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ABSTRACT 

	Aims: To determine the prevalence of iron deficiency anaemia and evaluate biochemical predictors among secondary school girls in Rivers State, Nigeria.
Study Design: A school-based cross-sectional analytical study.
Place and Duration of Study: Selected secondary schools in Rivers State, Nigeria, during the study period.
Methodology: A total of 250 secondary school girls aged 10–19 years were selected using a multistage sampling technique. Data were collected using a structured interviewer-administered questionnaire. Venous blood samples were analysed for haemoglobin, serum ferritin, serum iron, and total iron-binding capacity. Data were analysed using descriptive statistics, independent-samples t-test, Pearson’s correlation, and binary logistic regression, with statistical significance set at p < 0.05.
Results: The prevalence of iron deficiency anaemia was 24.8% among the participants. Girls with iron-deficiency anaemia had significantly lower haemoglobin, serum ferritin, and serum iron levels, but higher total iron-binding capacity than those without anaemia (p < 0.001). Significant negative correlations were observed between iron deficiency anaemia and haemoglobin, serum ferritin, and serum iron, whereas total iron-binding capacity showed a significant positive correlation (p < 0.001). Binary logistic regression identified serum ferritin as the strongest independent predictor of iron deficiency anaemia (Adjusted OR = 0.173; 95% CI: 0.079–0.361; p < 0.001).
Conclusion: The study demonstrates that serum ferritin, together with haemoglobin, serum iron, and TIBC, provides a reliable approach for identifying iron deficiency anaemia among secondary school girls. Routine school-based screening incorporating these biomarkers, alongside nutrition education, iron supplementation, and malaria prevention, is recommended to improve early detection and reduce the burden of IDA.
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1. INTRODUCTION 
[bookmark: _Hlk235233577]Iron-deficiency anaemia (IDA) continues to be a significant public health issue, impacting millions globally, especially adolescent girls who are among the most vulnerable groups (Wiafe et al., 2023). It occurs when there is insufficient iron to support normal erythropoiesis and haemoglobin synthesis (Kulik-Rechberger & Dubel, 2024), leading to reduced haemoglobin levels and impaired oxygen delivery to tissues (Yang et al., 2023). The condition is particularly common during adolescence due to increased iron requirements associated with rapid growth, increased blood volume, and menstrual blood loss (Munro et al., 2023). Inadequate dietary iron intake, malaria and other parasitic infections, recurrent illness, and limited access to preventive health services further increase the risk of IDA among adolescent girls (Wiafe et al., 2023).
The biochemical development of iron-deficiency anaemia occurs through progressive depletion of iron stores. Initially, body iron stores decline, lowering serum ferritin. As the deficiency progresses, serum iron falls, reducing the availability of iron for incorporation into haem during erythropoiesis (Tayal et al., 2025).  The body responds by increasing transferrin production, thereby elevating total iron-binding capacity (TIBC). Persistent iron deficiency eventually impairs haemoglobin synthesis, reduces haemoglobin concentration, and decreases the blood's oxygen-carrying capacity. Therefore, assessment of haemoglobin, serum ferritin, serum iron, and TIBC provides a comprehensive evaluation of iron status (Tesfaye et al., 2024).
Despite the availability of preventive and therapeutic measures, iron deficiency anaemia remains common among adolescent girls, continuing to affect health, academic performance, and future reproductive health (Airovna, 2026; Yeboah et al., 2024; Samson et al., 2022). In many settings, including Nigeria, routine anaemia screening relies predominantly on haemoglobin measurement, which may fail to detect early iron depletion or underlying abnormalities in iron metabolism. Limited data are available on the prevalence of iron deficiency anaemia and the biochemical predictors of its occurrence among secondary school girls in Rivers State. This knowledge gap constrains the development of evidence-based public health strategies and targeted interventions.
Early identification of iron-deficiency anaemia through combined haematological and biochemical assessment may offer a more effective approach to prevention and management. Assessing haemoglobin, serum ferritin, serum iron, and TIBC can improve diagnostic accuracy, identify individuals at risk, and support timely interventions, including iron supplementation, nutritional education, menstrual health management, and school-based screening programmes.
Previous studies have demonstrated the importance of biochemical assessment in understanding iron-deficiency anaemia. For instance, Khadeejah and Abdulrraziq (2026) reported that reduced serum ferritin levels were strongly linked with iron deficiency among adolescents, especially school-aged children in Tobruk, Libya, drawing attention to the need to assess iron storage status. Joshi et al. (2026), Nhial & Alemu (2025), and Gebremichael et al. (2022) identified poor dietary iron intake, menstrual blood loss, and inadequate supplementation as key contributors to anaemia among adolescent girls. Similarly, Cançado (2023) stated that female children and women remain at increased risk of anaemia due to elevated physiological demands and insufficient iron replacement. 
This study focused on secondary school girls in Rivers State, Nigeria. It evaluated iron deficiency anaemia using haemoglobin concentration, serum ferritin, serum iron, and total iron-binding capacity as key biochemical indicators. It also assessed the relationship between these parameters and iron-deficiency anaemia to identify potential biochemical predictors. The study is justified because adolescent girls are particularly vulnerable to iron depletion due to rapid growth and menstrual blood loss, and early detection is essential to prevent adverse health and developmental outcomes.
Based on these, this study aimed to determine the prevalence of iron-deficiency anaemia and to evaluate biochemical predictors among school-aged adolescent girls in Rivers State, Nigeria. The study’s objectives were to:
1. Determine the prevalence of iron-deficiency anaemia among school-aged adolescent girls in Rivers State.
2. Evaluate haemoglobin concentration, serum ferritin, serum iron, and total iron-binding capacity (TIBC) in the study participants. 
3. Compare biochemical parameters between participants with and without iron-deficiency anaemia.
4. Determine the relationship between biochemical parameters and iron-deficiency anaemia.
5. Identify the independent biochemical predictors of iron-deficiency anaemia among school-aged adolescent girls.
2. MATERIALS AND METHODS
[bookmark: _Hlk235233678]2.1 Study Design and Setting
A school-based cross-sectional analytical study was conducted among school-aged adolescent girls attending selected secondary schools in Rivers State, Nigeria. The study was designed to determine the prevalence of iron-deficiency anaemia and to evaluate biochemical predictors using haemoglobin (Hb), serum ferritin, serum iron, and total iron-binding capacity (TIBC).
2.2 Study Population
The study population comprised secondary school girls aged 10–19 years enrolled in selected secondary schools in Rivers State, Nigeria. Participants who met the inclusion criteria and provided informed consent and assent were recruited. Adolescents with known chronic diseases or conditions that could affect haematological parameters were excluded.
2.3 Sample Size Determination
The sample size was calculated using the Cochran formula, with a prevalence of 51.8% for anaemia among adult Nigerians (Azinge et al., 2023) and a 95% significance level (α= 0.05). This gave a minimum sample size of 250. An attrition value of 10% was allowed for contingencies such as non-response or recording errors.
2.4 Sampling Technique
A multistage sampling technique was employed for participant selection. Selected Local Government Areas in Rivers State were initially identified through random sampling, followed by random selection of secondary schools within the chosen areas. Eligible adolescent girls who met the inclusion criteria were subsequently selected from the participating schools using a systematic sampling approach. This procedure ensured adequate representation of participants from different school settings within the study area.
2.5 Blood Sample Collection
Five millilitres (5 mL) of venous blood was collected aseptically from each participant and placed into appropriate sterile sample containers. Samples were transported to the laboratory under controlled conditions for biochemical analysis.
2.6 Determination of Haematological and Iron Status Parameters
2.6.1 Determination of Haemoglobin Concentration
Haemoglobin concentration was determined by the cyanmethemoglobin method on an automated haematology analyser (Sysmex XN-550, Sysmex Corporation, Kobe, Japan) in accordance with the manufacturer's instructions and standard laboratory procedures. Whole blood collected in ethylenediaminetetraacetic acid (EDTA) tubes was analysed within the recommended time after collection. Anaemia status was classified according to the World Health Organisation (WHO) diagnostic criteria for adolescent girls, with haemoglobin concentrations below 12.0 g/dL considered indicative of anaemia (WHO, 2024; Cappellini & Motta, 2015).
2.6.2 Determination of Serum Ferritin
Serum ferritin concentration was determined using a sandwich enzyme-linked immunosorbent assay (ELISA) kit (Human Ferritin ELISA Kit, Elabscience Biotechnology Inc., Wuhan, China) according to the manufacturer's instructions. Serum samples were added to microplate wells pre-coated with anti-human ferritin antibodies, then incubated with enzyme-conjugated detection antibodies. After the addition of the substrate solution, the colour intensity developed was measured at 450 nm using a microplate reader (Bio-Rad Model 680 Microplate Reader, Bio-Rad Laboratories Inc., Hercules, CA, USA). Serum ferritin concentrations were calculated from the standard calibration curve and expressed in ng/mL.
2.6.3 Determination of Serum Iron
Serum iron concentration was determined by the Ferrozine colourimetric method using a commercial assay kit (Randox Laboratories Ltd., Crumlin, County Antrim, United Kingdom) in accordance with the manufacturer's protocol. In this method, ferric ions were released from transferrin under acidic conditions and reduced to ferrous ions, which then reacted with ferrozine to form a coloured complex. The absorbance of the reaction mixture was measured at 560 nm using a UV–Visible spectrophotometer (Jenway 6305, Bibby Scientific Ltd., United Kingdom). Serum iron concentrations were expressed in µg/dL.
2.6.4 Determination of Total Iron-Binding Capacity (TIBC)
Total iron-binding capacity (TIBC) was determined using a colourimetric assay kit (Randox Laboratories Ltd., Crumlin, County Antrim, United Kingdom) according to the manufacturer's instructions. Serum samples were saturated with excess iron, and unbound iron was removed before the ferrozine reaction quantified the remaining bound iron. Absorbance was measured at 560 nm using a Jenway 6305 UV/Visible Spectrophotometer (Bibby Scientific Ltd., United Kingdom), and TIBC values were expressed in µg/dL.
2.7 Statistical Analysis
Data were analysed using the Statistical Package for the Social Sciences (SPSS) version 25.0. Continuous variables were presented as mean ± standard deviation, and categorical variables as frequencies and percentages. Differences between groups were assessed using an independent t-test or a Mann–Whitney U test, as appropriate. Correlation analysis was performed to assess relationships among haemoglobin, serum ferritin, serum iron, and TIBC. Binary logistic regression was used to identify independent biochemical predictors of iron deficiency anaemia. Statistical significance was set at p < 0.05.
[bookmark: _Hlk235233893]3. RESULTS AND DISCUSSION 
3.1 Socio-Demographic Characteristics of the Participants
Table 1 presents the socio-demographic characteristics of the study participants. Of the 250 school-aged adolescent girls enrolled in the study, 100 (40.0%) were aged 16–19 years, 83 (33.2%) were aged 13–15 years, and 67 (26.8%) were aged 10–12 years. Regarding educational level, the highest proportion of participants was in SS 3 (38.0%), followed by SS 2 (24.0%), SS 1 (11.2%), JSS 1 (10.0%), JSS 3 (9.6%), and JSS 2 (7.2%). Most participants attended public secondary schools (60.0%), while 40.0% attended private secondary schools. Regarding residence, the majority (68.0%) lived in urban areas, while 32.0% lived in rural communities.
The higher percentage of older senior secondary school students may be attributed to greater enrolment in senior secondary classes within the selected schools. Adolescence is a critical stage of development characterised by rapid growth, increased blood volume, and physiological changes associated with puberty that significantly increase iron requirements, particularly among females (Das et al., 2017). According to Alomari and Alghwairy (2026), adolescent girls are among the population groups at the highest risk of iron deficiency due to increased iron demand during growth and menstrual blood loss. Similarly, Rathi and Bahmani (2026) buttressed that the increased nutritional requirements of adolescence make females more disposed to iron depletion and iron-deficiency anaemia when iron intake and absorption are inadequate.
The predominance of participants in senior secondary classes, particularly SS3 (38.0%), reflects the age distribution of the study population. Similar patterns have been reported in school-based studies among Nigerian adolescents, in which older students constituted a larger proportion of participants due to higher school retention rates and greater willingness to participate in health-related research. For instance, Alaofè et al. (2017) observed that older adolescent girls were frequently represented in school-based anaemia studies because they had greater exposure to menstruation and other factors associated with iron loss. The inclusion of students across different class levels in the present study provided a broader representation of adolescent girls attending secondary schools in Rivers State.
The majority of participants attended public secondary schools (60.0%), while 40.0% attended private schools. The higher representation of students from public schools may be associated with the larger population of students enrolled in government-owned secondary schools in Rivers State. Public schools often accommodate adolescents from diverse socioeconomic backgrounds, which may influence access to healthcare services, nutritional resources, and preventive health interventions. Similar observations were reported by Gore et al. (2024), who noted that socioeconomic disparities and access to healthcare services may influence the occurrence of anaemia among school-aged adolescents. However, iron deficiency anaemia remains a concern among adolescents across school types, highlighting the need for universal school-based screening and anaemia prevention programmes.
Regarding residential distribution, most participants were from urban areas (68.0%), while 32.0% resided in rural communities. The predominance of urban participants may reflect the higher concentration of secondary schools and easier accessibility of educational institutions in the urban areas of Rivers State. However, urban residence does not necessarily eliminate the risk of iron deficiency anaemia. Previous studies have shown that adolescents in urban settings may still experience iron deficiency due to poor dietary choices, increased consumption of processed foods, and inadequate intake of iron-rich foods. Tesfaye et al. (2024) informed that urban adolescents may remain vulnerable to anaemia despite improved access to health facilities, as dietary quality and lifestyle factors significantly influence iron status. Conversely, adolescents in rural communities may face additional risks due to limited healthcare access, poverty, and reduced availability of iron-rich foods.

Table 1. Socio-demographic Characteristics of the Participants (n = 250)
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Age (years)
	10–12
	67
	26.8

	
	13–15
	83
	33.2

	
	16–19
	100
	40.0

	Class
	JSS 1
	25
	10.0

	
	JSS 2
	18
	7.2

	
	JSS 3
	24
	9.6

	
	SS 1
	28
	11.2

	
	SS 2
	60
	24.0

	
	SS 3
	95
	38.0

	School type
	Public
	150
	60.0

	
	Private
	100
	40.0

	Residence
	Urban
	170
	68.0

	
	Rural
	80
	32.0



3.2 Menstrual and Health-Related Characteristics
Table 2 presents the menstrual and health-related characteristics of the participants.                                  Most participants (58.4%) attained menarche after 14 years of age, 32.0% between 12 and 14 years, and 9.6% before 12 years of age. The majority (60.0%) reported a menstrual duration of 5–7 days, followed by 24.0% with a duration of ≤4 days and 16.0% with a duration of> 7 days. Regarding menstrual flow, 46.8% reported light flow, 42.0% moderate, and 11.2% heavy. A previous history of anaemia was reported by 38.0% of the participants, whereas 62.0% had no such history.  More than half of the participants (55.2%) reported a recent malaria infection, while 44.8% had no recent malaria episode. Only 35.6% reported using iron supplements, whereas 64.4% had not used iron supplementation.
The participants' menstrual and health-related characteristics provide important information about factors that may influence iron status and the development of iron deficiency anaemia among adolescent girls. Prolonged menstrual bleeding is an important risk factor for iron depletion because continuous blood loss increases iron requirements and may gradually reduce body iron stores. Similar findings were reported by Cooke et al. (2017) and Munro et al. (2023), who identified menstrual blood loss as a major contributor to iron deficiency anaemia among adolescent females, particularly in populations where dietary iron intake may not adequately compensate for iron losses.
A considerable proportion of participants (38.0%) reported a previous history of anaemia, suggesting a possible persistent or recurrent burden of anaemia within the study population. Previous episodes of anaemia may indicate underlying factors such as inadequate iron stores, recurrent infections, poor healthcare utilisation, or uncorrected blood loss. Tesfaye et al. (2024) found that adolescent girls with a history of anaemia are more likely to currently be anaemic, highlighting the need for early detection and ongoing monitoring in high-risk populations.
More than half of the participants (55.2%) reported recent malaria infection. Malaria remains an important contributor to anaemia in malaria-endemic regions, including Nigeria, through mechanisms involving haemolysis of infected erythrocytes, accelerated removal of red blood cells, and suppression of erythropoiesis. Itzkovich et al. (2026) and White (2018) buttressed that repeated malaria episodes contribute significantly to the anaemia burden in endemic areas, particularly among children and adolescents. Therefore, malaria prevention and prompt treatment may complement iron-focused interventions in reducing anaemia among adolescent girls.
The present study also showed that only 35.6% of participants reported using iron supplements, whereas the majority (64.4%) had not. Limited utilisation of iron supplements may increase the risk of iron deficiency, especially among menstruating adolescents with increased physiological iron requirements (Leung et al., 2026). Similar observations were reported by Putri et al. (2026) and Alaofè et al. (2017), who emphasised that inadequate access to iron supplementation programmes contributes to the persistence of anaemia among adolescent girls in developing countries.

Table 2. Menstrual and health-related characteristics of the participants
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Age at menarche
	<12 years
	24
	9.6

	
	12–14 years
	80
	32.0

	
	>14 years
	146
	58.4

	Duration of menstruation
	≤4 days
	60
	24.0

	
	5–7 days
	150
	60.0

	
	>7 days
	40
	16.0

	Menstrual flow
	Light
	117
	46.8

	
	Moderate
	105
	42.0

	
	Heavy
	28
	11.2

	Previous history of anaemia
	Yes
	95
	38.0

	
	No
	155
	62.0

	Recent malaria infection
	Yes
	138
	55.2

	
	No
	112
	44.8

	Iron supplementation
	Yes
	89
	35.6

	
	No
	161
	64.4



3.3 Prevalence of Iron Deficiency Anaemia
The prevalence of iron deficiency anaemia among the study participants is presented in Table 3. Of the 250 school-aged adolescent girls enrolled in the study, 62 (24.8%) were diagnosed with iron deficiency anaemia, while 188 (75.2%) had normal iron status. The overall prevalence of iron deficiency anaemia was 24.8%, indicating that approximately one in every four adolescent girls in the study was affected by the condition. 
This finding indicates that approximately one in four participants had iron deficiency anaemia, highlighting the condition as an important public health concern among adolescent females. The observed prevalence is consistent with reports from developing countries where adolescent girls remain highly vulnerable to anaemia due to increased iron requirements associated with rapid growth, menstruation, and inadequate replenishment of iron stores.
The prevalence obtained in this study is comparable with findings reported by Tesfaye et al. (2024), who documented a considerable burden of anaemia among adolescent girls and attributed the high prevalence to increased physiological iron demand and menstrual blood loss. Similarly, Ahmad et al. (2026) identified adolescent females as one of the population groups with a high global burden of anaemia, largely due to iron deficiency. However, the prevalence observed in the present study is lower than that reported in some Nigerian studies (Obeagu et al., 2026; Nwobodo et al., 2026; Olumakaiye, 2013), which documented higher rates of anaemia among adolescent girls. Differences in the prevalence of iron-deficiency anaemia may be related to variations in geographic location, socioeconomic conditions (Babah et al., 2024), dietary practices (Pipoyan et al., 2023), malaria transmission intensity (Zegeye et al., 2025), and other associated factors.
The prevalence of 24.8% observed in this study is below the 40% threshold set by the World Health Organisation for a severe public health problem (WHO, 2025). However, it remains within the range considered a moderate public health concern., physical development, educational achievement, and future maternal health outcomes.
The persistence of iron deficiency anaemia among adolescent girls may be associated with multiple interacting factors, including menstrual iron loss, limited use of iron supplements, previous history of anaemia, and infectious diseases such as malaria (Mankelkl & Kinfe, 2024; Munro et al., 2023). 
Table 3. Prevalence of iron deficiency anaemia
	Anaemia Status
	Frequency (n)
	Percentage (%)

	Iron deficiency anaemia
	62
	24.8

	No iron deficiency anaemia
	188
	75.2

	Total
	250
	100.0


3.4 Comparison of Biochemical Parameters Between Participants with and without Iron Deficiency Anaemia
Table 4 compares biochemical parameters between participants with and without iron deficiency anaemia. Adolescents with iron deficiency anaemia had significantly lower mean haemoglobin concentration (10.42 ± 0.81 g/dL), serum ferritin (11.87 ± 4.26 ng/mL), and serum iron (47.53 ± 9.84 µg/dL) than those without iron deficiency anaemia (13.28 ± 0.74 g/dL, 38.64 ± 9.58 ng/mL, and 91.76 ± 14.28 µg/dL, respectively) (p < 0.001). Conversely, the mean TIBC was significantly higher among participants with iron deficiency anaemia (438.65 ± 36.41 µg/dL) than among non-anaemic participants (321.47 ± 29.86 µg/dL) (p < 0.001), indicating increased iron-binding capacity associated with depleted iron stores.
This study found that participants with iron deficiency anaemia had significantly lower haemoglobin, serum ferritin, and serum iron concentrations. In contrast, total iron-binding capacity (TIBC) was significantly higher than in participants without iron deficiency anaemia. The observed reduction in haemoglobin among anaemic participants reflects inadequate iron availability for erythropoiesis and impaired haemoglobin synthesis. Similar findings were reported by Alaofè et al. (2017) and Tesfaye et al. (2024), who observed significantly lower haemoglobin concentrations among adolescent girls with iron-deficiency anaemia compared with their non-anaemic counterparts.
The significantly lower serum ferritin levels observed among participants with iron deficiency anaemia indicate reduced body iron stores. Serum ferritin is widely recognised as a reliable indicator of iron reserves and is considered one of the earliest biomarkers to decline during iron depletion. Gebremedhin et al. (2015) found a strong link between low serum ferritin levels and iron deficiency anaemia in adolescent girls, highlighting the role of ferritin measurement for detecting depleted iron stores. Similarly, Kundu et al. (2023) showed that adolescent females with anaemia had markedly lower ferritin levels than those without anaemia.
The reduced serum iron concentration observed among anaemic participants in the present study suggests limited availability of circulating iron for haemoglobin synthesis. This finding is consistent with the reports by Tesfaye et al. (2024) and Yusoff et al. (2019), who documented significantly lower serum iron levels among adolescent girls with iron-deficiency anaemia. Reduced serum iron is a major biochemical consequence of inadequate iron absorption, increased iron loss, or insufficient iron intake and contributes directly to impaired red blood cell production.
Participants with iron-deficiency anaemia exhibited a notably higher total iron-binding capacity (TIBC) than non-anaemic individuals. Elevated TIBC is a typical indicator of iron deficiency, as diminished iron stores in the body prompt the liver to increase transferrin production, enhancing iron transport and supporting erythropoiesis (Tayal et al., 2025; Leung et al., 2024; Cançado, 2023;). This physiological adaptation is consistently observed in patients with iron deficiency anaemia and is a critical laboratory marker for distinguishing it from other types of anaemia (Cançado, 2023; Kulik-Rechberger & Dubel, 2024; Leung et al., 2024).
Table 4. Comparison of Biochemical Parameters Between Participants with and without Iron Deficiency Anaemia
	Parameter
	IDA (Mean ± SD)
	Non-IDA (Mean ± SD)
	t-value
	p-value

	Haemoglobin (g/dL)
	10.42 ± 0.81ᵃ
	13.28 ± 0.74ᵇ
	-25.84
	<0.001

	Serum ferritin (ng/mL)
	11.87 ± 4.26ᵃ
	38.64 ± 9.58ᵇ
	-22.17
	<0.001

	Serum iron (µg/dL)
	47.53 ± 9.84ᵃ
	91.76 ± 14.28ᵇ
	-24.63
	<0.001

	Total iron-binding capacity (TIBC) (µg/dL)
	438.65 ± 36.41ᵃ
	321.47 ± 29.86ᵇ
	26.18
	<0.001


Values are expressed as mean ± standard deviation (SD). ᵃᵇ Mean values within the same row bearing different superscript letters differ significantly (P < .05) as determined by the independent samples t-test. IDA = Iron deficiency anaemia; TIBC = Total iron-binding capacity.
3.5 Correlation Between Biochemical Parameters and Iron Deficiency Anaemia
The relationships between the biochemical parameters and iron deficiency anaemia are presented in Table 5. Haemoglobin (r = −0.781, p < 0.001), serum ferritin (r = −0.724, p < 0.001), and serum iron (r = −0.696, p < 0.001) showed significant, strong negative correlations with iron deficiency anaemia, indicating that lower concentrations of these biomarkers were associated with an increased likelihood of anaemia. Conversely, total iron-binding capacity (TIBC) showed a significant positive correlation with iron deficiency anaemia (r = 0.658, p < 0.001), indicating that higher TIBC values were associated with iron deficiency anaemia. These findings indicate that all four biochemical parameters were significantly associated with iron deficiency anaemia among the study participants.
The study found a strong link between biochemical parameters and iron deficiency anaemia in adolescent girls. Haemoglobin negatively correlated with anaemia, reflecting the role of iron in erythropoiesis and oxygen transport (Samson et al., 2022; Wiafe et al., 2023). Serum ferritin, serum iron, and TIBC showed significant associations: ferritin and serum iron were negatively correlated, and TIBC was positively correlated with anaemia. These relationships highlight the interdependence of iron storage, transport, and haemoglobin synthesis in developing iron deficiency anaemia. Combining these measures enhances diagnosis and monitoring, especially in nutritionally vulnerable populations.
Table 5. Correlation Between Biochemical Parameters and Iron Deficiency Anaemia
	Variable
	r-value
	p-value

	Haemoglobin
	-0.781
	<0.001

	Serum ferritin
	-0.724
	<0.001

	Serum iron
	-0.696
	<0.001

	Total iron-binding capacity (TIBC)
	0.658
	<0.001


Correlation was determined using Pearson's correlation coefficient. Statistical significance was accepted at p < 0.05. Negative (r) values indicate an inverse relationship with iron deficiency anaemia, whereas positive (r) values indicate a direct relationship.
3.6 Binary Logistic Regression Analysis of Biochemical Predictors of Iron Deficiency Anaemia
As presented in Table 6, all four biochemical parameters were identified as significant independent predictors of iron deficiency anaemia among the study participants. Serum ferritin exhibited the largest negative regression coefficient (β = −1.756) and the highest Wald χ² value (19.082), indicating that it was the strongest independent predictor of iron deficiency anaemia. The adjusted odds ratio of 0.173 (95% CI: 0.079–0.361; p < 0.001) suggests that higher serum ferritin concentrations were associated with an approximately 82.7% reduction in the odds of having iron deficiency anaemia.
Haemoglobin was also a significant independent predictor (β = −1.284, Wald χ² = 16.307, Adjusted OR = 0.277, 95% CI: 0.149–0.543; p < 0.001). This finding indicates that an increase in haemoglobin concentration was associated with a 72.3% reduction in the likelihood of iron-deficiency anaemia. Similarly, serum iron demonstrated a significant inverse association with iron deficiency anaemia (β = −0.621, Wald χ² = 6.124, Adjusted OR = 0.537, 95% CI: 0.328–0.891; p = 0.013), indicating that higher serum iron levels reduced the odds of iron deficiency anaemia by approximately 46.3%.
In contrast, total iron-binding capacity (TIBC) showed a positive regression coefficient (β = 0.845) and was significantly associated with iron deficiency anaemia (Wald χ² = 8.731, Adjusted OR = 2.328, 95% CI: 1.329–4.079; p = 0.003). Participants with higher TIBC values had approximately 2.3 times higher odds of iron-deficiency anaemia compared with those with lower TIBC values. Overall, serum ferritin emerged as the strongest biochemical predictor of iron deficiency anaemia, followed by haemoglobin, TIBC, and serum iron, based on the magnitude of the regression coefficients, Wald χ² statistics, and adjusted odds ratios. These findings demonstrate that all four biochemical parameters independently contributed to the prediction of iron deficiency anaemia among school-aged adolescent girls in Rivers State.
Serum ferritin emerged as the strongest predictor, demonstrating the highest Wald χ² value and the greatest contribution to predicting anaemia status. This finding emphasises the importance of assessing iron storage status, as depletion of iron stores precedes the development of severe haematological changes.
The inverse association between serum ferritin and iron deficiency anaemia indicates that adolescents with lower ferritin concentrations had a higher probability of anaemia. This finding aligns with previous reports identifying serum ferritin as the most reliable indicator of body iron stores and a sensitive biomarker for detecting iron deficiency before severe anaemia develops (Cançado, 2023; Leung et al., 2024). Furthermore, the World Health Organisation (2024) recommends using serum ferritin, alongside haemoglobin and other biochemical indicators, to assess iron status in individuals and populations at risk of iron deficiency.
Haemoglobin was also a significant predictor of iron deficiency anaemia. Although haemoglobin remains the primary indicator for diagnosing anaemia, its concentration may be influenced by nutritional deficiencies, infections, inflammation, and inherited haematological disorders, making it insufficient to distinguish iron deficiency anaemia from other causes of anaemia when used in isolation (Cappellini & Motta, 2015; World Health Organization, 2025). The significant predictive effect observed in this study therefore confirms the importance of interpreting haemoglobin alongside iron-related biomarkers for a more accurate diagnosis.
Serum iron significantly predicted iron deficiency anaemia, further demonstrating the importance of adequate circulating iron availability in maintaining normal erythropoiesis and haemoglobin synthesis. Similar observations have been reported among adolescents and women of reproductive age, where reduced serum iron concentrations were associated with iron deficiency and anaemia (Aabdien et al., 2022; Babah et al., 2024). In contrast, total iron-binding capacity (TIBC) showed a positive predictive relationship with anaemia, indicating that increased iron-binding capacity was associated with a higher likelihood of iron deficiency. This finding reflects the physiological response to depleted iron stores, whereby hepatic transferrin production increases to maximise iron transport and facilitate iron delivery to the bone marrow for erythropoiesis (Kulik-Rechberger & Dubel, 2024; Tayal et al., 2025).




Table 6. Binary logistic regression analysis of biochemical predictors of iron deficiency anaemia
	Variable
	β
	SE
	Wald χ²
	Adjusted OR
	95% CI
	p-value

	Haemoglobin
	−1.284
	0.318
	16.307
	0.277
	0.149–0.543
	<0.001

	Serum ferritin
	−1.756
	0.402
	19.082
	0.173
	0.079–0.361
	<0.001

	Serum iron
	−0.621
	0.251
	6.124
	0.537
	0.328–0.891
	0.013

	Total iron-binding capacity (TIBC)
	0.845
	0.286
	8.731
	2.328
	1.329–4.079
	0.003


Dependent variable: Iron deficiency anaemia status (Yes = 1; No = 0). β = Regression coefficient; SE = Standard error; Wald χ² = Wald chi-square statistic; OR = Odds ratio; CI = Confidence interval. Statistical significance was set at p < 0.05.
4.0 PUBLIC HEALTH IMPLICATIONS
The findings of this study have important public health implications, as iron deficiency anaemia remains a major public health concern among adolescent girls, particularly in low- and middle-income countries where nutritional deficiencies and infectious diseases are prevalent (World Health Organisation, 2025; Wiafe et al., 2023). The identification of reduced haemoglobin, serum ferritin, and serum iron concentrations, alongside elevated total iron-binding capacity (TIBC), highlights the need for comprehensive screening strategies that extend beyond haemoglobin assessment alone. 
The observed prevalence of iron deficiency anaemia among adolescent girls further underscores the vulnerability of this population, given the increased iron requirements associated with rapid growth, the onset of menstruation, and inadequate dietary iron intake (Das et al., 2017; Munro et al., 2023). If left undetected or untreated, iron deficiency anaemia may impair cognitive function, reduce academic performance, diminish physical capacity, and adversely affect future maternal and reproductive health outcomes (Samson et al., 2022; Yeboah et al., 2024). These findings therefore emphasise the need to strengthen adolescent health programmes through routine iron supplementation, nutrition education that promotes iron-rich, diversified diets, menstrual health education, malaria prevention, and periodic deworming where appropriate.
The findings also support integrating anaemia prevention and control strategies into existing school health services in Rivers State. Effective implementation will require collaboration among healthcare providers, educational institutions, parents, community leaders, and relevant government agencies to improve awareness, expand access to laboratory diagnostic services, and ensure timely management of affected adolescents. Such multisectoral interventions have the potential to reduce the burden of iron deficiency anaemia and improve the health, educational attainment, and long-term productivity of adolescent girls.
5.0 CONCLUSION
This study assessed the prevalence of iron deficiency anaemia and evaluated its biochemical predictors among secondary school girls in Rivers State, Nigeria. The findings revealed that iron deficiency anaemia affected 24.8% of the participants, indicating that approximately one in four adolescent girls was anaemic and confirming that iron deficiency anaemia remains a moderate public health concern within the study population.
Secondary school girls with iron deficiency anaemia had significantly lower haemoglobin, serum ferritin, and serum iron concentrations, while total iron-binding capacity (TIBC) was significantly higher than in non-anaemic participants. Furthermore, haemoglobin, serum ferritin, and serum iron demonstrated significant negative correlations with iron deficiency anaemia, whereas TIBC showed a significant positive correlation. Binary logistic regression analysis established that all four biochemical parameters independently predicted iron deficiency anaemia, with serum ferritin emerging as the strongest predictor, followed by haemoglobin, TIBC, and serum iron.
Overall, the findings demonstrate that iron deficiency anaemia among adolescent secondary school girls in secondary school is closely associated with alterations in biochemical markers of iron metabolism. The study highlights the importance of assessing serum ferritin, serum iron, and TIBC alongside haemoglobin to accurately detect and evaluate iron deficiency anaemia.                                       Early identification through comprehensive biochemical assessment, combined with appropriate nutritional, educational, and public health interventions, will help reduce the burden of iron deficiency anaemia and improve the health, growth, academic performance, and future reproductive outcomes of adolescent girls in Rivers State and similar settings.
6.0 RECOMMENDATIONS
Based on the findings of this study, the following recommendations are proposed:
1. Routine school-based screening programmes should be implemented in secondary schools in Rivers State to identify adolescent girls at risk of iron deficiency anaemia through haemoglobin and iron status assessment.
2. Iron supplementation programmes should be strengthened among adolescent girls, particularly those with menstrual-related iron loss and reduced iron stores.
3. Health education programmes should be introduced in schools to improve awareness of anaemia prevention, menstrual health management, and the importance of consuming iron-rich foods.
4. Integrated anaemia control strategies involving iron supplementation, malaria prevention, deworming, and improved access to healthcare services should be promoted among adolescents.
5. Further studies involving larger populations and additional biochemical markers, such as transferrin saturation, soluble transferrin receptor, and inflammatory markers, are recommended to provide a more comprehensive understanding of iron deficiency anaemia among adolescents.

Limitations
The cross-sectional design limits causal interpretation. The study did not assess dietary iron intake, helminth infection, inflammatory markers, transferrin saturation, or soluble transferrin receptor. Ferritin interpretation may be affected by infection or inflammation, particularly because recent malaria was reported by some participants. The study was limited to selected schools in Rivers State, so findings may not represent all adolescent girls in Nigeria.
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