 
women and children getting less nutritious foods at meal-
time.75-79 In many Indonesian ethnic groups, food 
avoidance is traditionally practised, sometimes based on 
valid observation over generations; for example, pregnant 

mothers may not be allowed to consume fish as it is 
believed to cause helminth infestation. The increasingly 
wide use of smart phones may affect these traditions for 
better or worse, but provide opportunity for anemia miti-
gation.80,81  

The inter-sectoral and eco-nutritional approaches 
enable us to deliberate practical measures taken to recog-
nise anaemia by symptomatology, food and nutrition sur-
veys, screening (fingerpick blood), nutrition assessment, 
blood loss recognition (menstrual and faecal). It identifies 
vulnerable groups including premenopausal and pregnant 
women, children and adolescents, unwell adults and the 
dependent aged. Risk settings include food insecurity, 
infectious disease, non-communicable disease, inher-
itance and epigenetics and socioeconomic disadvantage. 
Underlying socio-ecological problems are livelihood, 
food systems, cultural habits, belief systems, and social 
networks and activities (Figure 1). 
 
ANEMIA AND THE COVID-19 PANDEMIC 
Since the first two confirmed covid cases in early March 
2020  in Indonesia,  no  decline in  incidence has been in 
evidence before the calendar end of 2020. By mid-
December 2020, there were more than 600,000 positive 
COVID-19 cases with the deaths approaching 20.000. 
The clinical syndromes of SARS-CoV-2 infection are 
many. The most common symptoms are fever (77%), dry 
cough (81%), expectoration (56%), headache (34%), 
myalgia or fatigue (52%), diarrhea (8%), and haemoptysis 
(3%). Three percent have shortness of breath on hospital 
admission. The median time from exposure to onset of 
illness is 4 days (ranges 3-5 days), and from onset of 
symptoms to first hospital admission is 2 (ranges 1-4) 
days. On hospital admission, ground-glass opacity (GGO) 
is the most common radiologic finding on chest computed 
tomography (CT) (56.4%). No radiographic or CT 
abnormality is found in 17.9% patients with nonsevere 
disease and in 2.9% of patients with severe disease. 
Lymphocytopenia is present in 83.2% of  admissions, and 
of prognostic consequence for disease severity and 
mortality. 

Anemia is  an independent risk factor for adverse 
outcomes of community-acquired pneumonia, and this 
appears to apply with COVID-19 infection.  Tao et al 
have reported that, among 222  COVID-19, patients,   
35%  were anemic.81 Of those who were anemic, 58% and 
42% were classified as mild and moderate to severe 
anemia, respectively. In severe COVID-19 patients,  
hemoglobin concentrations is lower than those with mild 
COVID-19. With respect to anemia, serum iron 
deficiency is detected in COVID-19 patients and associ-
ated with  severity and mortality. However, the 
relationships between iron deficiency and susceptibility to 
infection is moot . There is no evidence that iron 
supplementation in COVID-19 patients  mitigates clinical 
progression of the disease. 

The most evidence-based nutritional approach to 
COVID-19 and its complications, even where vaccination 
is available is to enhance innate immunity and to ensure 
the most optimal health and nutritional status compatible 
with physical (not social) isolation and compromised food 
systems.83-85  

 
Table 3. Required food variety score to achieve dietary 
adequacy. 
 
Total food variety score Dietary adequacy 
30 or more per week Very good 
25–29 per week Good 
20–24 per week Fair 
Less than 20 per week Poor 
Less than 10 per week Very poor 
 
The concept of dietary adequacy embraces that of essential 
nutrient adequacy, but also takes into account other food 
components and food properties.71 
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RECOMMENDATIONS  
1) Recognise that, currently, anemia in Indonesia re-

mains endemic with an underlying societal and 
epigenetic persistence, and a co-existently high 
burden of TB, malaria, NCDs and other neglected 
diseases as barriers to its mitigation, which constitute 
an imprimatur for action.  

2) Recognise that the endemicity of malaria and linkage 
with anemia is greatest in the eastern part of 
Indonesia, where it is combined notably with inherit-
ed anaemias, a situation which might be more effec-
tively addressed by socioculturally enhanced interven-
tions and governance. 

3) Empower local government which, since 2000, has 
had a consequential role in elevating the livelhoods of 
Indonesian people, to extend more effectively into the 
health and nutrition sectors. Intersectoral 
communication should be encouraged within and 
beyond the health and nutrition sectors. 

4) Recognise that most health problems, including 
anemia, require a ‘one package solution’, albeit 
ecological and socio-cultural. 

5) Mitigate underlying the root and multifactorial socio-
ecological causes and risk factors for anemia in Indo-
nesia. 

6) Establish an independent national authority to 
integrate evidence-based strategies to reduce the bur-
den of anemia in Indonesia.  

7) Be action-orientated, with vigilant monitoring and 
evaluation, and to support research in progress for bet-
ter solutions. Action plans would take into account age 
and gender; women who are adolescent, of 
reproductive-age, pregnant and lactating would be 
specifically identified; the endemicity of infectious 
diseases like TB, malaria, and helminthiasis would be 
factored in. Biomarkers to allow the differential diag-
nosis of anemia would include serum ferritin to define 
not only iron-deficiency anemia, but also to provide an 
inflammatory marker together with C-reactive protein, 
and hepcidin, possibly in sub-samples of the target 
population. 

The conceptual framework proposed in this review is 
intended to provide relevant stakeholder policy direction 
to deal more comprehensively and effectively with the 
socioecological complexity which underpins and limits 
progress towards anemia eradication at a time of intense 
global food and health insecurity. It will require co-
operative intersectoral and eco-nutritional approaches 
which consider the need for sustainable livelihoods for all 
and require innovative financial arrangements, for which 
a consensus is evolving.86 
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Background and Objectives: Despite enduring efforts in Indonesia to eliminate anemia in pregnancy, it remains 
a major nutritional problem. Its nutritional contributors were reevaluated. Methods: A meta-analysis of reports 
on anemia during pregnancy in Indonesia from January 2001 to December 2019 in the PubMed and ProQuest da-
tabases was conducted. Pooled ORs were obtained in fixed- and random-effects models. Funnel plots and Egger’s 
and Begg’s tests were used to evaluate publication bias. Review Manager 5.3 and Stata version 14.2 were used 
for analysis. Results: A total of 2,474 articles were appraised. Systematic review and meta-analysis were per-
formed on 10 studies including 4,077 participants. Chronic energy deficiency had the highest OR for the risk of 
anemia (3.81 [95% CI: 2.36–6.14]) followed by greater parity (OR=2.66 [95% CI: 1.20–5.89]), low education 
level (OR=2.56 [95% CI: 1.04–6.28]), and limited health knowledge (OR=1.70 [95% CI: 1.17–2.49]), whereas 
older age and inadequate iron supplementation were not apparently associated with maternal anemia (p > 0.05). 
Conclusion: Future policies and strategic action to reduce nutritional anemia during pregnancy in Indonesia 
should increase emphasis on local nutritional epidemiology to establish the pathogenesis of anemia and the validi-
ty of stand-alone single-nutrient interventions. Attention to chronic energy deficiency as a barrier to preventing 
anemia in pregnancy may be necessary to enable health workers and women at risk to be better informed in their 
efforts. 
 

Key Words: anemia, pregnancy, risk factors, chronic energy deficiency, policies   
 
 
 
INTRODUCTION 
Anemia is a main cause of morbidity and mortality in 
pregnant women worldwide. Globally, 40% of pregnant 
women have anemia.1 Studies have indicated that anemia 
is a serious health problem among pregnant women, with 
a prevalence of 66.2% in Sudan, 25.2% in Northwest 
Ethiopia, 90.5% in Pakistan, 84.5% in India, 40.4% in 
Southeastern Nigeria, and 22.0% in Uganda.2–7 The Indo-
nesia Basic Health Research 2018 survey reported that 
anemia occurred in 48.9% of pregnant women and was 
the most common among those aged 15–24 years.8 

The mitigation of anemia during pregnancy in Indone-
sia and elsewhere may be limited by the widespread as-
sumption that anemia is primarily caused by iron defi-
ciency despite its likely multifactorial etiology; therefore, 
it is managed using a single-micronutrient approach with 
iron supplements, excluding other contributors. Risk fac-
tors might include age, a background dietary pattern with 
compromised nutrient bioavailability, chronic energy 
deficiency, parity, education level, iron supplementation, 
health knowledge, prenatal care, preconception and inter-
current health status and comorbidities such as menorrha-
gia, inflammatory and infectious diseases, and inherited 
hemolytic disorders such as glucose-6-phosphate dehy-
drogenase (G-6-PD) deficiency and hemoglobinopa-

 
 
thies.9-11 Anemia in pregnant women in Indonesia has 
unique risk factors that might differ from that in pregnant 
women in other countries.  

Despite efforts to prevent maternal anemia through ma-
ternal and child health programs and iron tablet supple-
mentation, its incidence remains high. Other unaddressed 
factors may play a role. A meta-analysis of available re-
ports in Indonesia might increase understanding on the 
putative multifactoriality of anemia in pregnancy and 
inform policies and strategic actions for its mitigation.  

 
MATERIALS AND METHODS 
Study design and research sample 
This meta-analysis complied with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) Statement.12 The samples in this study were 
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research articles published from January 2001 to Decem-
ber 2019 in the PubMed and ProQuest online databases. 
In each study, we identified risk factors for maternal 
anemia in Indonesia. 
 
Operational definitions 
Independent variables in this study were risk factors for 
maternal anemia, and the dependent variable was mater-
nal anemia. Chronic energy deficiency was defined as a 
measured mid upper arm circumference of <23.5 cm.  
 
Research procedure 
First, data were collected from published research articles 
that identified the risk factors for maternal anemia in In-

donesia in the PubMed and ProQuest online databases 
(Figure 1). 

The following keywords were used to search titles and 
abstracts in the literature: (“risk factors” OR “determinant 
factors”) AND (“anemia”) AND (“Indonesia”). A total of 
2,474 articles were identified by searching the titles, ab-
stracts, and full text of articles.  

Articles were excluded if (a) maternal anemia was not 
an outcome, (b) they were not cross-sectional studies, or 
(c) they included insufficient data for extraction. 

 
Data collection technique 
Data were collected in an online search. The collected 
data were limited to articles published in English and In-

 

 
 
 

Figure 1. Publication selection protocol.  
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donesian that presented original research. The publication 
dates of articles were limited to January 2001–December 
2019. Research participants were limited to humans only. 
Unique articles with conceivably significant titles were 
inspected, whereas insignificant articles were excluded. 
The full text of possibly significant unique articles was 
evaluated, after which nonessential articles were excluded. 
Inclusion criteria were research articles on risk factors for 
maternal anemia in Indonesia with a cross-sectional and 
observational analytical study design. Articles were ex-
cluded if (a) the inclusion criteria were non fulfilled, (b) 
their full text was unavailable, or (c) data provided in text 
were insufficient for extraction. The original author name, 
study location, study type, number of samples, and risk 
factors were also collected from the articles. 

Information from all articles that fulfilled the inclusion 
criteria per a standardized protocol was carefully extract-
ed by two investigators, and contradictions were settled 
by three different investigators. The Newcastle–Ottawa 
Quality Assessment Scale (NOS) was used to evaluate the 
quality of research articles. Articles were categorized as 
having poor (scores of 0–3), moderate (scores of 4–6), or 
high quality (scores of 7–9).13 

 
Data analysis 
Data analysis was conducted to obtain the pooled and 
combined ORs of collected articles. ORs with 95% CIs 
were utilized to pool results. These tests revealed articles 
with the minimum statistical power and small sample 
sizes that had significant heterogeneity (I2 >50%). Arti-
cles with significant heterogeneity were assessed using a 
random-effects model, and those with homogeneity were 
assessed using a fixed-effects model. Review Manager 
5.3 was used for data analysis. Publication bias was as-
sessed using Egger’s and Begg’s tests and graphed on 
funnel plots. A two-tailed p value of <0.05 indicated sig-
nificant publication bias. Stata version 14.2 was used to 
analyze publication bias.  
 
RESULTS 
Table 1 lists the results of the analysis of 10 studies in-
cluding 4,077 pregnant Indonesian women evaluated for 
presumed maternal anemia and its potential risk factors. 
Covariates included older age, limited education, limited 
knowledge, inadequate iron supplementation, greater 
parity, and chronic energy deficiency. 

As illustrated in Figure 2, chronic energy deficiency 
had the highest OR (OR=3.81 [95% CI 2.36–6.14]), fol-
lowed by greater parity (OR=2.66 [95% CI 1.20–5.89]), 
limited education (OR=2.56 [95% CI 1.04–6.28]), and 
limited knowledge (OR=1.70 [95% CI 1.17–2.49]). Older 
age and inadequate iron supplementation were not associ-
ated with maternal anemia (p>0.05). Older age, limited 
education, inadequate iron supplementation, and greater 
parity exhibited heterogeneity in terms of the risk of ma-
ternal anemia (pheterogeneity <0.05; I2 >50%), indicating var-
iation in research on maternal anemia. Limited 
knowledge and chronic energy deficiency exhibited ho-
mogeneity in research on anemia (pheterogeneity >0.05; I2 
<50%); therefore, in population-level analyses, the results 
regarding these risk factors were consistent despite differ-
ences in time, place, and conditions.  

Figure 3 indicates the heterogeneity of older age, lim-
ited education, inadequate iron supplementation, and 
greater parity in research on maternal anemia because the 
plot is asymmetrical about the vertical line. However, the 
funnel plots confirmed that limited knowledge and chron-
ic energy deficiency were homogeneous in research on 
maternal anemia because the plot was symmetrical about 
the vertical line. 

Figure 4 presents publication bias among studies on 
risk factors for iron-deficiency maternal anemia in Indo-
nesia. These funnel plots were then tested using Egger’s 
and Begg’s tests (Table 2). 

Table 2 indicates that Egger’s and Begg’s tests re-
vealed no significant publication bias in included studies 
(p>0.05). 
 
DISCUSSION 
Among the prospective determinants of anemia during 
pregnancy in Indonesia, chronic energy deficiency had 
the highest OR, followed by greater parity, limited educa-
tion, and limited knowledge. The Indonesian Ministry of 
Health has supported iron tablet distribution to pregnant 
mothers for generations. Baseline Health Research24,25 
reports have considered these efforts to be successful 
when more than 80% of mothers receive 90 iron tablets in 
the final trimester, but some studies have indicated that 
compliance with tablet consumption is low.26,27 

 
Current situation of maternal nutritional anemia in 
Indonesia 
The results of this study demonstrated the situation of 
iron-deficiency anemia in pregnant women in Indonesia. 
Systematic reviews and meta-analyses have revealed 
problems of low knowledge among pregnant women on 
maternal anemia in terms of its impact and prevention as 
well as chronic energy deficiency.  

Limited knowledge among pregnant women on anemia 
prevention is evident in Indonesian Basic Health Re-
search reports, which have demonstrated that approxi-
mately 40% of pregnant women receive information on 
pregnancy complications and 60% receive iron tablets 
usage services. Nevertheless, not all pregnant women 
who receive iron tablets consume them correctly, and 
more than 90% of pregnant women are not reached.24,25 
Moreover, iron deficiency may or may not be a cause of 
their anemia. Women are held accountable for managing 
and preventing maternal anemia even though its epidemi-
ology and pathogenesis are inadequately understood and 
presumptive. The extent to which a woman’s diet is suffi-
cient, whether her iron bioavailability is questionable, and 
whether nutrient loss or comorbidities are present remain 
largely unknown, if not ignored. In reality, women in the 
reproductive age group and preconceptionally are ill pre-
pared in nutritional health. They also have compromised 
intrapartum support services because of the narrow as-
sessment of nutritional and nonnutritional risks. 

Chronic energy deficiency in pregnant women may re-
sult from low awareness of the importance of dietary 
quantity and quality during pregnancy.27 In the first tri-
mester, pregnant women often experience nausea or vom-
iting with decreased food consumption, meaning that the 
needs of the mother and fetus are not met.29,30 A study 
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Table 1. Systematic review of risk factors for maternal anemia in Indonesia 
 
First author Region Study type Patients characteristic Sample size Risk factors Anemia parameter Iron deficiency NOS 
Aji et al13 Padang Cross sectional study Women in early pregnancy 176 Socioeconomic, 

knowledge, Pre-pregnancy 
BMI status, Fe tablets con-
sumption 
 

Hb <11 g/dL N/A 7 

Seu et al14 Kupang, West Timor Cross sectional study Pregnant women who 
visited antenatal care in 
PHC Facilities 
 

102 Underweight/ chronic 
energy deficiency 

Hb <10.5 g/dL Shine and Lal index 
(SLI) ≥1,530 

7 

Diana et al15 Madura Cross sectional study Anemic pregnant women 252 Dietary diversity 
 

Hb <10 g/dL N/A 7 
Lestari et al16 North Sumatera Cross sectional study Not available 140 Knowledge, parity and  

chronic energy deficiency 
 

Hb <11 g/dL N/A 7 

Ani et al17 Bali Cross sectional study Women with a year  
postpartum period 

163 Parity, chronic energy 
deficiency 
 

Hb <11 g/dL N/A 7 

Lisfi et al18 Padang Cross sectional study Mother’s third trimester 
of pregnancy 
 

44 Fe tablets consumption Hb <11 g/dL N/A 6 

Mariza19 Lampung Cross sectional study Pregnant women who 
visited independent  
Midwifery 
 

102 Level of education, social 
and economic 

Hb <11 g/dL N/A 7 

Opitasari et al20 Two hospitals in Jakarta Cross sectional study Mother’s third trimester 
of pregnancy 
 

1,202 Parity, age Hb <11 g/dL N/A 7 

Ristica et al21 Pekanbaru Cross sectional study Pregnant women 212 Level of education, 
knowledge, Fe tablets 
consumption, chronic 
energy deficiency, age 
 

Hb <11 g/dL N/A 7 

Suega et al22 Bali Cross sectional study Not available 1,684 Educational background, 
Fe tablets consumption 
 

Hb <11 g/dL Ferritin serum <20 µg/L 7 

Total 4,077     
 
NOS: Newcastle–Ottawa Quality Assessment Scale; articles were classified as having poor (scores of 0–3); moderate (scores of 4–6); and high quality (scores of 7–9).12 
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conducted in West Sumatra, Indonesia,30 reported the 
nutrient intake of 360 pregnant mothers, indicating that 
their energy intake reached only two-thirds of the RDA; 
their iron intake was approximately half of the RDA for 
Indonesian people. Although their protein intake exceed-
ed the RDA, their intake of folic acid and fiber was more 
than a third of the RDA. The study also reported that the 
median food intake of pregnant women with chronic en-
ergy deficiency was lower than normal nutritional status 

for local dietary patterns. Pregnant women with normal 
nutritional status consumed more plant-based foods, meat, 
fish coconut milk, and dairy products.31  

Chronic energy deficiency and anemia appear to be 
concurrent in pregnancy. A reduction in chronic energy 
deficiency may also reduce anemia. However, a study 
conducted in India32 revealed no significant association of 
iron deficiency and energy intake with the risk of anemia 
and chronic energy deficiency. The study suggested that 

Figure 2. Meta-analysis of the likelihood of anemia in pregnancy by maternal and child clinical metrics. 
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although diet optimization is obviously crucial for overall 
health, interventions that focus solely on diet may have 
limited efficacy in reducing the prevalence of anemia. 

Prenatal care should be personalized to account for 
ethnicity, culture, education level, knowledge level on 
pregnancy, and diet. Educational efforts through increas-
ing communication, information, and education can be 
used as a health promotion strategy in primary, secondary 
and tertiary education.32 Information media widely used 
by health facilities in Indonesia tend to be conventional, 
namely involving counseling, brochures, and leaflets. The 
current rapid growth of the Internet and social media use 
presents an opportunity to disseminate information, in-
crease literacy, and provide education.33 As a result, edu-
cational content can become more engaging by utilizing 
interactive media; information can also be more widely 
shared and accessible than information shared using con-
ventional methods.  
 
Future policies and strategic actions 
Many factors can affect the occurrence of maternal ane-
mia, including chronic energy deficiency, iron deficiency 
in the diet, iron malabsorption, and the level of compli-
ance with iron tablet consumption.9,10 These factors are 
related to the knowledge of pregnant women regarding 
anemia and its effects and prevention methods. 
Knowledge is a factor that stimulates health behavior. If 
pregnant women understand the consequences of anemia 

and how to prevent it, they will exhibit favorable health 
behavior.18,23 For example, the problem of nutritional 
anemia among pregnant women in Indonesia is related to 
chronic energy deficiency during pregnancy, which is 
caused by imbalanced nutrition of both macronutrients 
and micronutrients. Consequently, pregnant women are at 
risk of nutritional disorders. This condition occurs be-
cause pregnant women have insufficient knowledge on 
anemia.14,17 
Lack of knowledge regarding anemia affects health be-
havior, especially during pregnancy. Consequently, preg-
nant women may have suboptimal health behavior to pre-
vent anemia in pregnancy. Pregnant women who have 
little knowledge on anemia may not have a balanced diet 
of macronutrients, micronutrients, and foods containing 
iron because of their ignorance both before and during 
pregnancy.16,21 

Knowledge regarding anemia can be increased through 
counseling based on the characteristics of target groups to 
ensure that informational materials can be accepted by all 
pregnant women even though their characteristics are 
different. For example, providing education to pregnant 
women with a low education level requires a different 
method from that used to counsel highly educated preg-
nant women.34,35 

Policies that can be enacted by the government include 
campaigns, advocacy, education, and behavioral change 
communications for the prevention of anemia in pregnant 

 
Figure 3. Funnel plots of risk factors for iron-deficiency anemia in pregnant women in Indonesia. 
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women by using innovative methods and various com-
munication channels. These policies should be aimed at 
the systematic and innovative dissemination of iron ane-
mia prevention information to pregnant women to in-
crease awareness and community commitment. This poli-
cy strategy includes (a) involving the community, moth-
ers, and first-level health service facilities in increasing 
awareness of iron-deficiency anemia prevention in preg-
nant women and the health benefits for both pregnant 
women and babies as well as pregnancy outcomes and (b) 
developing nutritional advocacy, communication, and 
mass mobilization by using clear and attractive messages 
tailored to specific age groups and enacting strategies that 
can be used by all stakeholders from the central level, 
namely that of the Ministry of Health of the Republic of 
Indonesia, to the community health level, namely first-
level health facilities and independent midwives; support 

from organizations and all related parties can be dissemi-
nated through innovative communication channels, such 
as nonelectronic media and electronic social media.  

Action programs to increase knowledge among preg-
nant women, namely in the form of campaigns, adver-
tisements in various media, and collaboration with influ-
ential figures to promote prevention to the target audience 
and the wider community, can facilitate the prevention of 
maternal anemia. Radio and bus advertisements as well as 
leaflets, posters, and idol artists promoting anemia pre-
vention in pregnant women improved anemia prevention 
in Ethiopia.35 The use of posters, leaflets, and idol adver-
tisements was effective in reducing the prevalence of ma-
ternal anemia in the Philippines.37,38 

Apart from advertising, activities that empower com-
munities are necessary to enable health cadres to recog-
nize, prevent, and manage anemia in pregnant women, 

 
Figure 4. Publication bias for studies on the risk factors for iron-deficiency anemia in pregnant women in Indonesia 
 
 
Table 2. Publication bias among studies based on Egger’s and Begg’s tests 
 

Risk factors Publication bias 
Begg’s test Egger’s test 

Older age 0.317 0.310 
Limited education 0.602 0.216 
Limited knowledge 0.316 0.290 
Inadequate iron supplementation 0.317 0.312 
Greater parity 0.497 0.217 
Chronic energy deficiency 0.602 0.358 
 
p>0.05, no publication bias. 
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thereby increasing community-based social support. 
Through community involvement and empowerment ef-
forts with health cadres, support for the prevention and 
management of maternal anemia can increase. Communi-
ty empowerment activities to prevent maternal anemia 
include increasing the capacity of health cadres and preg-
nant women in first-level health facilities through efforts 
to increase knowledge. 
 
Conclusion  
In Indonesia, as expected, education level, health 
knowledge, parity, and iron supplementation (typically 
with folic acid) are associated with maternal anemia. The 
strong association of chronic energy deficiency with ma-
ternal anemia compared with any of the other factors in-
dicate the need for more widespread of health and food 
system considerations. Future strategies should engage 
women in the reproductive age group by using programs 
that optimize general health and nutrition to ensure health 
at conception and uncompromised fetal development 
throughout pregnancy.        
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Background: Nutritional anemia in Indonesian children and adolescents is generally regarded and treated as 
iron-deficient anemia, as it is in individuals in other age groups. Objectives: Yet, it remains a public health threat 
without comprehensive management or a sustained solution. Methods: This review seeks to improve understand-
ing of impediments to its resolution. Relevant studies reported in the past 5 years were identified in PubMed, Sci-
ence Direct, Crossreff, Google Scholar, and Directory of Open Access Journals databases. Results: In all, 12 
studies in several Indonesian cities provided the basis for the review. Most were conducted in schools, indicating 
the potential of these institutions as targets for intervention but pointing to serious deficiencies in identification of 
the problem across the archipelago and in remote and rural areas. No study has evaluated coexistent anemia and 
malnutrition, which likely would have revealed the multi-factoriality of nutritional anemia. Data regarding nutri-
tion education, food-based innovation, and supplementation, which may alleviate anemia in children and adoles-
cents, are available, although study lengths and sample sizes have limited interpretation and comparison. Conclu-
sions: Broadly, three intervention approaches to nutritional anemia have been undertaken, namely food-based in-
terventions, nutrient supplementation, and nutrition education. Some progress has been made with these ap-
proaches, presumably through increases in iron intake. More information is needed regarding the underlying cau-
sality and pathogenesis, suboptimal food patterns, and comorbidities, any of which might limit the effectiveness 
of programs designed to resolve childhood and adolescent anemia in Indonesia. 
 

Key Words: multifactorial anemia, adolescent, children, Indonesia, nutritional interventions  
 
 
 
INTRODUCTION 
Nutrition-related anemia places a burden on the global 
public health sector, including the health care system in 
Indonesia.1,2 It affects 1.62 billion people worldwide, 
mostly children, adolescents, and women.3,4 In Indonesia, 
the Ministry of Health reported increasing prevalence of 
nutrition-related anemia among pregnant women, from 
37% in 2013 to 48.9% in 2018. More than 80% of women 
aged 15–24 years are affected.5 Children and adolescents 
face the same problem. In 2013, according to the Basic 
Health Research survey, more than 50% of Indonesian 
children and adolescents were anemic, consisting of 28% 
of children under 5 years and 26% of children aged 5–14 
years.6 A smaller study of 645 Indonesian elementary 
students revealed similar findings, with 27% of them be-
ing anemic. Aside from anemia, 20% had stunted growth, 

 
 
14% had low weight for height, and 14% were over-
weight or obese.7 Anemia often coexists with malnutri-
tion.8 Children with stunted growth have a 2.3-times 
higher risk of anemia than those without stunted growth.9 
Alzain10 also mentioned that anemia and body height 
have a significant association. 
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Overcoming this problem is essential because anemia 
can have physical, cognitive, and emotional impacts. 
Pollitt11 proposed that anemia can change cerebral func-
tion during infancy, affecting the ability to learn. Other 
studies have mentioned that anemia during childhood has 
long-lasting effects on neurodevelopment, including on 
the auditory and visual systems.12,13 The condition is as-
sociated with other nutritional statuses. A study conduct-
ed in Vietnam determined that malnourished children, 
whether underweight or wasted or with stunted growth, 
were more likely to be anemic.14 A study conducted in 
rural China indicated that improvement in anemia status 
increased the cognitive function of children.15  

The WHO proposed iron and folic acid supplementa-
tion as a strategy to prevent anemia in adolescence.16 In 
Indonesia, anemia management in pregnant and adoles-
cent women is focused on iron supplementation, often 
independent of other approaches. These approaches might 
include understanding sociodemographic and lifestyle 
characteristics and managing community food systems, 
food pattern optimization, food fortification, nutrition 
education, probiotic administration, menstrual irregulari-
ties, comorbidities, and inter-current infections.17-19 

This review gathers recent reports on the occurrence, 
prevention, and management of anemia among young 
Indonesians. The focus on children and adolescents re-
flects the greater prevalence of poor dietary practices in 
this age group, the risk of post-pubertal anemia in girls, 
and the propensity to infection.16 Timely preventive strat-
egies for anemia in early life have implications for future 
health. Pollitt11 advocated conducting community-based 
trials to find effective ways of overcoming anemia. The 
present review seeks to identify current weaknesses and 
opportunities for governments, food and health systems, 
and community health workers attempting to reduce the 
burden of nutritional anemia among young Indonesians. 
 
METHODS  
This systematic review was performed according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines.20 
 
Inclusion and exclusion criteria 
The authors determined the focus of the study by using 
the participant, intervention, comparison, outcome (PICO) 
approach summarized in Table 1 

The eligibility criteria consisted of experimental stud-
ies carried out in Indonesia and related to the effects of 
nutritional interventions on anemia and malnutrition. 
Children and adolescents were regarded as the study pop-
ulation. The studies reviewed were limited to research 

conducted in Indonesia and published in English or Indo-
nesian during 2015–2020. Articles that were not primary 
studies (such as reviews) or not published in a journal 
were excluded. 
 
Search strategy 
The articles were identified through a search on the fol-
lowing major electronic databases: PubMed, ScienceDi-
rect, Crossref, Directory of Open Access Journals, and 
Google Scholar. Search terms used included “anemia 
AND (children OR adolescent OR infants) AND nutrition 
AND Indonesia AND intervention.” The search strategy 
was adapted according to the database. Studies reported 
up until July 2020 were retrieved to be assessed for eligi-
bility. 
 
Study selection 
The authors selected articles initially by reading titles and 
abstracts. Rayyan, a web application for systematic re-
views (https://rayyan.qcri.org/), was used to review the 
articles. Subsequently, the authors independently read the 
full texts of the selected articles. Articles were included 
that met the eligibility criteria of this systematic review. 
Any disagreements that arose among the reviewers were 
resolved through discussion. 
 
Data extraction and quality assessment 
The following data were extracted for analysis: author 
name, year of publication, study location, sample size, 
type of nutrition intervention, data analysis method, and 
findings. The quality of the selected articles was assessed 
using the Cochrane risk of bias assessment tool.21 
 
RESULTS 
The study was conducted in two stages, initial research 
and article review. From the initial research, a total of 198 
articles were obtained from various databases. During the 
initial review, 161 articles were excluded because they 
did not meet the inclusion criteria. Another was excluded 
during the full-text review due to a high score of potential 
bias. In the end, 12 studies were included; 6 were pub-
lished in English and 6 were published in Indonesian 
(Figure 1).  

All the research was conducted in Indonesia, namely in 
cities on Sumatra Island (3),22-24 in Java (6),25-30 in Madu-
ra (1),31 in Kalimantan (1),32 and on Sulawesi Island (1).33 
Six studies focused on anemia prevention in adolescents, 
and the others focused on anemia prevention in children. 
Specifically, three targeted children under 5 years of age. 
Of these studies, 75% were conducted at a school (either 
a primary or a junior or senior high school). This review 
offers perspectives on three anemia prevention approach-
es, namely food-based interventions, nutrition education, 
and supplementation. One food-based innovation made 
use of local foods such as nagara nut (Vigna unguiculata 
subsp. cylindrica) and haruan fish (Channa striata), 
which are rich in nutrition and easy to obtain.32 Five stud-
ies tested the effects of a food-based intervention or sup-
plementation combined with nutrition education.  

No study reported the effect of the intervention on the 
coexistence of anemia and undernutrition among the indi-
viduals involved. The study by Budiana et al28 tested the 

 
Table 1. PICO approach to study selection 
 
Participants Indonesian children or adolescent  
Interventions Nutrition intervention (nutrition education, 

food-based intervention, supplementation) 
Comparisons Indonesian children or adolescent who did 

not receive interventions 
Outcomes Hemoglobin level, knowledge, attitude 
 
PICO: participants, interventions, comparisons, outcomes. 
 



S20                                                                M Juffrie, S Helmyati and M Hakimi 

effects of Taburia (a multimicronutrient powder) on he-
moglobin (Hb) levels in anemic and wasted children aged 
under 5 years. However, the study did not report its effect 
on their nutritional status, only anemia. Another notewor-
thy study carried out by Sekiyama et al26 investigated how 
a sustainable school lunch program can affect the nutri-
tional status of children. Of the 68 participants, 32% had 
stunted growth, 3% were underweight, and 17% were 
overweight. During the program, the children received 
food with significant increases in protein, fat, calcium, 
and vitamin C, which improved the nutritional status of 
undernourished children. The complete results are pro-
vided in Table 2 
 
DISCUSSION 
Anemia is a major public health problem in Indonesia. 
The Basic Health Research report did not specify the type 
of anemia. Many researchers assume that the most com-
mon type is iron deficiency anemia (IDA), following the 
WHO, which mentioned that IDA is the most prevalent 
type of anemia worldwide.22,23,34,35 This is in accordance 
with the research of Yip (1994) in Khusun et al,36 who 
argued that the incidence of iron deficiency increases 
with the prevalence of anemia in a country. However, 
anemia has more than a single cause. 

Anemia may be multifactorial, on account of diet, 
blood loss, chronic infection, micronutrient, or inherited 
red cell or Hb abnormalities. This is not to suggest that it 
necessarily has a complex causality and pathogenesis. 
Notably, the primary cause may well be related not to diet 

but instead to blood loss resulting from menstrual irregu-
larities such as menorrhagia in women during the repro-
ductive years, intestinal helminthiasis such as ascariasis 
or hookworm, or, in later life, large bowel tumours;37,38 
alternatively, it may result from malabsorption (as in cas-
es of celiac disease). Nutritional measures are generally 
required, regardless of whether dietary characteristics are 
the primary factors.39 The notion that most Indonesian 
cases of anemia are due to iron deficiency should be 
reevaluated; this may not be true for many cases of ane-
mia. Understanding the distribution and prevalence of 
types of anemia is critical to designing targeted interven-
tions. 

Few published reports on anemia in Indonesia have 
provided direct evidence of iron deficiency or other caus-
es. Few studies of anemia have reported iron deficiency, 
inflammation, or other biomarkers such as serum transfer-
rin receptor (sTfR), serum ferritin, High-sensitivity C-
reactive Protein (HS-CRP), IL-6, alpha 1-acid glycopro-
tein, or hepcidin. In chronic disease or infection, inflam-
mation can occur, which results in increased use of iron 
as an essential component in the transport system.40 Of 
the publications considered in this review, only three used 
ferritin as a biomarker of anemia. The remaining nine 
only reported on Hb levels and not red cell morphology 
or iron status. Thus, the type of anemia cannot be speci-
fied. Ferritin may be an indicator of iron deficiency and 
iron stores without any change in hematocrit or serum 
iron due to its role in inflammatory response.30 Some 20% 
of Indonesian children aged 48–59 months have anemia     

 
 
Figure 1. Information retrieval protocol. 
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Table 2. Interventions for anemia prevention among young Indonesians by study design, locale, age, gender, diet, use of supplements, and outcomes 
 
First author, 
year City Number of individuals Intervention Anemia biomarkers Dietary information Supplement Intervention Control 
Zuraida et al, 
2020a 

Bandar 
Lampung 

55 female  
adolescents 
(mean age 15 y)

47 female  
adolescents 
(mean age 15 y) 

Nutrition education in the form 
of an “anemia free club” for 12 
weeks 

 Hemoglobin (Hb) levels were measured 
only preintervention.  
 41 individuals from the intervention 
group and 43 the from control group 
had low Hb levels (10.1–11.9 g/dL). 
 

 Dietary intake was meas-
ured twice (pre-post) 
using a food-frequency 
questionnaire. 
 Postintervention, the 
intakes of energy, iron, 
protein, and fat by sub-
jects were significantly 
higher (p<0.05) than in 
the control. 
 

This study did not in-
clude subjects who con-
sumed any supplements. 

Zuraida et al, 
2020b 

Bandar 
Lampung 

55 female 
adolescents 

47 female 
adolescents 

Nutrition education in the form 
of an “anemia free club” for 12 
weeks 

 Hb levels were measured. 
 The control group had a higher per-
centage of individuals with low Hb 
levels (10.1–11.9 g/dL) than the inter-
vention group (91.49% and 74.55%, 
respectively). 
 

No information. No information. 

Muslihah et al, 
2017 

Madura Two interven-
tion groups, 
each with 56 
infants (aged 
6-59 months) 

56 infants  The lipid nutrient supplement 
paste—small quantity (SQ-
LNS) group received 20 g of 
SQ-LNS per sachet per day for 
6 months 
 The biscuit Makanan Pen-
damping-Air Susu Ibu (MP-
ASI or complementary foods) 
group received three 30-g bis-
cuits per day for 6 months 
 

 Hb levels were measured three times 
(preintervention, mid-intervention, and 
postintervention). 
 The Hb levels in the SQ-LNS group 
were significantly higher than those in 
the control and biscuit groups 
(10.47±1.09 vs 9.98±0.97 vs 
10.07±0.60 g/dL). 

No information.  The effects of supple-
ment in the form of SQ-
LNS were compared 
with fortified biscuit and 
control.  
 SQ-LNS contained 
energy (118 kcal), pro-
tein, essential fatty acids, 
22 vitamins and miner-
als. 

Sari et al, 2018 Banyumas 31 female 
students from 
SMA (senior 
high school) 
Negeri 2 
Banyumas 

39 female 
students from 
SMA Negeri 4 
Banyumas 

Six nutrition education meet-
ings about anemia prevention 
(presentations, games, and 
lectures) 

 Hb levels were measured. 
 Hb levels were significantly increased 
(from 12.17±1.29 to 12.68±1.22 g/dL) 
in the intervention group after treatment 
but not in the control group. 

No information. No information. 
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Table 2. Interventions for anemia prevention among young Indonesians by study design, locale, age, gender, diet, use of supplements, and outcomes (cont.) 
 
First author, 
year City Number of individuals Intervention Anemia biomarkers Dietary information Supplement Intervention Control 
Sekiyama et al, 
2017 

Bogor 68 elementary 
school students 
(boys and girls, 
mean age of 9 
years) 

–  School lunch feeding interven-
tion for 1 month (lunchbox 
contained rice, a vegetable dish, 
heme and nonheme protein 
dishes, and fruits) 
 The results were not catego-
rized by gender 

 Hb and hematocrit (Hct) levels were 
measured twice (preintervention and 
postintervention). 
 Hb (11.9±0.9 vs 11.2±0.9 g/dL) and Hct 
(34.0%±2.7% vs 31.7%±3.0%) levels 
were significantly increased after the 
intervention (p<0.05). 

 Intakes of protein (41.7 vs 
36.7 g), calcium (240 vs 
205 mg), and vitamin C 
(64 vs 12.5 mg) were 
higher during the interven-
tion compared with before 
the intervention (p<0.05).  
 The intake of fat (36.6 vs 
47.3 g) was lower during 
the intervention (p<0.05). 
 

No information about 
supplement consump-
tion. 

Syahwal and 
Dewi, 2018 

Banjarbaru Two interven-
tion groups (P1 
and P2), each 
consisting of 
15 anemic 
female adoles-
cents 

15 anemic 
female ado-
lescents 

 P1 was given a snack bar made 
of nagara nut flour and haruan 
fish and 12 iron supplements 
 P2 was given a snack bar made 
of nagara nut flour and haruan 
fish 
 The control group was given 12 
iron supplements 
 Foods and/or supplements were 
administered thrice a week for 
1 month 
 

 Hb levels were measured. 
 All individuals were cured of anemia 
after the intervention (Hb >12 g/dL). 
 The Hb levels of P1 were significantly 
higher than those of P2 and the control 
after the intervention (p<0.05). 
 Hb levels of P2 and the control were 
not significantly different postinterven-
tion. 

No information. No information. 

Rusdi et al, 
2018 

Padang 
Panjang 

17 anemic 
female adoles-
cents (no in-
formation 
about age) 

17 anemic 
female ado-
lescents (no 
information 
about age) 

The treatment group was given 
100 g of guava processed into 
juice, once per day for a week 

 Hb and ferritin levels were measured 
twice (preintervention and postinterven-
tion). 
 Significant increases in Hb and ferritin 
levels were observed postintervention 
in each group (p<0.001). 
 After the intervention, Hb levels in the 
intervention group were higher than 
those preintervention (12.48±0.67 vs 
10.50±1.04 g/dL). 
  After intervention, the ferritin levels of 
the intervention (36.63±8.09 vs 
57.40±14.09 μg/L) and control groups 
(33.63±6.15 vs 40.35±6.80 μg/L) were 
higher than those preintervention. 
  

No information. No information. 
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Table 2. Interventions for anemia prevention among young Indonesians by study design, locale, age, gender, diet, use of supplements, and outcomes (cont.) 
 
First author, 
year City Number of individuals Intervention Anemia biomarkers Dietary information Supplement 

Intervention Control 
Susanti et al, 
2016 

Tasikmalaya P1: 59 and P2: 
58 anemic 
female adoles-
cents 
 

58 anemic 
female ado-
lescents 

 P1: an iron supplement was 
given once a week and every 
day during menstruation 
 P2: an iron supplement was 
given once a week, accompa-
nied by nutrition education 
 Control: an iron supplement 
was given once a week 
 The iron supplement consisted 
of 60 mg of elemental iron and 
0.25 mg of folic acid 
 Nutrition education about 
anemia was provided through 
lectures, discussions, and pam-
phlets 
 

 Hb levels were measured. 
 
 No significant differences in Hb levels 
after the intervention were observed 
between the three groups (∆Hb P1: 
0.60; P2: 0.43; C: 0.52).  
 

No information.  Iron tablets (60 mg of 
elemental iron and 0.25 
mg of folic acid). 
 The highest rate of com-
pliance in taking supple-
ments was observed for 
the P2 group (81.9%), 
and the lowest was ob-
served for the P1 group 
(48.8%). 
 Iron supplementation in 
adolescents is better pro-
vided intermittently. 

 
 

Budiana et al, 
2016 

Majalengka 33 anemic- 
wasting chil-
dren aged 3–5 
years 

33 anemic- 
wasting chil-
dren aged 3–
5 years 

 The treatment group was given 
Taburia (a sprinkle supple-
ment) and nutrition counseling 
over a 2-month period  
 The control group received only 
nutrition counseling 
 The results did not differ by 
gender 

 Hb levels were measured twice 
(postintervention and preintervention). 
 Hb levels were significantly increased 
postintervention in both the intervention 
(12.31 vs 11.14 g/dL) and control 
groups (11.8±0.53 vs 10.9±0.71 g/dL) 
(p<0.001). 
 The increase in Hb levels in the inter-
vention group was significantly higher 
than that in the control group 
(1.55±0.98 vs 0.86±0.54 g/dL) 
(p<0.001). 

 Dietary information 
was based on the per-
centage of adequacy of 
nutritional recommen-
dations (no absolute 
number was reported). 
 Adequacy percentages 
of energy (94% vs 
89%), protein (113% vs 
106%), vitamin C (46% 
vs 40%), and Fe (74% 
vs 62%) were increased 
postintervention. 
 

Supplementation in the 
form of Taburia (a sprin-
kle supplement) contain-
ing vitamin A, vitamin B 
complexes, vitamin D3, 
vitamin E, vitamin K, 
vitamin C, folic acid, 
pantothenic acid, iron, 
iodine, zinc, and seleni-
um. 

Mulyantoro et 
al, 2015 

Wonosobo Three interven-
tion groups 
(P1, P2, and 
P3), each con-
sisting of 37 
children aged 
9–12 years 

37 children 
aged 9–12 
years 

 P1 was given a supplement 
(840 µg iodine and 60 mg ele-
mental iron) 
 P2 was given an iodine sup-
plement (840 µg) 
 P3 was given an iron supple-
ment (60 mg FeSO4) 
 The control was given a place-
bo 
 All supplements were given 
once a week for 13 weeks 

 Ferritin levels in P1 (34.17 vs 51.19 
µg/L) and P3 (36.85 vs 44.42 µg/L) 
were increased, whereas those in P2 
were decreased (35.79 vs 33.52 µg/L). 
 The increase in ferritin levels in P1 and 
P2 (18.52 vs −2.63 µg/L) was signifi-
cantly different (p<0.05). 

No information. Supplementation of io-
dine, iodine + iron, and 
iron was given to P1, P2, 
and P3.  
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Table 2. Interventions for anemia prevention among young Indonesians by study design, locale, age, gender, diet, use of supplements, and outcomes (cont.) 
 

First author, 
year City Number of individuals Intervention Anemia biomarkers Dietary information Supplement 

Intervention Control 
Kahayana et al, 
2016 

Semarang P1: 30 children 
aged 10 
months with 
normal nutri-
tional status 

30 children 
aged 10 
months with 
normal nutri-
tional status 

 P1 was given 75 mg of vitamin 
C syrup during feeding time for 
2 months  
 The control group was given a 
placebo 

 Hb, serum iron, ferritin, total iron-
binding capacity, and hepcidin levels 
were measured preintervention and 
postintervention. 
 Serum iron (45.70±17.4 vs 44.06±18.16 
µg/dL) and ferritin (39.87±31.27 vs 
36.43±25.33 µg/L) levels of the inter-
vention group were significantly in-
creased after the intervention (p<0.05). 
 No significant difference was noted for 
any biomarkers between the interven-
tion and control groups either preinter-
vention or postintervention. 
 

Dietary information 
only compared the 
behavior of drinking 
formula milk, instant 
complementary food, 
and fruit consumption. 
No significant differ-
ence was observed 
between the two 
groups. 

Supplementation in the 
form of vitamin C (75 
mg) was compared with a 
placebo. 

Manoppo et al, 
2019 

North Su-
lawesi 

P1: 34 children 
aged 5–12 
years with 
iron-deficient 
anemia  

32 children 
aged 5–12 
years with 
iron-
deficient 
anemia 

 P1 was given iron supplements 
with the addition of L. reuteri 
DSM 17938 
 The control was given an iron 
supplement 
 The iron supplement was given 
in the form of 2 × 60 mg of 
elemental iron 
 L. reuteri DSM 17938 therapy 
was given as 3 × 108 CFU/day 
 The length of the intervention 
was 14 days 

 Hb, hematocrit, and reticulocyte hemo-
globin equivalent (Ret-He) levels were 
measured preintervention and postinter-
vention. 
 Only Ret-He levels postintervention 
differed significantly between P1 (28.50 
pg/L) and the control group (27.50 
pg/L) (p<0.05). 

No information. Supplements in the form 
of 300 mg of sulfate fer-
rous (equivalent to 60 mg 
of elemental iron) were 
given. 
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according to their Hb levels, but only 12% have low ferri-
tin.41 Although Hb alone does not provide an indication of 
anemia causality, many Indonesian studies of anemia 
provide no further information.  

Chronic iron deficiency is well-known as a common 
cause of anemia.42-44 Naigamwalla et al45 described three 
stages in IDA; iron deficiency, iron-deficient erythropoie-
sis, and finally IDA. Iron deficiency can occur for various 
reasons, one of which is the iron from dietary intake be-
ing too low for daily needs. Adolescent girls and women 
also lose iron due to blood loss during menstruation.46 If 
an iron deficiency occurs latently, the body is not able to 
produce red blood cells properly. This causes the next 
stage, iron-deficient erythropoiesis, which is character-
ized by reduced heme synthesis and the formation of mi-
crocytic or hypochromic erythrocytes.45 If this continues, 
it causes IDA. Lianos and Jose42 described the character-
istics of blood biomarkers according to the stages of ane-
mia (Table 3). 

As Table 3 indicates, further tests are required to con-
firm that cases are truly anemia due to iron deficiency. 
This is crucial because iron supplementation is currently 
central to anemia prevention and management programs. 
Clearly, where the prevalence of infection and inflamma-
tion is high, iron deficiency is not the only reason for 
anemia.47 Often, it depends on contextual factors such as 
geographical location, the burden of infectious disease, 
and coexistence with other types of nutritional anemia; 
thus, further research is required.44  

Infection is closely related to causality in anemia. Ma-
laria, an example of an acute infection, causes anemia as 
a result of red blood cell damage due to parasites.48 An-
other study conducted in Bandung, Indonesia, revealed 
that 63% of adult patients with pulmonary tuberculosis 
had anemia.49 Research on 400 school-aged children in 
Vietnam reported a prevalence of hookworm infection of 
92%; 25% of the infected were anemic (Hb <11.5 g/dL), 
and 2% had iron deficiency (TfR >8.5 mg/L). More than 
30% exhibited elevated levels of C-reactive protein (≥8 
mg/L) and 80% exhibited elevated levels of immuno-
globulin E (>90 IU/mL).50 This reinforces the notion that 
anemia occurring in areas with high infection rates might 
not be due to iron deficiency.  

Iron status assessment among Indonesian people is 
commonly based on food intake and the types of food 
consumed.51 This has several weaknesses resulting in 
inaccurate data because the assessment of food intake is 
based on estimation. The Indonesian Food Consumption 
Survey of 2018 revealed that the consumption of heme 
iron was lower than that of nonheme iron (32.2% vs 
67.8%, respectively).52 Fitri et al determined that the con-
sumption of meats, fruits, and lentils in Indonesia has 
remained low.53  

Policy directions addressing anemia among young pop-
ulations 
Indonesia has focused on anemia prevention through a 
program of iron-folate supplementation in the form of 
iron (60 mg FeSO4) and folic acid (0.25 mg), otherwise 
known as iron tablets or Tablet Tambah Darah (TTD).54 
This program, intended for women of childbearing age, 
began in 1997.55,56 In 2016, the Indonesian government 
adopted the iron supplement program launched by the 
WHO in 2011, where iron tablets are administered once a 
week at school.55 The Indonesian Basic Health Research 
initiative in 2018 determined that 76.2% of adolescent 
girls received TTD, 80.9% of them at school and 19.1% 
elsewhere.5 By region, Bali had the highest rate of iron 
supplementation (92.6%), and West Kalimantan had the 
lowest (9.6%).57 In the Taburia program, the micronutri-
ent sprinkle contains vitamin A, vitamin B1, vitamin B2, 
vitamin B3, vitamin B6, vitamin B12, vitamin D3, vitamin 
E, vitamin K, vitamin C, folic acid, pantothenic acid, iron, 
iodine, zinc, and selenium.54 This program is aimed at 
improving the overall nutritional status of children under 
5 years of age and has improved Hb counts in chil-
dren.28,58,59 

Iron supplementation is at the core of anemia preven-
tion programs. An iron supplementation program target-
ing female adolescents and women of childbearing age 
should be evaluated briefly. The Indonesian Basic Health 
Research 2018 report noted that 76.2% of young women 
had received iron tablets in the previous 12 months. 
However, only 3.7% received iron tablets of ≥52 grains, 
and only 1.4% consumed them.5 Many studies have been 
conducted in Indonesia to determine the effect of iron 
supplements in increasing Hb levels, but few have actual-
ly tested their effect on serum iron status. In this review, 
six studies tested the effects of iron or multimicronutrient 
supplements.27-31,33 

As a country with large geographic and cultural varia-
tions, the nationally established youth iron supplementa-
tion program is likely inappropriate. Certain areas in In-
donesia are particularly prone to infectious diseases. An 
example is malaria, which has a high prevalence in some 
areas of Papua.60 A study by Schumann and Solomons61 
on a population of pregnant women with malaria discov-
ered that iron supplementation actually increased the risk 
of infants being born with malaria. These results are con-
sistent with research by Indrawanti62 in Papua, Indonesia, 
which identified that infants had a nine-times greater risk 
of developing malaria if the mother was infected with 
malaria. Furthermore, at 3 months of age, infants had a 
three-times greater risk of experiencing nutritional prob-
lems, including underweight, wasting, or stunted growth. 
Other infectious diseases are also present in Indonesia, 
such as tuberculosis, worms, and HIV. Indonesia has a 

Table 3. Classification of iron deficiency anemia 
 

Stages Hemoglobin Ferritin (ng/mL) sTfR  (ng/L) Transferrin (mg/dL) 
Iron deficiency Normal <20 <5 360 
Iron-deficient erythropoiesis Normal <12 >5 >380 
Iron deficiency anemia Lower <12 >5 >380 
 
sTfR: soluble transferrin receptor. 
Adapted from Lianos and Jose with minor modification.41 
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helminth infection prevalence rate of 45%–65%,63 and 
data suggest that in 2017, Indonesia became one of the 
top three countries for number of cases of tuberculosis, 
with 8% of total cases in the world.64 Furthermore, ap-
proximately 0.3% of the population aged 15 years or over 
are HIV-positive.65 
 
Anemia prevention among children and adolescents 
The results of the present review indicate that the preven-
tion of anemia in children and adolescents in Indonesia 
has been based principally on three approaches: food-
based interventions, nutrition education, and micronutri-
ent supplementation, independently or in combination. 
Three of the articles examined nutrition education as a 
strategy for preventing anemia in adolescents,22,23,25 and 
two others combined nutrition education with micronutri-
ent supplementation.28,66 No changes in the anemia indi-
ces of hemoglobin (Hb) or hematocrit (Hct) were evident 
when nutrition education interventions alone were applied. 
Micronutrient supplementation accompanied by nutrition 
education had a greater impact on Hb levels than did sup-
plementation or education alone.28 Previous studies have 
shown, however, that education changes knowledge and 
attitudes as well as consumption patterns.22,23,67,68 Several 
countries have adopted multiple dietary approaches that 
combine nutrition education and sufficiently improve 
dietary quality to prevent anemia.69,70 These have inevita-
bly identified advantageous non-iron food and food pat-
tern factors. Likewise, comprehensive educational inter-
ventions combined with food supplementation that bene-
fits the child’s general health and nutritional status is of 
hematological benefit.71,72 

Evidently, anemia prevention strategies in Indonesia 
mostly target school-aged children,21-27,29,30,32,66 with only 
three of the twelve reports being on children under 5 
years old.28,30,31 The target population predicates the type 
of intervention, and nutrition education, school feeding 
programs, and iron supplementation (TTD) are seen as 
more suitable and feasible for school-aged children who 
can be managed independently at school without reliance 
on their caregiver. Needless to say, opportunity costs and 
ethical considerations arise in not involving caregivers. 
With children aged under 5 years, parents and caregivers 
have an obligatory, vital role, and their goals are made 
more achievable by an aid such as Taburia, a micronutri-
ent sprinkle that is mixed into food.28,58,59 Locally sustain-
able school lunch interventions with traditional Sun-
danese meals for students improve the quality of chil-
dren’s food intake, their Hb and Hct levels, and their nu-
tritional status.26 Experiences in other countries confirm 
that school program–based approaches to anemia preven-
tion in children have merit.73-76 

 
Current approaches compromise anemia prevention 
The efficacy of interventions to reduce anemia has both 
educational and therapeutic dimensions.77 The possible 
pathways of the role of nutrition education in anemia pre-
vention are preceded by improvements in nutrition 
knowledge.23,25,70,78 Understanding the concept of anemia 
prevention leads to positive changes in behavior as well 
as iron status,79 and providing education to caregivers 
may improve their feeding practices.69,71 Caregivers with 

improved knowledge, skills, and self-efficacy are more 
likely to practice better hygiene in food preparation as 
well as ensure the proper composition of complementary 
diets.80 However, whether an educational intervention can 
affect behavior depends on how knowledge is transferred 
by field technicians and their skills in conducting com-
munity activities.81 Anemia prevention using an education 
approach has been implemented in some developing 
countries as an alternative strategy in cases of limited 
access to iron-rich food/heme iron sources.82,83 

The consensus of the UNICEF, United Nations Univer-
sity (UNU), WHO, and Micronutrient Initiative (MI) is 
that if the prevalence of anemia among pregnant women 
is higher than 40%, then the administration of iron–folic 
acid supplements should also be provided to female ado-
lescents.16 The provision of iron supplements from ado-
lescence is cost effective and enables an iron store to be 
accumulated before pregnancy.84-86 However, although it 
is theoretically effective, a refusal to consume iron sup-
plements persists in some countries.16,87 Tolkien et al88 
proved that it this is due to the side effects of iron sup-
plementation, such as black stool, constipation, nausea, 
and iron aftertaste.  

Rusdi et al24 and Kahayana et al30 reported that the se-
rum ferritin levels of individuals after an intervention 
were increased compared with individuals who received a 
placebo. In an intervention with guava juice,24 serum fer-
ritin increased from 36.63±8.09 μg/L to 57.40±14.09 
μg/L; vitamin C supplementation30 increased it from 
36.43±25.33 μg/L to 39.87±31.27 μg/L (p<0.05). This is 
probably a reflection of the form of the vitamin C, either 
as a supplement or in guava juice, with the juice increas-
ing iron absorption. An increase in serum ferritin means 
an increase in iron reserves. Iron derived from plant foods 
is classified as nonheme iron, which is more difficult to 
absorb (only 1%–10% uptake).89 Nonheme iron is also 
generally associated with phytate, dietary fiber, and calci-
um, which inhibit absorption. If it is consumed together 
with a source of vitamin C, however, much more iron will 
be absorbed.90-93 Vitamin C has many roles, including 
acting as an antioxidant, promoting immune function, and 
increasing the absorption of nonheme iron. Vitamin C 
plays a role in iron kinetics and red blood cell formation. 
The WHO16 recommends giving weekly iron supplements 
if high compliance is observed. This preventive program 
has been proven to be cost effective, with fewer side ef-
fects, easier management, and greater efficacy than daily 
iron supplementation. In Indonesia, national monitoring 
of compliance with iron supplementation among adoles-
cent girls is rarely reported. A small study by Susanti et 
al27 involving 117 Indonesian female students determined 
that providing nutrition education is more effective than 
iron supplementation only. Titaley et al reported similar 
findings94; better knowledge can increase the compliance 
of pregnant women in consuming iron–folic acid supple-
ments.  

Iron supplements are rarely given to Indonesian chil-
dren under 12 years old. In 1999, the UNICEF/WHO 
proposed that iron supplementation is necessary in chil-
dren aged 6–18 months if the prevalence of anemia in 
children exceeds 40%.95 However, the WHO also warned 
against iron supplementation in children who have an 
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infectious disease because of the potential adverse ef-
fects.96 Iannotti et al97 explained that the administration of 
large amounts of iron can increase the number of patho-
gens and thus increase the risk of infection. A study of 
478 Indonesian 4-month-old infants proved that iron sup-
plementation effectively reduces the incidence of anemia 
but is inadequate for supporting their growth.98 In the 
present review, the only study targeting Indonesian in-
fants made use of food fortification to address anemia.31  

In the past 5 years, 9 of the 12 studies on anemia pre-
vention were carried out in schools. Schools are a poten-
tial environment for health promotion.99 Moreover, a 12-
year compulsory education program is in place; thus, 
children and adolescents spend most of their time in 
school.100 In Indonesia, approximately 147,500 elemen-
tary schools, 37,000 junior secondary schools, and 25,300 
senior secondary schools exist.101 Despite their potential, 
collaboration between the education and health sectors is 
lacking. Research on school health promotion policies in 
the United States revealed that program implementation 
has been suboptimal due to the weakness of existing poli-
cies.102 

Many health promotion programs for anemia preven-
tion can be implemented in schools. In this review, three 
studies recommended nutrition education in schools for 
the prevention of anemia in adolescents.22,23,25 One study 
recommended implementing a school lunch program,26 
two recommended a food-based approach,24,32 and one 
recommended a supplementary intervention.27  

The School Lunch Program proposed by Sekiyama et 
al26 has not become a national program yet because of the 
wide variability of school characteristics in Indonesia. 
This is in contrast to several other countries, including 
Japan, which has had a national policy in place since 
1954, governed by the School Lunch Act, to improve 
student health.103 A study among 627 vulnerable house-
holds in Uganda reported substantial improvements in 
anemia status; the prevalence of anemia was significantly 
reduced in 25.7% of adolescent girls after they participat-
ed in a school feeding program.104 Similar results were 
reported by Krämer et al105 regarding the provision of 
iron-fortified salt in a school feeding program in India.  

Anemia prevention studies in school settings had small 
sample sizes compared to Indonesia’s total population of 
school-aged children. This makes generalizing the results 
difficult. The School Lunch Program carried out by Seki-
yama et al,26 although yielding good results, only in-
volved 68 students. Not much research on anemia preven-
tion in Indonesia has been conducted with large samples. 
 
Anemia and sex 
Both men and women can experience anemia. Various 
studies have shown that women, especially adolescent 
girls, have a higher risk of developing anemia due to 
menstruation.16,27,37,42 Research by Susanti et al27 on iron 
supplementation in adolescent girls revealed that taking a 
supplement once a week and every day during menstrua-
tion led to low adherence (48.8%) compared with the 
combination of once-weekly supplement consumption 
with nutrition education (81.9%).  

In the reviewed studies, six included boys, either chil-
dren or infants.26,28-31,33 However, none stratified anemia 

based on gender. In research by Faiqah and Irmayani106 
on data for children under 5 years, reported by the 2013 
Indonesian Basic Health Research, gender was signifi-
cantly (p<0.001) associated with anemia. Of the 39,706 
anemic children aged under 5 years, 57.9% were girls and 
42% were boys. Another study of 712 Indonesian adoles-
cents also discovered a significant relationship (p<0.001) 
between gender and incidence of anemia. Women and 
teenage boy account for up to 30% and 20% of anemia 
cases, reespectively.107 No information regarding the 
types or causes of anemia has been provided. However, 
the results indicate that boys also experience anemia. Un-
fortunately, they have not been targeted for anemia pre-
vention programs. Childhood and adolescence is a key 
phase for growth and development for both male and fe-
male individuals in which health status, including anemia, 
plays an essential role.11,12,13,42 A need exists for programs 
such as anemia-related nutrition education and screening 
for boys as well as for girls. 
 
Future directions 
Anemia, like other public health problems, is multifacto-
rial. The United States Agency for International Devel-
opment108 recommended an anemia prevention frame-
work for children. This framework was based on the need 
to strengthen leadership, capacity, and policy in imple-
menting various concordant programs in agriculture and 
health sectors. The authors suggested a need to identify 
the specific causes of anemia in smaller areas (such as 
cities/regions or provinces) and recommend preventive 
measures accordingly. Anemia in Indonesian children and 
adolescents may not be due to iron deficiency alone. Iron 
supplementation without understanding the exact underly-
ing causes can lead to ineffective and inefficient pro-
grams.109-111 

This review had several limitations. First, research only 
from the last 5 years was reviewed. Second, a meta-
analysis was not feasible because of the low number of 
anemia intervention studies in Indonesia. Third, a major 
limitation is that the reports reflected the prevailing view 
among nutritionists and health policymakers that the 
causes of anemia are solely related to nutrition. This view 
does not take into account the likely multifactoriality of 
anemia and socioeconomic development. This entrenched 
approach has been fostered by an often commercial prod-
uct–prescriptive approach with supplements rather than 
one in which food and health systems are informed and 
community-engaged. To say that anemia is strictly caused 
by iron deficiency, even if this is partly the case, blinds 
the intervener to the more complex causality and patho-
genesis that may be involved and to the solutions actually 
required.  
 
Conclusions 
Despite the limitations identified in this review of studies 
on anemia among children and adolescents in Indonesian 
cities, progress has been made in these locations in terms 
of prevention and mitigation through food-based ap-
proaches, nutrition education, and nutrient supplementa-
tion (often unduly restricted to iron). These three types of 
intervention have ameliorated anemia among young peo-
ple. Interventions across the Indonesian archipelago with 
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attention to underlying causality and pathogenesis, soci-
oculturally sensitive education, more optimal food pat-
terns, and integrated embedment in local food and health 
systems would further alleviate the burdens of disorder 
and disease among young Indonesians. 
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Anemia affects people worldwide and results in increased morbidity and mortality, particularly in children and 
reproductive-age women. Anemia is caused by an imbalance between red blood cell (RBC) loss and production 
(erythropoiesis), which can be caused by not only nutritional factors but also non-nutritional factors, such as in-
flammation and genetics. Understanding the complex and varied etiology of anemia is crucial for developing ef-
fective interventions and monitoring anemia control programs. This review focusses on two interrelated non-
nutritional causes of anemia: malaria infection and RBC disorders (thalassemia and G6PD deficiency), as well as 
tuberculosis. According to the Haldane hypothesis, thalassemia occurs as a protective trait toward malaria infec-
tion, whereas G6PDd arises in malaria-endemic regions because of positive selection. Indonesia is a malaria-
endemic region; thus, the frequency of thalassemia and G6PD deficiency is high, which contributes to a greater 
risk for non-nutritional anemia. As Indonesia is the second global contributor to the newly diagnosed tuberculosis, 
and active pulmonary tuberculosis patients are more anemic, tuberculosis is also  contributes to the increasing 
risk of anemia. Therefore, to reduce anemia rates in Indonesia, authorities must consider non-nutritional causes 
that might influence the local incidence of anemia, and apply co-management of endemic infectious disease such 
as malaria and tuberculosis, and of genetic disease i.e. thalassemia and G6PDd. 
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INTRODUCTION 
Anemia affects more than 1.93 billion people world-
wide,1,2 mostly children aged <5 years and women.1,3 
Anemia increases morbidity and mortality rate, particular-
ly in children and reproductive-age women.4,5 Anemia 
also contributes to poor birth outcomes,4,6 impaired neu-
rological development in children, and decreased work 
productivity in adults.7 

Anemia is defined by a hemoglobin (Hb) concentration 
and/or red blood cell (RBC) count below the normal val-
ues and insufficient to fulfill an individual’s physiological 
needs.8 Typically, Hb concentration is the most common 
hematological assessment method and indicator for the 
diagnosis of anemia at the population level and in clinical 
practice. Anemia is caused by an imbalance between 
RBC loss and production (erythropoiesis). RBC loss may 
occur because of premature destruction (hemolysis) 
and/or acute blood loss. Reduced erythropoiesis can be 
caused by nutritional, inflammatory, and genetic factors. 
Anemia classification is commonly based on the biologi-
cal mechanism, such as hemolytic anemia (inflammation), 
or RBC morphology (e.g., hereditary spherocytosis).9 
Understanding the complex and varied etiology of anemia, 

 
 

including the non-nutritional cause, is crucial for develop-
ing effective interventions and monitoring anemia control 
programs. In this review, two interrelated non-nutritional 
causes of anemia, namely malaria infection and RBC dis-
orders (thalassemia and G6PD deficiency), are discussed. 
Malaria-endemic regions, such as Indonesia, have a high 
frequency of thalassemia and G6PD deficiency, which 
increases the risk for non-nutritional anemia. Discussion 
also include tuberculosis, which is associated with anemia, 
since Indonesia is the second global contributor to the 
increased cases of newly diagnosed tuberculosis. In 
Indonesia, patients with active pulmonary tuberculosis are 
more anemic with poor nutritional status. Thus, 
tuberculosis is also a contributing factor for the increasing 
risk of anemia. 
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ANEMIA AND MALARIA 
Malaria, a mosquito-borne disease caused by the parasite 
belonging to the genus Plasmodium, has become a major 
cause of anemia in tropical regions.10 In 2018, an estimat-
ed 228 million cases of malaria were reported worldwide, 
compared with 231 million cases in 2017 and 251 million 
cases in 2010. In 2018, an estimated 405,000 people died 
of malaria globally, compared with 416,000 estimated 
deaths in 2017 and 585,000 in 2010.11 Five Plasmodium 
species can infect humans: Plasmodium falciparum, P. 
vivax, P. malariae, P. ovale, and P. knowlesi.12 Of these, 
P. falciparum is the more virulent and is responsible for 
approximately 1–3 million deaths per year, mainly in 
children and pregnant women.13 P. falciparum infection 
may cause severe malaria syndrome, including severe 
anemia (defined as Hb concentration <5 g/dL).10 By con-
trast, P. vivax, the commonest and most widespread spe-
cies, is a largely nonlethal malarial species; however, it 
can also cause severe malaria syndrome because of re-
lapse cases due to the flaring up of hypnozoites in the 
liver.14 

The pathophysiology of anemia caused by malaria in-
fection is complex and influenced by multiple factors.15 
During malaria infection, merozoite-stage parasites in-
vade RBCs to undergo the asexual intraerythrocytic de-
velopmental cycle.16 This results in a noticeable loss in 
RBCs due to parasite maturation and macrophage-
mediated disruption of infected RBCs in the bone mar-
row.17 However, the principal contributor to anemia se-
verity is the accelerated disruption of uninfected RBCs, as 
observed in severe malaria cases caused by P. falcipa-
rum18 and P. vivax.19 Studies have revealed that, similar 
to infected RBCs, uninfected RBCs also exhibit reduced 

deformability,18,20 which may impair microcirculatory 
flow21 and trigger splenic retention and phagocytosis,22 
thereby contributing to malarial anemia. Moreover, stud-
ies have reported that increased apoptosis23 and accelerat-
ed senescence24 of uninfected RBCs, as well as the de-
struction of non-parasitized RBCs through opsonization 
and complement dysregulation,25–27 greatly contribute to 
anemia caused by falciparum and vivax malaria. Fur-
thermore, malarial anemia is compounded by defective 
development of RBCs in the bone marrow (dyserythro-
poiesis), which is mainly caused by the release of various 
immune mediators by both the host and parasite cells.28 

In many developing countries burdened by malaria, the 
destruction of RBCs induced by the parasite at the end of 
the infection exacerbates pre-existing anemia; this typi-
cally due to malnutrition, helminthiasis, or inherited dis-
orders related to RBCs, such as hemoglobinopathies.29,30 
The level of transmission also influences anemia severi-
ty.31 In areas with high malaria transmission (e.g., sub-
Saharan Africa), where most of the patients have devel-
oped immunity because of frequent exposure to malaria 
infection, anemia is predominantly observed in young 
children (aged <5 years).14,32 As the children grow into 
adulthood, they develop immunity against the malaria 
infection, such that in adolescence nearly all malaria in-
fections are asymptomatic.31 By contrast, in regions with 
unstable and low transmission of malaria, in which pro-
tective immunity from malaria is not achieved, the age 
group that is most affected by malarial anemia tends to 
shift toward adolescents and young adults.33 

Malaria is highly endemic in Eastern Indonesia, and 
most infections occur on the islands of Papua and East 
Nusa Tenggara,34 as illustrated in Figure 1.35 Annual 

 

Figure 1. Malaria distribution in Indonesia. Source: World Malaria Report 2019.11 
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parasite incidence in Indonesia was 0.84 in 2018 and 0.93 
in 2019.35 According to a related study conducted in 
Southern Papua, malaria infection due to P. falciparum, P. 
vivax, and P. malariae contributes to severe anemia risk, 
particularly in patients infected by mixed Plasmodium 
species, thus contributing to increased mortality risk.15 
Moreover, the burden of malaria-related anemia during 
pregnancy is overwhelming: almost 50% of pregnant 
mothers in Indonesia are anemic.36 Malaria infection is a 
risk in approximately 6.3 million annual pregnancies in 
Indonesia.37 Anemia is closely correlated with malaria 
infection, and in endemic regions, malaria is a major 
cause of anemia31 as well as a large contributor to mater-
nal anemia during pregnancy, resulting in poor birth out-
comes.38,39 

Asymptomatic microscopic parasitemia is associated 
with increased risk of anemia40 and adverse birth out-
comes, including premature delivery and low birth weight 
newborns.41 In the Asia–Pacific region, 70% of pregnan-
cies occur in malaria-endemic regions, of which 7% occur 
in Indonesia.37 Malaria contributes to increased risk of 
anemia among women living in Sumba and Papua, inde-
pendent of nutritional status (determined by body mass 
index and mid-upper arm circumference; Table 1).42 Stud-
ies on the burden of malaria in West Sumba Regency, 
where malaria transmission is seasonal, revealed that 
anemia prevalence increased in younger children (aged 
<10 years) during the wet season.43 Subsequent studies 
monitoring the efficacy of an antimalarial drug reported 
that the common clinical manifestation in the patients 
screened and involved in the studies was mild to severe 
anemia (Asih et al44 and unpublished data, Eijkman Insti-
tute). Common concomitant genetic disorders that are 
also prevalent in Sumba include thalassemia, G6PD, and 
Southeast Asian ovalosytosis.45,46 

The management of anemia in malaria endemic areas 
requires an intersectoral approach between nutritionists, 
hematologists, and infectious disease practitioners. This is 
because iron supplementation, rather than the provision of 
nutritious food as with biofortified grains and legumes, 
and bioavailability generated by food biodiversity, can 
exacerbate malaria, even to the point of overwhelming 
parasitosis.47–51 This consideration applies to placental 
malaria in particular where even periconceptional iron is 
a risk factor.52,53  
 

ANEMIA AND THALASSEMIA 
Haldane (1949)54 proposed that the high frequency of 
thalassemia in Mediterranean populations might be due to 
natural selection that resulted in increased prevalence of 
protective traits toward malaria infection; this is known as 
the Haldane hypothesis or malaria hypothesis. As a result 
of this survival advantage against malaria, inherited RBC 
disorders such as thalassemias are the most common dis-
eases attributable to single defective genes. Considering 
its selective pressure in the human genome, malaria is 
regarded as an evolutionary force of some genetic diseas-
es that mainly present as abnormal Hbs and RBC enzyme 
deficiencies.55 

The thalassemias—characterized by decreased Hb pro-
duction—are the most common inherited hemoglobin 
disorders and also the most common human monogenic 
diseases.56 The two main types of thalassemia are α and  
thalassemia, referring to the affected globin chains.57,58 
On the basis of globin chain expression, thalassemia can 
be classified as + and 0 or + and 0.59 Although these 
disorders are most common in tropical and subtropical 
regions, they are now encountered in most countries be-
cause of global population migration and marriage be-
tween ethnic groups. Of all globin disorders, α thalasse-
mia is the most widely distributed and occurs at high fre-
quencies throughout tropical and subtropical regions; in 
these areas, carrier frequency can reach up to 80%–90% 
in the population.60,61 For β thalassemia, the carrier fre-
quency is approximately 1.5% of the global population 
(80–90 million people), with approximately 60,000 indi-
viduals with clinical manifestations born annually.62 

Thalassemias are a heterogeneous group of anemias 
that result from defective synthesis of the globin chains of 
adult hemoglobin. In Southeast Asia, α-thalassemia, β-
thalassemia, hemoglobin E (HbE), and hemoglobin Con-
stant Spring (HbCS) are prevalent. HbE and HbCS are 
hemoglobin variants that cause a decrease in hemoglobin 
production. HbE mutation alternates the mRNA splicing, 
whereas HbCS mutation produces unstable mRNA due to 
a stop codon shift that causes longer but unstable mRNA, 
resulting in the reduction of the α-globin chain. The gene 
frequencies of α0-thalassemia in Indonesia range from 
1.5% to 11.8% and that of α+-thalassemia from 3.2% to 
38.6% (unpublished data, Eijkman Institute).63 The gene 
frequencies of β-thalassemia in Indonesia vary from 0.5% 
to 17.45% for the HbE mutation and 0.5% to 5.4% for the 

Table 1. Risk factors for anemia in women living in Sumba and Papua 
 

Variable Non-anemic 
(N=1481) 

Anemic 
(N=2993) 

Crude 
OR (95% CI)† 

Adjusted 
OR (95% CI)‡ 

Malnourished, n (%)     
No 1094 (73.9) 2105 (70.3) Reference Reference 
Yes 387 (26.1) 888 (29.7) 1.19 (1.04-1.37)*** 1.36 (1.17-1.59)*** 

Malaria, n (%)     
No 1387 (93.7) 2731 (91.2) Reference Reference 
Yes 94 (6.3) 262 (8.8) 1.42 (1.11-1.81)** 1.44 (1.13-1.84)** 

 
MUAC: mid-upper arm circumference; OR: odds ratio; 95% CI: 95% confident interval.  
Anemia criteria: hemoglobin <11 mg/dL for pregnant women or hemoglobin <12 mg/dL for nonpregnant women.8 Malnourished: mid-
upper-arm circumference <23 cm.87  
†Unadjusted logistic regression. ‡Adjusted logistic regression after controlling for underweight, malnourished, and malaria status. 

**p<0.010, ***p<0.001 
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other β-thalassemia mutations (unpublished data, Eijkman 
Institute). 
 
α-Thalassemia  
α-Thalassemia is an autosomal recessive hereditary RBC 
disorder due to mutations in the α-globin genes, causing a 
decrease in or absence of α-globin chain production; it is 
characterized by microcytic hypochromic anemia. The 
clinical phenotype of α-thalassemia varies from almost 
asymptomatic to lethal hemolytic anemia. α-thalassemia 
is a condition related to a deficit in the production of α-
globin chains, which form a tetrameric molecule together 
with β- or - globin chains of the hemoglobin molecule. 
Healthy individuals have four α-globin genes: two sets of 
two tandemly encoded (in cis) genes, located on chromo-
some 16 in band 16p13.3.60 

The α-globin chains are subunits for both fetal (α2Ꝩ2) 
and adult (α2β2) hemoglobin; therefore, homozygous α-
thalassemia can cause anemia in fetuses and adults.58 The 
most frequent mutation of α-thalassemia is deletion of 
one (α+-thalassemia) or both (α0-thalassemia) of the α-
globin genes. The severity of clinical and hematological 
phenotypes (degree of microcytic hypochromic anemia) 
is closely correlated with the reduction of α-globin chain 
synthesis in each mutated α gene.64 
 
β-Thalassemia  
The other autosomal recessive hereditary RBC disorder is 
β-thalassemia, which is caused by mutations in the β-
globin gene. β-thalassemia is characterized by the reduc-

tion in or absence of β-globin chain synthesis, resulting in 
reduced Hb, decreased RBC production, and anemia. On 
the basis of the clinical manifestations, β-thalassemia is 
classified as thalassemia major, thalassemia intermedia, 
and thalassemia minor.59,62 

The beta globin gene maps in the short arm of chromo-
some 11 at position 15.4. Approximately 200 β-globin 
gene mutations have been reported.65 β-globin gene muta-
tions result in a reduction or absence of β-globin chains 
production, with variable phenotypes ranging from severe 
anemia to clinically asymptomatic. The clinical severity 
of β-thalassemia is associated with the imbalance between 
the α-globin and non–α-globin chains. 

Even though thalassemia is closely associated with 
anemia, some of the hematologic features of the RBCs 
could appear normal in the thalassemia trait, as observed 
in our population studies in several ethnic groups in Indo-
nesia (Table 2). The prevalence of anemia (according to 
Hb concentration) in the population of Banjarmasin and 
Ternate was 11.4% (67/587; cutoff is <12 g/dL for 
women individuals and <13 g/dL for men individuals; 
according to the World Health Organization criteria8). We 
applied trait thalassemia screening according to the com-
plete blood count, Hb analysis, and blood smear of these 
67 individuals with anemia; we noted that only approxi-
mately 82% exhibited an indication of thalassemia (mi-
crocytic hypochromic). If molecule detection were also 
included, the confirmed thalassemia cases would be even 
lower. However, those with nonconfirmed thalassemia 
with microcytic hypochromic anemia could still harbor 

 

Table 2. Clinical characteristics of individuals with and without anemia in the Banjarmasin and Ternate population 
 

Population Variable Non-anemic Anemic p 
Banjarmasin  (N=179) (N=19)  
 Age [years, median (IQR)] 20.0 (19.0-21.0) 19.0 (19.0-20.0) 0.175 
 Sex [n (%)]    
 Male 74 (41.7) 1 (5.3) 0.002 
 Female 105 (58.3) 18 (94.7)  
 Hb [mg/dL, median (IQR] 14.1 (13.3-15.2) 10.8 (10.6-11.7) <0.001 
 MCV [fL, median (IQR)] 84.7 (82.3-87.5) 80.0 (71.4-82.7) <0.001 
 MCH [pg, median (IQR)] 28.3 (27.4-29.2) 24.4 (21.4-26.1) <0.001 
 MCHC [g/dL, median (IQR)] 33.2 (32.5-33.8) 31.2 (30.6-32.2) <0.001 
 RDW [n (%)] 13.4 (13.0-13.9) 15.7 (14.7-17.0) <0.001 
 HbA2 [n (%)] 2.8 (2.7-2.9) 2.6 (2.5-2.9) 0.021 
 HbF [n (%)] 0.3 (0-0.5) 0.0 (0.0-0.4) 0.281 
 HbE [n (%)] 2 (1.0) 0 (0.0) 1.000 
     

Ternate  (N=341) (N=48)  
 Age [years, median (IQR)] 20.0 (17.0-21.0) 19.5 (18.8-20.0) 0.185 
 Sex [n (%)]    
 Male 146 (42.8) 1 (2.1) <0.001 
 Female 195 (57.2) 47 (97.9)  
 Hb [mg/dL, median (IQR] 14.0 (13.1-15.6) 11.2 (9.6-11.6) <0.001 
 MCV [fL, median (IQR)] 82.9 (80.4-85.2) 74.6 (66.6-79.2) <0.001 
 MCH [pg, median (IQR)] 28.2 (26.9-29.3) 23.4 (19.9-25.4) <0.001 
 MCHC [g/dL, median (IQR)] 33.8 (32.9-34.9) 31.4 (29.5-32.4) <0.001 
 RDW [n (%)] 13.6 (13.1-14.3) 15.7 (14.8-19.2) <0.001 
 HbA2 [n (%)] 2.8 (2.6-2.9) 2.5 (2.3-2.7) <0.001 
 HbF [n (%)] 0.3 (0.2-1.0) 0.2 (0.0-0.9) 0.036 
 HbE [n (%)] 4 (1.2) 2 (4.2) 0.162 
 
Hb: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concen-
tration; RDW: red cell distribution width; HbA2: hemoglobin subunit alpha 2; HbF: fetal hemoglobin; HbE: hemoglobin E.  
World Health Organization anemia criteria were employed: hemoglobin <12 mg/dL for women or hemoglobin <13 mg/dL for men.8  
The p values were calculated using either the WilcoxonMann Whitney U test for continuous variables or Fisher’s exact test for categori-
cal variables. Significant p values are in bold (p<0.05). Unpublished data, Eijkman Institute. 
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thalassemia traits because a comprehensive molecular 
screening has not yet been conducted; in this case, screen-
ing was only performed for the most common mutations. 
Microcytic hypochromic anemia could result from not 
only thalassemia but also iron deficiency because thalas-
semia can coexist with iron deficiency. However, in cases 
where thalassemia is not confirmed, the microcytic hypo-
chromic anemia is most likely due to iron deficiency. 
Hence, nutritional anemia could coexist with RBC disor-
ders, such as thalassemia. 

We included hemoglobin analysis when screening for 
thalassemia, either in patients at our genetic clinic or as 
part of our population studies. We observed that RBC 
morphology (microcytic hypochromic) was similar be-
tween thalassemia and iron deficiency anemia and noted 
that this similarity could obscure the real cause of the 
underlying anemia because both abnormalities are com-
monly noted in the Indonesian population. Therefore, iron 
status must be examined to confirm the cause of the ane-
mia, which is crucial to determining prevention, therapy, 
and management strategies. However, government guide-
lines do not include iron status examination for determin-
ing the cause of anemia. The current policy is to provide 
iron supplementation for every person with anemia. Thus, 
we propose complete blood count and iron status screen-
ing in the Indonesian population in cases where iron sup-
plementation does not improve iron content. 
 
ANEMIA AND GLUCOSE-6-PHOSPHATE DEHY-
DROGENASE DEFICIENCY 
Another genetic disorder associated with the selective 
pressure of malaria is glucose-6-phosphate dehydrogen-
ase deficiency (G6PDd), which has been reported to con-
fer resistance to malarial infection.66–68 Population genetic 
analyses of the G6PD locus have supported the associa-
tion between G6PD and malaria; these studies have re-
vealed that the frequency of G6PD gene mutations have 
increased recently in certain geographic regions where 
malaria is endemic, as a result of positive selection.69,70 

The G6PD gene is located on chromosome X and maps 
to Xq28, making the disorder X-linked; consequently, 
men can only be hemizygous G6PD normal or hemizy-
gous G6PD deficient. Women can either be homozygous 

G6PD normal, homozygous G6PD deficient, or heterozy-
gous because women have two G6PD alleles. Similar to 
most X-linked genes, G6PD is affected by the random X-
chromosome inactivation phenomenon, and somatic cells 
in G6PD heterozygous women are a mosaic of G6PD-
normal and G6PD-deficient RBCs.71–73 

G6PDd is a common RBC enzyme disorder worldwide, 
affecting approximately 400 million people. The clinical 
manifestations of G6PDd are broad, ranging from asymp-
tomatic to acute hemolytic anemia, renal failure, and 
death. These manifestations result from mutations in the 
G6PD gene that cause instability in the produced enzyme. 
Approximately 400 biochemical variants are known, but 
only 186 mutations have been genotyped.74 These muta-
tions are region- or ethnic-specific. In Indonesia, G6PDd 
is most prevalent in malaria-endemic areas, such as south 
Lampung, central and south Kalimantan, and most of 
eastern Indonesia, such as Sumba and Papua. Certain var-
iants, such as Vanua-Lava, Viangchan, Coimbra Shunde, 
are found predominantly in eastern Indonesia.75,76 

Most individuals with G6PDd do not exhibit any symp-
toms unless exposed to exogenous agents that trigger oxi-
dative stress resulting in acute hemolytic anemia. In af-
fected individuals, a defect in the G6PD enzyme causes 
RBCs to break down prematurely in response to oxidative 
medication, infections, or fava beans, leading to hemolyt-
ic anemia that may be severe and life-threatening.77 We 
noted no difference in G6PD enzyme activity between 
those with and without anemia in normal conditions (i.e., 
not exposed to oxidative agents), whereas older age and 
being a woman increased the risk for acute hemolytic 
anemia (Table 3). 
 
TUBERCULOSIS 
Anemia is also found in association with tuberculosis. In 
Taiwan’s nationwide population-based study covering 12 
years of data, iron deficiency anemia was associated with 
a 99% increased incidence of tuberculosis compared with 
the matched group, which supports the hypothesis that 
individuals with micronutrient deficiency, including iron 
deficiency, are more susceptible to infections.78 Data 
from study conducted in Indonesia showed that patients 
with active pulmonary tuberculosis are more anemic with 

 

 
Table 3. Predictors of anemia in those with and without G6PD deficiency 
 
Variable Non-anemic Anemic Crude Adjusted 
  (N=424) (N=182) OR (95% CI) p OR (95% CI) p 
Age (years) 15.0 (10.0-32.0) 30.0 (16.3-40.0) 1.03 (1.01-1.04) <0.001 1.03 (1.02-1.05) <0.001 
Weight (kg) 39.0 (23.0-48.0) 40.0 (34.3-45.0) 1.01 (1.00-1.03) 0.045 1.00 (0.98-1.02) 0.947 
Sex       

Female 210 (49.5) 139 (76.4) Reference  Reference  
Male 214 (50.5) 43 (23.6) 0.3 (0.21-0.45) <0.001 0.27 (0.17-0.41) <0.001 

G6PD activity       
Non-deficient 399 (94.1) 170 (93.4) Reference  Reference  
Deficient 25 (5.9) 12 (6.6) 1.13 (0.55-2.29) 0.743 1.31 (0.59-2.90) 0.502 

Malaria       
Negative 415 (97.9) 176 (96.7) Reference  Reference  
Positive 9 (2.1) 6 (3.3) 1.57 (0.55-4.48) 0.398 2.68 (0.87-8.26) 0.085 

 
G6PD: glucose-6-phosphate dehydrogenase; OR: odds ratio; 95% CI: 95% confident interval.  
World Health Organization anemia criteria were employed: age <5 years, Hb <11 mg/dL; age 5–11 years, Hb <11.5 mg/dL; age 
12–14 years, Hb <12 mg/dL; age >15 years, Hb <12 mg/dL for female individuals or Hb <13 mg/dL for male individuals.8  
Data were extracted from Satyagraha et al.75 
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poor nutritional status as compared to healthy subjects.79 
Indonesia is ranked second (8.5%) as the biggest contrib-
utors to the global increase of newly diagnosed 
tuberculosis, after India (26%) (Figure 2).80 Nevertheless, 
similar with malaria, iron supplementation may exacer-
bate tuberculosis, since the tuberculosis causative 
pathogen, Mycobacterium tuberculosis, requires iron for 
essential metabolic pathways. Therefore, in tuberculous 
areas, iron supplementation approaches to the problem 
should be avoided without co-management of tuberculo-
sis and monitoring for iron biomarkers, since the man-
agement of dietary iron is most likely influential in 
supporting the outcome of this disease.81–86 
 
CONCLUSION: THE ROLE OF MALARIA, THA-
LASSEMIA, G6PD DEFICIENCY AND TUBERCU-
LOSIS IN ANEMIA IN INDONESIA 
The prevalence of anemia is high in Indonesia.36 The 
health authorities tend to highlight iron deficiency and/or 
malnutrition as the cause of anemia. Indonesia is an ar-
chipelago country with numerous islands, ethnic groups, 
cultures, languages, as well as tropical and genetic dis-
eases including malaria, thalassemia, and G6PD deficien-
cy. Multiple malaria infections can cause severe anemia 
in children or adults living in malaria-endemic areas. Ge-
netic factors that have arisen from malaria pressure in 
these areas can also cause anemia. Thus, anemia does not 
occur solely due to malnutrition and iron deficiency but 
can be due to other internal or external factors, which 
may play a role in modulating the incidence of anemia in 
Indonesia. Whenever iron supplementation does not im-
prove anemia status, particularly microcytic hypochromic 
anemia, practitioners should consider other causes. In our 
population studies, the prevalence of both thalassemia 
trait and iron deficiency was high, both of which contrib-

ute to the high prevalence of anemia. Therefore, in the 
management of anemia in the Indonesian population, 
conducting complete blood count screening, Hb analysis, 
and iron status examination is necessary, because anemia 
could be due to either chronic infection (e.g., malaria, 
tuberculosis) or genetic disorders (e.g., thalassemia and 
G6PDd). Anemia, particularly in children, may cause 
irreversible neurological damage that may affect the qual-
ity and global competitiveness of future human resources. 
Anemia in adults limit the quality of people’s work and 
their productivity. Thus, to eliminate anemia in Indonesia, 
the authorities should employ a comprehensive and mul-
tidisciplinary approach in collaboration with research and 
government institutions. Anemia elimination in Indonesia 
requires a knowledge of local pathogens, as well as nutri-
tional factors, especially since iron supplementation may 
otherwise worsen infectious disease such outcomes as in 
malaria and tuberculosis. 
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Non-nutritional anemia, the second most common type of anemia worldwide after nutritional anemia, includes 
the anemia of inflammation (AI) and that due to helminthiasis. In this review, we examine the contribution that 
non-nutritional anemia makes to incidence in Indonesia. Anemia due to helminthiasis is a common problem in 
Indonesia and contributes to prevalence, particularly in children under 5 years. We conducted a systematic litera-
ture review based on Google Scholar and Pubmed for non-nutritional anemia. We supplemented this with hemo-
globin and chronic disease data in Makassar where prevalence and type of anemia were available. To effectively 
reduce anemia prevalence in Indonesia, interventions should address both nutritional and non-nutritional contrib-
uting factors, including infection and genetic predisposition. 
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BACKGROUND 
Anemia is a major public health problem in Indonesia.1-3 
Despite the various efforts of the Indonesian government, 
such as providing iron and folic acid supplements to 
pregnant women and food fortification, anemia preva-
lence has remained high.4 Anemia typically presents as a 
symptom of a disease caused by various factors, including 
that that are nutritional and non-nutritional.5 The primary 
causes of nutritional anemia include low nutrient intake 
but may also be nutritionally responsive and secondary.6  
The secondary causes include impaired absorption, blood 
transport, metabolism, and storage of nutrients. Because 
genetic factors underlie the secondary causes, their 
pathomechanisms are increasingly being delineated 
through nutrigenomics. For instance, gene polymor-
phisms affect nutrient metabolism, causing variations in 
the nutritional requirements for erythrocyte formation. 
Therefore, to prevent anemia, individuals with such gene 
variants are required to consume certain nutrients at lev-
els higher than the recommended daily allowance. 
    Anemia of inflammation (AI) and iron deficiency (ID) 
anemia (IDA), the two most common forms of anemia 
worldwide, often coexist in developing countries where 
the prevalence of malnutrition and infectious disease is 
typically high.7 AI is a frequently reported anemia in hos-
pitalized patients and those with chronic, metabolic, or 
infectious disease. AI prevalence typically increases 
along with that of its associated diseases including diabe-
tes mellitus (DM), CVD, cancer, tuberculosis (TB), ma-
laria8 and HIV infection in Indonesia. Obesity, the meta- 

 
bolic syndrome, type 2 DM (T2DM) and CVD are also 
associated with anemia. In addition, Anemia is also a key 
feature of chronic kidney disease (CKD), itself a serious 
complication of T2DM and hypertension.  

Helminthiasis is endemic disease in Indonesia (par-
ticularly in <5-year-old children), and contributes to ane-
mia. Therefore, for comprehensive anemia management, 
the health authorities, systems and workers must identify 
and mitigate the underlying non-nutritional factors. Inter-
sectoral and eco-nutritional approaches are needed to re-
solve persistent anemia in Indonesia.1 

This systematic review discusses AI pathomechanisms 
and prevalence in Indonesia and globally. Several Indo-
nesian studies, not only of anemia in infectious, chronic, 
and metabolic disease, but also in helminthiasis are con-
sidered. The genetic variations contributory to nutrient 
absorption, transport, metabolism, and storage and to 
erythropoiesis are considered. 
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METHODS 
We searched the PubMed databases as well as Google 
Scholar and Google search engines for relevant literature 
using the following keywords: “anemia,” “hemoglobin,” 
“inflammation,” “kidney,” “obesity,” “chronic disease,” 
“heart failure,” “helminthiasis,” “tuberculosis,” “HIV,” 
and “Indonesia.” Original articles published in both inter-
national and Indonesian journals, unpublished theses, and 
registry data were selected. In total, 39 Indonesian studies 
from Indonesian journals (35 studies) and university the-
ses (4 studies) were finally included. Internationally pub-
lished articles on AI in Indonesia were scant. The studies 
were typically cross-sectional or descriptive, with some o 
only reporting the proportions or mean hemoglobin levels 
without describing anemia type. Anemia in helminthiasis 
data were mostly observational, conducted in Indonesia 
and published variously in international and Indonesian 
journals. The definitions of anemia varied with different 
cutoff points for hemoglobin. 
 We also obtained data for Makassar from patients of 
the Clinical Nutrition Department, Universitas Hasanud-
din affiliated to the Dr. Wahidin Sudirohusodo Hospital, 
in Makassar, Indonesia from July 2019 to September 
2020.  
 
INFLAMMATION  
AI most commonly presents as a mild-to-moderate 
normocytic normochromic anemia, which is caused by 
systemic inflammation that inhibits erythrocyte formation 
and survival. In AI, hemoglobin rarely drops below 8 
g/dL. In contrast to IDA, which is characterized by low 
serum iron and ferritin, AI exhibits low serum iron but 
normal or high serum ferritin levels. This phenomenon 
may be due to the iron redistribution in AI shifting from 
the location of utilization to that of storage, particularly in 
the hepatic and splenic mononuclear phagocyte system.9 

AI is commonly found in patients with chronic system-
ic inflammatory conditions including both infectious and 
noninfectious diseases. Thus, AI is typically associated 
with chronic systemic inflammatory diseases including 
TB, malaria HIV, acquired immunodeficiency syndrome 
(AIDS), immune-mediated diseases (e.g., systemic lupus 
erythematosus), cancerous and hematological malignan-
cies, obesity, T2DM, anemia in elderly persons, anemia 
in critical illness, congestive heart failure, CKD, and 
chronic pulmonary diseases.10 
    Tropical infectious diseases, which are typically acute 
(e.g., typhoid fever), are highly prevalent infectious dis-
eases in Indonesia. The prevalence of other acute infec-
tious diseases, such as diphtheria, pertussis, and morbilli, 
is extremely low due to successful vaccination by the 
Indonesian government. However, the prevalence of 
chronic infectious diseases such as TB and chronic hepa-
titis remains high, both in children and adults. In Indone-
sia, the highest prevalence of infectious diseases is seem 
with upper respiratory tract infection, diarrhea, and 
pneumonia (4.4%–9.3%, 6.8%–8%, and 2%–4%, respec-
tively), followed by filariasis, pulmonary TB, hepatitis, 
and malaria (0.8%, 0.42%, 0.39%, and 0.37%, respective-
ly (Indonesian Basic Health Research Data, 2018).4 
 
 

Pathophysiology 
Inflammation that occurs in both infectious and noninfec-
tious diseases can lead to increased levels of cytokines, 
particularly tumor necrosis factor (TNF)-, interferon 
(IFN)-, interleukin (IL)-1, and IL-6. IFN- elicits leuco-
cyte proliferation, thus activating macrophages to phago-
cytose erythrocytes and shortening the erythrocyte life; 
TNF- inhibits erythroid precursor proliferation; and IL-6 
promotes liver hepcidin synthesis.11,12 Moreover, proin-
flammatory cytokines suppress erythropoietin production; 
this natural mechanism reduces iron availability in the 
blood to inhibit the survival and reproduction of microor-
ganisms that use iron. Although this adaptative mecha-
nism is beneficial in mitigating acute infections, its chron-
ic continuation in chronic infections can lead to AI and 
disrupt metabolism.11 

In plasma, iron binds to transferrin, which carries it to 
the bone marrow for hemoglobin synthesis. Hepcidin is 
an iron-regulating hormone that binds to ferroportin to 
block the iron transfer from duodenal enterocyte cells, 
macrophages, and liver cells to blood plasma. Under 
normal conditions, hepcidin synthesis is regulated by the 
number of iron stores and serum iron levels. However, in 
low-grade chronic inflammatory conditions such as those 
in obesity and anemia, increased hepcidin levels have 
been reported worldwide, including in Indonesia.13 Hep-
cidin also worsens impaired renal function and is associ-
ated with inflammation.14 

AI is typically normocytic and normochromic, which 
means that AI exhibits normal erythrocyte size and nor-
mal hemoglobin content (Table 1). In some cases, par-
ticularly those of chronic inflammation, AI may be mi-
crocytic (small erythrocyte size) and hypochromic (low 
hemoglobin content).7 
 
CHRONIC AND METABOLIC DISEASE    
Noncommunicable diseases (NCDs) or chronic diseases 
result from a combination of factors including those that 
are genetic, behavioral, and environmental. In Indonesia, 
hypertension and T2DM incidence is 84 and 20 per 1000 
population, respectively.4 The prevalence of anemia in 
some chronic diseases among the patients from our de-
partment is illustrated in Figure 1. 

The prevalence of obesity, a major risk factor for met-
abolic syndrome, has also increased considerably in In-
donesia (Table 2A). In adults, central obesity prevalence 

 
Table 1. Differences in IDA and AI biomarkers 
 

Biomarker Iron deficiency 
anemia (IDA) 

Anemia of  
inflammation (AI) 

Mean corpuscular 
volume 

Low Normal 

Mean hemoglobin 
volume 

Low Normal 

Reticulocyte  
hemoglobin content 

Low Normal 

Serum transferrin High Low 
Serum transferrin 

receptor 
High Normal 

Serum ferritin Low High 
Serum hepcidin Low High 
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has reached 31%—exceeding the global obesity and 
overweight prevalence (13% and 39%, respectively).15 
This means that 1 in 3 Indonesian adults has central obe-
sity and thus has an increased metabolic syndrome risk 
compared with general population.4 

Corresponding to the increasing national prevalence of 
obesity reported in Indonesian Basic Health Research 
(Riskesdas) 2018,4 Herningtyas et al also found a high 
metabolic syndrome prevalence (21.7%) among 8573 
individuals from 20 provinces and of 27 ethnicities in 
Indonesia—with the most common metabolic syndrome 
components being a low HDL concentration and hyper-
tension.16 

The obesity–ID association has been discussed previ-
ously.17,18 Obesity induces inflammation, thereby increas-
ing the cytokine and hepcidin levels and thus promoting 
the sequestration of iron in the mononuclear phagocytes 
system, particularly in the liver and spleen, and reducing 
iron absorption in the gut.13 

In four extracted studies including obese individuals,19-

22 the average anemia incidence was 14.85% (range: 

6.9%–30%), but not all studies mentioned the anemia 
type (Table 2B): Wijayanti et al19 found 12% (4.3% men 
and 23.8% women) of the included 50 obese individuals 
to have anemia, but they neither detailed the type of ane-
mia observed nor included nonobese controls in their 
study. Although obesity is associated with ID, anemia 
prevalence was lower in obese individuals than in their 
normal-weight counterparts.20,21,23 In some conditions, 
micronutrient deficiency, such as vitamin B-12 or folate 
deficiency, inflammation, sickle cell disease, bone mar-
row disorders, thalassemia, and other hemolysis types, 
might contribute to total anemia.23,24 

In a Taiwanese study, Huang et al25 reported BMI to be 
positively associated with hemoglobin levels, meaning 
that the BMI the lower is, the higher is the risk of anemia. 
Moreover, BMI is correlated positively with serum ferri-
tin levels but inversely with serum iron levels. Hence, the 
BMI–IDA association can be defined to be similar to the 
definition of IDA.  

Moreover, in two Indonesian studies, the anemia preva-
lence was higher in nonobese individuals than in obese 

 
 

Figure 1. AI prevalance in patients at Dr. Wahidin Sudirohusodo Hospital, Makassar, Indonesia. 
 
 

 
Table 2A. Obesity by BMI for age groups in Indonesia1 

 

No Age group Prevalence (%) CI 95% 
1 Children 5–12 years old† 9.2 9.0–9.5 
2 Adolescent 13–15 years old† 4.8 4.6–5.1 
3 Adolescent 16–18 years old† 4 3.8–4.3 
4 Adult >18 years old 21.8 21.7–22.0 
5 Adult with Central Obesity 31 30.8–31.2 
 
†Body mass index for age obesity Z score was used. 
 
Table 2B. Anemia in obesity in Indonesia 
 
No Author Population Study design Anemia prevalence (%) 
1 Wijayanti et al., 201819 50 obesity patients. No nonobesity 

controls 
 

Cross-sectional study 12% 

2 Heryati et al., 201420 38 elementary school students with 
overweight and obesity and 62 
students with normal nutritional 
status 
 

Cross-sectional study 10.5% of obese students 
21% in normal nutritional status 
students 

3 Sukarno, Marunduh, 
Pangemanan, 201621 

29 subjects with BMI >25 kg/m2 
31 subjects with BMI <25 kg/m2 

Cross-sectional study 6.9% in obese subjects 
15.78% in BMI <18.5 
8.33% in BMI 18.5–24.9 
 

4 Nisa, Nissa, Probosari, 
201922 

30 obesity and 30 non-obesity 
(based on BMI over age) patients 
age 15–18 years old 

Cross-sectional study 30% in obese subjects and 30% 
in nonobese subjects 
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individuals: Heryati et al20 found that among elementary 
students (aged 10–12 years), anemia was present in 21% 
of those with normal nutritional status and in only 10.5% 
of those overweight and obese. Among adults, Sukarno et 
al. found that nonobese participants with a BMI of <18.5 
and 18.5–24.9 kg/m2 had an anemia prevalence of 
15.78% and 8.33%, respectively, whereas obese partici-
pants with a BMI of >25 kg/m2 had an anemia prevalence 
of only 6.9%.21 However, none of these studies performed 
any serum iron assessments. Hence, future studies inves-
tigating the iron status–obesity association in Indonesia 
are warranted. 
 
 

Type 2 diabetes mellitus  
In the Indonesian Basic Health Research in 2018, T2DM 
prevalence in individuals aged >15 years was 2%4 based 
on diagnoses made by a physician—higher than the 2019 
global T2DM prevalence (estimated to be 9.3% [i.e., 463 
million persons]).29 

Moreover, the prevalence of AI in T2DM was high in 
Indonesia: 27.9% and 33.4% in well-controlled and poor-
ly controlled T2DM, respectively.30 This trend accords 
with that found by another study: 50 (34%) of 146 pa-
tients with T2DM had anemia.31 

Both obesity and T2DM are associated with low-grade 
chronic inflammation.32 In addition, hyperglycemia in 
T2DM can lead to increased free radical production and 
worsened inflammation.33 Hyperglycemia is directly as-
sociated with the development of inflammation, as shown 
by increased levels of proinflammatory cytokines such as 
IL-6, TNF-α, and nuclear factor κB.31 Increased IL-6 con-
centration can lead to a reduction in the sensitivity of the 
erythrocyte progenitor to erythropoietin and induce apop-
tosis in immature erythrocytes, in turn reducing the he-
moglobin concentration.34,35 

Studies on anemia in T2DM in Indonesia have general-
ly focused on patients who have experienced complica-
tions in the kidney such that the cause of anemia is a 
combination of inflammation and impaired erythropoietin 
production.26-28 The anemia incidence can increase up to 
80% with increases in disease duration and kidney disor-
der severity.26,28 Based on the Indonesian studies (Table 
3), the average prevalence of anemia in T2DM is 49.2%. 

In the data on anemia in T2DM obtained from our de-
partment patients (Table 4), the prevalence of anemia in 
T2DM was 79.6%—higher than the prevalence indicated 
by the national data. The reason for this phenomenon may 

be the following: as a referral hospital, our hospital re-
ceives patients with high-severity T2DM. According to 
our data, of 93 patients with T2DM, 74 (62.8%) patients 
had anemia. Of these, 58 (78.3%) had normocytic normo-
chromic anemia, 8 (10.8%) had microcytic hypochromic 
anemia, 7 (9.5%) had microcytic normochromic anemia, 
and 1 (1.4%) had macrocytic hypochromic anemia. Our 
study were was in line with the 2019 study of Saraswati et 
al30 in Indonesia: even when the HbA1c levels indicated 
severe T2DM, the mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpuscular hemoglobin 
concentration were normal; moreover, the mean hemo-
globin concentration was 13.5 (range: 8.3–17.7) g/dL. 

Normocytic normochromic anemia is a common type 
of anemia in chronic diseases due to the erythrocyte 
lifecycle being shortened to 80 days in these diseases; 
moreover, the circulating erythrocyte removal process is 
related to inflammatory processes.31 
 
Chronic kidney disease  
Anemia in CKD was initially considered to be associat-
ed with impaired erythropoietin production, and thus, it 
was not considered to be AI. However, recently, in-
flammation was found to be involved in anemia in CKD. 
Inflammation increases hepcidin synthesis, promotes 
erythrophagocytosis, suppresses erythropoiesis in the 
bone marrow, and reduces erythropoietin production in 
the kidney. According to the 11th Report of the Indone-
sian Renal Registry, 78% of patients with CKD had 
hemoglobin concentrations <10 g/dL.39 Patients with 
CKD have the highest rate of anemia, among other 
chronic metabolic diseases, particularly at the advanced 
CKD stage, reaching up to 95% (Table 5).36-40 Minhajat 
et al38 found that 95.38% of patients with CKD had 
anemia, most (88.56%) of whom were at CKD stage 5. 
Normocytic normochromic anemia was the predomi-
nant (66.13%) type of anemia in CKD, consistent with a 
characteristic of AI. However, microcytic hypochromic 
anemia was noted only in 13.71% of the patients. 
 
Cardiovascular disease 
According to the 2018 Indonesian Basic Health Research 
(Riskesdas),4 CVD prevalence in Indonesia is 15 per 1000 
population. In their 2018 Indonesian study, Dzakiyah et 
al41 found the prevalence of anemia in chronic heart fail-
ure to be 37.5%, with most (78.1%) of the participants 
having NYHA Functional Class III heart failure. The 
 

Table 3. Anemia in T2DM in Indonesia 
 
No Author Population Study design Anemia prevalence (%) 
1 Wijaya et al., 201526 46 patients with T2DM with mildly 

to severely impaired renal GFR 
(Data from the medical records)  

Cross-sectional study 80.4% total anemia, 26.1%, 39.1, 
15.2% in mildly, moderately, and 
severely impaired GFR, respectively 
 

2 Wijaya et al., 201427 192 T2DM patients in RSUP San-
glah Hospital, Bali (Data from the 
medical record)  

Cross-sectional study Total anemia 41.67%, mild anemia 
76.25%, moderate anemia 21.25%, 
severe anemia 2.5% 
 

3 Balela, Arifin, Noor, 
201428 

78 T2DM patients Cross-sectional study 57% in patients with T2DM <5 years 
86% in patients with T2DM ≥5 years 

 
GRF: glomerular filtration rate; T2DM: type 2 diabetes mellitus. 
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prevalence of anemia in heart failure regardless of the 
ejection fraction is up to 30% in outpatients and up to 
50% in hospitalized patients. Anemia is associated with 
mortality in heart failure, with a crude mortality risk of up 
to 1.96. Moreover, in heart failure, anemia might be 
caused by several neurohormonal activations, which in-
crease inflammatory cytokine levels, resulting in func-
tional ID. Moreover, heart failure can cause renal dys-
function and thus eventually affect erythrocyte production. 
Loss of appetite in heart failure is also a common finding 
that leads to absolute ID. Finally, fluid retention can 
cause hemodilution, which in turn results in reduced he-

moglobin concentrations.42,43 
In our collected patient data, the prevalence of anemia 

in CVD (including heart failure and myocardial infarction) 
was 62% (Table 4). Of the 105 patients admitted to the 
cardiovascular ward, 65 (62%) patients had anemia, of 
whom 44 (67.7%) had normocytic normochromic anemia, 
19 (29.2%) had microcytic hypochromic anemia, and 2 
(3%) had normocytic hypochromic anemia. Therefore, in 
CVD, the predominant type of anemia was normocytic 
and normochromic—consistent with the characteristics of 
AI. 

Because ID prevalence potentially contributes to ane-

 
Table 5. Anemia in CKD in Indonesia 
 
No Author  Population Study design Prevalence 
1 Adiatma DC et al., 

201436 
35 CKD patients with hemodialy-
sis. stage 1-4 CKD 29%, stage 5 
CKD 71% 

Cross-sectional 
study 

Total anemia: 86%, anemia of chronic 
disease 80%, IDA 10%, hemolytic anemia 
3.3%, posthemorrhagic anemia 6.7%  
 

2 Aisara S, Azmi S, 
Yanni M. 201837 

104 CKD patients with HD Observational-
descriptive study 

Hb <7: 6.7% 
Hb 7-10: 68.3% 
Hb >10: 25% 
 

3 Minhajat, 201638 130 CKD patients stage 3b (2 pts), 
stage 4 (8 pts) stage 5 (120 pts), 
43% with HD in RSUP dr.  
Wahidin Sudirohusodo Makassar 
 

Cross-sectional 
study 

Total anemia: 95.38% (88.56% in stage 5) 
Normocytic normochrom: 66.13% 
Microcytic hypochromic: 13.71% 
 

4 PERNEFRI. 11th 
Report of Indonesian 
Renal Registry, 
201839 
 

87,710 chronic kidney disease 
patients 

Registry Hb <10: 78% 
Hb >10: 22% 

5 Suega K, Bakta M, 
Dharmayudha TG et 
al. 200540 

26 CKD-dialytic patients 
26 CKD-predialysis patients 

Cross-sectional 
study 

96.2% in dialytic group 
30.8% in the predialysis group 

 
CKD: Chronic Kidney Disease; IDA: Iron Deficiency Anemia; HD: Hemodialysis; RSUP: Rumah Sakit Umum Pusat (Central General 
Hospital); PERNEFRI: Perhimpunan Nefrologi Indonesia (Indonesian Nephrology Association); Hb: Hemoglobin. 
 

Table 4. Prevalence of anemia in various diseases in patients at Dr. Wahidin Sudirohusodo Hospital, Makassar, Indo-
nesia 
 
Disease n Mean hemoglobin (g/dL) Prevalence of anemia (%) Type of anemia 
Malignancy 92 8.1 88 70.4% Normocytic normochromic 

12.4% Microcytic hypochromic 
3.7% Normocytic hypochromic 
1.2% Macrocytic hypochromic 
12.3% Microcytic normochromic 
 

Tuberculosis 28 11.1  67.8 57.9% Normocytic normochromic 
10.5% Microcytic hypochromic 
21% Normocytic hypochromic 
5.2% Macrocytic hypochromic 
5.2% Microcytic normochromic 
 

HIV 58 10.4  89.6 80.7% Normocytic normochromic 
9.6% Microcytic hypochromic 
1.9% Normocytic hypochromic 
3.8% Macrocytic hypochromic 
3.8% Microcytic normochromic 
 

Cardiovascular disease 105 11.7  62 67.9% Normocytic normochromic 
29.3% Microcytic hypochromic 
3% Normocytic hypochromic 
 

T2DM 93 11.1  79.6 78.4% Normocytic normochromic 
10.8% Microcytic hypochromic 
9.4% Microcytic normochromic 
1.3% Macrocytic hypochromic 

 
T2DM: type 2 diabetes mellitus. 
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mia in heart failure, further relevant studies are recom-
mended. 
 
CANCER 
In cancer, anemia can occur independently due to chemo-
therapy, typically as a consequence of chronic inflamma-
tion, and its features can resemble those of anemia in 
chronic inflammatory diseases. In most cases, anemia in 
cancer is normochromic and normocytic, with normal-to-
low serum iron levels, low total iron-binding capacity,44 
and possibly, normal-to-high serum ferritin levels. 

In an Indonesian study,45 50% of the four hematology 
and lymphoma malignancy cases had anemia; moreover, 
47.8% of patients with solid cancer had anemia, and the 
factor that significantly influenced the hemoglobin con-
centration was radiotherapy dose: when the dose was <60 
and >60 Gy, anemia prevalence was 29.4% and 57.6%, 
respectively. However, in 2002, Harrison et al46 found 
that 41% of patients with cancer has anemia before radio-
therapy initiation, and this number increased as radiother-
apy progressed. Moreover, anemia prevalence was the 
highest in patients with uterine or cervical cancer both 
before and after radiotherapy (75% and 79%, respective-
ly), and patients with head and neck cancer had the lowest 
mean hemoglobin concentrations during radiotherapy (1.8 
g/dL). 

According to our data on department patients with ma-
lignancies such as colon cancer, head and neck cancer, 
and ovarian cancer, the prevalence of anemia in cancer 
was 88% (Table 4). Of 92 patients with malignancy, 81 
(88.1%) had anemia, of whom 57 (70.4%) had normo-
cytic normochromic anemia, 10 (12.3%) had microcytic 
hypochromic anemia, 3 (3.7%) had normocytic hypo-
chromic anemia, 10 (12.3%) had microcytic normo-
chromic anemia, and 1 (1.2%) had macrocytic hypo-
chromic anemia. Thus, our data indicated that the most 
common type of anemia in cancer was normocytic and 
normochromic—the typical AI. 

 
TUBERCULOSIS 
The highest TB burden in the world is in India, followed 
by China and Indonesia.47 Indonesia has a pulmonary TB 
prevalence of 0.4%.4 As a disease involving chronic in-
flammation, the incidence of anemia in TB is high. Pul-
monary TB can be characterized by several inflammatory 
markers, such as C-reactive protein (CRP) and other cy-
tokines (i.e. IFN-γ, IL-6 and TNF-α). Hence, in patients 
with pulmonary TB, anemia may be caused by AI, blood 
loss, hemoptysis, malnutrition, and pyridoxin deficiency 
(a side effect of isoniazid).48 

Of all studies found in our literature search, most (n=13) 
were discussed anemia in patients with pulmonary TB 
(Table 6). The average prevalence of anemia in pulmo-
nary TB was 50%–70%, including that of normocytic 
normochromic and microcytic hypochromic anemia being 
5.8%–54.8% and 47%–81.48%, respectively (Table 6).48-

60 In Indonesia, in addition to inflammation, a combina-
tion of many factors such as low protein and micronutri-
ent intake can contribute to anemia. 

In one study,61 the use of antimicrobial agents in pa-
tients with anemia in pulmonary TB completely alleviated 
the anemia in nearly one-third of the patients after 1 

month of treatment and in approximately half of the pa-
tients after 2 months of treatment. 

In the extracted Indonesian studies, the average preva-
lence of anemia in TB was 71.6%. In our department pa-
tients with pulmonary TB, anemia prevalence was 67.9%. 
Of 28 patients with pulmonary TB, 19 (67.9%) had ane-
mia, of whom 11 (39.2%) had normocytic normochromic 
anemia, 4 (14.2%) had normocytic hypochromic anemia, 
2 (7.2%) had microcytic hypochromic anemia, 1 (3.6%) 
had macrocytic hypochromic anemia, and 1 (3.6%) had 
microcytic normochromic anemia. In 2019, Mukherjee et 
al63 also found normocytic normochromic anemia to be 
the predominant type of anemia in pulmonary TB, with a 
prevalence of 56.9%. 
 
HIV/AIDS 
In 2018, Indonesia had 640 000 individuals living with 
HIV, and it had an HIV infection prevalence of 0.17% 
among all age groups and of 0.4% among adults.62 In 
2017, the number of new HIV cases was 1.94 million 
globally. Although the number of new cases has de-
creased recently, the increased use of antiretroviral thera-
py has increased patient survival and in turn increased 
HIV prevalence (with 35.8 million individuals living with 
HIV).63 

Being an infectious disease, HIV/AIDS also leads to AI 
in many patients (prevalence reaching 76%; Table 7).64-67 
In the Indonesian studies, the average prevalence of ane-
mia in HIV/AIDS was 57.5%. In our department patients 
(Table 4), the prevalence of anemia in HIV/AIDS was 
89.6% (the relatively high prevalence might be due to the 
generally high disease severity among our referral hospi-
tal’s patients). Of all 58 patients with HIV/AIDS, 52 
(80%) had anemia, of whom 42 (80.7%) had normocytic 
normochromic anemia, 5 (9.6%) had microcytic hypo-
chromic anemia, 2 (3.8%) had macrocytic hypochromic 
anemia, 2 (3.8%) had microcytic normochromic anemia, 
and 1 (1.9%) had normocytic hypochromic anemia. Con-
sistent with other worldwide reports, we also found 
normocytic normochromic anemia to be the predominant 
type of AI. 
 
PREGNANCY  
Anemia in pregnancy is common worldwide, particularly 
in developing countries.5 In Indonesia, the prevalence of 
anemia in pregnancy (at age >15 years) was 45.1% in 
1997; it then increased to 46.5% in 2000, decreased to 
37.5% in 2008,68 and finally, increased again to 48.9% in 
2018.4 The etiology of anemia in pregnancy is multifacto-
rial. However, in general, ID is assumed to be the major 
cause69,70 because anemia diagnosis is generally based on 
hemoglobin measurement alone. Other possible etiologies 
of anemia include erythrocyte disorders (e.g., thalasse-
mia), malaria, inflammatory diseases, hookworm infesta-
tion, and other micronutrient deficiencies, which may be 
significant factors depending on the geographic setting 
and population type.70 
 More detailed laboratory examinations are required to 
distinguish the underlying etiologies. In their study on 
399 women in the first trimester of pregnancy, Siridam-
rongvattana et al71 found an unexpectedly low prevalence 
of anemia (19.3%), ID (20.1%), and IDA (6%); of the 77  
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Table 6. Anemia in pulmonary TB in Indonesia 
 
No Author Population Study design Anemia prevalence 
1 Kalma et al., 

201949 
21 samples, including seven pa-
tients with treatment of 2 months, 
seven patients with treatment of 4 
months, and seven patients with 
treatment of 6 months at Maccini 
Sawah Public Health Centre Ma-
kassar 

Cross-sectional study Normal hemoglobin level (42.86%) 
and anemia (57.14%). 

     

2 Sundari et al., 
201754 

74 pulmonary TB-infected pa-
tients: 61% men, 39% women; 
ages ranged from 18 to 63 (32.6 + 
12.2) years; 24 (32%) with the 
Beijing strain, and 50 (68%) with 
non-Beijing strain infections. 
 

Cross-sectional study Hemoglobin level ranged from 8.6 to 
14.8 (11.8) g/dL and 8.1 to 16.5 (12.0) 
g/dL for the Beijing strain and non-
Beijing strain, respectively, with more 
anemia found in Beijing strain pa-
tients (71%) than non-Beijing strain 
(62%) patients. 

     

3 Adzani, Dalimo-
enthe, Wijaya, 
201648 

49 pulmonary TB patients Cross-sectional study Total: 63.26% of patients with ane-
mia. In men: mild anemia 57.14%, 
moderate anemia 42.86%; in women: 
mild anemia 58.82%, moderate ane-
mia 41.18%. 
In men: 42.86% normochromic 
normocytic, 42.86% hypochromic 
microcytic, 7.14% normochromic 
microcytic, and 7.14% hypochromic 
normocytic; in women: 5.88% normo-
chromic normocytic, 47.06% hypo-
chromic microcytic, 17.65% normo-
chromic microcytic, 29.41% hypo-
chromic normocytic. 

     

4 Sadewo et al., 
201455 

692 pulmonary TB patients in 
West Borneo (2010–2012) 

Cross-sectional study 76.4% anemia  
-59.1% mild anemia 
-54.8% normocytic normochromic 
anemia 

     

5 Lasut et al., 
201456 

67 patients with pulmonary TB at 
Prof. Dr. R. D. Kandou Manado 
General Hospital (January 2014–
December 2014) 

Cross-sectional study Among 67 patients, 45 patients had 
hemoglobin levels below the normal 
value or anemia (65.67%) 

 
     

6 Fauziah et al., 
201357 

30 patients with pulmonary TB, 15 
men and 15 women (Haji Abdul 
Halim Hasan Public Health Centre 
Binjai) 

Cross-sectional study Hemoglobin level before treatment: 
men: 15.40.68, women: 12.940.33. 
After 3 months of treatment, men: 
11.880.52, women: 10.420.44. 

     

7 Fathan et al., 
201358 

61 pulmonary TB patients in West 
Nusa Tenggara Barat Province 
Hospital 

Case–control study Total anemia: 78.7%; normocytic 
normochromic: 19.52%; microcytic 
hypochromic: 81.48% 

     

8 Lokollo et al. 
201059 

22 pulmonary TB patients aged 1–
14 years in Kariadi Hospital Sema-
rang 

Case–control study 40.9% with anemia 

     

9 Purnasari et al., 
201160 

30 pulmonary TB child patients at 
Community Pulmonary Health 
Center (BKPM) Semarang in Jun–
Jul 2011. Patients aged 1–11 years 

Cross-sectional study 43.3% of pulmonary TB pediatric 
patients were anemic. Anemia of 
chronic disease was found at 61.5%, 
and iron deficiency anemia at 38.5%. 

     

10 Pramono & Mei-
da, 200350 

66 pulmonary TB patients; 43 
men, 23 women, PKU Muham-
madyah Hospital, Yogyakarta 

Cross-sectional study, 
retrospective from med-
ical records (2000) 

65.15% anemia: 100% men, 0% 
women 

     

11 Karyadi, 200051 41 active TB patients (25 men, 
16 women) in Cipto 
Mangunkusumo Hospital and 41 
healthy participant (25 men, 16 
women) 

Case–control study 58.5% TB patients had anemia; 
21.9% healthy controls had anemia. 
TB patients had mean hemoglobin 
concentrations 13% lower than 
healthy controls and 11% lower 
median hematocrit. 

     

12 Karyadi, 200252 110 TB patients before an-
tituberculosis treatment 

Double-blind, placebo-
controlled trial 

57% TT patients before antitubercu-
losis treatment 

TB: Tuberculosis; BKPM: Balai Kesehatan Paru Masyarakat (Community Pulmonary Health Center). 
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women with anemia, 24 (31.2%) had ID, 20 (26.0%) 
had thalassemia-related genes, and 33 (42.9%) had un-
known underlying factors. 

Pregnant women have been reported to have systemic 
low-grade inflammation,72 which is correlated with AI.9 
However, Finkelstein et al reported a relatively low prev-
alence of inflammation (CRP >5 mg/L: 17%; ambulatory 
glucose >1.0 g/L: 11%) and AI (hemoglobin <11.0 g/dL 
and serum ferritin >15.0 μg/L plus CRP>5 mg/L or am-
bulatory glucose >1.0 g/L: 2%) in pregnant women.73 
Nevertheless, AI risk in pregnant women with chronic 
infectious or metabolic diseases may still be high.9 

In 2018, Judistiani et al74 found that 7.5% (201) of 
pregnant women had anemia, with 24.9% of them noted 
to have hyperferritinemia. Moreover, proinflammatory 
cytokine levels increased in women with late pregnancy.  

However, the authors did not report any inflammatory 
markers and reported a positive correlation between ferri-
tin status and anemia only in the first trimester. In addi-
tion, they reported that pregnant women with low chole-
calciferol levels tended to have anemia, particularly in the 
third trimester (relative risk: 2.96; 95% CI: 0.36–24.53). 
Nevertheless, vitamin D deficiency is associated with 
inflammatory status, and supplementation can alleviate 
the inflammatory status in some diseases.75 

 
HELMINTHIASIS 
Infection by soil-transmitted helminths (STH; i.e., hel-
minthiasis), including Necator americanus (hookworm), 
Ascaris lumbricoides, and Trichuris trichiura, represents 
a major community health concern in regions 
worldwide.76 The pathological process underlying the 
host response for helminthiasis may lead to inflammatory 
conditions.77 In helminthiasis, altered intestinal iron up-
take and iron metabolism and intestinal bleeding can lead 
to ID.78,79 Moreover, the destruction of the intestinal mu-
cosa impedes the absorption of nutrients, including mi-
cronutrients such as iron, negatively affecting the host’s 
nutritional status and immune system.80 

Globally, a main cause of IDA is infection by parasites 
such as hookworms, whipworms, and roundworms, which 
results in intestinal bleeding in the stool.81 Hookworm 
infection leads to anemia by inducing chronic intestinal 
blood loss: infection by Ancylostoma duodenale and N. 
americanus can cause blood loss of 0.15–0.2 mL per day. 
These hookworms release anticlotting factors such as 

coagulase to prevent blood clots and ensure continuous 
blood flow.82 

Disruption of iron absorption can also be due to dam-
age to the intestinal integrity caused by the inflammatory 
process. Helminthic infection can increase inflammation: 
in a host, the existence of helminths is detected by the 
epithelial or immune cells in response to worm products; 
these cells then release cytokines (e.g., IL-25) from the 
enterocytes, promote Th2 cell proliferation, and upregu-
late effector mechanisms (e.g., evocation of eosinophils 
by IL-5), all to destroy the parasite. However, the hel-
minths manipulate the host immune system by releasing 
molecules to facilitate the formation of a leaky epithelial 
barrier.83 In general, this damage to intestinal integrity 
can reduce intestinal iron uptake and induce anemia: in 
children with such parasitic infections, malnutrition may 
occur due to a lack of essential nutrients, resulting in nu-
tritional anemia.84 
 
Prevalence of anemia due to helminthiasis in Indonesia 
Approximately 42% of global STH infections occur in 
Southeast Asia. Of children with STH infections in 
Southeast Asia, 64% are from India, 15% from Indonesia, 
and 13% from Bangladesh. In Indonesia, 17 million pre-
school-age children and 42 million school-age children 
have an STH infection.85 STH infection is thus one of 
Indonesia’s leading public health issues, with a high 
prevalence in the range of 45%–65%. In Indonesia, the 
highest STH infection prevalence is 80%, mainly in areas 
with poor sanitation.86 In a cross-sectional survey in Se-
marang, Central Java, STH infection prevalence was ap-
proximately 34% in 6466 individuals aged 2–93 years.87 
Pegelow et al88 reported that soil-transmitted nematode 
infection was predominant in 8–10-year-old children in 
the rural area of Sukaraja, West Java: based on the testing 
of 348 stool samples, T. trichiura infection was the most 
prevalent (76%), followed by A. lumbricoides (44%) and 
hookworm (9%) infections. Among 365 blood samples, 
anemia prevalence was 13%. Moreover, the prevalence of 
low nutritional status was 51% in general. Table 8 lists 
the prevalence of anemia in helminthiasis in Indonesia 
from several studies.88-98 

In several districts of North Sumatra, helminthiasis 
prevalence differed considerably between suburban and 
rural areas. A report from Medan, North Sumatra, report-
ed a high STH infection prevalence in school-age chil-

Table 7. Anemia in HIV/AIDS in Indonesia 
 
No Author Population Study design Anemia prevalence 
1 Wisaksana et al., 

201166 
611 HIV/AIDS patients – ART 
naïve 

Cross-sectional 
study 

Total anemia: 49.6% of 611 ART-naïve patients. 
Mild anemia: 62%, mod–severe anemia: 38% 
67.36% with a high ferritin level 
 

2 Yolanda, 201667 201 HIV/AIDS patients who 
underwent voluntary counsel-
ing and testing 
 

Cross-sectional 76% anemia 
5.5% pancytopenia 

3 Massang, Edward, 
Purwanto, 201868 

68 HIV/AIDS patients, 34 with 
Antiretroviral agents and 34 
without Antiretroviral agent; 
nutritional anemia was excluded 
 

Cross-Sectional Total Median Hb: 11.7 g/dL 
Median Hb in ARV group: 10.60 
Median Hb in non-ARV group 12.63 

4 Defiaroza, 201869 10 HIV/AIDS patients Descriptive Mean: 13 gr%, SD: 2.26 gr% 
 
ART: Antiretroviral Therapy; ARV: Antiretroviral. 
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dren (40.3%).89 Nasution et al99 reported that STH infec-
tion prevalence was 76.8% in Singkuang (56 children) 
and 87.2% in Sikapas (242 children) primary schools: the 
prevalence of A. lumbricoides infection was 58.9% in 
Singkuang and 69.8% in Sikapas, that of T. trichiura in-
fection was 57.1% in Singkuang and 78.1% in Sikapas, 
and that of hookworm infection was 1.8% in Singkuang 
and 19.4% in Sikapas. A consecutive fecal analysis of 
132 8–12-year-old students during May–October 2016 in 
Public Primary School 060925 Amplas, Medan, and 
101747 Hamparan Perak, Deli Serdang, indicated that the 
prevalence of helminthiasis was 7.6%, with that of low 
serum iron levels being 11.4%.89 

In North Pontianak, West Kalimantan, helminthiasis 
was noted in 16.7% of 60 elementary school students, 
with an anemia prevalence of 55%.91 In Mimika, Papua, 
helminthiasis was present in 105 (43%) of 269 children. 
Anemia (defined as hemoglobin <10 g/dL) was noted in 
122 (24.5%) of 497 included children and was associated 
with hookworm carriage (OR: 2.6, p=0.026) and Plasmo-
dium–helminth coinfection (OR: 4.0, 95% CI: 1.4–11.3, 
p=0.008).92 

A cohort study100 on 442 pregnant women in Purworejo 
District, Central Java, reported that the anemia prevalence 
was the highest in the second trimester (approximately 
37.1%). Moreover, low iron stores were noted in approx-
imately 49.5% women in the third trimester. Most of the 
included pregnant women (69.7%) were infected with at 
least one species of intestinal helminths; T. trichiura was 
the most common, followed by hookworm and A. lumbri-
coides. 
 
OTHER CAUSES OF NON-NUTRITIONAL 
ANAEMIA 
Genetic factors  
Genetic disorders can also lead to non-nutritional anemia. 
Iron absorption may be impaired due to genetic abnor-
malities in the metal divalent transporter-1 gene (MDT1). 
Mutations in MDT1 have been noted in patients with mi-
crocytic anemia, low serum ferritin levels, and liver iron 
overload.101 After the iron is absorbed, it is carried by 
transferrin (TF) in the blood to the liver storage areas, 
spleen, red bone marrow, and tissues with demand for 
iron.102,103 Genetic abnormalities in the TF gene can cause 

Table 8. Anemia in Helminthiasis in Indonesia 
 

No Population/Location Lab examination Prevalence (%) 
Any†  HK  AL TT SS Anemia 

1 60 students from five grade 3 and 4 
elementary schools in North Pontianak, 
West Kalimantan91  
 

Kato–Katz thick smear 
Blood tests 

16.7     55 

2 140 stools of school-age children, 
Makassar Sulsel93 
 

Katokatz method 33.6  24.3 27.9   

3 A total of 331 individuals, aged 1 
month to 44 years, Mimika Papua94 
 

A single stool sample, using 
Real Time-Polymerase Chain 
Reaction for SS 

 17.2 23.9 18.4 32  

4 132 students, aged 8–12 years, Medan 
and Deli Serdang Sumut89 

Direct examination and Kato–
Katz method 
Cobas e601 in the hematology 
laboratory 
 

7.6     11.4 
(serum 
iron) 

5 3 to 70 years 
Controls: n=244; intervention: n=283 
Two villages, Central Java, Indonesia95 

Microscopically, according to 
the Willis-Mollay flotation 
technique 
 

STH: 21.7% in controls and 25.8% in the inter-
ventional group 

6 629 children aged 1–59 months from 
800 households Mimika Papua92 
 

Katokatz method 
Hb by electronc coulter coun-
ter (HB <10 gr/dL = anemia) 

37.9 
(105/269) 

13 27.9 20.8  24.5 
(122/497) 

7 99 children (3–13 years old) in two 
villages (intervention and control) 
south of Semarang City96  
 

Microscopic method 20      

8 418 boys and girls aged 0 to 12 years at 
recruitment97 
 

Katokatz method 
Hb 

 - 30.6 23.4  22.4 

9 8 to 10-year-old students from 10 
schools located in the rural district  
of Sukaraja, West Java, Indonesia88 
 

348 stools 
365 blood samples 

 9 44 76  13 

10 Two elementary schools in Makassar, 
the capital city of South Sulawesi98 
 

340 stools from individuals of 
high socioeconomic status 
271 stools from individuals of 
low socioeconomic status 
Katokatz method 
 

22.4  
vs  
90.4 

 5.9 
vs 
76.8  

19.1 
vs 
87.1 

  

11 1982 people assigned to albendazole 
treatment and 2022 to a placebo 
Ende, East Nusa Tenggara90 

Polymerase Chain Reaction 
for HW and AL, 
microscopic for TT 

 Baseline Placebo vs Albendazole 
Any helm 87.2 (571/655) vs 87.7 (533/609) 
HK 74.5 (509/683) vs 77.3 (486/629) 
AL 34.9 (238/683) vs 33.2 (209/629) 
TT 27.1 (258/953) vs 27.8 (237/852) 

 
†Any: any helminthiasis. HK: hookworm; AL: Ascaris lumbricoides; TT: Trichuris trichiura; SS: Strongyloides stercoralis. 
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atransferrinemia and IDA.104 Moreover, iron carried by 
TF enters the tissue after being captured by the TF recep-
tor (TFR). Thus, genetic abnormalities in the TFR gene 
can also cause anemia. 

Hepcidin, a regulator of iron levels in the body, inhibits 
iron absorption by binding to MDT-1. Hepcidin can also 
attach to ferroportin and block the release of iron from the 
macrophages to be carried to the site of erythrocyte syn-
thesis. TMPRSS6 encodes the enzyme maptriptase-2, 
which controls hepcidin levels and thus plays a role in the 
development of anemia. The G allele of rs4820268 is 
associated with low serum iron levels.104 

Vitamin B-12 deficiency has been linked to many 
complications, including increased macrocytic anemia 
risk. In total, 16 studies have identified single-nucleotide 
polymorphisms (SNPs) that exhibit significant associa-
tions with vitamin B-12 concentrations; of these SNPs, 59 
are vitamin B-12-related gene polymorphisms, which are 
thus associated with vitamin B-12 status. However, most 
of the genes that could explain variations in vitamin B-12 
concentrations have been identified in Caucasian popula-
tions.105 

Megaloblastic anemia involves disturbed DNA synthe-
sis, which results in morphologic and functional changes 
in erythrocytes, leukocytes, platelets, and their precursors 
in the blood and bone marrow. This type of anemia is 
characterized by the presence of large, immature, abnor-
mal erythrocyte progenitors in the bone marrow, and 95% 
of megaloblastic anemia cases are attributable to folic 
acid or vitamin B-12 deficiency.106 

Methylenetetrahydrofolate reductase (MTHFR) and 
methionine synthase reductase (MTRR) are two im-
portant folate-metabolizing enzymes involved in the 
remethylation of homocysteine into methionine as well as 
in the synthesis of DNA.107 The common polymorphisms 
in MTHFR (C677T and A1298C) and MTRR (A66G) 
result in reduced in vivo MTHFR and MTRR activity and 
thus in folate metabolism impairment. Zhang et al108 
found that MTHFR (C677T) is strongly correlated with 
megaloblastic anemia and might participate in its patho-
genesis. 

The risk of low iron status has been assessed based on 
a combination of rs3811647 in the TF gene, rs7385804 in 
the TRF gene, and rs4820268 in TMPRSS6; that of low 
folate status was assessed using the two common MTHFR 
polymorphisms, C677T and A1298C;108 and that of low 
vitamin B-12 status was evaluated using rs1801131, 
rs2298585, rs41281112, and rs3760776. Citrate lyase 
beta-like (CLYBL) encodes a human mitochondrial en-
zyme. The risk allele A of rs41281112 terminates the 
translation of CLYBL, resulting in the disruption of pro-
tein–metal ion binding and leading to vitamin B-12 mal-
absorption. The rs2298585 in MS4A3 might disrupt intes-
tinal and gastric epithelial cells rejuvenation as well as 
vitamin B-12 absorption. 

Gastric pathogens reduce vitamin B-12 absorption in 
the gut. FUT6 encodes fucosyl-transferase 6, which is 
involved in forming Lewis-associated antigens, which 
inhibit the adherence of gastric pathogens to the gastric 
mucosa. A study showed that rs3760775 in FUT6 was 
associated with elevated vitamin B-12 levels.105 
 

Iatrogenic anemia 
Drugs can induce anemia via several pathways: immuno-
hemolytic anemia, nonimmune hemolytic anemia, me-
themoglobinemia, megaloblastic anemia, sideroblastic 
anemia, aplastic anemia, and pure red cell aplasia. Immu-
no-hemolytic anemia due to the destruction caused by the 
reaction between antibodies and antigens in the erythro-
cyte membrane (e.g., penicillins and cephalosporins). 
Non-immune hemolytic anemia is hemolytic anemia that 
is typically caused by side effects of drugs such as prima-
quine and nitrofurantoin; in these cases, glucose-6-
phosphate dehydrogenase deficiency is common. Methe-
moglobinemia, which is anemia due to excessive methe-
moglobin production, can be induced by several drugs 
that oxidize hemoglobin (e.g., phenazopyridine, dapsone, 
primaquine, local anesthetics, isobutyl nitrite). Acquired 
megaloblastic anemia can be caused by vitamin B-12 
with or without folic acid deficiencies induced by drugs 
such as trimethoprim, pyrimethamine, sulfasalazine, 
phenytoin, and antiretrovirals. Drugs such as isoniazid, 
chloramphenicol, and linezolid can cause sideroblastic 
anemia by interfering with heme biosynthesis. Aplastic 
anemia—the failure to produce blood cells (hemoglobin, 
leukocyte, and platelet)—can be induced by chloram-
phenicol, sulfonamide, trimethoprim/sulfamethoxazole, 
and other drugs that can suppress bone marrow function. 
Pure red cell aplasia can be caused by azathioprine and 
other immunosuppressants, linezolid, isoniazid, rifampin, 
IFN-α, chloroquine, allopurinol, and other drugs.109 

Iatrogenic anemia or hospital-acquired anemia occurs 
after blood loss due to medical procedures such as sur-
gery, hemodilution due to excessive intravenous fluid 
administration, and phlebotomy. Surgery can cause blood 
loss in >20% cases, particularly in high-risk surgical pro-
cedures. Phlebotomy also contributes to hospital-acquired 
anemia.110,111 Thavendiranathan et al112 showed that every 
milliliter of blood drawn can reduce hemoglobin by 
0.07±0.011 g/L. 
 
CONCLUSIONS  
Despite the many governmental measures, anemia re-
mains a major public health problem in Indonesia. A pos-
sible reason for the failure of anemia intervention to re-
duce anemia prevalence is that the causes underlying 
anemia are not only nutritional but also non-nutritional. 
AI, the most common type of non-nutritional anemia, is 
associated with chronic infectious diseases and NCDs. 
IDA can also coexist in patients with chronic AI. Anemia 
in helminthiasis is another type of non-nutritional anemia. 
For comprehensive and successful mitigation of anemia 
prevalence in Indonesia, the causes of nutritional and 
non-nutritional anemia, including genetic and iatrogenic 
factors must be acknowledged and addressed. 
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Background and Objective: Currently, anemia is a severe public health issue in Indonesia. The aim of this review 
was to examine policy measures and program implementation to reduce anemia attributed to iron deficiency in 
Indonesia. Methods and Study Design: A literature search was conducted using Google Search, Sciencedirect.com, 
and PubMed to retrieve relevant studies in the last three decades. Qualitative data were also obtained from service 
providers. The search yielded 141 articles, of which 32 were excluded, and further screening was conducted based 
on the type and scale of the intervention program. Results: In the iron–folic acid (IFA) supplementation programs 
studied, antenatal care and health personnel capacity information were limited. Implementation often did not cor-
respond to standard operating procedures. Analysis, follow-up, and feedback on IFA tablet programs were lacking. 
Moreover, the IFA tablet supply was inadequate, facilities and infrastructure were insufficient, and counseling 
guidance, relevant material, and information media were lacking. In the national fortification program, wheat flour 
was used as a vehicle for anemia prevention. However, evidence from the Total Diet Study indicated that wheat 
noodles have limited value across the Indonesian archipelago. Conclusion: Programs to reduce the likelihood of 
anemia will be more successful if they are less dependent on nutrient-specific strategies and focus more on the 
pathogenetic complexity arising from personal behavior, sociocultural factors, dietary and health patterns, local 
community, and ecology. Partnerships between the community and government reflected in evidence-based policy 
will always be of value, but continued research is required to examine the factors contributing to the successful 
outcomes of such programs. 
 

Key Words: iron deficiency anemia, Indonesia, program policy, supplementation, fortification   
 
 
 
INTRODUCTION 
In patients with anemia, the number and size of red blood 
cells or the hemoglobin concentration is below the estab-
lished cut-off value, consequently impairing blood’s oxy-
gen-transporting capacity.1-4 Anemia is an indicator of both 
poor nutrition and poor health.5 Anemia, especially that 
due to iron deficiency (IDA), is the most common micro-
nutrient deficiency, especially among children under 5 
years and women of reproductive age.6,7 It leads to a higher 
risk of infections as well as impaired cognitive function 
and physical work capacity. Moreover, maternal anemia is 
associated with intrauterine growth restrictions.6 If treated 
early, anemia due to acute blood loss has a favorable prog-
nosis. Iron supplementation is a relatively inexpensive in-
tervention for treating and preventing anemia related to 
iron deficiency.6,8,9 

According to the 2018 Global Nutrition Report, globally, 
the incidence of anemia has increased slightly to 32.8%.10 
In 2016, Indonesia had the highest anemia prevalence 
(42%) among pregnant women compared with that in 
neighboring countries such as Malaysia (37%), Singapore 
(32%), Brunei Darussalam (27%), Vietnam (37%), the 
Philippines (30%), and Thailand (40%).11 

Anemia is considered a public health concern when the 

 
 
national anemia prevalence among women of reproductive 
age (15–49 years) is ≥20%. Public health concern related 
to anemia is categorized as mild, moderate, and severe 
when the prevalence is 5%–19%, 20%–39%, and >40%, 
respectively.12 On the basis of the 2018 Basic Health Re-
search project, the anemia prevalence among pregnant 
women in Indonesia increased from 37.1% in 2013 to 
48.9% in 2018, and currently, it is a severe public health 
issue.13 

In 2012, the World Health Assembly Resolution en-
dorsed the implementation of a comprehensive plan for 
maternal, infant (younger than 1 year), and young-child 
nutrition;14 a 50% reduction of anemia in reproductive-age 
women was specified as one of six global nutrition  
targets for 2025.15 There has been an increase in the num-
ber and breadth of national nutrition policies and nutrition 
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targets, and their financing and implementation are out-
standing challenges. More countries are prioritizing nutri-
tion by establishing national nutrition policies and action 
plans: 164 countries have such plans, 61% of which are 
multisectoral.10 Public health strategies for anemia preven-
tion and control include improvements to dietary diversity; 
food fortification with iron, folic acid, and other micronu-
trients; distribution of iron-containing supplements; and 
control of infections and malaria.5 

For more than three decades, Indonesia has imple-
mented an iron intervention program. Since the 2000s, iron 
has been added to wheat flour as mandatory fortification. 
This food-based approach has been promoted. However, 
currently, anemia is a severe public health and nutrition is-
sue. This paper aims to review policy measures and pro-
gram implementation to reduce anemia attributed to iron 
deficiency in Indonesia. 

 
IRON DEFICIENCY ANEMIA IN INDONESIA 
Anemia was listed as a public health burden worldwide in 
2011; the World Health Organization (WHO) reported that 
the prevalence of anemia is the highest in children (42.6%) 
and the lowest in nonpregnant women (29.0%).16 Anemia 
is currently among the most common and intractable nutri-
tional problems globally. It is a global public health prob-
lem affecting both developing and developed countries, 
with major consequences for human health and social and 
economic development. WHO estimates the number of 
anemic people worldwide to be 2 billion in which 50% of 
all anemia cases attributable to iron deficiency. Iron defi-
ciency anemia occurs at all stages of life but is more prev-
alent in pregnant women and young children. Adolescents, 
particularly girls, are vulnerable to iron deficiency. The 
2002 World Health Report identified iron deficiency as one 
of the 10 most severe risks in countries with high infant 
and adult mortality.17 A previous study also reported that 
addressing iron deficiency anemia is one of the most cost-
effective public health interventions.18 

The 2013 Basic Health Research in Indonesia showed 
that the prevalence of anemia in children aged 1–4, 5–14, 
and 15–24 years was 28.1%, 26.4%, and 18.4%, respec-
tively.19 The prevalence of anemia increased compared 
with that in the previous survey conducted in 2007, which 
was 27.7%, 9.4%, and 6.9% in children aged 1–4, 5–14, 
and 15–24 years, respectively.20 In particular, the preva-
lence of anemia in school-age children and adolescents al-
most tripled. The Basic Health Research project also 
showed that the anemia prevalence was higher in the sub-
urbs than in urban areas.19 

Compared with anemia prevalence estimates in 1997, 
anemia prevalence estimates were lower in 2008 for all 
groups, with the greatest decline occurring in children aged 
5 to 11 years (25.4%). The highest prevalence of anemia 
was observed in children aged 0–5 years, those aged 12–
15 years, and nonpregnant and pregnant women in 2000. 
However, a chi-squared trend analysis revealed that the 
anemia prevalence declined significantly in all groups over 
the survey years (p=0.005 for pregnant women, p<0.0001 
for all other groups). From this first-ever trend analysis of 
anemia in different populations in Indonesia, we concluded 
that the prevalence of anemia has decreased from 1997 to 

2008 in all age and sex groups studied. Despite this pro-
gress, anemia remains a moderate public health problem in 
children aged <12 years and >15 years and in nonpregnant 
and pregnant women.21 

In 1996, Muhilal reported that the prevalence of anemia 
among pregnant women in various parts of Indonesia 
ranged between 38.0% and 71.5%, and the average preva-
lence for the general population of Indonesia was approxi-
mately 63.5% (Table 1). 

Unexpectedly, Java, the most developed part of Indone-
sia, was among the areas with the highest anemia preva-
lence of 57.8%–71.5%. Irian Jaya, one of the less devel-
oped areas, had the lowest prevalence (38%).22 Moreover, 
the 1992 Household Health Survey showed that 63.5% of 
pregnant women and 55% of children under five had iron 
deficiency anemia. Similarly, the 1995 Household Health 
Survey showed that 50% of pregnant women had anemia. 
Pregnant women are the most at-risk population, and the 
prevalence of anemia (defined as hemoglobin <11 g/L) 
among this population is approximately 60% in Indone-
sia.23 Among reproductive-age women, the prevalence of 
anemia in Indonesia is 30%–40%.24 

In 1996, the prevalence of anemia in preschool children 
in various parts of Indonesia ranged between 35.8% and 
60.6%, and the average prevalence at the national level was 
55.5%. Similar to the situation for pregnant women, the 
lowest prevalence in preschool children was observed in 
Irian Jaya (35.8%). In Central Java, the prevalence in 
school children (44.9%) was the lowest, whereas the prev-
alence in pregnant women (62.5%) was the highest.22 Na-
tionally, the prevalence of anemia in children under 5 years 
was 28.1% and in children aged 5–14 years it was 26.4%.19 
Thus, with a cut off of anemia prevalence ≥40%, anemia 
has become a severe public health problem in Indonesia. 
 
CURRENT POLICY AND IMPLEMENTATION 
Iron Supplementation 
Research on gardeners in Indonesia showed that the ad-

Table 1. Anemia prevalence in children, women, and 
men measured during the second, third, and fourth 
waves of the Indonesia Family Life Surveys (IFLS) 
 

Group Year Anemia (%) 
Children 0–4 y 1997/8 46.0 

2000 54.6 
2007/8 31.4 

Children 5–11 y 1997/8 46.0 
2000 36.4 

2007/8 20.6 
Children 12–15 y 1997/8 27.5 

2000 28.2 
2007/8 15.8 

Women >15 y (nonpregnant) 1997/8 36.0 
2000 38.8 

2007/8 26.6 
Women >15 y (pregnant) 1997/8 45.1 

2000 46.5 
2007/8 37.3 

Men >15 y 1997/8 29.0 
2000 22.8 

2007/8 15.4 
 
Source: Barkley, 2015 21 



Anemia: Policy interventions and implementation                                                    S57 

ministration of 100 mg iron for 60 days resulted in a sig-
nificant improvement in hematological status, perfor-
mance, work output, and morbidity among anemic work-
ers.25 This result endorses the WHO recommendation of an 
iron supplementation program for pregnant mothers. 

Supplementation with daily oral iron and folic acid is 
recommended by WHO as a part of antenatal care to reduce 
the risks of low birth weight, maternal anemia, and iron 
deficiency (strong recommendation). Management of ma-
jor nutrition deficiency in Indonesia, including nutritional 
anemia, is an important part of the effort to reduce infant 
and toddler mortality. Hence, since 1985 several activities 
related to Family Nutrition Improvement Efforts (Upaya 
Perbaikan Gizi Keluarga-UPGK), such as toddler weight 
measurement, mother and child nutrition counseling, vita-
min A supplementation, iron tablets, and oral rehydration 
salt administration, were conducted in Posyandu (Inte-
grated Healthcare Center) as an integrated service. In the 
first 3 years of REPELITA (Five-Year Development Plan) 
IV, more than 2 million pregnant mothers had received iron 
tablets: 150,000 individuals in 1984/85; 660,000 individu-
als in 1985/86; and more than a million individuals in 
1986/87.26 

Jus’at demonstrated that the iron folic acid supplemen-
tation program (iron–folic acid [IFA] tablets) implemented 
in collaboration with the Religious Office (Kantor Urusan 
Agama-KUA), accompanied by the provision of education 
(KIE) on the importance of IFA tablets and their early con-
sumption prior to pregnancy, reduced anemia prevalence 
from 23.8% to 14.0% during the program.27 The research 
findings caused the release of PERMENKES RI (The Min-
ister of Health of Republic of Indonesia Regulation) Num-
ber 97 of 2014 on Health Services Prior to Pregnancy, 
which aims to eradicate anemia problems. 

The Regulation of Minister of Health Number 97 of 
2014 on Health Service During Pregnancy states that every 
pregnant mother should receive a minimum of 90 IFA tab-
lets during pregnancy from the first contact and must also 
be provided counseling and education on the benefits, side 
effects, storing instruction, and methods of consuming IFA 
tablets. Moreover, PERMENKES RI Number 88 of 2014 
on Iron Folic Acid Tablets Standard for Reproductive 
Women and Pregnant Mothers and PERMENKES RI 
Number 51 of 2016 on Standard Nutritional Supplementa-
tion Product were established. 

The Ministry of Health (MoH) through PERMENKES 
RI Number 88 of 2014 released the new technical specifi-
cation for IFA tablets, which was valid from 2016. This 
new technical specification regulates the composition, dos-
age, and packaging of IFA tablets with the aim of increas-
ing the effectiveness of IFA tablet administration. Each IFA 
tablet consists of ferrous fumarate iron equal to 60 mg ele-
mental iron and 0.400 mg folic acid. The dosage specifica-
tion is in accordance with the WHO recommendation.28 

PERMENKES RI Number 51 of 2016 on Standard Nu-
tritional Supplementation Products mentioned that for iron 
and folic acid tablets, iron is added in the form of a ferrous 
fumarate compound to increase the effectiveness of IFA 
tablet administration. However, Toto Sudargo, Dewanti, 
and Vista Ari Rahmawati showed that Fe-fumarate IFA tab-
lets had reduced compliance among pregnant mothers in 
Yogyakarta, whereas commercial IFA tablets had higher 

compliance rates because of their preferable flavor, smaller 
tablet size, and fewer side effects.29 Fitriana evaluated IFA 
tablet program adherence in female adolescents in East 
Sempaja, Palu, in which Kimia Farma IFA tablets were re-
placed with Hemafort Pharos; female adolescents pre-
ferred Hemafort Pharos IFA tablets.30 Both types of IFA 
tablets are Fe-fumarate, but Hemafort Pharos tablets con-
tain multinutrients, whereas Kimia Farma IFA tablets con-
tain only iron and folic acid. IFA tablets with multinutrients 
tend to be more favored and could have higher compliance 
(in terms of IFA tablet consumption) than IFA tablets, 
which contain only folic acid and iron (regardless of 
whether it is Fe-Fumarate or not ). 

According to the 2018 Basic Health Research project, 
the proportion of female adolescents receiving IFA tablets 
was as low as 22.9%, whereas the proportion was 48.5% 
in the Performance Report of the Directorate of Commu-
nity Nutrition of the MoH. This discrepancy is caused by 
the data collection methods. The percentage of girls who 
receive IFA tablets (TTD) was determined as the percent-
age of girls aged 12–18 years in junior high/high school or 
equivalent who receive regular iron tablets every week. 
Each teenage girl is expected to receive 52 iron tablets for 
1 year.31 On the basis of the survey results, the main rea-
sons why female adolescents did not consume IFA tablets 
were the bad taste and smell of IFA tablets and because 
they believed that it was unnecessary to consume the tab-
lets.13 

The 2018 Basic Health Research project revealed that 
the percentage of pregnant women who received IFA tab-
lets was 73.2%, which is slightly lower than the percentage 
of pregnant women who received IFA tablets in the 2018 
Performance Report of the Directorate of Community Nu-
trition, MoH (81.2%). A positive trend was found for the 
percentage of pregnant women who received 90 IFA tablets 
during pregnancy from 2015 to 2018, even though it was 
still below the target (Figure 1). Moreover, the level of 
compliance of pregnant women in consuming ≥90 iron tab-
lets during pregnancy only reached 38.1%.13,32 Generally, 
the main reasons for noncompliance with IFA consumption 
by pregnant women were dislike, boredom, forgetfulness, 
feeling nauseous, and/or vomiting due to pregnancy.13 

Tablet consumption was defined as the taking of IFA 
tablets containing iron and folic acid, both from the pro-
gram and independently, by adolescent girls or pregnant 
women. This definition does not accurately describe the 
government’s capacity to cover the requirements of IFA 
tablets in the supplementation program. On the basis of in-
formation related to the realization of iron supplement 
availability from the Directorate of Public Medicines and 
Health Supplies, the Directorate General of Pharmacy and 
Health Equipment, MoH, the iron supplement supply in 
2017 was only 75% due to budget efficiency measures. 
Starting from 2019 to 2020, each region in Indonesia out-
side the stunting locus (priority area of stunting) was re-
quired to procure IFA tablets using Health Special Alloca-
tion Funds (DAK). IFA tablets for regions in the stunting 
locus were procured using the central budget. For 2021, the 
procurement of all iron supplements (in regions both in the 
stunting locus and outside the stunting locus) will be con-
ducted by the center. 
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Table 2 provides a summary of IFA tablet supplementa-
tion program evaluation in various areas in Indonesia. In 
general, the quality of antenatal care was low; the capacity 
of health personnel was low; IFA tablet program imple-
mentation did not correspond to the SOP; analyses, follow-
up, and feedback were lacking in IFA tablet program re-
ports; facilities and infrastructure were insufficient; coun-
seling guidance was lacking; and counseling material, in-
formation media, and IFA tablet supply were insufficient. 

On the basis of the Directorate of Community Nutri-
tion’s 2018 Budget Realization Report, the available 
budget for procuring IFA tablets for pregnant women was 
Rp 6,283,713,000, and Rp 5,810,354,524 of this amount 
has been spent (amounting to 92.47% of the total budget).32 
According to the results of an inspection, the Audit Board 
of the Republic of Indonesia (BPK-RI) concluded that the 
MoH of the Republic of Indonesia was not effective in 
managing funds for goods in 2018. Rp 6.13 billion of state 
money was wasteful spending; IFA tablets remained undis-
tributed throughout 2018 until the expiration date in 2019. 
The MoH has not conducted adequate planning for deliv-
ering goods to local governments. The calculation for plan-
ning the need of goods was not carried out with the ade-
quate basic variables for the central and regional govern-
ments. The variables used in the calculation at the provin-
cial health office differ between the program implementing 
division and the pharmaceutical installation division. This 
has resulted in an inconsistency in the planning calcula-
tions for IFA tablet (TTD) procurement by provincial 
health offices; these calculations are used in the joint prep-
aration of the drug given nationally. An examination of the 
dropping realization due to  this inappropriate planning 
showed that a proportion of vitamin A tablets and IFA tab-
lets for pregnant women and teenage girls was not used by 
the expiration date, resulting in a loss of IDR 6.13 billion.33 

Supplementation is generally effective on a small scale. 
However, when it is implemented on a larger or national 

scale, its effectiveness is influenced by four aspects: appro-
priate planning for procurement and distribution, prepara-
tion of health service providers and communication with 
mothers, quality control and effective product traceability, 
and intensive monitoring and supervision.34 WHO guid-
ance for iron and folic acid supplementation has already 
emphasized the following: 

“The implementation of a behavior change communica-
tion strategy to communicate the benefits of the interven-
tion and management of side effects is vital to improving 
the acceptability of and adherence to recommended sup-
plementation schemes”.6 

 
Iron fortification 
For reducing anemia, the fortification program is consid-
ered cheaper and more effective than the supplementation 
program. WHO recommends iron fortification in various 
compound categories, including water-soluble, poorly wa-
ter-soluble but soluble in dilute acid, water-insoluble, and 
poorly soluble in dilute acid, and encapsulated forms. The 
selection of the iron fortificant depends on the type of food 
vehicle targeted for fortification because it influences the 
effectiveness of iron fortification in terms of iron availabil-
ity.35 The iron compounds recommended by WHO to for-
tify cereals are ferrous sulfate, ferrous fumarate, ferric py-
rophosphate, and electrolytic iron.36 

In 1993, the New Order Government established the 
State Ministry of Food Affair and initiated a policy on food 
fortification and strengthened it in REPELITA III in one of 
the chapters of Food Law of 1996 Article 27. Chapter III 
on Food Quality and Nutrition in Article 27 of the Law 
states the following: “In terms of deficiency or decrease in 
society’s nutritional status, the government can set require-
ments for improvement and enrichment of certain circu-
lated food nutrient.” The term nutrient enrichment means 
fortification. In response to the effectuation of this food law, 
the MoH issued a ministerial decree dated  

 

Figure 1. Percentage of pregnant women who received 90 IFA tablets during pregnancy (2015–2018). Source: Directorate of Community 
Nutrition of the MoH, 2018.32  
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Table 2. Evaluation studies of the iron supplementation program for adolescent girls and pregnant women in various regions of Indonesia 
 

No Authors (year) Title Location Method Result Suggestion 
1 Siekmans et 

al. (2018)79 
Barriers and ena-
blers of IFA sup-
plementation for 
pregnant women 

Afghanistan, 
Bangladesh, 
Indonesia, 
Ethiopia,  
Kenya,  
Nigeria,  
Senegal 

Formative research was conducted using 
mixed qualitative and quantitative methods. 
Indonesia: 
FGD: PW or PPW (n=6 groups), influential 
persons (n=6 groups); IDI: PW or PPW (n=24), 
key influencers (n=24), village health work-
ers—midwives or nurses (n=6), facility health 
workers (n=12), TBA (n=8), cadres or CHWs 
(n=8), community leaders (n=12), district and 
provincial level (n=18) 
 

Opportunity: 
    All pregnant mothers and health care workers under-

stand the description of anemia symptoms. 
 
Hindrance: 
- Pregnant mothers do not think that they are at risk. 
- The low access and quality of ANC services reduce the 

scope of and compliance with IFA tablet consumption: 
a. Inadequacy of IFA tablet provision 
b. Insufficiency of counseling to encourage 

compliance with IFA tablet consumption 
 

- Community-based 
delivery and 
counseling of IFA and 
referral to ANC 

- Improve ANC access 
and quality 

- Renewed investment 
in training for service 
providers 

- Ensure effective 
behavioral changes  

2 Natalia et al. 
(2017)80 

The scope of 
ANC and Fe tab-
lets, their relation-
ship with anemia 
prevalence in East 
Java 

21 Regencies/ 
Cities in East 
Java  

Quantitative study using secondary data from a 
regency/city on anemia prevalence in pregnant 
mothers with Hb level of <11 g/dL registered 
in the Nutrition and Family Health Section of 
East Java Province Health Services. 
Data analysis was through Pearson correlation. 
 

- There was no correlation between ANC coverage and 
Fe tablets and anemia prevalence (p>0.05).  

- The coverage of Fe tablet administration to pregnant 
mothers through ANC services did not describe high 
or low anemia prevalence in pregnant mothers. 

 

3 Toto Sudargo, 
Dewanti, Vista 
Ari Rah-
mawati 
(2020)29 

Comparing the ef-
ficiency between 
commercial and 
governmental 
iron-folic acid 
(IFA) supplement 
among pregnant 
women in Yogya-
karta and Sleman 

Yogyakarta 
City and 
Sleman  
Regency 
within the  
Yogyakarta 
Province 

Using the mixed-method approach, the study 
evaluated and compared the efficiency between 
commercial IFA and IFA provided free by the 
government to pregnant women across all com-
munity health centers (Puskesmas). Hemoglo-
bin was measured using a rapid test kit to de-
termine anemia status. An interview was con-
ducted to qualitatively evaluate participants’ 
perception toward both types of supplementa-
tion. 

- Yogyakarta had the highest prevalence of anemia 
(35.49%), whereas the prevalence was 8.90% in 
Sleman. 

- Yogyakarta City has preferably been using commercial 
IFA, replacing supplements provided by the 
government, since 2006, whereas in Sleman Regency, 
a similar change was noted between 2015 and 2018. 
However, in 2019, modified IFA was introduced in 
Sleman with Fe-Fumarate as the iron compound, 
replacing Fe-Sulfate. This has caused a decrease in 
compliance, leading to a return to the use of 
commercial IFA. 

- In Yogyakarta City, total coverage (100%) was 
achieved with commercial IFA in Puskesmas 
Danurejan 2, whereas the lowest coverage (66.9%) 
was found in Puskesmas Mantrijeron. In Sleman 
Regency, the highest and lowest coverage was 99.14% 
(Puskesmas Depok 2) and 77.68% (Puskesmas 
Pakem), respectively. 

- The use of commercial IFA has resulted in higher 
compliance as it has a more preferable taste and flavor, 
smaller size, and fewer side effects. 

The use of commercial 
IFA in the government 
supplementation pro-
gram to improve com-
pliance and acceptance 
among pregnant 
women.  

 
 
PPW: postpartum women; PW: pregnant women; CHW: community health worker; FGD: focus group discussion; IDI: in‐depth interview; IFA: iron–folic acid; TBA: traditional birth attendant; ANC: antenatal care; 
IDA: iron deficiency anemia; IFE: internal factor evaluation; EFE: external factor evaluation; SWOT: strengths, weaknesses, opportunities, and threats; AHP: analytical hierarchy process; SOP: standard operating 
procedure; Hb: Hemoglobin. 
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Table 2. Evaluation studies of the iron supplementation program for adolescent girls and pregnant women in various regions of Indonesia (cont.) 
 

No Authors 
(year) Title Location Method Result Suggestion 

4 Rahmiati et 
al. (2018)81 
 
 

Qualitative study 
about  factors and 
strategy improve-
ment of iron sup-
plementation on 
pregnant woman 
in Tasikmalaya 
District 

Tasikmalaya 
Regency 

Cross sectional study and in-depth interview with 
the head of the IDA tablet program stakeholder. 
IFE and EFE analyses were used to reveal the sit-
uation of IDA supplementation.  
A SWOT analysis was used to provide an alterna-
tive strategy, and the AHP was used to determine 
the priority of strategies. 
 

- An IFE score of 2.14 demonstrates that 
internally, the program did not optimize the 
strengths and did not improve the 
weaknesses. 

- EFE score of 2.10 indicates that the program 
did not optimize opportunities and did not 
improved the weakness.   

- The alternative strategy involved 
the improvement of commitment, 
roles, and partnerships among 
stakeholders; the improvement of 
the action program; the 
improvement of facilities and 
infrastructure; and the 
improvement of health worker 
capacity. 
 

5 Permatasari 
et al. 
(2018)82 

The effectiveness 
of an iron supple-
mentation pro-
gram among ado-
lescent girls in 
Bogor City 

Bogor City, 
West Java 
Province 

Quasi-experiment, pre–post intervention, effec-
tiveness study. This study was performed parallel 
to the Prevention and Management Program of 
IDA on Junior High School and High School Ad-
olescent Girls that was conducted by the Health 
Service of Bogor City (by administering iron sup-
plement tablets; 60 mg of elemental iron and 0.25 
mg of folic acid) for 16 weeks, with weekly sup-
plementation and 10 tablets during the menstrual 
period. Tablets that must be consumed were 52 in 
total. 

- The anemia prevalence among adolescent 
girls decreased after the intervention. The 
most influential factor for the increase in the 
Hb level in this study was the initial status of 
Hb. 

- The IDA Prevention Program was 
considered as ineffective, though there was a 
decrease in prevalence. The level of IFA 
tablet consumption compliance was still low. 

- The IFA tablet administration 
program should be conducted by 
ensuring that participants 
consume the tablets together on 
the appointed day to increase 
compliance and place their 
compliance card on the shelf in 
their classroom. 

- The popularization of IFA tablet 
consumption for parents should 
be conducted so that students can 
obtain support and parents can 
understand the importance of 
consuming IFA tablets and 
provide food that is rich in iron, 
particularly animal-derived food, 
which is rarely consumed by 
participants (meat, chicken, liver, 
and fish). 

 
PPW: postpartum women; PW: pregnant women; CHW: community health worker; FGD: focus group discussion; IDI: in‐depth interview; IFA: iron–folic acid; TBA: traditional birth attendant; ANC: antenatal care; 
IDA: iron deficiency anemia; IFE: internal factor evaluation; EFE: external factor evaluation; SWOT: strengths, weaknesses, opportunities, and threats; AHP: analytical hierarchy process; SOP: standard operating 
procedure; Hb: Hemoglobin. 
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Table 2. Evaluation studies of the iron supplementation program for adolescent girls and pregnant women in various regions of Indonesia(cont.) 
 

No Authors 
(year) Title Location Method Result Suggestion 

6 Briawan et al. 
(2009)83 

The determinant of 
success iron sup-
plementation pro-
gram for school 
students 

Bekasi The intended success of the program is de-
termined based on a change in anemia sta-
tus and increase in hemoglobin level. The 
brand of the capsules provided for the IDA 
Prevention Program by Bekasi Health Ser-
vice was Diabion. The analyzed variables 
were capsule consumption compliance, 
health status, and initial status of anemia, 
age, nutritional status, and hand-washing 
habits as well as animal food consumption 
frequency. 

- Overall, anemia prevalence was reduced, but a 
difference was noted between the change pattern of 
anemia prevalence of high school girls, which was 
increasing, and that of junior high school girls, which 
was also increasing. 

- The average compliance level of capsule 
consumption was 84.9% (good) presumably due to 
the absence of side effects 

- A relationship was found between initial anemia 
status, menstruation status, hand-washing habit, 
animal food consumption frequency, and increase in 
hemoglobin level. 

- The determinants of the iron supplementation 
program (the anemia status change and the increase 
in the hemoglobin level) were hand-washing habits 
and initial status of anemia. 

 

The frequency of students’ 
consumption of animal food 
was very low; this should be of 
concern to parents. 

7 Dahlia et al. 
(2013)84 
 
 

The evaluation of 
iron tablet admin-
istration program 
for pregnant moth-
ers at Binamu 
Community Health 
Center, Binamu 
Subdistrict, 
Jeneponto Regency 
 

The area of 
Binamu Com-
munity Health 
Center, 
Binamu Sub-
district, 
Jeneponto Re-
gency. 

This was a descriptive survey study de-
scribing the IFA tablet program implemen-
tation for pregnant mothers in terms of in-
put, process, and output through interviews 
and observations. 

- The availability of IFA tablets was not sufficient. 
- No technical guidance was available. 
- In the planning process (Health Office Work Unit 

Budget Plan), planning for IFA tablet accessibility 
based on the target/beneficiary was not conducted. 

 

8 Tuju et al. 
(2013)85 

The analysis of IFA 
administration pro-
gram implementa-
tion by midwife in 
community health 
center in the area of 
South Minahasa 
Regency Commu-
nity Health Center 

17 subdis-
tricts of South  
Minahasa Re-
gency 

The type of research was observational de-
scriptive analytic and cross-sectional. 

- The variable affecting the implementation of the IFA 
tablet program was bureaucracy 

- The implementation of the IFA tablet program did 
not follow the existing SOP. 

- Provision of education for 
midwives regarding the 
benefits in complying with 
the SOP of IFA tablet 
administration. 

- Give incentives to midwives 
who must implement the 
program in accordance with 
standards that fulfill coverage 
requirements. 

 
PPW: postpartum women; PW: pregnant women; CHW: community health worker; FGD: focus group discussion; IDI: in‐depth interview; IFA: iron–folic acid; TBA: traditional birth attendant; ANC: antenatal care; 
IDA: iron deficiency anemia; IFE: internal factor evaluation; EFE: external factor evaluation; SWOT: strengths, weaknesses, opportunities, and threats; AHP: analytical hierarchy process; SOP: standard operating 
procedure; Hb: Hemoglobin. 
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  Table 2. Evaluation studies of the iron supplementation program for adolescent girls and pregnant women in various regions of Indonesia (cont.) 
 

No Authors (year) Title Location Method Result Suggestion 
9 Secapramana 

(2015)86 
Fe tablet admin-
istration at Klari 
Subdistrict Com-
munity Health 
Center, Karawang 
Regency, West 
Java. 

Klari Subdistrict 
Community Health 
Center, Karawang 
Regency, West Java 

An evaluation was conducted by compar-
ing the coverage of the Fe tablet admin-
istration program for pregnant mothers in 
Klari Subdistrict Community Health Cen-
ter, Karawang Regency, West Java, from 
January to December 2015 using the 
standard system approach. 

- The need for Fe tablets in Klari Community Health Center, 
Kawarang Regency, was 277,200 Fe tablets. The provision of Fe 
tablets was conducted by the government and a private party.  

- Leaflets and posters for education were absent. 
- Transportation was available, but there were some areas that could 

be reached by car. 
- The majority of the population in Klari subdistrict, Karawang 

Regency, have low education, and many pregnant mothers had not 
checked their pregnancy status regularly, and some of them were 
purposely not taking the Fe tablet or not consuming them. 

- In the planning of the program, no written data were available. 
- Planning for the designated service for Fe distribution does not 

exist. 
- No recording or reporting was performed. 

 

NA 

10 Maitri et al. 
(2017)87 

The Evaluation of 
iron folic acid 
(IDA) tablet ad-
ministration as the 
preventive and 
curative effort for 
anemia among 
pregnant women 
at Kraton Com-
munity Health 
Center in Yogya-
karta City. 

Kraton Community 
Health Center in 
Yogyakarta City 

Data were obtained from secondary data 
and an in-depth interview with the chief 
of the Community Health Center, KIA 
staff, nutrition staff, pharmaceutical per-
sonnel, the cadre of pregnant mothers’ 
companions, and pregnant mothers; also, 
interviews were conducted using ques-
tionnaire to determine the knowledge 
level of pregnant mothers. 
 

- The level of IFA tablet consumption compliance was good. 
Education related to IFA tablets from midwives was good, and there 
were high levels of knowledge, self-motivation, and family support, 
with an absence of side effects from consuming IFA tablets. 

 

The high prevalence of anemia in pregnant women in 2016 (33%), 
was caused by the following: 
- The lack of IFA tablet distribution. 
- The consumption of various IFA tablets from the market with an 

IFA content that did not meet the standard 
- IFA tablet administration was not performed from the beginning of 

the pregnancy. 
- The consumption pattern of pregnant mothers was not appropriate. 

 

NA 

11 Fitriana and 
Dwi Pramardika 
(2019)30 

Evaluation of iron 
folic acid tablet 
program for fe-
male adolescents 

Bengkuring Com-
munity Health Cen-
ter, East Sempaja, 
Palu 

Evaluation research using the qualitative 
research method in the form of in-depth 
interviews followed by content analysis. 
The quantitative method was performed 
to examine Hb level. 

- As many as 3 of 10 female adolescents in the Integrated Service 
Unit Community Health Center of Bengkuring had anemia. 

- The replacement of IFA tablet Kimia Farma (2018) with Hemafort 
Pharos (2019) increased compliance among female adolescents in 
the IFA tablet program.  

- Facilities and infrastructure were lacking in the anemia and IFA 
tablet program. 

- There was a discrepancy in distribution, which was performed once 
a month at Bengkuring Community Health Center. 

- Monitoring of IFA tablet consumption compliance and hemoglobin 
levels in female adolescents was not performed. 

NA 

 
PPW: postpartum women; PW: pregnant women; CHW: community health worker; FGD: focus group discussion; IDI: in‐depth interview; IFA: iron–folic acid; TBA: traditional birth attendant; ANC: antenatal care; 
IDA: iron deficiency anemia; IFE: internal factor evaluation; EFE: external factor evaluation; SWOT: strengths, weaknesses, opportunities, and threats; AHP: analytical hierarchy process; SOP: standard operating 
procedure; Hb: Hemoglobin. 
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Table 2. Evaluation studies of the iron supplementation program for adolescent girls and pregnant women in various regions of Indonesia (cont.) 
 

No Authors (year) Title Location Method Result Sugges-
tion 

11 Fitriana and 
Dwi 
Pramardika 
(2019)30 

Evaluation of iron folic 
acid tablet program for 
female adolescents 

Bengkuring Com-
munity Health 
Center, East Sem-
paja, Palu 

Evaluation research using the qualitative 
research method in the form of IDI fol-
lowed by content analysis. The quantita-
tive method was performed to examine 
Hb level. 

- The data on IFA tablet program were not recorded in the report 
book by the school. 

- No analysis or follow-up was conducted, and feedback was not 
available in the IFA tablet program report from schools, 
community health centers, or Samarinda Health Services. 

- There was an inconsistency between the aim and objective of 
the IFA tablet program of the community health center. 
 

NA 

12 Triana Mut-
mainah et al. 
(2014)88 

Analysis of the differ-
ences between the im-
plementation of and 
iron tablet supplementa-
tion program for preg-
nant mothers by the nu-
trition officer of a high-
coverage community 
health center and by the 
nutrition officer of a 
low-coverage commu-
nity health center in 
Kendal Regency Area. 

 Qualitative design presented in a descrip-
tive, exploratory manner with the type of 
case study through IDI and observations. 

- A specific bureaucratic structure does not exist 
- No SOP was available. 
- The coverage was still much lower than the minimum service 

standard. 
- The implementer was not aware that IFA tablet 

supplementation is important. 
- The delivery of information and education to pregnant mothers 

was not considered as an important part of the program because 
the program had been running for a long time. 

- The specific promotional material and information media for 
the IFA tablet supplementation program for pregnant mothers 
were not available. 

- All of the community health centers do not have counseling 
guidance and implementation instructions for the IFA tablet 
supplementation program. 

NA 

 
PPW: postpartum women; PW: pregnant women; CHW: community health worker; FGD: focus group discussion; IDI: in‐depth interview; IFA: iron–folic acid; TBA: traditional birth attendant; ANC: antenatal care; 
IDA: iron deficiency anemia; IFE: internal factor evaluation; EFE: external factor evaluation; SWOT: strengths, weaknesses, opportunities, and threats; AHP: analytical hierarchy process; SOP: standard operating 
procedure; Hb: Hemoglobin. 
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June 16th, 1996 regarding Wheat Flour Fortification.  
The State Ministry of Food Affair formed the cross-sec-

tor Fortification Commission with active support from 
UNICEF. A national-level discussion, namely National 
Workshop on Food and Nutrition (Widyakarya Nasional 
Pangan dan Gizi) VI, was held in 1998. Since then, various 
experiments on wheat flour fortification started, and the 
implementation of wheat flour fortification began in 1998 
in a wheat flour factory in Jakarta. Finally, on January 14, 
1999, the wheat flour fortification program was officially 
launched by the government. 

Two years later, wheat flour fortification with iron, zinc, 
folic acid, vitamin B-1, and B-2 became mandatory after 
the release of Decree of the Minister of Industry Trade 
number 153 in 2001 (Indonesian National Standard; 
Standar Nasional Indonesia [SNI]) for wheat flour. In Feb-
ruary 2008, the mandatory wheat flour fortification pro-
gram by SNI was once withdrawn by the government be-
cause wheat flour fortification was thought to be one of the 
causes of a dramatic increase in staple food prices, includ-
ing the price of wheat flour. After several interministerial 
consultations, SNI wheat flour fortification was re-imple-
mented in 2009. Twenty-six rules have been established for 
the food fortification policy in Indonesia. There are 10 gen-
eral rules and 16 specific rules for mandatory fortification, 
among which 10 are specific fortification rules for wheat 
flour.37 

The requirements for fortificant addition to wheat flour 
products as food vehicles in SNI 3751-2009 are described 
in the Decree of the Minister of Health, Republic of Indo-
nesia No. 1452/Menkes/SK/X/2003. It is mentioned that 
produced, imported, or circulated wheat flour in Indonesia 
should be fortified to contain iron at a minimum of 50 
mg/kg, zinc at a minimum of 30 mg/kg, vitamin B-1 (thia-
mine) at a minimum of 2.5 mg/kg, vitamin B-2 (riboflavin) 
at a minimum of 4 mg/kg, and folic acid at a minimum of 
2 mg/kg. 

From January to December 2011, the Laboratory of 

Balai Besar Industri Agro (Center for Agro-based Industry) 
analyzed 583 samples of wheat flour from various wheat 
flour companies considering that the period from January 
to December 2011 was the transition period for the appli-
cation of mandatory SNI 3751-2009 in accordance with the 
Regulation of the Minister of Industry of Republic of In-
donesia Number 35/M-IND/PER/3/2011, which was valid 
from March 22, 2012. According to the test results of 583 
samples, the majority (95.85%) of samples complied with 
the requirements of SNI 3751-2009, whereas the remain-
ing 4.15% did not fulfill the requirements of SNI 3751-
2009. It can be assumed that in 2011, wheat flour products 
as food commodities that were circulated and marketed in 
Indonesia already met the SNI requirements according to 
the applied regulation.38 

The National Standardization Agency of Indonesia re-
quires fortification with iron of a minimum concentration 
of 50 ppm without any iron compound specified.39 For iron 
fortification, manufacturers in Indonesia use elemental 
iron because it costs less and causes few, if any, sensory 
changes. 

In 2004, a Center for Disease Control and Prevention 
(CDC) expert group in Cuernavaca, Mexico, made global 
recommendations for the type and level of different iron 
compounds (Table 3) to be added to wheat flour.40 WHO 
recommended the same iron compounds but suggested that 
each country should estimate the level of fortification that 
would provide the required iron lacking in the traditional 
diet.35 

Because elemental iron powders are organoleptically in-
ert, they are widely used for wheat flour fortification. In 
2002, a SUSTAIN task force evaluated the usefulness of 
the different elemental iron powders commonly employed 
in wheat flour fortification.41 On the basis of in vitro, rat, 
and human studies, the task force recommended that elec-
trolytic iron should be the only elemental iron powder used 
and that its amount added should be twice the iron level of 
ferrous sulfate, as its absorption capacity is approximately 

Table 3. Average levels of nutrients to be added to fortified wheat flour based on extraction, fortificant compound, and 
estimated per capita flour availability 
 

Nutrient Flour extraction rate Compound 
Level of nutrient to be added in parts per million (ppm) by  

estimated average per capita wheat flour availability (g/day)† 
<75‡  75–149  150–300  >300  

Iron Low NaFeEDTA 40 40 20 15 
Ferrous sulfate 60 60 30 20 
Ferrous fumarate 60 60 30 20 
Electrolytic iron NR§ NR§ 60 40 

High NaFeEDTA 40 40 20 15 
Folic acid Low or high Folic acid 5 2.6 1.3 1 
Vitamin B-12 Low or high Cyanocobalamin 0.04 0.02 0.01 0.008 
Vitamin A Low or high Vitamin A palmitate 5.9 3 1.5 1 
Zinc¶ Low Zinc oxide 95 55 40 30 

High Zinc oxide 100 100 80 70 
 
†These estimated levels account for only wheat flour as the main fortification vehicle in a public health program. If other mass-fortifi-
cation programs with other food vehicles are implemented effectively, these suggested fortification levels may need to be adjusted 
downwards as required. 
‡Estimated per capita consumption of <75 g/day does not allow for the addition of a sufficient level of fortificant to cover the micronu-
trient needs of women of childbearing age. Fortification of additional food vehicles and other interventions should be considered. 
§NR: Not recommended because very high levels of electrolytic iron could negatively affect the sensory properties of fortified flour. 
¶For these zinc fortification levels, 5-mg zinc intake and no additional phytate intake from other dietary sources are assumed. 
Source: WHO, 2009.40 
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half of that of iron. They also recommended that carbon 
monoxide–reduced iron should not be used because of un-
acceptably low absorption. Furthermore, they indicated 
that more studies of carbonyl- and hydrogen-reduced iron 
powders are required before a recommendation can be 
made. It was subsequently found that another form of re-
duced iron (i.e., atomized iron powder) is widely used for 
wheat flour fortification because of its low cost. However, 
because of its low solubility in dilute acid under standard-
ized conditions and its low absorption in rat hemoglobin 
repletion studies and human iron tolerance tests, atomized, 
reduced iron powder is not recommended for wheat flour 
fortification.42 

The analysis results of the 2014 Indonesian Total Diet 
Study showed that among cereal groups, rice was the most 
consumed product by the majority of the Indonesian pop-
ulation (97.7%), with a consumption of 201.3 g per capita 
per day, followed by wheat and its products consumed by 
approximately 30.2% of the population (51.6 g per capita 
per day). A similar consumption pattern for cereal groups 
was found based on age, with rice consumption and its 
products as the highest consumed product followed by 
wheat and its products. The 51.6-g consumption of wheat 
and its products comprised wheat flour (9.4 g), wheat flour 
products (9.6 g), and noodles (32.6 g). Noodles were the 
third most consumed (by 23.4% of the population) cereal 
food commodity, with an average consumption of 32.6 g 
per capita per day.43 

We compiled a list of wheat flour-based food products. 
Table 4 provides the estimates of iron content (mg) in 
wheat flour and its derivative products. Given that the av-
erage consumption of wheat flour and its derivative prod-
ucts in Indonesia is only 51.6 g per person per day and the 
estimated iron content is 8.8 mg (in 100 g per serving), the 
additional iron obtained from average wheat flour con-
sumption is estimated to be 4.5 mg per capita per day. For 
noodles, as one of the most common wheat products con-
sumed, the estimated iron content is as high as 5.5 mg per 
instant noodle serving (Table 4); thus, the iron content ac-
quired from noodles is approximately 2.6 mg iron per cap-
ita per day. 

The average amount of additional iron from fortified 
wheat flour is 4.5 mg per capita per day. The lowest dose 
of electrolytic iron with a significant impact on iron status 
is 10 mg. However, in a trial, electrolytic iron was shown 
to be less efficacious than ferrous sulfate in reducing iron 
deficiency, and no reduction was demonstrated in the per-
centage of participants with anemia.44 Moreover, iron de-
ficiency anemia remained in 60% of children in China after 
a 6-month trial using more than twice this 10-mg dose.45 
Because of the uncertainty regarding the lowest effective 
dose of electrolytic iron, the recommendation from the 
Cuernavaca Workshop should not be changed; this groups 
recommends that electrolytic iron twice the concentration 
of ferrous sulfate should be added.35 

However, the wheat consumption range in Indonesia is 
below 75 g/day; as per the WHO recommendation (2009), 
electrolytic iron is not recommended when the average 
consumption of wheat flour is below 75 g/day because high 
levels of electrolytic iron could negatively affect the sen-
sory properties of fortified flour. 

The iron compounds that are recommended when wheat 
consumption is below 75 g/day are Na Fe-EDTA, ferrous 
sulfate, and ferrous fumarate. The results of experimental 
studies in animal and human models demonstrated that re-
gardless of how beneficial  the iron fortificant may be, its 
intake in combination with enhancers and inhibitors deter-
mines the final effect.36 All the fortified condiments have 
been used in cereal-based diets high in phytic acid; there-
fore, Na Fe-EDTA is more preferable than ferrous sulfate 
and ferrous fumarate, and the enhanced iron absorption 
through EDTA in the presence of phytate is expected to 
reduce the variability in iron status responses caused by 
differences in overall meal bioavailability.42 

Fe fortification using Fe-sulfate, Fe-fumarate, and Na 
Fe-EDTA in wheat flour does not significantly affect the 
sensory properties of breads and baozi. Na Fe-EDTA 
slightly affects the texture (slightly harder) of cookies. For 
noodles and macaroni, Fe-sulfate and Na-Fe-EDTA affect 
the color of products (darker color). Fe-fumarate is recom-
mended for the iron fortification of wheat flour, with the 
lowest effect on the sensory properties of wheat products.39 

The national wheat flour fortification program appears 
to use fortification levels that are too low in relation to the 
wheat flour consumption pattern, or the coverage of the 
program is limited. No study has investigated the effective-
ness of iron compounds used in fortification in Indonesia, 
except for the Family Life Survey analysis series on ane-
mia by Kendrick et al.46 Kendrick et al concluded that 
wheat flour fortification has not significantly reduced the 
anemia prevalence among reproductive-age women in In-
donesia.47 Therefore, it seems unlikely that a meaningful 
reduction in the national prevalence of iron deficiency 
would be achieved through wheat flour fortification unless 
current practices are changed. The nine countries that can 
expect a positive impact from wheat flour fortification pro-
grams use ferrous sulfate: Argentina, Chile, Egypt, Iran, 
Jordan, Lebanon, Syria, Turkmenistan, and Uruguay. They 
could provide an average of 5.4–9.6 mg of additional iron 
per day through fortified flour, with optimal coverage.42 

Quality monitoring for the wheat flour fortification pro-
gram is lacking; quality monitoring is crucial because there 
are still reports of falsified fortification labels and the ex-
istence of low-quality, unfortified wheat flour in market 
circulation. Some local governments do not realize the im-
portance of fortification; thus, the regional regulations that 
have been issued are ineffective. 

Regarding the fortification of wheat flour, the govern-
ment must immediately conduct an effectiveness test to de-
termine its impact on reducing the prevalence of anemia. 
The replacement of supplementation with fortification re-
sults in savings in the state budget because the fortification 
program is cheaper and more effective than supplementa-
tion. 

An effective and continuous food fortification program 
could enhance the nutrition status of vulnerable groups 
when the fortified food is consumed regularly, and the 
micronutrient substances added to the food vehicle are 
based on the daily average food intake per capita. The ad-
equately fortified food must be consumed consistently by 
the majority of the population (approximately >80%). 
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Therefore, the latest data on the target of food consumption  
to be fortified are crucial for determining the national 
standard. 

Iron fortification of rice should be considered, which is 
a food commodity widely (97.7%) consumed by the Indo-
nesian population, with an average consumption as high as 
201.3 g per capita per day, which is much higher than the 
consumption level of wheat flour and its products. In a pre-
vious study, biofortified high-iron rice provided benefits 
for iron-deficient populations by increasing iron stores; 
this food also maintained the iron stores in populations 
without deficiency. From this feeding trial, it can be con-
cluded that biofortified rice has the potential to improve 
the diets of the low-income population in developing coun-
tries.48 

In the 1940s, the Philippines government started to for-
tify rice with thiamin, niacin, and iron and succeeded in 
decreasing the beriberi incidence, which, at that time, was 
a severe health problem caused by a lack of thiamine. In 

1952, the Philippines government established laws on rice 
fortification that required all rice mills and wholesalers to 
fortify the rice milled and sold. 

In the last decade, significant developments have been 
made in low-cost rice fortification technology, which have 
contributed to the reduction of micronutrient deficiency. 
The technology can affordably generate fortified rice hav-
ing the same shape, smell, and taste as unfortified rice. 

According to WFP (2018), nine studies have shown that 
fortifying rice with iron (alone or in combined with other 
micronutrients) can increase iron status (evidence of mod-
erate certainty), other studies have shown small effect on 
iron status. One study demonstrated that fortified rice can 
increase the hookworm infection risk (evidence with low 
certainty).8 

In Indonesia, to overcome the problem of anemia, a pilot 
project of fortification with iron and other substances in 
Raskin (rice for low-income individuals) was conducted in 

Table 4. Iron content in flour and its products on the market 
 

No. Category Brand Name RDA† (%) Iron content‡ (mg) 

1 Flour Bogasari Kunci Biru (Untuk Kue Kering, Cake, dan 
Biskuit) 40 8.8 

2 Flour Bogasari Segitiga Biru (Untuk Aneka Makanan) 50 11 
4 Flour Bogasari Cakra Kembar (Untuk Roti & Mie) 60 13.2 
5 Flour MILA Serbaguna 25 5.5 
6 Flour Golden Eagle 25 5.5 
7 Flour Hana Emas 60 13.2 
8 Instant noodles Indomie Rasa Soto Mie 25 5.5 
9 Instant noodles Indomie Goreng Rasa Rendang 20 4.4 
10 Instant noodles Indomie Mie Goreng Jumbo 35 7.7 
11 Instant noodles Indomie Rasa Ayam Bawang 15 3.3 
12 Instant noodles Indomie Mie Goreng  25 5.5 
13 Instant noodles Indomie Mie Goreng Iga Penyet 15 3.3 
14 Instant noodles Indomie Mie Goreng Sambal Rica-Rica 35 7.7 
15 Instant noodles Indomie Mie Goreng Pedas 45 9.9 
16 Instant noodles Indomie Mie Keriting Goreng Spesial 15 3.3 
17 Instant noodles Indomie Mie Keriting Rasa Ayam Panggang 20 4.4 
18 Instant noodles Indomie Mi Goreng Aceh 20 4.4 
19 Instant noodles Indomie Mi Goreng Rasa Ayam Geprek 30 6.6 
20 Instant noodles Indomie Rasa Seblak Hot Jeletot 30 6.6 
21 Instant noodles Mie Sedaap Rasa Ayam Spesial 10 2.2 
22 Instant noodles Mie Sedaap Rasa White Curry 15 3.3 
23 Instant noodles Mie Sedaap Rasa Kari Ayam 10 2.2 
24 Instant noodles Mie Sedaap Rasa Ayam Bawang 10 2.2 
25 Instant noodles Mie Sedaap Rasa Baso Spesial 10 2.2 
26 Instant noodles Mie Sedaap Rasa Soto 25 5.5 
27 Instant noodles Mie Sedaap Rasa Kari Spesial 10 2.2 
28 Instant noodles Mie Sedaap Goreng Ayam Krispi 10 2.2 
29 Instant noodles Mie Sedaap Mi Goreng 10 2.2 
30 Instant noodles Mie Sedaap Korean Spicy Chicken 10 2.2 
31 Instant noodles Mie Sedaap Cup Rasa Baso Spesial 10 2.2 
32 Instant noodles Mie Sedaap Cup Rasa Ayam Bawang Telur 10 2.2 
33 Instant noodles Mie Sedaap Cup Rasa Soto 10 2.2 
34 Instant noodles Mie Sedaap Cup Mi Goreng 10 2.2 
35 White bread Sari Roti Double Soft 10 2.2 
36 White bread Sari Roti Tawar Kupas 20 4.4 
37 Biscuit Lucky Stick Strawberry 10 2.2 
38 Biscuit Hello Panda Rasa Susu 6 1.32 
39 Biscuit Hello Panda Cookies & Cream 8 1.76 
40 Biscuit Biskuat Original 4 0.88 
41 Biscuit Belvita Breakfast Rasa Pisang & Sereal 20 4.4 
 
†BPOM (National Agency of Drug and Food Control) RDA label reference: 2150 calories with 22 mg iron. 
‡Estimated value 
Weight per service for the flour category is generally 100 g and for instant noodles it is 70 g.  
Source: Market survey compilation by author, 2020. 

 



Anemia: Policy interventions and implementation                                                    S67 

2011. The feasibility of rice fortification was also exam-
ined in terms of cost and its impact on iron deficiency ane-
mia (IDA). The fortification project was executed in 80 vil-
lages in Karawang and 15 villages in Bekasi using 14000 
tons of Raskin. The monthly production amount of 1167 
tons of Raskin was fortified for 3 years (2010–2012), cost-
ing US$2,220,440, with a possible time extension until 
2013. The existing technology was assumed to be able to 
produce premix (artificial rice with a high iron content) 
with an identical shape and color as actual rice. At that time, 
no funding was available to conduct a premix trial and 
other necessary tests; thus, the cheapest premix was im-
ported from India. The best and the most expensive premix 
was from the Philippines.49 

In 2014, BULOG (Indonesian Bureau of Logistics) was 
involved in the development of the Rice Fortification for 
Poor Families pilot project in collaboration with the gov-
ernment and the Asian Development Bank using the Japan 
Fund for Poverty Reduction. The Indonesian Bureau of Lo-
gistics was actively involved, particularly in fortified 
Raskin production and distribution. The Southeast Asian 
Food and Agricultural Science and Technology Center of 
Bogor Agricultural University/IPB University conducted a 
fortified rice acceptance trial; the results showed that forti-
fied rice was well accepted by the consumer because the 
fortification did not alter the color, taste, and smell of the 
rice. Moreover, 100 g of Raskin in 2014 comprised iron (8 
mg), folic acid (20 μg), vitamin B-1 (0.64 mg), vitamin B-
12 (1.0 μg), niacin (6 mg), and zinc (3 mg). 

In 2015, a rice fortification program was conducted by 
the private producer AMARTA with the aim of fulfilling 
society’s daily nutritional requirements. The nutritional 
components in 100 g of rice were folic acid (125 mcg), vit-
amin A (200 mcg), vitamin B-1 (thiamine; 0.4 mg), vita-
min B-2 (riboflavin; 0.5 mg), vitamin B-3 (niacin; 6 mg), 
vitamin B-6 (pyridoxine; 0.6 mg), vitamin B-12 (cobala-
min; 2 mcg), vitamin D (cholecalciferol; 1.5 mcg), vitamin 
E (tocopherol; 3 mg), vitamin K; 25 mcg), iron (5 mg), 
magnesium (30 mg), calcium (100 mg), iodine (50 mcg), 
zinc (5 mg). The rice cost was approximately Rp 20,000 
per kg, and the rice was available in 5-, 10-, and 25-kg 
packs.50 

In 2019, BULOG introduced rice containing vitamins 
(fortified) under the brand Fortivit, which does not require 
rinsing. The rice was enriched with vitamins and minerals. 
Specifically, 100 g of rice contained 195 μg of vitamin A, 
0.65 mg of vitamin B-1 (thiamine), 9.1 mg of vitamin B-3 
(niacin), 0.78 mg of vitamin B-6, 169 μg of vitamin B-9 
(folic acid), 4 mg of iron (Fe), and 6 mg of zinc (Zn). This 
rice was developed in collaboration with the Kernel fortifi-
cant provider company, and it would be sold for IDR 
20,000 per kg under the premium category and IDR 12,000 
under the medium category.51 

The consumption of micronutrient powder containing 
iron has some potential side effects in babies and children. 
In a recent study of children in Kenya, the administration 
of micronutrient powder containing iron (12.5 mg iron as 
ferrous fumarate) caused the development of intestinal in-
flammation (the increase of fecal calprotectin concentra-
tion) and an increase in the number of enteropathogens (in-
cluding Shigella, Escherichia coli, and Clostridium) com-
pared with micronutrient powder without iron.52,53 

The adverse effects of micronutrient iron on intestinal 
microbiota can be reduced through the addition of prebi-
otic galacto-oligosaccharides to micronutrient powder, alt-
hough further studies are required to confirm this. Thus, 
compared with iron interventions such as oral iron supple-
mentation or fortification with micronutrient powder con-
taining iron, rice fortification is preferred, as it is associ-
ated with a lower risk of infectious diseases in individuals 
with high or adequate iron intake. The daily iron dosage 
from the consumption of iron fortificant in the amount of 
rice is commonly lower and limited per person. In addition, 
iron fortificant is added to the food matrix thus reduces the 
potency of transferrin-bound iron accumulation in blood.  

Therefore, the success of rice fortification interventions 
depends on the population and context as well as the prev-
alence of anemia. This is because iron deficiency can have 
other causes. The potential damage of fortified rice is low 
considering the low daily iron dosage and the limit on how 
much rice an individual can consume. More studies should 
be conducted to examine the possible biological and clini-
cal adverse effects of iron-fortified rice from excess iron 
intake. 

A study found that the fortification of cooking oil may 
be an alternative method of increasing vitamin A intake in 
mothers and children, especially in rural communities.54 
Mean oil consumption ranges from 2.4 mL/capita per day 
for infants aged 6–11 months to 31.5 mL/capita per day for 
lactating mothers. Moreover, the Recommended Nutrient 
Intake (daily) of vitamin A from fortified oil ranged from 
26% in children aged 12–23 months to 35%–40% in older 
children and nonlactating women.55 The increased intake 
of vitamin A is also attributed to the consumption of vari-
ous foods that improve serum retinol in preschool chil-
dren.56 

 
Food-based approach 
The International Conference on Nutrition was convened 
in 1992 for the development of food-based dietary guide-
lines (FBDGs) to promote appropriate diets and healthy 
lifestyles. In total, 159 heads of state committed to a plan 
of action on nutrition.57 The popularization of nutrition 
messages started in the 1950s when a highly regarded nu-
trition expert in Indonesia, Prof. Poerwo Soedarmo MD, 
developed the slogan “Four Healthy Five Perfect” (locally 
known as Empat Sehat Lima Sempurna [ESLS] to educate 
people about the importance of nutrition. The message is a 
modification of the United States slogan “Basic seven and 
basic four.”58,59 This slogan is presented in a circlular form, 
with staple (carbohydrate source), side dish (protein and 
fat sources), vegetables, and fruits (vitamin and mineral 
sources) on the outside and milk in the middle. In the sub-
sequent 25 years, ESLS became preferred in nutrition edu-
cation and is widely known, especially among school-age 
children. It is well-known by the public even today.60 

ESLS, which unintentionally provided a higher value for 
milk, produced a problematic situation for the govern-
ments of developing nations because of the unavailability 
of milk locally and its high price.61 The government of In-
donesia introduced the Guide to a Balanced Diet in 1993 
(locally known as Pedoman Umum Gizi Seimbang 
[PUGS]). This was a result of the commitment of countries 
to the International Conference on Nutrition in 1992. In 
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1995, the guide was launched by the MoH and formally 
incorporated in the nutrition policy and program of RE-
PELITA VI (1994–1998).62 The guidelines were developed 
based on the results of research by the Nutrition Center for 
Research and Development, MoH. The guide has 13 mes-
sages: (1) food biodiversity, (2) eat food with sufficient en-
ergy, (3) consume complex carbohydrates for energy, (4) 
energy from fat and oil should only provide 25% of total 
energy, (5) use only iodized salt, (6) eat iron-rich foods, (7) 
exclusively give breast milk to infants 0–4 months (now 0–
6 months), (8) eat breakfast daily, (9) drink sufficient clean 
and safe water, (10) do physical activity and exercise reg-
ularly, (11) avoid alcoholic drinks, (12) eat clean and safe 
food, and (13) always read food labels.61 

The illustrative representation (as a cone) of the guide-
lines is a pyramid with three layers: (1) bottom layer: en-
ergy sources, (2) middle layer: fruit and vegetables, (3) top 
layer: foods that are sources of animal and plant protein. In 
2002, the cone was altered to four layers, with energy 
source foods, vegetables and fruit, animal and plant protein, 
and sugar and salt from the bottom to top layers separately. 
Additionally, the following revisions were made: (1) sepa-
ration between animal and plant proteins, in which milk is 
incorporated into the animal protein group, (2) addition of 
sugar and salt, (3) insertion of the recommended amount 
for consumption (servings), (4) fats and oils were excluded 
in the guide, and (5) message no. 7 was revised to “provide 
only breast milk for the baby until 4 months old, after 
which breast milk should be supplemented with comple-
mentary foods.” In the next 8 years, no attempt was to 
modify the guidelines or popularize healthy eating and 
physical well-being.63 

For children younger than 5 years, in addition to iron 
intake, the intake of zinc and calcium was consistently 
found to be limited in young children’s diets, especially 
during the complementary feeding period.64,65 However, 
the current FBDG messages do not specifically address the 
need to increase the density of these nutrients or to incor-
porate foods fortified with these nutrients. The anemia 
prevalence over the last 10 years has indicated that bal-
anced nutrition has not yet been applied by the majority of 
individuals. Research on iron-rich food in Indonesia is 
lacking. An analysis of iron-rich food intake has been con-
ducted by evaluating the consumption of animal protein 
source food, which is recognized as a good source of 
highly available iron. 

 
Effect of optimal nutrition promotion and education on 
anemia status 
The protein intake of the Indonesian population is still 
dominated by plant foods. For the prevention of anemia, 
protein and iron from animal foods are much more effec-
tive. Animal protein has high available iron, partly through 
the hem iron content of animals, and iron content is mostly 
unaffected by interactions with other food components.36 
The Deputy for Food and Agriculture of the Coordinating 
Ministry for Economic Affairs revealed that the consump-
tion of animal protein in the country is only 8%, which is 
far below that in Malaysia (28%), the Philippines (21%), 
and Thailand (20%).66 

On the basis of the Total Diet Study,43 the meat most 
consumed by the population of Indonesia is poultry, with a 

consumption rate of 21.5% for all ages, followed by pro-
cessed beef and buffalo, which are consumed by approxi-
mately 8.1% of the population. The 19–55 and 5–12 year 
age groups have the highest consumption of chicken 
(22.5%) and processed beef (13.8%), respectively. 

Based on data from the Central Bureau of Statistics of 
Indonesia, the average daily per capita protein consump-
tion decreased slightly from 47.25% in early 2011 to 45.21% 
in 2012 and continued to decline until it increased again at 
the end of 2015 (45.32%), reaching the highest at the end 
of 2016 (48.56%) and then stabilizing at 47.8% at the end 
of 2018.67 This same pattern was identified for the con-
sumption of processed foods. 

The Executive Summary of Indonesian Population Ex-
penditure and Consumption67 revealed that the lower pro-
tein consumption may be the result of the low income level 
of the Indonesian population. Another problem is the qual-
ity of protein consumed because quality protein sources, 
such as livestock products, are expensive compared with 
vegetable protein sources. 

In September 2018, the average daily protein consump-
tion of every Indonesian citizen was 64.64 g, which is suf-
ficient (in terms of quantity) based on the protein adequacy 
rate (2018 Indonesian protein adequacy rate is 57 g/cap-
ita/day). However, the largest contributor to protein con-
sumption is grains (19.51 g), which makes up approxi-
mately 30% of total protein consumption. Consumption of 
protein in the form of fish, meat, egg, and milk is 16.67 g, 
or approximately one-quarter of total protein consumption. 
This amount is still less than the consumption of protein 
from whole grains. This finding in is in line with the con-
clusions of Harper, who researched the proportion of food 
ingredients commonly consumed in Indonesia and in other 
Asian countries.68 According to Harper, most residents 
consume protein derived from plants. He also suggested 
increasing the consumption of animal protein if the income 
level of the population increases.69 

According to Sediaoetama, the recommendation for an-
imal protein consumption in the daily diet is 30% of total 
protein consumption.70 Even if the quantity of protein con-
sumed is sufficient in the Indonesian diet, its composition 
is still dominated by vegetable protein, whereas the pro-
portion of animal protein consumed is still below the rec-
ommended level. 

In terms of each group of animal protein, the maximum 
protein consumption is from fish compared with meat, 
eggs, and milk. On average, each Indonesian resident con-
sumes 8.78 g of protein a day from fish. Protein consump-
tion from meat is 4.46 g, half of the protein consumption 
from fish. Moreover, protein consumption from eggs and 
milk is only 3.43 g per capita a day.67 

In the first quintile, protein consumption from eggs and 
milk (20.32%) is higher than that from meat (17.48%; Fig-
ure 2). This indicates that eggs and milk are more popular 
and affordable for low-income individuals. However, milk 
and eggs are not good sources of iron. Iron in egg yolk is 
poorly absorbed because of the presence of phosvitin.71 

The emphasis on protein for evaluating nutritional qual-
ity has become counter-productive, as food product devel-
opment is encouraged on this basis alone, without regard 
to the wider spectrum of food characteristics necessary for 
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optimal nutrition. Food intake biodiversity is a preferable  
measure of dietary quality and a basis of the prevention of 
nutritional anemia. It is now recommended by FAO as an 
index of food security72,73 and in health outcome evalua-
tion74 and costs.75,76 
 
Food production, supply, and distribution 
The supply, availability, and distribution of animal protein 
sources is still uneven in all regions of Indonesia. The live-
stock sector in each region should be increased through lo-
cal wisdom. According to the National Socioeconomic 
Survey, the consumption of animal protein at the provincial 
level varies between 11 and 27 g per capita a day.77 The 
province with the highest average consumption of animal 
protein is the Riau Islands (27.12 g). More than 50% of the 
total consumption of animal protein in the Riau Islands is 
from fish (52.75%). By contrast, East Nusa Tenggara has 
the lowest protein consumption, which is 11.11 g per capita 
a day or less than half the protein consumption of the Riau 
Islands. 

In general, in all provinces, the consumption of protein 
from fish is greater than that from meat, egg, and milk, ex-
cept in the province of DI Yogyakarta. The consumption of 
protein from meat in Yogyakarta is 5.70 g per capita a day, 
the consumption of protein from eggs and milk is 3.89 g, 
and that from fish is 3.58 g. In addition, in terms of the 
proportion of the total animal protein consumption of each 
province, DI Yogyakarta has the highest proportion of pro-
tein consumption from meat (43.27%).77 
 
CONCLUSION 
Small-scale iron supplementation interventions are occa- 
sionally effective; however, regarding iron supplementa-
tion interventions on a larger scale, many regions in Indo-
nesia had inadequate IFA tablet supply and ineffective im-
plementation. Fortification should provide budgetary sav-
ings, but this concept may be ill-conceived or misplaced. 
Indonesian manufacturers add electrolytic iron to wheat 
flour, but wheat consumption is below the required 75 
g/day in Indonesia, negating its effectiveness. The average 
amount of additional iron in fortified wheat flour is below 

the lowest dose of electrolytic iron necessary for a signifi-
cant impact on iron status. WHO recommends that electro-
lytic iron should not be used when the average wheat flour 
consumption is below 75 g/day. Iron fortification of rice, a 
staple more widely consumed by Indonesians (rather than 
wheat flour), is a preferable alternative. 

A feasibility study on iron-fortified cooking oil is rec-
ommended since its consumption level is relatively stable 
across life stages. The mean oil consumption ranges from 
2.4 mL/capita per day for infants aged 6–11 months to 31.5 
mL/capita per day for lactating mothers. However, no eval-
uation of its benefit and risk has been conducted, so the 
widespread use in this industry, where unintended conse-
quences such as increased consumption of energy-dense 
fried foods would be encouraged, among other risks and 
costs.78  

Although iron and folic acid supplementation has been 
implemented since the 1980s, iron fortification has been 
mandatory for two decades as a national intervention in In-
donesia, and dietary modification has been promoted by 
the government. On the basis of the anemia prevalence 
among pregnant women, anemia is still a severe public 
health problem. Poor-quality diets, lack of food biodiver-
sity, and compromised optimal nutrition and nutrient bioa-
vailability, with adverse consequences for food security 
and health including nutritional anemia, are causes of iron 
deficiency and have an effect on its complex pathogenesis. 
Vulnerable life stages, such as the reproductive life span of 
women, childhood, and later life, and adverse socioeco-
nomic circumstances are associated with the high preva-
lence of nutritional anemia, including that attributed to iron 
deficiency. Programs to reduce the likelihood of anemia in 
these settings will be more successful if they are less de-
pendent on nutrient-specific strategies and focus more on 
the pathogenetic complexity arising from personal behav-
ior, sociocultural factors, dietary and health patterns, local 
community, and ecology. Partnerships between the com-
munity and government reflected in evidence-based policy 
will always be of value, but continued research is required 
to examine the factors contributing to the successful out-
comes of such programs. 

 

 
 
Figure 2. Proportion of animal protein consumption by quintile of expenditure. Source: BPS, 2018.67 
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