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Anemia is one of the most common nutritional disorders worldwide, with adolescents representing a highly vulnerable group due to rapid growth, increased micronutrient requirements, and lifestyle-related dietary transitions. Despite sustained efforts under global and national health programs, anemia continues to be a pressing public health challenge in India. The Anemia Mukt Bharat Abhiyan (AMBA), launched in 2018 as part of the Intensified National Iron Plus Initiative, has set ambitious goals of reducing anemia prevalence by 3% annually across multiple target groups.
This study aims to assess anemia prevalence and intervention challenges among adolescents (10–19 years) under AMBA. Using a cross-sectional methodology in semi-urban and school-based settings, data were collected from 300 adolescents (150 males and 150 females). Hemoglobin levels, dietary habits, and awareness of AMBA interventions were analyzed. Results showed an overall anemia prevalence of 56%, with a significantly higher prevalence among girls (68%) compared to boys (44%). Awareness levels about AMBA were low (41%), with only 25% reporting consistent intake of iron–folic acid (IFA) supplementation. Barriers identified included irregular IFA supply, stigma around consumption, side effects, peer influence, inadequate parental engagement, and socio-economic constraints.
The findings underscore that while AMBA provides a robust policy framework through its 6x6x6 strategy, implementation bottlenecks persist at the ground level. Schools and frontline workers remain underutilized, and adolescent-friendly communication strategies are insufficient. The study recommends strengthening supply chain logistics, introducing school-based peer educator models, fortification of staple foods, and integration of anemia prevention into broader adolescent health and reproductive health programs.
By addressing both supply- and demand-side constraints, India can achieve its anemia reduction goals and improve the health, education, and productivity outcomes of its adolescent population.
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1. Introduction : 
1.1 Global Perspective on Anemia
Anemia is recognized by the World Health Organization (WHO) as one of the most pervasive global public health concerns, affecting an estimated 1.8 billion people worldwide (WHO, 2022). Adolescents, defined as individuals aged 10–19 years, constitute about 16% of the global population and are among the most vulnerable groups to anemia. The global prevalence of anemia among adolescents is estimated at 27%, with the burden disproportionately concentrated in low- and middle-income countries (LMICs), particularly in South Asia and Sub-Saharan Africa (UNICEF, 2022).
The etiology of anemia Is multifactorial: iron deficiency remains the leading cause, accounting for nearly 50% of global cases, followed by deficiencies of folate, vitamin B12, and vitamin A, parasitic infections (such as hookworm and malaria), hemoglobinopathies, and chronic diseases (Kassebaum, 2016). For adolescents, dietary transitions characterized by increased consumption of calorie-dense but micronutrient-poor foods further exacerbate the problem.
The implications of anemia go far beyond hematological deficits. Cognitive impairments, reduced physical stamina, compromised immune function, poor school performance, and lower work productivity are well-documented consequences (Lopez et al., 2019). At the macroeconomic level, productivity losses due to iron deficiency anemia can be as high as 4% of gross domestic product (GDP) in some LMICs (Horton & Ross, 2003). Therefore, addressing anemia during adolescence is not only a health imperative but also an economic and developmental priority.
1.2 Indian Scenario
India bears one of the world’s heaviest burdens of anemia. Data from the National Family Health Survey (NFHS-5, 2019–21) show alarmingly high prevalence rates:
Table 1 High Prevalence rate of Anemia of the survey of National Family Health  : 
	Category 
	Percentage 

	Among children aged 6–59 months
	67.1%

	Among adolescent girls (15–19 years)
	59.1%

	Among adolescent boys (15–19 years)
	31% 

	Among women of reproductive age (15–49 years)
	57% 



These figures represent an increase compared to NFHS-4 (2015–16), highlighting persistent challenges despite ongoing interventions.
Geographically, anemia prevalence in India is heterogeneous, with northern and eastern states such as Bihar, Jharkhand, and Uttar Pradesh showing prevalence rates above 65% among adolescent girls (NFHS-5, 2021). Socio-economic disparities are also evident, as anemia rates are disproportionately higher among adolescents from rural areas, lower-income households, and marginalized social groups (Bansal et al., 2020).
Anemia in adolescents is of particular concern because India has the largest adolescent population in the world, with over 253 million individuals in this age group (UNFPA, 2022). Failure to address anemia in this demographic has long-term consequences for maternal and child health, educational attainment, and workforce productivity.
1.3 Adolescence and Nutritional Vulnerability
Adolescence is a critical window of growth, with nearly 20–25% of adult height and 50% of adult weight gained during this period. Physiological changes, including rapid muscle growth, blood volume expansion, and in girls, the onset of menarche, substantially increase micronutrient requirements.
Iron needs are particularly high: adolescent boys require approximately 11–15 mg/day, while adolescent girls need 15–18 mg/day, with higher requirements after menarche (IOM, 2020). However, dietary surveys in India reveal poor intake of bioavailable iron due to monotonous cereal-based diets, low consumption of animal-source foods, and inhibitors of iron absorption such as phytates, tannins, and polyphenols present in tea and coffee (Patel et al., 2021).
Cultural taboos further worsen the situation. For instance, food restrictions during menstruation, avoidance of meat for religious reasons, and gendered intra-household food allocation often deprive adolescent girls of iron-rich foods (Singh & Kaur, 2021). This places them at nearly twice the risk of anemia compared to boys.
1.3 The Anemia Mukt Bharat Abhiyan (AMBA)
Recognizing the persistence of anemia despite earlier efforts under the National Iron Plus Initiative (NIPI), the Government of India launched the Anemia Mukt Bharat Abhiyan (AMBA) in 2018 as part of the Poshan Abhiyaan. Its goal was to reduce anemia prevalence by 3% per year among six key target groups using a 6x6x6 strategy:
6 Target Beneficiaries:
Children (6–59 months), children (5–9 years), adolescents (10–19 years), pregnant women, lactating mothers, and women of reproductive age.
6 Interventions:
(1) Prophylactic IFA supplementation
(2) Deworming
(3) Behavior Change Communication (BCC)
(4) Testing and treatment of anemia using digital platforms
(5) Addressing non-nutritional causes of anemia (e.g., malaria, fluorosis, hemoglobinopathies)
(6) Strengthening supply chain and logistics
6 Institutional Mechanisms:
Convergence across ministries, digital dashboards for monitoring, innovation and partnerships, accountability frameworks, community mobilization, and capacity building of health workers.
Although AMBA is ambitious and well-structured, implementation bottlenecks persist. Studies report irregular supply of IFA tablets, poor adherence due to side effects (e.g., nausea, constipation), inadequate health education, and limited adolescent-friendly platforms (Gupta et al., 2022; NITI Aayog, 2022).
1.5 Review of Literature
A number of studies have investigated the prevalence and determinants of anemia among Indian adolescents:
Gupta et al. (2022) reported that compliance with IFA supplementation remains below 40% in several northern states, primarily due to poor supply chains and lack of awareness.
Patel et al. (2021) identified cultural dietary restrictions and low dietary diversity as significant barriers to adequate iron intake among adolescent girls.
Bansal et al. (2020) highlighted that school-based IFA distribution programs are inconsistent, with large inter-district variations in coverage.
Singh & Kaur (2021) emphasized the role of cultural determinants, showing how gender norms around food distribution increase female vulnerability to anemia.
Internationally, Lopez et al. (2019) found that school-based supplementation and fortification programs in Africa improved hemoglobin levels, suggesting scalable models for India.
Despite extensive literature, there is a research gap in understanding barriers to AMBA implementation specifically at the adolescent level, especially in semi-urban and school settings where program reach should be strongest.
1.4 Rationale for the Study
Given the rising anemia prevalence reported in NFHS-5 despite national efforts under AMBA, it is critical to assess ground-level realities. Adolescents, who constitute nearly 21% of India’s population, represent a demographic dividend and the foundation for a healthier future workforce.
Understanding awareness levels, dietary practices, socio-cultural determinants, and systemic barriers to program implementation can inform more effective strategies to combat anemia. This study thus attempts to bridge this knowledge gap by assessing anemia prevalence and intervention challenges among adolescents in selected semi-urban and school communities under AMBA.

2. Objectives : 
The overarching aim of this study is to assess anemia prevalence among adolescents and to identify the barriers hindering effective implementation of the Anemia Mukt Bharat Abhiyan (AMBA).
The specific objectives are : 
1. To assess the prevalence of anemia among adolescent boys and girls (10–19 years) in semi-urban and school-based settings.
2. To evaluate the level of awareness and knowledge about anemia and the Anemia Mukt Bharat Abhiyan among adolescents.
3. To identify barriers hindering implementation and utilization of AMBA interventions, including iron and folic acid (IFA) supplementation, deworming, and health education.
4. To analyze the relationship between anemia status and socio-demographic factors such as gender, income, education, dietary practices, and family background.
5. To provide evidence-based recommendations for strengthening anemia control strategies under AMBA at the community and school levels.

3. Methodology : 
3.1 Study Design : 
This study adopted a cross-sectional descriptive design, which is particularly suitable for estimating prevalence and understanding associated factors at a single point in time. Cross-sectional designs are widely employed in nutritional epidemiology for conditions like anemia, as they allow for simultaneous collection of health status, dietary behaviors, and socio-demographic determinants (Creswell, 2017).
3.2 Study Area : 
The study was conducted in semi-urban schools and communities located in and around Lucknow, Uttar Pradesh, one of the states with a high prevalence of adolescent anemia according to NFHS-5 (2019–21). Uttar Pradesh presents a unique socio-cultural context where both rural dietary habits and urban lifestyle transitions intersect, making it a relevant location to evaluate AMBA’s effectiveness.
3.3 Study Population : 
The study population comprised adolescents aged 10–19 years, a critical age group targeted under AMBA. This population group was chosen because:
Adolescents represent 21% of India’s population (UNFPA, 2022). Rapid physiological growth increases nutritional vulnerability.
Girls face heightened risk due to menarche and gender-based food allocation practices.Adolescents are central to intergenerational nutrition, as their health directly influences future maternal and child outcomes.
3.4  Sample Size and Sampling Technique : 
A total of 300 adolescents were included in the study, with equal representation of males (n = 150) and females (n = 150).
Sample Size Determination: Based on a reported prevalence of 59% anemia among adolescent girls (NFHS-5), with a 95% confidence level and 5% margin of error, the required minimum sample size was calculated to be approximately 278. To ensure adequate power, a final sample of 300 was taken.
Sampling Technique: A stratified random sampling approach was used. Schools and semi-urban communities were first stratified based on gender composition and socio-economic categories. Within each stratum, adolescents were randomly selected to minimize selection bias.
3.5 Inclusion and Exclusion Criteria
Inclusion Criteria:
Adolescents aged 10–19 years enrolled in selected schools or residing in selected semi-urban communities.
Those who provided assent and whose parents/guardians consented to participation.
Exclusion Criteria:
Adolescents with known chronic illnesses (e.g., thalassemia major, sickle cell disease) that independently cause anemia.
Adolescents on long-term medication affecting hemoglobin status.
Pregnant adolescent girls (excluded due to altered physiological demands).
3.6 Data Collection Tools : 
Data were collected using both primary and secondary sources:
1. Structured Questionnaire:
Captured socio-demographic information (age, sex, education, family income).
Dietary practices (frequency of consumption of iron-rich foods, tea/coffee intake).
Awareness and knowledge about anemia and AMBA interventions.
Barriers to IFA compliance (peer stigma, side effects, availability).
The questionnaire was pre-tested on a pilot group of 20 adolescents and refined for clarity and cultural appropriateness.
2. Hemoglobin Estimation :
Secondary data were collected from school health records, where Hb testing had been conducted as part of routine health check-ups.
For adolescents without recent records, hemoglobin levels were assessed using HemoCue Hb 201+ analyzer, a portable and WHO-recommended method for field studies.
table  2-Anemia classification was based on WHO (2011) cut-offs
	Anemia level 
	 girls 
	Boys

	Mild anemia
	 11.0–11.9 g/dl
	 11.0–12.9 g/dl 

	Moderate anemia
	 8.0–10.9 g/dl
	  8.0–10.9 g/dl	  

	Severe anemia
	 <8.0 g/dl.
	 <8.0 g/dl

	
	
	


3.7 Data Collection Procedure
Data collection was carried out over a 3-month period.
Trained field investigators (nutrition postgraduates) conducted interviews with adolescents in classrooms and community centers.
Health records were verified with school authorities, and where necessary, spot hemoglobin testing was performed.
Confidentiality and privacy were ensured during data collection, particularly for questions related to menstruation and dietary habits.
3.8 Data Analysis
Data were entered into SPSS version 26.0 for statistical analysis.
Descriptive statistics (means, frequencies, percentages) were used to present socio-demographic details, prevalence, and awareness levels.
Chi-square tests were employed to assess associations between anemia prevalence and socio-demographic factors (gender, income, education, dietary diversity).
Multivariate logistic regression was conducted to identify independent predictors of anemia.
A p-value of <0.05 was considered statistically significant.
4. Results : 
4.1 Prevalence of Anemia among Adolescents

Table 3: Prevalence and Severity of Anemia among Adolescents (n = …)
	Category 
	Overall(%)
	Boys(%)
	Girls(%)

	Any Anemia (Total)
	56
	44
	68

	Mild Anemia
	30
	22
	36

	Moderate Anemia
	20
	15
	25

	Severe Anemia	
	6
	7
	7



More than half (56%) of adolescents were anemic, with girls showing almost 1.5 times higher prevalence than boys. Severe anemia, though less common (6%), represents a critical public health concern due to its impact on immunity, cognition, and reproductive health.This finding is consistent with national trends, where adolescent girls are almost twice as likely to be anemic as boys due to factors such as menstrual blood loss, gendered food allocation, and higher iron requirements.
Severe anemia, though less common, was observed in 6% of adolescents — a worrying figure, as severe anemia is linked to serious health consequences such as reduced immunity, impaired cognitive ability, and increased maternal risks for girls.
The burden of anemia was therefore not just widespread but also clinically significant, with one in four adolescents suffering from moderate to severe forms.
4.2 Awareness and Knowledge about AMBA
Table 4: Awareness and Practices Related to AMBA among Adolescents : 
	Indicator 
	% Adolescents

	Heard of AMBA	
	41

	Regular consumption of IFA tablets
	25

	Reported irregular IFA distribution
	48

	Experienced side effects from IFA tablets	
	33

	Took deworming tablets in last 6 months
	35

	Knew about dietary counselling under AMBA
	18



Awareness of AMBA was very low (41%). While most adolescents knew about IFA tablets, only one-fourth consumed them regularly, with irregular distribution and side effects being major barriers. Knowledge about other interventions like deworming and diet counseling was minimal.
Many students were either unaware of the purpose of deworming or reluctant due to peer influence and lack of parental encouragement. These results suggest a critical information gap in AMBA implementation. Even when services were available, lack of awareness and stigma reduced their effectiveness.
4.3 Barriers to AMBA Implementation : 
The barriers identified were largely social and programmatic rather than medical. The lack of regular supply, weak counseling, stigma, and side effects significantly reduced compliance, highlighting implementation gaps.
1. Irregular Supply of IFA Tablets
Many students reported that tablets were distributed inconsistently, sometimes months apart. Teachers and health workers confirmed delays due to supply chain issues.
2. Lack of Awareness and Counseling
Adolescents often received tablets without adequate explanation about their importance, benefits, or how to manage side effects. This led to poor adherence.
3. Peer Stigma and Social Influences
Some adolescents expressed embarrassment in consuming tablets in front of peers. Misconceptions that IFA tablets were “meant only for weak people or girls” discouraged boys from participation.
4. Side Effects and Poor Compliance
Side effects such as nausea and constipation were reported, leading to discontinuation. Without proper guidance on consuming tablets with meals or water, adherence dropped.
5. Parental Neglect and Low Dietary Support
Parents, especially in lower-income households, often did not prioritize iron-rich foods such as green leafy vegetables, pulses, or fortified options. Adolescents reported that dietary diversity was minimal, with meals centered around cereals and tea, which inhibit iron absorption.
6. Limited Monitoring and Follow-Up
Teachers and frontline workers (ASHAs, ANMs) often lacked the resources or time to monitor compliance. Home visits for adolescent health were rare, especially in semi-urban contexts.
4.3 Association with Socio-Demographic Factors :
The prevalence of anemia was strongly influenced by socio-demographic characteristics:
Income: Adolescents from lower-income families had significantly higher rates of anemia. Nutritional inadequacies, limited food diversity, and reliance on cheap, carbohydrate-rich diets contributed to this.
Gender: Girls were disproportionately affected compared to boys, aligning with biological and socio-cultural vulnerabilities.
Education and School Attendance: Adolescents who had dropped out of school had poorer awareness of anemia and AMBA, and higher prevalence rates. School-based interventions thus appeared critical for prevention.
Urban vs. Semi-Urban Residence: Girls from semi-urban and peri-urban areas reported higher anemia rates than those from better-resourced schools in central urban areas. This reflected disparities in service delivery and parental involvement.

4.5 Key Observations : 

Table 5: Summary of Key Observations from the Study :
	Observation 
	Percentage 
	Implications 

	Prevalence of anemia 
	56%	
	Mirrors NFHS-5 trends; validates findings

	Girls disproportionately affected 
	68%
	Gender-sensitive interventions needed

	Awareness of AMBA only
	41%
	Information gap despite 5 years of program



Main barriers were supply & social issues	Implementation and awareness > biomedical factors
Adolescents willing if supported	Role of parents, teachers, peers crucial
The findings highlight that anemia is not just a biomedical issue, but a social and programmatic challenge. Addressing awareness, stigma, and supply gaps is as important as providing supplements.


5. Discussion
The present study highlights the continuing challenge of adolescent anemia in India, despite targeted interventions under the Anemia Mukt Bharat Abhiyan (AMBA). The prevalence of 56% in the study area is in line with national data from NFHS-5 (2019–21), which reported that 59% of adolescent girls and 31% of boys were anemic. This close alignment strengthens the reliability of our findings and reflects the persistence of anemia as a widespread public health issue.
5.1 Gender Disparities
A striking observation is the higher burden among girls (68%) compared to boys (44%). This disparity is explained by both biological factors (such as menstruation and increased iron requirements) and socio-cultural determinants, including gender-biased dietary practices. Previous studies in India (Agarwal et al., 2018; Pasricha et al., 2020) have emphasized that girls are often the last to receive nutrient-rich foods in households with limited resources. This study reaffirms the need for gender-sensitive strategies, such as prioritizing iron supplementation and counseling for adolescent girls.
5.2 Awareness and Behavioral Barriers
Despite AMBA’s multi-pronged design, awareness among adolescents was found to be only 41%, with most recognizing IFA supplementation but not other components like deworming or dietary diversification. This low level of awareness reduces program uptake and highlights communication gaps between health workers, schools, and adolescents.
Furthermore, stigma around IFA tablets, especially among boys, reflects a behavioral challenge not often addressed in program design. Misconceptions that supplements are “for weak people” discourage compliance. International studies (WHO, 2021; UNICEF, 2022) also stress that behavior change communication is as crucial as supplementation itself.
5.3 Programmatic Challenges
The findings also underline systemic implementation barriers: irregular supply chains, poor counseling, and minimal monitoring. Adolescents frequently reported that IFA tablets were distributed only occasionally, and side effects like nausea discouraged consumption. This suggests that the issue lies less in policy design and more in operational gaps at the grassroots level.
Teachers and frontline workers, already burdened with multiple tasks, often lacked time and resources to ensure follow-up. This weakens the “last-mile delivery” of AMBA interventions.
5.4 Socio-Economic Determinants
The association between income and anemia prevalence underscores the role of food insecurity and limited dietary diversity. Lower-income households often depend on cereal-heavy diets, with limited access to iron-rich foods like pulses, green leafy vegetables, or fortified products. This aligns with global evidence from low- and middle-income countries (LMICs), where poverty and malnutrition strongly correlate with anemia prevalence (FAO, 2021).
School attendance also influenced awareness and intervention coverage. Out-of-school adolescents were both less informed and less likely to receive supplements, highlighting the school platform as a critical channel for reaching this age group.
5.5 Implications for AMBA 
The findings suggest that while AMBA’s framework is comprehensive, its impact is constrained by weak implementation and lack of adolescent engagement. Awareness campaigns need to move beyond information-sharing to active involvement of adolescents, parents, and teachers. Peer-led models, proven effective in health promotion, could reduce stigma and improve adherence.
Moreover, addressing supply-side challenges—ensuring consistent distribution of IFA and deworming tablets—must be a priority. Integration of technology for supply tracking and adolescent follow-up could strengthen monitoring.
5.6 Comparison with Global Evidence
Globally, anemia in adolescents remains a challenge. According to WHO (2021), nearly 30% of adolescent girls worldwide are anemic, with the highest burden in South Asia and sub-Saharan Africa. India’s rates are therefore among the highest globally, demanding urgent action. Successful international strategies, such as fortification of staple foods (flour, salt) in countries like Nepal and Sri Lanka, show promising results and could complement AMBA’s existing approach.
5.7 Summary
In summary, the study underscores that anemia in adolescents is not merely a nutritional issue but a complex interplay of biological, socio-economic, cultural, and programmatic factors. The high prevalence, coupled with low awareness and poor compliance, calls for strengthening AMBA through supply consistency, gender-sensitive approaches, behavior change communication, and community participation.
6. Conclusion
The present study reaffirms that anemia among adolescents remains a serious public health challenge in India, despite the introduction of the Anemia Mukt Bharat Abhiyan (AMBA). With a prevalence of 56%, and disproportionately higher rates among girls (68%) compared to boys (44%), the findings underscore that anemia is not only common but also deeply gendered.
The results reveal that awareness of AMBA interventions is low, with less than half of adolescents familiar with the program, and only one in four reporting regular IFA tablet consumption. Even when interventions are available, issues such as irregular supply, poor counseling, side effects, stigma, and lack of parental support hinder effective implementation. These findings highlight that the problem is not limited to biological vulnerability but is also shaped by socio-economic conditions, cultural norms, and programmatic inefficiencies.
Adolescents from low-income households and those out of school were found to be particularly vulnerable, reflecting the interplay of poverty, food insecurity, and limited access to health services. Thus, the school platform emerges as a critical setting for health interventions, but one that needs stronger support systems and monitoring.
From a broader perspective, the study shows that India’s challenge is consistent with global evidence from South Asia and other low- and middle-income countries, where adolescent anemia rates remain among the highest. However, examples from neighboring countries, where fortification and strong community engagement have yielded positive results, demonstrate that progress is possible.
The implications are clear: while AMBA is a well-conceptualized program, its true potential is undermined by gaps in last-mile delivery, communication, and adolescent engagement. To achieve meaningful reductions in anemia, the focus must shift from policy design to operational efficiency, with greater attention to gender sensitivity, behavior change strategies, and community involvement.
In conclusion, anemia in adolescents is more than a medical concern—it is a marker of social inequity, food insecurity, and health system performance. Combating it requires a multi-dimensional response: strengthening AMBA implementation, ensuring consistent supply chains, addressing stigma through education, and promoting dietary diversification. Only then can India move closer to achieving its goal of an “Anemia Mukt Bharat” and ensure healthier futures for its adolescent population.
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