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Abstract. The authors conducted a systematic review of adolescents receiving a macronutrient (iron, 

zinc) intervention compared to a multi-micronutrient intervention to investigate their efficacy on 

nutritional status. Systematic searches were conducted in four database sources—Science Direct, 

ProQuest, EBSCO, and Google Scholar. A PICO worksheet was used to define keywords, including 1) 

Patient/Problem: Preconception for adolescent OR girl student, 2) Intervention: Iron and zinc OR Fe and 

Zn OR macronutrients, 3) Comparison: Multi-micronutrient, and 4) Outcome: Nutritional status. 

Inclusion criteria included female adolescents aged 9–24 years and English and Indonesian articles 

published from 2013 to 2020. The risk of bias was assessed by minimizing four potential sources of bias: 

sample selection, research design, control of confounding variables, and data collection techniques. 

Result: 10 relevant studies discussing iron, zinc, and multi-micronutrient supplements for adolescents 

were identified. Iron and zinc interventions are efficacious in preventing anemia, enhancing hemoglobin 

concentration, improving body mass index, and reducing the risk of low birth weight and preeclampsia 

for women in the preconception phase. The multi-micronutrient intervention has similar efficacy, but it 

can better affect the maternal immune response and the production of the human placental lactogen 

hormone, which ultimately increases placental weight and birth weight while lowering the risk of 

abortion and prematurity. Conclusion: Iron, zinc, and multi-micronutrient interventions play a pivotal 

role in improving the nutritional status of adolescents in preparing the preconception phase because they 

provide positive benefits and can prevent nutritional deficiencies before pregnancy, during pregnancy, 

and after delivery. 
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A. INTRODUCTION 

Nutrition is one of the critical factors in the growth and development process of 

adolescents. Nutrition is required to achieve adolescents' full developmental potential. In 

Southeast Asia, one in four women experiences anemia due to nutritional deficiencies, which 

increases the risk of maternal and paternal death (Nguyen et al., 2016; Bexter et al., 2018). 

Adequate nutrition can affect the next generation's reproduction. Therefore, the need for 

adequate nutrition during puberty, particularly for female adolescents, is essential. This is 

because the nutritional status of women in the preconception phase may affect the growth and 

development of the fetus. 

The nutritional status of women during the preconception period affects the prospective 

mother’s pregnancy readiness because it can affect their pregnancy later. Women who are 

malnourished during the preconception phase have a 7-fold risk of their child experiencing 

stunting, 11 times more likely to be underweight, and 12 times more vulnerable to wasting 

compared to women with an adequate nutritional status (Prabandari et al., 2018; Swain et al., 

2021).  

The provision of nutrients such as iron and zinc is one of the interventions to prevent 

anemia in female adolescents during the preconception phase. The World Health Organization 
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recommends women of reproductive age consume iron supplements intermittently (WHO, 

2011; Tofail et al., 2008)). Zinc consumption may increase the concentration of zinc in the 

blood, which plays a role in the implantation process. Zinc also helps the remodeling process 

of arterial blood vessels and forms decidual tissue integrity during pregnancy (Sumarni, 2017; 

Dhaded et al., 2020).  

In addition, a multi-micronutrient (MMN) intervention has been known to reduce the 

risk of pregnancy complications. Micronutrient deficiency in adolescents is significantly 

associated with the risk of reproductive disorders, such as structural defects in the fetus, 

infertility, and long-term diseases (Muqni, 2013; Guodet et al., 2018). Adolescents who 

experience nutritional deficiency can experience anemia and hemoglobin deficiency to the 

point of disrupting pregnancy outcomes, such as a low birth weight, preterm birth, intrauterine 

growth restriction, prematurity, preeclampsia, disability, and an increased risk of fetal death 

(Nguyen, 2016; Ramakrishnan, 2020).  

The importance of iron, zinc and multi-micronutrient interventions in the nutritional 

status of female adolescents is the background of this study. This study aims to investigate the 

efficacy of macronutrient interventions, especially iron and zinc, compared to multi-

micronutrient interventions in the nutritional status of female adolescents. 

 

B. METHOD 

This study used a systematic review method with a comprehensive narrative analysis 

approach in describing iron, zinc, and another multi-micronutrient intervention on the 

nutritional status of female adolescents. This study follows the Preferred Reporting Items for 

Systematic Review and Meta-Analyses with (PRISMA) checklist (Page, 2021; von Slmuth et 

al., 2021).  

This article discusses the effectiveness of macro and micronutrients interventions in 

adolescent nutritional status. Some minerals such as iron and zinc as well as several other 

micronutrients are effective in preventing anemia, plays an important role in increasing the 

concentration of hemoglobin in the blood, improving the body's mass index and reducing the 

risk of LBW and the risk of preeclampsia in women who are in the preconception phase. 

Nutritional interventions during preconceptions great for preventing malnutrition. The 

provision of macro and micronutrient supplements can also be given during the premarital 

program and through family planning services. 

1. Selection Criteria  

The inclusion criteria in literature search included a) cross-sectional study, randomized 

control trial (RCT), descriptive study, descriptive survey, systematic review, meta-analysis, 

and other studies relevant to the research objectives; b) female adolescents aged 19-24 years; 

c) articles published between 2013 and 2020; d) articles published in English or Indonesian; e) 

articles in full text.  

2. Search Strategy  

Four databases, including ScienceDirect (Elsevier), ProQuest, EBSCO, and Google 

Scholar were used to search the articles/ studies. Using the search mode set to boolean/ phrase 

with because this mode allows searching for the exact phrase according to the desired 

destination. The search keywords used the PICO Worksheet, including a) Patient/Problem 

Patient: Pre-Conception for adolescent OR girl student; b) Intervention: Iron and zinc OR Fe 

and Zn OR Macronutrient; c) Comparison: Multi-micronutrient; d) Outcome: Nutritional 

Status. 
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3. Data Extraction 

Data of the included studies were extracted into a template containing the following 

elements: a) research database; b) author; c) research objectives; d) research methods; e) 

research results; and f) conclusion. 

4. Risk of Bias Assessment 

The risk of bias was assessed by minimizing four potential sources of bias: sample 

selection, research design, control of confounding variables, and data collection techniques. 

The bias risk assessment aimed to maintain the quality of the research. 

 

C. RESULT AND DISCUSSION 

A total of 250 articles were identified from databases, and 35 articles were eligible for 

inclusion in this review (Figure 1). Hospitalized adolescents (15 papers) and adolescents with 

chronic diseases (10 papers) were excluded. Hence, only ten articles were included in the 

review. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart of the systematic search in the databases using the PRISMA 

(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework 

(2020) 
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1. Characteristics of the Study 

This review included ten articles published from 2013 to 2020. The types of the 

included studies were: systematic review and/or meta-analysis (Salam et al., 2016; Salam et 

al., 2020; Stephenson et al., 2018); narrative review, letters, and opinions (Sumarni, 2017; 

Bhutta et al., 2017; Sumarni, 2017); randomized control trial (Nguyen et al., 2016; Bexter et 

al., 2018); and nested-retrospective cohort (Wijayanti et al., 2016). Most of the studies targeted 

the pre-conceptional adolescent population, and one study targeted the pregnant adolescent 

population. All studies synthesized MMNs, and six studies discussed macronutrients. The 

characteristics of the included studies are presented in Table 1. 

Table 1. Characteristics of the Study 

Author Type of study Participant/paper Setting 

Specific intervention 

Macro-

nutrient 

Micro- 

nutrient 

Salam et al. 

(2020) 

Systematic review 

dan meta-analysis 

15 research paper - 
√ √ 

Stephenson et 

al. (2018) 

Meta-analysis 14.844 data from 

ALSWH & 509 data 

from UK NDNS RP 

 ALSWH 

& UK NDNS 

RP 

√ √ 

Salam et al. 

(2016)  

Systematic review 

dan meta-analysis 

31 research paper - 
- √ 

Baxter et al. 

(2018) 

Cluster-randomized 

trial & MaPPS Trial 

78,000 female 

adolescents aged 15–

24 years 

Matiari 

district in 

Sindh 

province, 

Pakistan 

√ √ 

Dijkhuizen et 

al. (2019) 

Narrative review - Southeast 

Asia 
- √ 

Bhutta et al. 

(2017) 

Letters, Opinions - LMICs 
- √ 

Nguyen et al. 

(2016) 

Randomized control 

trial 

5011 Vietnamese 

women 

Rural Vietnam 
√ √ 

Wijayanti & 

Sumarni 

(2016) 

Observational 

analytics with a 

nested-retrospective 

cohort approach 

60 adolescents Probolinggo 

regency, East 

Java Province, 

Indonesia 

√ √ 

Muqni 

(Muqni, 2013) 

Letters, Opinions - Indonesia 
√ √ 

Sumarmi & 

Sumarmi 

(2017) 

Letters, Opinions - Indonesia 

- √ 

Abbreviation: MaPPS (The Matiari emPowerment and Preconception Supplementation); 

ALSWH (The Australian Longitudinal Study on Women's Health); UK NDNS RP (National 

diet and Nutrition Survey Rolling Program); LMICs (Low- and middle-income countries) 

  

2. Risk of Bias  

The included studies were assessed for risk of bias. Review Manager software was used 

to assess the systematic reviews and meta-analysis studies (Curtis et al., 2016; Dreger et al., 

2012)) and the Cochrane risk-of-bias assessment tool was used for the randomized control trials 

*Carrion et al., 2019; Cho et al., 2019). 

 

3. Efficacy of Macro and Micronutrient Interventions 

All included studies concluded the efficacy of macro and micronutrient interventions 

for adolescents during preconception and pregnancy (Table 2). 
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Table 2. Efficacy of Macro and Micronutrient Interventions 

Four of ten studies included in this review examined the efficacy of iron and zinc 

interventions on adolescent nutritional status. The remaining studies evaluated the 

effectiveness of MMN supplements, iron, calcium, folic acid, and vitamins A, vitamin D, and 

vitamin C. Iron supplements and micronutrient (folic acid) can be beneficial to enhance the 

hemoglobin concentration of female adolescents to prevent anemia. Multi-micronutrient 

including vitamin D can increase serum concentration 25(OH)D. Calcium and vitamin D can 

increase bone mineral density. Zinc can improve the iron concentration to improve nutritional 

status. This study reviewed the various benefits of macro and micronutrient interventions in 

Author Efficacy of Macro and Micronutrient Interventions 

Salam et al. (2020) Iron and zinc interventions increased serum levels of iron and zinc in the blood to 

prevent anemia. Multi-micronutrition, such as vitamin D and calcium, prevented 

adolescents from experiencing micronutrient deficiencies in the preconception phase 

to prevent stunting during pregnancy later. 

Stephenson et al. 

(2018) 

It is important for prospective mothers and female adolescents to have adequate 

micronutrients during the preconception phase to meet the needs of the prospective 

fetus to avoid diseases that may occur during pregnancy and delivery. 

Salam et al. (2016)  Iron and zinc interventions could prevent anemia in female adolescents in the 

preconception phase. This study aimed to prepare the women’s health in the 

preconception phase, reduce the risk of low birth weight, improve fetal birth weight, 

prevent premature birth, and improve body mass index. 

Baxter et al. (2018) Multi-micronutrient interventions for female adolescents during the preconception 

period could improve fetal nutrition in pregnancy and provide long-term positive 

effects on growth and neurodevelopment in the fetus. 

Dijkhuizen et al. 

(2019) 

Iron and zinc interventions could improve a woman’s nutritional status in the 

preconception phase and prevent anemia, the risk of low birth weight, and 

preeclampsia. Furthermore, multi-micronutrient interventions could significantly 

fulfill the micronutrient needs of women in the preconception phase to prevent 

nutritional deficiencies of the mother during pregnancy and later to the fetus. 

Bhutta et al. (2017) Iron and zinc interventions played an essential role in preparing the physiology of 

female adolescents for the conception phase. Nutritional intervention could prevent 

anemia and hemoglobin deficiency in the blood, which could be harmful to both the 

mother and the fetus. 

Nguyen et al. (2016) Iron interventions could significantly prevent anemia and improve hemoglobin 

concentration for women in the preconception phase. Multi-micronutrient interventions 

could also significantly fulfill the micronutrient needs of women in the preconception 

phase to prevent complications during pregnancy and postpartum, both for the mother 

and the fetus. 

Wijayanti & Sumarni 

(2016) 

Multi-micronutrient supplementation during pregnancy did not have an effect until the 

children were 16–39 months old if nutritional intake was inadequate. Low birth weight 

was present in the group of children of mothers who received iron-folate during 

pregnancy. However, there was no difference in Z-scores on the growth parameters 

(height/age, weight/age, and BMI/age) of children aged 16–39 months from mothers 

who received MMN supplements. Therefore, children should consume sufficient and 

various foods to fulfill their nutritional needs for optimal growth. 

Muqni (2013) The nutritional status of adolescents who received MMN and iron-folate was better 

than those who did not receive additional supplements at all. It is vital for women in 

the preconception phase to consume supplements, both iron-folate and MMN, to 

maintain good nutritional status, especially in meeting their micronutrient needs to 

optimize their physiological condition to prevent health disorders due to malnutrition, 

such as anemia, low birth weight, and postpartum bleeding. 

Sumarmi & Sumarmi 

(2017) 

An MMN intervention is essential to maintain the nutritional status of women in the 

preconception phase because insufficient nutrients during preconception is highly 

related to pregnancy complications, such as congenital abnormalities, prematurity, fetal 

growth disorders, and preeclampsia. 
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adolescents. However, the side effects of consuming excess iron and other micronutrients were 

not examined in the articles included in this study. 

Micronutrient adequacy during the preconception period affects the mothers' ability to 

provide optimal nutrition. Micronutrient deficiency can be one of the factors contributing to 

low birth weight and developmental disorders in children. Therefore, nutritional intervention, 

such as specific nutrition management and sensitive nutrition during preconception in female 

adolescents, is pivotal to preventing malnutrition. 

Evidence shows that the supplementation of macro and micronutrients during the 

preconception phase and pregnancy is crucial. Several studies suggested the advantages of 

multi-micronutrient supplementation in improving maternal and fetal health. Macro and 

micronutrient interventions for 2–6 months before pregnancy are beneficial to overcome the 

problem of low-quality pregnancy outcomes. The provision of macro and micronutrient 

supplements can be made through premarital programs and family planning services. 

 

D. CONCLUSION 

The provision of iron, zinc, and other multi-micronutrients is efficacious in improving 

the health and nutritional status of female adolescents during the preconception period, that is, 

2–6 months before pregnancy, and can prevent pregnancy complications and fetal development 

disorders. This study can be used as a current reference that summarizes the nutritional status 

of adolescents can be improved by maintaining specific macro- and micronutrient intakes. 
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