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Abstract 

Background: Anemia and iron–folic acid (IFA) deficiencies are major nutritional concerns among 

adolescent girls in environmentally vulnerable coastal areas of Bangladesh. However, evidence on 

anemia prevalence and health outcomes relation to IFA supplement receipt remains limited. 

Objectives: This study aimed to assess IFA deficiency-related health problems and the impact of 

IFA supplementation on hematological, nutritional, and overall health outcomes among adolescent 

girls in coastal Bangladesh 

Methods: A randomized controlled trial study was conducted among 440 adolescent girls from 

Patuakhali, Bagerhat, Noakhali, and Cox’s Bazar districts of Bangladesh. In each district, 60 

participants were assigned to the IFA intervention group and 60 to the control group. The 

intervention group received IFA for three months, with assessments of hemoglobin, anemia, 

nutritional status, and health outcomes. And data were analyzed using IBM SPSS Statistics. 

Results: The prevalence of anemia among participants in the placebo group ranged from 37.5% 

to 52.0% across the four study districts. After three months of IFA supplementation among 

intervention group, anemia prevalence decreased to 2.0% in Patuakhali, 2.2% in Bagerhat, 0% in 

Noakhali, and 4.7% in Cox’s Bazar. The intervention group showed significantly higher 

hemoglobin concentration compared with the placebo group (12.20 ± 0.30 vs. 11.96 ± 1.18 g/dL; 

p < 0.001). Significant improvements were also observed in mid-upper arm circumference (24.20 

± 4.12 vs. 22.58 ± 2.88 cm; p < 0.001), platelet count (p < 0.001), and anemia-related symptoms, 

including dizziness (p < 0.001), infection symptoms (p < 0.001), and pale skin/gum symptoms (p 

= 0.027). Furthermore, IFA supplementation was associated with improved iron-rich food intake, 

nutrition knowledge, vitamin/mineral awareness, and iodized salt use. 

Conclusion: Anemia remains prevalent among adolescent girls in coastal Bangladesh. IFA 

supplementation was strongly associated with a lower likelihood of anemia, highlighting the 

potential importance of strengthening adolescent supplementation, nutritional screening, and 

adherence-focused interventions in vulnerable coastal populations. 

Keywords: Adolescent girls; anemia; iron–folic acid supplementation; micronutrient deficiency; 

hemoglobin; coastal Bangladesh. 

Trial registration: ClinicalTrials.gov, NCT07903558. Date of registration: 21-10-2026. 
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1. Introduction  

Adolescence is a critical period of rapid physical growth, increased nutritional requirements, and 

biological development. The proper amount of micronutrient intake during this stage is essential 

for maintaining optimal health, cognitive performance, reproductive maturity, and future maternal 

health. However, micronutrient deficiencies, particularly iron deficiency and iron deficiency 

anemia (IDA), remain among the most widespread nutritional problems affecting adolescent girls 

worldwide. Iron deficiency is recognized as the leading cause of anemia globally, 

disproportionately affecting populations in low- and middle-income countries where inadequate 

dietary intake, infections, and poor access to health services contribute to increased 

vulnerability(Mahar et al., 2024) 

Anemia in adolescent girls has multi-faceted consequences where their life is hampered by 

inability to do physical work, academically poor performance due to insufficient cognitive skills, 

lack of energy and poor pregnancy outcome. Globally, anemia affects approximately 30% of 

women aged 15–49 years, with women and girls in the WHO African and South-East Asia Regions 

carrying a particularly high burden(WHO, 2025). Iron deficiency remains the most common cause 

of anemia worldwide and is particularly prevalent in populations living in low- and middle-income 

countries, which often face debilitating levels of dietary inadequacy, infections and poor access to 

health services that exacerbate their susceptibility(Kassebaum et al., 2014; Stevens et al., 2013). 

Iron–folic acid (IFA) supplementation has been widely recommended as an effective public health 

strategy to prevent and control anemia among adolescent girls. Iron supplementation improves 

hemoglobin concentration and iron stores, while folic acid contributes to red blood cell formation 

and supports healthy growth and reproductive outcomes. The World Health Organization 

recommends intermittent or daily iron and folic acid supplementation for adolescent girls in 

populations where anemia prevalence is high(WHO, 2016). Several intervention studies have 

demonstrated that IFA supplementation can significantly reduce anemia prevalence and improve 

hematological outcomes among adolescent populations(Mistry et al., 2017; Stevens et al., 2013). 

Bangladesh has made remarkable progress in improving maternal and child nutrition; however, 

the anemia among adolescent girls remains a persistent public health challenge. The study surveys 
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indicate that nutritional deficiencies, inadequate dietary diversity, and poor micronutrient intake 

continue to affect adolescent health outcomes in Bangladesh(NIPORT, 2019). Although national 

adolescent nutrition programs have introduced iron–folic acid supplementation initiatives, 

coverage, adherence, and effectiveness remain influenced by geographical, socioeconomic, and 

healthcare-access disparities(Mistry et al., 2017; WHO, 2016). 

Coastal areas of Bangladesh represent particularly vulnerable environments due to recurrent 

climate-related hazards like cyclones, flooding, salinity intrusion, and livelihood insecurity. These 

factors negatively influence food availability, diversity of dietary, household income, and access 

to healthcare services, potentially increasing the risk of micronutrient deficiencies among 

adolescent girls(Ali et al., 2025; Khanom, 2016). Previous studies have mainly focused on 

national-level anemia prevalence or urban and non-coastal populations, while evidence from 

climate-vulnerable coastal regions remains limited. Adolescent girls living in coastal Bangladesh 

experience unique nutritional challenges, including food insecurity, limited dietary diversity, 

poverty, and restricted access to healthcare, which may increase their vulnerability to micronutrient 

deficiencies(Ali et al., 2025; FAO, 2023). 

Indications from prior studies conducted in Bangladesh have mainly focused on cross-sectional 

assessments of anemia prevalence or nutritional status and as well as providing limited evidence 

regarding the impact of micronutrient supplementation interventions. Furthermore, very few 

studies have assessed the combined effect of demographic characteristics, dietary factors, 

menstrual health, and supplementation status on anemia risk using robust analytical approaches. 

This evidence from controlled intervention studies, particularly among geographically vulnerable 

coastal populations, is therefore needed to guide targeted adolescent nutrition policies and 

programs. 

To address these knowledge gaps the study finds out prevalence of anemia and evaluated the 

association between iron–folic acid supplementation and hematological outcomes among 

adolescent girls living in coastal areas of Bangladesh. It included data from a controlled 

intervention study in four coastal districts with aims to provide evidence for the potential role of 

IFA supplementation for reducing anemia burden among a vulnerable population of adolescents. 

2. Materials & Methods 
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2.1 Study Area: The study was conducted in Patuakhali, Bagerhat, Noakhali, and Cox’s Bazar 

districts of Bangladesh. These districts were chosen because of their socioeconomic traits, 

coastline exposure, and geographic susceptibility. Under this randomly selected four coastal 

vulnerable upazila that namely Dumki, Morrelganj, Noakhali Sadar, and Moheshkhali under those 

districts.  

2.2 Study Design: Its was cluster randomized controlled trial (cRCT) design and which was 

effectively captured a comprehensive snapshot of demographic data, reproductive health & 

menstrual history, medical history & current health, dietary intake & habits, clinical assessments 

& anthropometry knowledge, attitudes, and practices (KAP). 

2.3 Study Duration: Data was collected from 1st January 2026 to 31th June 2026. 

2.4 Sampling Frame and Sample Size: For sampling, a cluster randomized controlled trial 

(cRCT) technique was used. Four Upazilas were chosen at random from each of the four districts 

that were purposively chosen. Unions were then randomly sampled in proportion to population 

size, followed by villages and mahallas. 

Figure 1: Geographic distribution of study locations across coastal districts of Bangladesh 
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To estimate proportions, the sample size (n) formula is(Ali Sarkar et al., 2026)  :   

                                                                 n = Z2. P (1-P)/E2 

Here, Z is the Z-score corresponding to the chosen confidence level (e.g., 1.96 for a 95% 

confidence level), n is the sample size, E is the margin of error (5% = 0.05), and P is the expected 

prevalence (unknown 0.5 is taken into consideration for maximum variability). 

So, n = (1.96)2*0.25/ (.05)2 = 384.16 ≈ 384 

Adding 15% non-response rate the total sample size n = 384/0.85 ≈ 452. Considering logistical 

feasibility and equal distribution across study clusters final target sample size was set at 440 

adolescent girls with approximately 110 participants from each district. After enrollment, 

participants were randomly allocated into two groups in a 1:1 ratio: the intervention group 

receiving daily iron–folic acid (IFA) supplementation and the control group following the standard 

practice without the intervention. A total of 440 eligible adolescent girls were enrolled in the trial. 

Out of them 377 participants completed the follow-up assessment, resulting in an overall retention 

rate of 86%. The final analysis was performed based on the available data from participants who 

completed the study assessments. 

Figure 2: CONSORT Flow Diagram 
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2.5 Intervention: The intervention group received daily IFA supplementation capsules that 

contained 47 mg elemental iron, 500 µg folic acid, and 22.5 mg zinc for three months. And the 

supplement intake, adherence, or any reported side effects were recorded during follow-up visits 

school or HH visit. The placebo group received Vitamin C (500 mg) daily supplement for the same 

period and was not supplemented with IFA. Compliance and adverse events were monitored 

similarly in both groups. 

2.6 Data collection method: The data were collected using a structured questionnaire through 

Kobo Toolbox and questionnaire comprised sections on socio-demographic characteristics, 

reproductive and menstrual history, medical history, dietary practices and knowledge attitude and 

practices (KAP) regarding nutrition and health. Anthropometric measurements, including height, 

weight, and mid-upper arm circumference (MUAC), were recorded using standardized 

procedure(Gibson, 2005). 

The blood samples were collected by trained medical assistants from designated healthcare 

laboratories for hematological and biochemical assessments, including complete blood count 

(CBC), hemoglobin concentration, red blood cell indices (MCV, MCH, MCHC, RDW), serum 

ferritin, inflammatory markers (CRP and AGP), and micronutrient-related biomarkers etc. 

Hemoglobin levels were determined with a calibrated automated analyzer (Beckman Coulter life 

sciences, Brea, CA), and anemia classification was based on internationally accepted cutoff values. 

2.7 Inclusion criteria: Only coastal teenage girls between the ages of 11 and 19 who had resided 

in the study area for at least a year before data collection were included. Participants who provided 

informed consent/assent by legal guardian and were willing to participate in the intervention and 

also complete the three-month follow-up assessment were included in the study. 

2.8 Exclusion criteria: Participants were excluded if they had severe chronic illnesses or 

diagnosed medical conditions that could effect on hematological status, were currently receiving 

iron, folic acid, or other micronutrient-containing supplements/medications, or had incomplete 

baseline or follow-up data required for analysis. 

2.9 Data Analysis: For quantitative data descriptive statistics, inferential statistics (t-tests, 

ANOVA), and regression analysis, IBM Statistical Package for the Social Sciences (SPSS) 

statistics version 27.0.1_IF026 was utilized. Anemia prevalence was reported with Wilson 95% 

CIs. Welch’s t-test was used for continuous variables and Pearson’s chi-square test for categorical 

variables to evaluate between-group differences. A multivariable logistic model estimated the 
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association between recorded receipt of supplementation and anemia, adjusting for age, district, 

household-income category and heavy menstrual flow. A heteroskedasticity-robust linear model 

assessed adjusted mean hemoglobin differences using the same covariates. Among other variables 

from univariate analysis with a p-value of less than 0.5, the adjusted model included sex, education, 

occupation, and wealth index. A 95% confidence interval was shown for each precision estimate.  

3. Results 

3.1 Socio-Demographic Characteristics of the Participants 

In Table 1 shows that a total of 377 adolescent girls participated in the study and among the 

respondents 41.1% were early adolescent girls (11–14 years) from the placebo group, followed by 

31.3% from the intervention group, while late adolescents (15–19 years) constituted 27.6%. Nearly 

all participants were studying at the secondary level (98.4%).  In terms of maternal education, most 

mothers completed higher secondary education (37.4%) while 14.3% had no formal education. All 

participants were single (100%), and the majority came from medium-sized families (4–6 

members) (89.1%). 

Government/private sector employment (28.1%) and business activities (26.0%) accounted for 

most of the household (HH) income source. The monthly household income in 51.2% of the 

households was BDT 10,001–20,000 and (20.7%) in the range of 20,001–30,000. And also, 

participants were selected from four coastal districts of Bangladesh with the highest representation 

from Patuakhali (26.0%) and Noakhali (25.2%), Bagerhat (24.9%) and Cox’s Bazar (23.9%). 

Table 1: Socio-demographic characteristics of the study participants (N =377) 
 Variables  Category n % 

Age (years) Placebo early adolescent girls (11 – 14yr)  155 41.1 

  Placebo late adolescent girls (15 – 19yr) 38 10.1 

 Intervention early adolescent girls (11 – 14yr) 118 31.3 

 Intervention late adolescent girls (15 – 19yr) 66 17.5 

Respondent Education level Secondary level 371   98.4 

  Higher Secondary level 3 0.8 

  Others (Maktoob, Religious institute etc.) 3 0.8 

Mother’s education level No formal education 54 14.3 

  Primary level 9 2.4 

  Secondary level 67 17.8 

  Higher Secondary level 141 37.4 

 University/Degree level 30 8.0 

  Others (Maktoob, Religious institute etc.) 76 20.2 
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Marital status Married 0 0 

 Unmarried 377 100 

Respondent Family Size Small (Family members up to 3) 25 6.6 

  Medium (4-6 members in family) 336 89.1 

  Large (7 or more members) 16 4.2 

Family Income Source Livestock and Agriculture 42 11.1 

  Business and Commerce 98 26.0 

  Day Labor /Informal Sector 37 9.8 

  Private sector & Govt. 106 28.1 

  Others (Please Specify) 94 24.9 

HH income per montha Below 5000(Ext Poor) 19 5.0 

  5000-10000(Poor) 28 7.4  
10001-20000(Middle) 193 51.2 

  20001-30000(Rich) 78 20.7  
Above 30000(Rich) 59 15.6 

District-wise respondents Patuakhali 98 26 

 Bagerhat 94 24.9 

 Noakhali 95 25.2 

 Cox’s Bazar 90 23.9 

Note: aBangladesh Bureau of Statistics (BBS), Household Income and Expenditure Survey (HIES), [2026]. 

3.2 Prevalence and severity of anemia in placebo and intervention groups by study area 

In figure-03, the study results showed that the prevalence of anemia in the placebo group was, 

37.5%, 52.0%, 38.0%, and 51.1% respectively in Patuakhali, Bagerhat, Noakhali, and Cox’s Bazar. 

Following the three-month IFA supplementation intervention, the prevalence of anemia in the 

intervention group decreased to 2.0%, 2.2%, 0%, and 4.7% respectively in Patuakhali, Bagerhat, 

Noakhali, and Cox’s Bazar. The boxplot comparison also shown the distributional difference in 

the two group, participants from intervention group are substantially lower anemia prevalence than 

those of placebo. 
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3.3 Comparison of Clinical, Nutritional, and Hematological Characteristics Between Placebo 
and Intervention group of IFA Supplementation 

The independent sample t test was performed to analysis comparison of clinical, nutritional, and 

hematological characteristics between placebo and intervention group of IFA supplementation in  

Table 2. Participants in the IFA intervention group exhibited significantly higher hemoglobin 

concentrations compared with the placebo group (12.20 ± 0.30 vs. 11.96 ± 1.18 g/dL; mean 

difference [MD] = −0.234, 95% CI: −0.406 to −0.062; p < 0.001). In addition, significant 

differences were observed in total WBC count (p = 0.019) and circulating eosinophil count (p = 

0.006), with lower values among supplemented participants. Platelet count was markedly higher 

in the intervention group compared with the placebo group (345,965.12 ± 79,150.34 vs. 

294,601.04 ± 80,122.70 cells/µL; p < 0.001). Furthermore, participants receiving IFA 

supplementation demonstrated significantly greater MUAC values, indicating improved 

nutritional status (24.20 ± 4.12 vs. 22.58 ± 2.88 cm; MD = 1.621, 95% CI: 0.903–2.338; p < 0.001). 

The menstrual and clinical health indicators showed the differences between two groups. It’s 

shown that participant who received IFA supplementation reported higher IFA-use scores than 

those who received a placebo (0.26 ± 0.44 vs. 0.16 ± 0.37; p = 0.016). The intervention group had 

lower scores for frequent dizziness (1.63 ± 0.77 vs. 1.94 ± 0.76; p < 0.001) and frequent infection 

Figure 3: Area-wise prevalence of anemia comparison between placebo and IFA supplementation 
intervention groups among adolescent girls in coastal Bangladesh. 
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symptoms than the placebo group (1.10 ± 0.39 vs. 1.36 ± 0.63; p < 0.001). Pale skin/gum scores 

were also significantly lower among participants who received supplementation (p = 0.027). There 

was no significant difference in menstrual flow scores between the two groups (p = 0.051). In 

terms of dietary intake patterns significant differences were identified in selected dietary 

indicators. Milk/dairy intake scores were significantly higher among intervention participants 

compared with placebo participants (3.30 ± 1.33 vs. 3.03 ± 1.30; p = 0.044). Iron-rich food intake 

scores also differed significantly between groups (p < 0.001). However, no statistically significant 

differences were showed in green leafy vegetable intake (p = 0.201) or fruit intake (p = 0.052). 

The study also showed nutrition knowledge and practices associated significantly between two 

groups. Food–health awareness, vitamin/mineral knowledge, and iron-rich food knowledge were 

significant (all p < 0.001). Iodized salt use was higher in the IFA group (p = 0.002), with a marginal 

difference in nutrition education scores (p = 0.049).
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Table 2: Comparison of Clinical, Nutritional, and Hematological Characteristics Between Participants Receiving and Not 
Receiving Iron–Folic Acid Supplementation(N=377) 

Variables Placebo Group (Mean 

± SD), n=193 

Intervention Group 

(Mean ± SD), n=184 

Mean Difference (95% CI) P-value 

Clinical and Anthropometry Parameter 

Hemoglobin (Hb, g/dL) 11.962 ± 1.177 12.196 ± 0.295 -0.234 (-0.406, -0.062) <0.001 

Total WBC count (cells/µL) 9557.36 ± 1978.421 9124.67 ± 1558.715 432.684 (70.850, 794.517) 0.019 

Total circulating eosinophil count 

(cells/µL) 

346.40 ± 292.750 283.35 ± 99.438 63.048 (18.324, 107.771) 0.006 

Total RBC count (million cells/µL) 4.639 ± 0.362 4.510 ± 0.907 0.130 (-0.012, 0.271) 0.072 

Total Platelet Count(cells/µL) 294601.04 ± 80122.701 345965.12 ± 

79150.343 

-51364.083 (-67500.947, -

35227.220 

<0.001 

MUAC (cm) 22.58 ± 2.877 24.20 ± 4.123 1.621 (0.903, 2.338) <0.001 

Menstrual and Clinical Health Status 

Menstrual flow score 2.11 ± 0.54 2.22 ± 0.53 -0.110 (-0.221, 0.000) 0.051 

Iron/folate use 0.16 ± 0.37 0.26 ± 0.44 -0.103 (-0.186, -0.019) 0.016 

Frequent dizziness score 1.94 ± 0.76 1.63 ± 0.77 0.313 (0.158, 0.468) <0.001 

Frequent infection score 1.36 ± 0.63 1.10 ± 0.39 0.260 (0.154, 0.366) <0.001 

Pale skin/gum score 1.45 ± 0.62 1.31 ± 0.62 0.141 (0.016, 0.266) 0.027 

Hair loss/brittle nail score 2.03 ± 0.94 2.24 ± 1.10 -0.213 (-0.421, -0.006) 0.044 

Dietary Intake Pattern 
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Green leafy vegetables intake score 4.00 ± 1.01 4.13 ± 0.97 -0.130 (-0.331, 0.070) 0.201 

Milk/dairy intake score 3.03 ± 1.30 3.30 ± 1.33 -0.273 (-0.539, -0.007) 0.044 

Fruits intake score 3.09 ± 1.07 3.29 ± 0.92 -0.200 (-0.402, 0.002) 0.052 

Iron-rich food intake score 3.03 ± 0.84 2.27 ± 1.38 0.759 (0.526, 0.992) <0.001 

Nutrition Knowledge and Practice Indicators 

Food-health relationship awareness 0.98 ± 0.14 0.76 ± 0.43 0.224 (0.158, 0.290) <0.001 

Awareness of vitamins and minerals 0.69 ± 0.46 0.41 ± 0.49 0.281 (0.184, 0.378) <0.001 

Knowledge of iron-rich foods 0.53 ± 0.50 0.33 ± 0.47 0.208 (0.109, 0.306) <0.001 

Iodized salt use 0.90 ± 0.31 0.97 ± 0.16 -0.076 (-0.126, -0.027) 0.002 

School-based nutrition education 0.99 ± 0.10 0.96 ± 0.20 0.033 (0.000, 0.066) 0.049 

Note: The independent sample t test was performed for between two group comparisons and mean differences are given at 95% 
confidence intervals (CI). Homogeneity of variance assumptions were violated and consequently, Welch correction was applied. A p-
value < .05 was considered statistically significant.
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4. Discussion 

4.1 Main findings and interpretation: Iron deficiency anemia remains a significant public health 

concern among adolescent girls, especially those in low- and middle-income countries (LMIC), 

where factors such as rapid growth, menstrual blood loss, inadequate dietary intake of iron-rich 

foods and lack of access to micronutrient-dense foods contribute to increased risk. The current 

study showed a significant decrease of anemia frequency among the adolescent girls after three 

months of iron–folic acid (IFA) supplementation in among adolescent girls living in coastal regions 

of Bangladesh. Across the four study areas, anemia prevalence decreased from 37.5–52.0% in the 

placebo group to 0–4.7% following IFA supplementation. These results provide strong evidence 

that routine IFA supplementation is an effective intervention to improve the hematological health 

status of adolescent girls in nutritionally vulnerable coastal populations. And also, the intervention 

group demonstrated significantly higher hemoglobin concentration, improved mid-upper arm 

circumference (MUAC), reduced anemia-related symptoms, improved selected dietary indicators, 

and better nutrition-related knowledge compared with the placebo group. 

4.2 Burden of anemia among adolescent girls in coastal Bangladesh: The high burden of 

anemia among placebo participants suggests that micronutrient deficiency continues to be a serious 

problem for adolescent girls in Bangladesh. Anemia prevalence in excess of 20% among 

adolescents is classified as important public health issue necessitating population-wide 

response(WHO, 2011). The anemia prevalence in this study (37.5–52.0%) shown that adolescent 

girls in coastal Bangladesh represent a high-risk group requiring targeted nutritional strategies. 

Anemia is a key issue for adolescent girls globally, with the highest burden in South Asia and sub-

Saharan Africa. The Global Burden of Disease analysis found that anemia was one of the top 

causes of health loss in adolescent females and iron deficiency was a major contributor(McLean 

et al., 2009) Similarly, another study reported that anemia remains particularly prevalent in 

populations where dietary iron intake is inadequate and access to health and nutrition services is 

limited(Pasricha et al., 2013) 

Multiple interacting factors may explain the high prevalence of anemia in coastal Bangladesh. At 

adolescent age needs iron for increase substantially due to rapid growth, expansion of blood 

volume, and menstrual iron losses(Pasricha et al., 2013). Moreover, in low-resource settings the 

dietary patterns often lack adequate amounts of bioavailable iron from animal sources(Beard, 
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2001). Although plant-based foods like vegetables and cereals contribute iron and their absorption 

may be limited due to the presence of phytates and other inhibitors. And also, socioeconomic 

situation, HH income, and maternal education influence already food choices, nutrition awareness, 

and healthcare-seeking behaviors(Hurrell & Egli, 2010). 

The socio-demographic characteristics of the current study population also indicated multiple 

factors contributing to adolescent nutritional vulnerability. The majority of participants (98.4%) 

were students at these secondary-level schools, implying that school-based programs may offer a 

viable structure for implementing nutritional programs. However, if the mothers were 

uneducated,14·3% and ~50% of the households had monthly incomes that ranged between BDT 

10 001 and 20 000 indicating a possible lower economic status that could underline diet quality 

limitations. Maternal education has previously been associated with improved adolescent nutrition 

outcomes because educated caregivers are more likely to have better knowledge regarding iron 

rich leave vegetable in coastal areas, balanced diets, micronutrient sources, and preventive 

healthcare practices(Jharna et al., 2026; Kang et al., 2021). 

4.3 Effect of IFA supplementation on anemia prevalence: The most important result from this 

study is the substantial decline in anemia prevalence after three months of IFA supplementation. 

Anemia prevalence significantly decreased among intervention participants in all four study 

districts: from 37.5% to 2.0% in Patuakhali, 52.0% to 2.2% in Bagerhat, 38.0% to 0% in Noakhali 

and 51·1 %–4·7 %in Cox's Bazar. These findings are consistent with previously conducted 

intervention studies showing that iron supplementation plays a highly significant role in lowering 

the prevalence of anemia in adolescent girls. Another randomized controlled trial conducted among 

rural Bangladeshi adolescent girls with nutritional anemia reported significant improvements in 

hemoglobin and micronutrient status following long-term iron-containing supplementation and 

improving iron intake can substantially enhance hematological outcomes among adolescent 

girls(Ahmed et al., 2010) 

These findings also support the implementation of school-based IFA supplementation programs in 

Bangladesh. The school platform offers tangible local advantages as the continuation of education 

is an opportunity for adolescent girls to be reached certainly, adherence to supplementation can be 

monitored easily, and nutrition education can be well integrated within existing educational 

frameworks. Similar evidence from elsewhere in low-resource settings shows that interventions 
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such as school based weekly IFA supplementation programs can be effective for anemia reduction 

among adolescent girls(Gosdin et al., 2021).  

4.4 Improvement in hemoglobin and hematological parameters following IFA 

supplementation: This study showed a significant improvement in hemoglobin concentration 

among adolescent girls receiving IFA supplementation compared with the placebo group. The 

intervention group showed higher mean hemoglobin levels (12.20 ± 0.30 g/dL vs. 11.96 ± 1.18 

g/dL; p < 0.001), confirming the effectiveness of iron–folic acid supplementation in improving 

hematological status among nutritionally vulnerable adolescents. This result is consistent with 

earlier studies, that have indicated the beneficial effects of iron on hemoglobin and anemia in 

adolescents’ girls particularly in populations with lower baseline iron status(Ahmed et al., 2010). 

However, a meta-analysis already showed a large effect of iron supplementation on hemoglobin 

concentration in children and adolescents(Low et al., 2016). 

4.5 Improvement in nutritional status and anthropometric indicators: In this study IFA 

supplementation significantly improved MUAC among adolescent girls, with higher values 

observed in the intervention group compared with placebo (24.20 ± 4.12 cm vs. 22.58 ± 2.88 cm; 

p < 0.001), indicating improved nutritional status. Although IFA primarily addresses micronutrient 

deficiencies, correction of anemia may enhance energy, appetite, and physical activity, 

contributing to better nutritional outcomes. A study shown that adolescent nutritional status can 

be improved with micronutrient supplementation along with nutrition education(Keats et al., 

2021). This result is especially relevant for coastal Bangladesh, where food insecurity is high, 

dietary diversity low and integrated nutrition interventions are urgently needed. 

4.6 IFA supplementation Effects on clinical symptoms and functional health indicators: The 

study showed that IFA supplementation significantly help to improves clinical outcomes in anemia 

as found by lower dizziness scores (1.63 ± 0.77 vs. 1.94 ± 0.76; p < 0.001). are in line with the 

life-sustaining biological impact of iron on oxygen carrying capacity, energy metabolism and 

immune function(Weiss et al., 2019). Although medians of menstrual flow scores were not 

significantly different (p = 0.051) between groups, the intervention markedly alleviated major 

clinical manifestations of anemia during the study timeframe. A longer follow-up period is 

necessary to evaluate its effects on menstrual and long-term iron status outcomes. 
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4.7 Dietary behavior and nutrition knowledge changes after intervention: This study showed 

IFA supplementation was associated with significant improvements in dietary behaviors and 

nutrition-related knowledge. The intervention group showed higher intake scores for milk/dairy 

and iron-rich foods, along with improved awareness of food–health relationships, micronutrients, 

and iron sources (p < 0.001). These results indicate that the possibility of improving dietary 

behavior and knowledge through supplementation programs together with nutrition education. The 

increased iodized salt usage among intervention participants were indicative of diverse improved 

nutritional nutrition with support from integrated programmatic micronutrient interventions. 

However, there are no significant changes observed in fruit and green leafy vegetable intake, 

possibly due to short intervention duration and persistent socioeconomic and food availability 

constraints. Food systems based on community-wide approaches to dietary diversity and food 

access are necessary for sustainable improvements in diet quality. 

4.8 Public health implications for adolescent nutrition programs in Bangladesh: The current 

study findings emphasize that provision of IFA during adolescence may present a novel public 

health approach to target girls at risk for anemia, especially where iron status is likely compromised 

according to elevated blood values. Improvements in nutrition during adolescence may help 

improve educational, reproductive and long-term health outcomes. While there have been proven 

advantages with existing WIFA programs, they still face challenges related to adherence, supply 

chains, monitoring and regional coverage(Gosdin et al., 2021). In Bangladesh coastal communities 

are most likely to experience vulnerabilities related to their micronutrient status and, therefore 

interventions should be tailored accordingly with consideration for local socio-economic and 

environmental conditions. Of the dietary indicators which were assessed in a similar population, 

none showed significant changes after intervention indicating supplementation alone cannot 

ensure sustained improvements in nutritional status. Thus, integrated approaches as combined 

solutions involving IFA supplementation supported through nutrition education, food 

diversification, and community engagement. The school-based systems may be an effective 

delivery platform for supplementation, monitoring adherence, and as well as promotion of 

adolescent girls’ health. 

4.9 Study Strengths and Limitations: 

Strengths:  
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• The study was intervention-based design allowed comprehensive assessment of IFA effects 

on hematological, anthropometric, clinical, dietary, and knowledge-related outcomes. 

• The study included of adolescent girls from four coastal districts of Bangladesh that 

improved geographical indication of result and provided evidence from nutritionally 

vulnerable adolescent girls. 

• The study was placebo-controlled comparison, standardized assessments, and evaluation 

of multiple health indicators that strengthened the reliability and interpretation of the study 

result. 

Limitations: 

• Although six months was utilized for overall study period but effect of IFA 

supplementation on long term sustainability could not be evaluated due to the three-month 

intervention. And also, biochemical markers of iron status and inflammation were not 

assessed, preventing confirmation of specific anemia causes. 

• In this study dietary information was self-reported, which may lead to recall and reporting 

bias, while a few dietary indicators showed improvement, additional evidence from 

objective dietary assessment methods. 

• The study participant loss during follow-up and use of self-reported dietary information 

may have been subject to bias. Future research should include larger samples, longer 

follow-up, and laboratory confirmation. 

Conclusion:  

The study result indicates that three-month IFA supplementation has beneficial effects on anemia 

status, hemoglobin concentration, indices of nutrition and clinical symptoms of anemia as well 

anemia related knowledge among adolescents in coastal areas of Bangladesh. The decreased of 

anemia prevalence across all intervention districts indicates that IFA supplements through school-

based initiatives can be a useful strategy for addressing micronutrient deficiency among vulnerable 

adolescents in Bangladesh. These results also provide support for the further strengthening of 

school- and community-based adolescent nutrition promotion in Bangladesh, especially in coastal 

settings where nutritional vulnerabilities may be exacerbated by inherent socio-economic and 

environmental challenges. However, sustainable improvement requires to integration of 

supplementation with nutrition education, dietary diversification strategies, and long-term 

monitoring of adolescent nutritional status. 
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