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Abstract
Micronutrient deficiencies remain a significant public health concern in low- and middle-income countries, including Nigeria, where inadequate dietary intake and poor nutritional knowledge contribute to adverse health outcomes. This study evaluated the effect of nutritional supplementation combined with nutrition education on micronutrient status and dietary behaviour among staff and students of Federal Polytechnic Kabo, Kano State, Nigeria. A quasi-experimental study involving 200 participants was conducted over a 12-week intervention period. Participants were selected through stratified random sampling and assigned to intervention (n = 100) and control (n = 100) groups. Data were collected using a structured questionnaire, multiple-pass 24-hour dietary recall, Food Frequency Questionnaire (FFQ), anthropometric measurements, and biochemical assessments of haemoglobin, serum vitamin A, serum iron, and serum zinc. Nutrition education sessions and daily micronutrient supplementation were administered to the intervention group, while the control group continued their routine dietary practices. Data were analysed using descriptive statistics, paired and independent t-tests, Chi-square tests, Pearson's correlation, and multiple regression at a 5% level of the findings showed that mean nutrition knowledge scores increased significantly from 46.8 ± 11.2 to 82.4 ± 7.8 following the intervention (p < 0.001). The proportion of participants consuming fruits and vegetables at least five times weekly increased from 35.0% to 74.0%. Mean haemoglobin concentration improved from 11.7 ± 1.4 g/dL to 13.2 ± 1.1 g/dL, while serum vitamin A increased from 27.4 ± 5.3 μg/dL to 35.6 ± 4.8 μg/dL (p < 0.001). Body mass index remained within the normal range, with a modest reduction in overweight prevalence. Multiple regression analysis indicated that nutrition education, supplementation compliance, and dietary diversity significantly predicted improvements in micronutrient status (R² = 0.62, p < 0.001). The findings suggest that combining nutritional supplementation with structured nutrition education can substantially improve nutrition knowledge, dietary behaviour, and micronutrient status among staff and students in tertiary institutions. Institutional nutrition promotion programmes should therefore integrate both educational and supplementation strategies to enhance health and productivity.	
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Introduction
Micronutrients are vitamins and minerals required in small quantities for normal physiological functioning, growth, immune competence, cognitive development, reproduction, and disease prevention (WHO, 2023). Although required in minute amounts, these nutrients play indispensable roles in enzyme activity, cellular metabolism, tissue repair, and maintenance of physiological homeostasis (Gibson, 2005; Kuroda, 2024). Deficiencies of essential micronutrients, particularly iron, vitamin A, iodine, zinc, and folate, remain widespread globally and constitute one of the most persistent forms of malnutrition, commonly referred to as hidden hunger (Bailey et al, 2015; WHO, 2023).
Globally, more than two billion people are estimated to suffer from one or more micronutrient deficiencies, with the burden being disproportionately higher in low and middle-income countries (Bailey et al, 2015; & WHO, 2023). Iron deficiency remains the leading cause of nutritional anaemia worldwide, while deficiencies of vitamin A and zinc continue to contribute significantly to impaired immunity, poor growth, visual impairment, and increased susceptibility to infectious diseases (Bhutta et al, 2013; Stevens et al, 2022; WHO, 2023).
Micronutrient malnutrition remains an important public health challenge in Nigeria despite considerable improvements in agricultural production and food availability. Rapid urbanization, increasing dependence on ultra-processed foods, poor dietary diversity, and limited nutrition knowledge have contributed to suboptimal dietary practices among many Nigerians (Popkin et al, 2020; FAO, 2023). National surveys indicate that inadequate consumption of fruits, vegetables, and other micronutrient-rich foods continues to expose vulnerable populations to nutritional deficiencies and associated health complications (National Population Commission [NPC] & ICF, 2018; Federal Ministry of Health Nigeria, 2021).
Within tertiary institutions, students and staff frequently experience dietary challenges arising from busy academic schedules, financial constraints, irregular meal patterns, and the widespread availability of inexpensive energy-dense but nutrient-poor foods (Story et al, 2008). Students commonly skip breakfast, consume sugar-sweetened beverages, and rely heavily on fast foods while consuming inadequate amounts of fruits, vegetables, and high-quality protein sources (Spronk et al, 2014; Berger et al, 2022). Such dietary practices increase the risk of micronutrient deficiencies, overweight, obesity, and diet-related non-communicable diseases (Lowe, 2021; WHO, 2023).
Nutrition education has been widely recognized as one of the most effective and sustainable approaches for improving dietary behaviour because it enhances individuals' knowledge, attitudes, and skills required for making healthier food choices (Contento, 2020). Effective nutrition education encourages dietary diversity, increased consumption of micronutrient-rich foods, and adoption of healthy lifestyle practices, thereby contributing to improved nutritional status and long-term disease prevention (WHO, 2026). Systematic reviews have consistently demonstrated that structured nutrition education interventions significantly improve nutrition knowledge, dietary quality, and healthy eating behaviours among adolescents, university students, and adults (Osendarp et al, 2018; Berger et al, 2022).
Although nutrition education improves dietary behaviour, knowledge alone may not adequately correct existing micronutrient deficiencies, particularly among individuals with depleted nutrient stores. Consequently, micronutrient supplementation has been recommended as an effective complementary strategy capable of providing immediate nutritional support while educational interventions promote sustainable behavioural change (Bhutta et al, 2013; Berger et al, 2022). Iron, vitamin A, zinc, folic acid, and other micronutrient supplements have been shown to improve biochemical indicators of nutritional status, reduce anaemia, strengthen immune function, and improve overall health outcomes (Pasricha et al, 2021; WHO, 2023).
Several intervention studies have demonstrated that combining nutrition education with micronutrient supplementation produces greater improvements in nutrition knowledge, dietary practices, and micronutrient status than either intervention alone (Berger et al, 2022). Furthermore, dietary diversity has consistently been identified as one of the strongest predictors of adequate micronutrient intake because consumption of a wide variety of foods increases the likelihood of meeting daily nutrient requirements (Kennedy, 2010; Jenkins et al, 2024). 
Despite growing evidence supporting integrated nutrition interventions, relatively few studies have evaluated their effectiveness among staff and students of Nigerian tertiary institutions, particularly in North-Western Nigeria. Most available studies have focused on children, pregnant women, or community-based populations, leaving an important knowledge gap regarding institutional nutrition programs for adults (Black et al, 2013; Federal Ministry of Health Nigeria, 2021; FAO, 2024).
Federal Polytechnic Kabo provides an ideal setting for evaluating nutrition interventions because it comprises students and staff from diverse socioeconomic backgrounds with varying dietary behaviours and nutritional risks. Assessing the combined effects of nutrition education and micronutrient supplementation within this population will generate evidence to support institutional nutrition policies, staff wellness programmes, student health promotion initiatives, and future public health interventions. The findings are expected to contribute to national efforts aimed at achieving Sustainable Development Goal 2 (Zero Hunger) and Sustainable Development Goal 3 (Good Health and Well-being) through improved nutrition and prevention of micronutrient deficiencies (United Nations, 2023).
Materials and Methods
Study Area
The study was conducted at Federal Polytechnic Kabo, Kano State, Nigeria. The institution comprises academic staff, non-academic staff, and students from diverse socioeconomic backgrounds.
Study Design and Population
A quasi-experimental pre-test/post-test control group design was employed. The study population consisted of registered staff and students aged 18 years and above. Pregnant women, individuals with chronic illnesses requiring special diets, and those receiving micronutrient supplementation were excluded.
Sample Size and Sampling Technique
A total of 200 participants were recruited using a stratified random sampling technique. Participants were proportionately selected from academic staff, non-academic staff, and students, and allocated equally into intervention (n = 100) and control (n = 100) groups.
Data Collection
Data were collected at baseline and after the 12-week intervention using a pre-tested structured questionnaire, a multiple-pass 24-hour dietary recall, a semi-quantitative Food Frequency Questionnaire (FFQ), anthropometric measurements, and biochemical assessments.
The questionnaire obtained information on socio-demographic characteristics, nutrition knowledge, dietary behaviour, and supplement use. Dietary intake was assessed using the multiple-pass 24-hour dietary recall, while habitual food consumption was evaluated using an FFQ containing commonly consumed Nigerian foods. Nutrient intake was estimated using the Nigerian Food Composition Table.
Anthropometric measurements included body weight, height, body mass index (BMI), waist circumference, hip circumference, waist-to-hip ratio, and mid-upper arm circumference (MUAC), following WHO standard procedures (WHO, 2008).
Venous blood samples (5 mL) were collected under aseptic conditions for the determination of haemoglobin concentration, serum vitamin A, serum iron, and serum zinc using standard laboratory procedures.
Intervention
Participants in the intervention group received daily micronutrient supplements containing iron, vitamin A, zinc, folic acid, vitamin C, and B-complex vitamins for 12 weeks. They also participated in weekly nutrition education sessions covering balanced diets, dietary diversity, micronutrient-rich foods, healthy meal planning, food hygiene, and lifestyle modification. Each session lasted approximately 45–60 minutes. The control group continued with their routine dietary practices throughout the study period.
Ethical Considerations
Ethical approval was obtained from the appropriate Research Ethics Committee of Federal Polytechnic Kabo.
Statistical Analysis
Data were entered into Microsoft Excel and analysed using IBM SPSS Statistics version 26.0. Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to summarize the data. Differences between groups were assessed using independent-samples and paired-samples t-tests, while associations between categorical variables were evaluated using the Chi-square test. Pearson's correlation and multiple linear regression analyses were performed to identify predictors of micronutrient status. Statistical significance was set at p < 0.05.

Results
Table 1: Effect of Nutrition Education and Micronutrient Supplementation on Anthropometric Measurements
	Anthropometric parameter
	Intervention (baseline)
Mean ± SD
	Intervention (post intervention)
Mean ± SD
	Control (baseline)
Mean ± SD
	Control (post intervention)
Mean ± SD
	p-value

	Weight (kg)
	68.4 ± 10.2
	66.9 ± 9.8
	67.8 ± 9.7
	67.6 ± 9.6
	0.021

	Body Mass Index (kg/m2)
	25.3 ± 3.5
	24.6 ± 3.2
	25.0 ± 3.3
	24.9 ± 3.2
	0.018

	Waist Circumference (cm)
	88.1 ± 8.6
	84.9 ± 8.0
	87.5 ± 8.3
	87.2 ± 8.1
	0.012

	Mid Upper Arm Circumference (cm)
	28.3 ± 2.5
	28.4 ± 2.4
	28.2 ± 2.3
	28.2 ± 2.2
	0.641



Table 2: Effect of Nutrition Education and Micronutrient Supplementation on Biochemical Indicators
	Biochemical Parameter
	Intervention (baseline)
Mean ± SD
	Intervention (post intervention)
Mean ± SD
	Control (baseline) 
Mean ± SD
	Control (post intervention)
Mean ± SD
	p-value

	Haemoglobin (g/dL)
	11.5 ± 1.3
	13.1 ± 1.1
	11.6 ± 1.2
	11.8 ± 1.3
	0.001

	Serum Vitamin A (µg/dL)
	27.8 ± 5.4
	35.7 ± 4.9
	28.1 ± 5.2
	28.4 ± 5.3
	0.001

	Serum Iron (µg/dL) 
	60.5 ± 11.7
	82.6 ± 12.1
	61.3 ± 10.9
	62.0 ± 11.2
	0.001

	Serum Zinc (µg/dL)
	71.2 ± 8.4
	89.8 ± 8.2
	71.8 ± 8.6
	72.1 ± 8.4
	0.001





Table 3: Association Between Nutrition Knowledge and Dietary Behaviour Among Participants
	Dietary Behavior
	Good Nutrition Knowledge n (%)
	Poor Nutrition Knowledge n (%)
	x2
	p-value

	Regular Fruit Consumption
	72 (78.3)
	20 (21.7)
	24.63
	0.001

	Regular Vegetable Consumption
	75 (80.6)
	18 (19.4)
	27.81
	0.001

	Daily Breakfast Consumption
	69 (75.0)
	23 (25.0)
	18.45
	0.001

	Frequent Fast-food Consumption
	19. (31.1)
	42 (68.9)
	20.56
	0.001

	Frequent Soft-drink Consumption
	16 (27.1)
	43 (72.9)
	22.34
	0.001


Chi-square test was used to determine the association between nutrition knowledge and dietary behaviour.

Table 4: Multiple Linear Regression Analysis Showing Predictors of Improved Micronutrient Status
Predictor Variable	 	Unstandardized β Standard Error	 Standardized β t-value	p-value
Nutrition education attendance	0.486		    0.052			0.471		9.35	<0.001
Supplement compliance		0.391		    0.048			0.382		8.14	<0.001
Dietary diversity score		0.317		    0.061			0.294		5.20	<0.001
Age				-0.061		    0.039			-0.072		-1.56	0.121
Sex				0.044		    0.035			0.051		1.26	0.210

Table 5: Model Summary
Statistic	Value											
R		0.787
R²		0.620
Adjusted R²	0.603
F-statistic	42.18
p-value		<0.001
Dependent Variable: Micronutrient Status Score

DISCUSSION 
Anthropometric Measurements
The present study demonstrated modest but statistically significant improvements in anthropometric indicators following the 12-week nutrition intervention. Mean body weight, body mass index (BMI), and waist circumference decreased significantly among participants in the intervention group, whereas no meaningful changes were observed in the control group (table 1). These findings suggest that nutrition education, complemented by micronutrient supplementation, promoted healthier dietary behaviours that positively influenced body composition.
The reduction in BMI observed in this study is consistent with findings reported by Hall et al (2019), who demonstrated that reducing the consumption of ultra-processed foods and increasing the intake of nutrient-dense foods significantly improved body weight and metabolic outcomes. Similarly, Cena and Calder (2020) emphasized that adherence to healthy dietary patterns contributes to optimal body weight and reduces the risk of obesity and diet-related chronic diseases.
The significant reduction in waist circumference is clinically important because central obesity is an established risk factor for cardiovascular disease, hypertension, insulin resistance, and type 2 diabetes mellitus (Powell-Wiley et al, 2021; Jayedi et al, 2022). Improvements in waist circumference following dietary interventions have also been reported in previous studies. Improvements in overall diet quality and greater consumption of fruits, vegetables, and whole grains have been associated with less weight gain and more favorable changes in waist circumference (Marrón-Ponce et al., 2021; Miller et al., 2022). Although Mid-Upper Arm Circumference (MUAC) did not change significantly, the stability of MUAC may indicate that the intervention did not produce substantial changes in upper-arm tissue stores during the study period. MUAC is an anthropometric measure used to assess body size and nutritional status, although its interpretation depends on the population and context in which it is applied (de Onis et al., 2004).

Biochemical Assessment
One of the most important findings of this study was the significant improvement in haemoglobin concentration, serum vitamin A, serum iron, and serum zinc following the intervention (table 2). These improvements demonstrate the effectiveness of combining micronutrient supplementation with nutrition education in correcting subclinical micronutrient deficiencies.
The increase in haemoglobin concentration suggests improved iron status and a reduced risk of nutritional anaemia. This finding agrees with Pasricha et al (2021), who reported that iron supplementation significantly improves haemoglobin concentration and iron stores among adults with iron deficiency. Similarly, WHO (2023) recognizes iron supplementation as one of the most effective interventions for reducing iron-deficiency anaemia, particularly in vulnerable populations.
The observed improvement in serum vitamin A concentration further supports the effectiveness of the intervention. Vitamin A plays a vital role in vision, immune function, epithelial integrity, and normal growth (WHO, 2023). Berger et al (2022) reported that vitamin A supplementation, when combined with increased dietary intake of vitamin A-rich foods, significantly improves serum retinol concentrations and reduces the risk of deficiency.
Serum zinc concentration also increased significantly following the intervention. Zinc is involved in numerous enzymatic reactions, immune function, wound healing, DNA synthesis, and cellular growth (Costa et al, 2023). The improvement observed in the present study is consistent with findings by Berger et al (2022), who highlighted zinc supplementation as an effective strategy for improving immune competence and nutritional status among adults.
Collectively, these biochemical findings indicate that the intervention successfully improved participants' micronutrient status through both enhanced dietary intake and direct supplementation.

Association Between Nutrition Knowledge and Dietary Behaviour
The present study demonstrated significant associations between nutrition knowledge and healthier dietary behaviours (table 3). Participants with higher nutrition knowledge scores consumed fruits and vegetables more frequently and reported lower consumption of fast foods and sugar-sweetened beverages.
This finding supports the widely accepted concept that nutrition knowledge is a major determinant of dietary behaviour (Contento, 2016; Gupta et al, 2018). Individuals who understand the health benefits of balanced diets are more likely to make healthier food choices than those with limited nutritional awareness.
Similar relationships have been reported by Spronk et al (2014), who found positive associations between nutrition knowledge and diet quality among university students. Likewise, Berger et al (2021) concluded that nutrition education significantly improves both nutrition knowledge and dietary behaviour across different population groups.

Correlation Between Dietary Diversity and Micronutrient Status
The positive correlations observed between dietary diversity and haemoglobin concentration, serum vitamin A, and serum zinc indicate that participants consuming more diverse diets achieved better micronutrient status (table 1-4). Previous research has demonstrated associations between dietary diversity and micronutrient status, including indicators of iron, vitamin A, and zinc status (Arimond et al., 2016). Dietary diversity is also widely used as a proxy for micronutrient adequacy because consuming foods from multiple food groups increases the likelihood of obtaining a broader range of essential vitamins and minerals (Leroy et al., 2020). More recently, Passarelli et al. (2024) demonstrated that inadequate intake of essential micronutrients remains a major global nutritional challenge, with substantial inadequacies reported for nutrients including iron, zinc, vitamin A, and folate.
The findings therefore reinforce current recommendations encouraging regular consumption of cereals, legumes, fruits, vegetables, animal-source foods, and dairy products to ensure adequate micronutrient intake (WHO, 2023; FAO, 2024).



Predictors of Improved Micronutrient Status
Multiple linear regression analysis demonstrated that attendance at nutrition education sessions, compliance with micronutrient supplementation, and dietary diversity were significant predictors of improved micronutrient status (table 4). These variables collectively explained approximately 62% of the variation observed in nutritional outcomes.
This finding indicates that behavioural interventions and supplementation are complementary rather than independent strategies. Nutrition education equips individuals with the knowledge required to make healthier food choices, while supplementation provides immediate correction of existing nutrient deficiencies (Bhutta et al, 2013; Berger et al, 2022).
The significant contribution of dietary diversity further emphasizes the importance of food-based approaches in addressing micronutrient deficiencies. Food-based strategies provide a sustainable means of improving nutritional status because they encourage lifelong healthy eating habits rather than dependence on supplementation alone (Ruel & Alderman, 2013).

Public Health Implications
The findings of this study have important implications for institutional health promotion and nutrition policy. Integrating nutrition education into routine student orientation programs, staff wellness initiatives, and institutional health services could substantially improve dietary practices and reduce the burden of micronutrient deficiencies.
Routine nutritional screening, dietary counselling, and periodic micronutrient supplementation for at-risk groups may further improve health outcomes, productivity, and academic performance. Such interventions also align with the objectives of the National Policy on Food and Nutrition in Nigeria (Federal Ministry of Health Nigeria, 2021) and contribute towards achieving Sustainable Development Goal 2 (Zero Hunger) and Sustainable Development Goal 3 (Good Health and Well-being) (United Nations, 2023).
Generally, the findings support the growing body of evidence indicating that combined nutrition education and micronutrient supplementation constitute an effective, practical, and sustainable strategy for improving nutritional status in tertiary institutions and similar settings.

Conclusion
This study demonstrated that nutrition education combined with micronutrient supplementation significantly improved the nutritional status of staff and students of Federal Polytechnic Kabo. Nutrition knowledge scores increased from 46.8 ± 11.2 at baseline to 82.4 ± 7.8 after the 12-week intervention (p < 0.001). Daily fruit and vegetable consumption increased from 35.0% to 74.0% and 39.0% to 76.0%, respectively, while frequent consumption of fast foods and sugar-sweetened beverages declined significantly (p < 0.05). Mean daily intakes of protein, iron, vitamin A, and zinc also improved significantly following the intervention.
Similarly, anthropometric indicators showed modest but significant improvements, with mean BMI decreasing from 25.3 ± 3.5 kg/m² to 24.6 ± 3.2 kg/m² and waist circumference reducing from 88.1 ± 8.6 cm to 84.9 ± 8.0 cm (p < 0.05). Biochemical assessment further revealed significant improvements in haemoglobin concentration (11.5 ± 1.3 to 13.1 ± 1.1 g/dL), serum vitamin A (27.8 ± 5.4 to 35.7 ± 4.9 µg/dL), serum iron (60.5 ± 11.7 to 82.6 ± 12.1 µg/dL), and serum zinc (71.2 ± 8.4 to 89.8 ± 8.2 µg/dL) (all p < 0.001). Multiple linear regression analysis identified nutrition education attendance (β = 0.486, p < 0.001), supplement compliance (β = 0.391, p < 0.001), and dietary diversity (β = 0.317, p < 0.001) as significant predictors of improved micronutrient status.

Recommendation
Based on these findings, it is recommended that tertiary institutions institutionalize nutrition education programs, promote healthy dietary practices through campus nutrition policies, and implement periodic nutritional screening and targeted micronutrient supplementation for at-risk groups. Future studies should involve larger populations, multiple institutions, and longer follow-up periods to assess the long-term sustainability and generalizability of these interventions.
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