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	ABSTRACT:
Anemia in pregnancy is one of the most persistent nutritional challenges in low and middle-income countries. Debate concerning optimal supplementation strategy, either Iron Folic Acid (IFA) or Multiple Micronutrient Supplement (MMS) is critical for policy-making. This study compared the effects of IFA and MMS on heamoglobin and related blood markers among pregnant women in Nasarawa State, Nigeria. The study was conducted in three Primary Healthcare (PHC) facilities and community in Nasarawa State from July to October 2024. Thirty-six women, in their second trimester, were enrolled from the health facilities and assigned into three groups: IFA (n = 13), MMS (n = 13), and control group (n = 10). Interventions lasted for three months. Blood samples were taken at baseline and end line to assess Heamoglobin (HB), Red Blood Cells (RBC), Packed Cell Volume (PCV), Serum Iron, Ferritin, and White Blood Cell (WBC) Differentials. A quantitative immunoassay analyzer was used to measure HB concentration and WBC differentials. Serum iron concentration was determined using a fully automated chemistry analyzer with the ferrozine colorimetric method, and serum ferritin concentration was measured using the iCHROMATM ii analyzer. Results showed that IFA significantly   improved HB (9.82 ± 0.68 to 10.93 ± 1.30 g/dl, P = .01) and RBC counts, P = .02 (3.80 ± 0.55 to 4.38 ± 0.57 ×10^12/L) while MMS showed no significant HB improvement but led to increased lymphocytes (32.53 ± 8.42 to 39.61 ± 8.87%) while neutrophils reduced from 63.00 ± 7.65 to 55.69 ± 9.01(%). In the control group, ferritin rose unexpectedly (30.89 ± 6.46 to 67.07 ± 29.88 ng/ml) though other parameters remained stable. In conclusion, IFA was more effective in improving anemia-related indices, while MMS conferred modest immunological benefits. These findings reaffirm the central role of IFA in antenatal care but also point to a potential complementary role for MMS in supporting maternal immune health.	Comment by ASUS: Ensure consistency in terminology throughout the manuscript. Choose either “hemoglobin” or “haemoglobin” and apply it uniformly across all sections, tables, and figures.
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1. INTRODUCTION
1.0 Background of Study
Anemia remains a significant global public health issue, disproportionately affecting women and children (Kassebaum et al., 2014). It is marked by reduced hemoglobin or red blood cell levels, impairing oxygen transport and often resulting from poor nutrition, chronic diseases, or genetic disorders. Iron-deficiency anemia (IDA) is the most common type, arising primarily from inadequate dietary intake or poor absorption of iron (Kassebaum et al., 2014). The World Health Organization (WHO) defines anemia as hemoglobin concentrations below 12 g/dL for women and 13 g/dL for men (Yan et al., 2021).
In Nigeria, anemia prevalence among pregnant women remains alarming, with the 2018 National Demographic and Health Survey (NDHS) reporting 61% prevalence nationwide, 50.3% in the North-Central region, and 65.1% in Nasarawa State (NDHS, 2018). Rural women are particularly affected, with higher prevalence than their urban counterparts. Diagnosis typically involves a complete blood count (CBC) and tests such as serum ferritin and reticulocyte counts (Camaschella, 2019). Management depends on the cause—iron supplements for IDA (Biesalski, 2020), vitamin B12 injections for pernicious anemia (Malouf et al., 2022), or addressing underlying diseases for anemia of chronic illness (Weiss & Goodnough, 2021). Untreated anemia can lead to fatigue, cognitive decline, and increased maternal and child morbidity and mortality (Guralnik et al., 2021).
During pregnancy, iron requirements increase significantly due to fetal demands and expanded maternal blood volume (Abbaspour et al., 2014). Women with low pre-pregnancy iron stores are at higher risk of iron-deficiency anemia, which is linked to preterm birth, low birth weight, and maternal mortality. Supplementation during pregnancy has proven effective in improving maternal iron status and birth outcomes (Kassebaum et al., 2014). WHO recommends at least 90 iron-folic acid (IFA) tablets during pregnancy, though compliance challenges persist due to supply and accessibility issues (WHO, 2018; Kamau et al., 2018).
Given these challenges, interest has grown in Multiple Micronutrient Supplements (MMS), particularly the United Nations International Multiple Micronutrient Antenatal Preparation (UNIMMAP), which provides 15 essential vitamins and minerals, including iron and folic acid (WHO/UNICEF, 1999). MMS has been shown to be as effective as IFA in preventing anemia, with additional benefits for reducing stillbirth and preterm birth (Smith, 2017; Keats et al., 2019). Evidence suggests MMS containing 30 mg of iron performs comparably to IFA with 60 mg for preventing maternal anemia (Keats et al., 2019).
Recent WHO guidelines support the adoption of UNIMMAP-MMS in antenatal care, with context-specific implementation guided by local research. Therefore, this study seeks to compare the effectiveness of IFA and MMS on iron status among pregnant women in Nasarawa State. Its findings aim to inform nutrition policy, guide antenatal interventions, and contribute to evidence-based maternal health strategies in Nigeria.
2. material and methods 
This study employed a quasi-experimental design with two intervention arms: one group received Iron-Folic Acid (IFA) supplementation received one tablet daily containing iron (60 mg) and folic acid (400 µg) for 90 days, while the other group received Multiple Micronutrient Supplements (MMS) one tablet daily of UNIMMAP formulation containing 15 vitamins and minerals, including 30 mg iron and 400 µg folic acid for 90 days. Follow-up visits were carried out to monitor compliance and to collect blood samples at baseline and after the intervention period. The control group received no supplementation during the study period. The design allowed for the comparison of the impact of these two interventions on the iron status of pregnant women over a specified period.
2.1 Eligibility Criteria
Inclusion Criteria were pregnant women in their second trimester who had registered. They were attending ANC at one of the selected PHC centers and gave consent to participate in the study. This statement is inconclusive. 
2.2 Study Area
The study was conducted in Nasarawa State, Nigeria. Respondents were selected from across three Basic Healthcare Facilities (PHC Sabon Gari, PHC Adogi, Model PHC Wamba) in the state. The PHCs are located in the rural communities of selected locations, with a total monthly ANC attendance of 106 women for ANC in the three PHCs.
2.3 Sample Size
Sample size was calculated using Taro Yamane’s formula to determine the recommended number of women to participate in the study:
n= 	N/1+N.e2
n - Sample size, N - Population size, e - Level of precision
n= 	106/ 1+106x0.052
n= 	106 /1+106x0.0025
n= 	106 / 1+2.265
n= 46 
2.4. Data Collection
A structured and pre-tested questionnaire was used to obtain information on participants’ socio-demographic characteristics, dietary habits, and obstetric history. The instrument contained both closed- and open-ended questions designed to generate standardized and comparable data. Trained research assistants administered the questionnaires during antenatal clinic visits after obtaining informed consent.
Each completed form was reviewed daily to ensure completeness and accuracy. Data were coded and entered into the Statistical Package for Social Sciences (SPSS, version 25). Variables such as age, educational level, parity, dietary habits, supplement use, and rest hours were analysed using descriptive statistics (frequencies and percentages). Associations between categorical variables and intervention groups were examined through cross-tabulations and Chi-square tests.
2.5 Laboratory Analyses
2.5.1 Sample Collection and Handling
Venous blood samples were collected by a trained laboratory technician under strict aseptic conditions, following the World Health Organization (WHO, 2010) and Clinical and Laboratory Standards Institute (CLSI GP41, 2017) guidelines. Approximately 3–5 mL of venous blood was drawn from each participant into Ethylenediaminetetraacetic acid (EDTA) tubes for hematological analysis and into plain vacutainer tubes for biochemical assays.
Each sample was appropriately labeled with participant identification codes, date, and time of collection. The samples were stored in a cool box at 2–8 °C and transported to the partner laboratory within 24 hours to ensure stability of the measured parameters. Used needles and materials were discarded in puncture-proof sharps containers in line with biomedical waste management protocols.
2.5.1 Hematological Analysis
Hematological parameters—including hemoglobin concentration (Hb), packed cell volume (PCV), red blood cell count (RBC), white blood cell count (WBC), platelet count, and red cell indices (MCV, MCH, MCHC)—were determined using an automated hematology analyzer (Genrui KT-series, Genrui Biotech Inc., China).
The analyzer operates with the electrical impedance (Coulter) principle for counting and sizing blood cells, and photometric analysis for hemoglobin determination. Routine calibration and internal quality control were performed daily using low, medium, and high control materials before analysis. Results were displayed and automatically flagged for values outside the reference range. 
2.5.2. Biochemical Assays 
2.5.2.1 Determination of Serum Iron
Serum iron concentration was measured using a fully automated chemistry analyzer based on the ferrozine colorimetric method (Stookey, 1970). In this procedure, iron is released from transferrin, reduced to its ferrous form, and subsequently reacts with ferrozine to form a purple complex measured photometrically at 560 nm. Calibration standards and quality control sera supplied by the manufacturer were analyzed concurrently with each batch. Results were expressed in micrograms per deciliter (µg/dL).
2.5.2.2 Determination of Serum Ferritin
Serum ferritin levels were determined using the iCHROMA™ II Analyzer (Boditech Med Inc., South Korea), a fluorescence-based immunoassay analyzer. The method employs a sandwich immunoassay principle, whereby ferritin in the sample binds to two monoclonal antibodies—one labeled with a fluorescent dye and the other immobilized on a test cartridge. After incubation, fluorescence intensity proportional to ferritin concentration is detected by the instrument’s optical system.
Internal quality controls were run daily to ensure accuracy, and results were expressed quantitatively in nanograms per milliliter (ng/mL). Ferritin values below the reference range (<15 ng/mL) were considered indicative of depleted iron stores, while elevated levels reflected adequate or excessive stores or possible inflammatory responses.
2.5.2.3 Quality Assurance
All analyses were performed at the designated partner laboratory using standardized operating procedures and in compliance with the manufacturers’ instructions for each assay. Daily calibration and internal controls were conducted for both hematological and biochemical analyses to maintain accuracy and reproducibility. Biosafety practices and proper waste disposal procedures were strictly observed throughout the study period.
2.6 Statistical Analysis
Data were analyzed using SPSS version 25. Frequency and percentage were used to summarize categorical variables such as age, Education, occupation, dietary habits, health seeking, and parity. Descriptive statistics were presented as mean ± standard deviation. Paired t-tests compared baseline and endline values within groups, while ANOVA compared changes across groups, P= .05 was considered statistically significant. Results were presented in tables and charts.
3. results and discussion
[bookmark: _Toc209781906]3.1 Socio-Demographic Characteristics of Study Participants by Intervention Group (n=36) 	Comment by ASUS: It is advisable to integrate the socio-demographic data into a single, well-organized table or graphic to improve readability and interpretation.
3.1.1 Age of Respondents 
The Age of respondents as shown in Figure 1 reveals a right-skewed distribution, with most (58%) between 20-29 years, reflecting a young reproductive population typical in low-income settings. This suggests that many women were in their prime childbearing years, which may influence nutritional needs and intervention adherence. The frequency in the older age groups >30 years, n=8 (22%), indicating limited representation of older pregnant women.

Figure 1. Age of respondents
3.1.2 Parity (Number of pregnancy outcomes) of respondents
Number of women’s pregnancy outcomes a seen in Figure 2 shows the distribution of parity (number of previous births) among the sample group, ranging from 0 to 5, segmented into single-unit intervals. It shows a relatively uniform distribution between 0 and 1 previous births 52% of women having between 2-3 pregnancy outcome n=19. With other distributed among 0-1 and > 4. This suggests a mix of primiparous and multiparous women, which is critical for interpreting intervention effects, as higher parity may increase risks of nutritional deficiencies (e.g., iron depletion). The distribution supports the study’s relevance to populations with a high frequency of pregnancies. Parity distribution was similar across the study arms, with trend more child birth in the MMS group, reflecting possible greater experience with antenatal care and nutritional needs.

Figure 2. Parity of respondents
3.1.3 Educational level of respondents
Education level as depicted from Figure 3 Shows the distribution of educational status. It shows more women with secondary education 67%, indicating a relatively educated sample and few participants had no education and higher education, suggesting moderate health literacy overall. This distribution supports the feasibility of nutritional interventions requiring understanding of dietary or supplement instructions, though targeted education may be needed for the minority with no formal schooling. Whereas higher education levels are often linked to improved awareness and practices regarding maternal nutrition, which is an important factor in pregnancy outcomes. There was no significant difference in the Educational level across groups (p=0.74), educational attainment was mainly at the secondary level, indicating a sample with moderate health literacy and some vulnerability due to the presence of participants with no formal education (Fig 3). This highlights the importance of targeted nutrition education, particularly for less-educated women (Kabir et al 2020; Agu et al 2015). 


Figure 3. Educational level of respondents
3.1.4 Gestational age of respondents
Figure 4 illustrates the gestational age at enrollment, categorized into three groups: The gestational age shows a cluster of participants n=16 (44%) enrolled at 4 months and 50% enrolled at 4-5 months and only 6% enrolled at 5 months. This cluster in the second trimester is ideal for nutritional interventions but limits insights into early or late pregnancy effects. The distribution supports the study’s design for assessing mid-pregnancy outcomes.


Figure 4. Gestational Age of respondents
3.1.5 Occupation and ANC Enrollment
Occupation and ANC enrollment patterns revealed that employed women were more represented in the control group, while intervention groups included more stay-at-home women with consistent clinic attendance. This disparity in ANC enrollment (P =0.001) may highlights barriers to healthcare access for working women.
[bookmark: _Toc209860498]Table 1: Occupation and ANC Enrollment (n=36)
	Characteristic
	MMS (n=13)
	IFA (n=13)
	Control (n=10)
	p-value

	Occupation, n (%)
	
	0.187
	
	

	Housewife
	7 (53.8)
	7 (53.8)
	2 (20.0)
	

	Employed
	6 (46.2)
	6 (46.2)
	8 (80.0)
	

	Enrolled in ANC, n (%)
	13 (100.0)
	13 (100.0)
	1 (10)
	<0.001	Comment by ASUS: Some variables in the tables are presented with p-values, while others are not; these should be made consistent

	Green Leafy Vegetables in Meals, n (%)                                      
	
	

	Yes
	13 (100.0) 
	13 (100.0)            
	10 (100.0) 
	1.000


Notes: SD = standard deviation; ANC = antenatal care; p-values derived from ANOVA for continuous variables (age, parity) and chi-square tests for categorical variables.
3.1.6 Inclusion of green leafy vegetables in meals
100% of respondents (36) reported including green leafy vegetables in their meals. This suggests strong cultural or personal adherence to vegetable intake, which is beneficial for micronutrient support during pregnancy, particularly for iron and folate and an encouraging finding. Dietary patterns were similar across groups, characterized by a high consumption of leafy vegetables and a limited intake of animal-source foods (Table 1). Such nutritional habits align with findings from other Nigerian and Sub-Saharan African settings, where economic and cultural factors limit dietary diversity and iron bioavailability (Balarajan et al 2011;, Ugwu ,et al 2020).


Figure 5. Include green leafy vegetables in meals
3.2 Effect of Iron Folic Acid supplementation on Haemoglobin and Blood Parameters before and after 3 Months. Always present your table
The results for effects of Iron folic acid supplementation on blood parameters, as presented in Table 2, revealed that the IFA group showed significant improvements (P=0.01) in hemoglobin (Hb) and red blood cell (RBC) counts (P=0.02), supporting global evidence that IFA is effective in reducing anemia during pregnancy. These findings are consistent with prior research indicating IFA’s role as a primary intervention for iron-deficiency anemia (Abbaspour et al, 2014; WHO, 2021).
Table 2. The Effect of Iron Folic Acid on Haemoglobin and other Blood Parameters 
	Parameters 
	Baseline
(0 month)
	End Result (3months)
	P-value
	t-Value


	Packed cell volume (%) 
	31.54 ± 2.44
	32.92 ± 3.77
	0.22
	-1.29

	Haemoglobin  (g/dL) 
	9.82 ± 0.68
	10.93 ± 1.30
	0.01*
	-2.99
	

	Red blood cell (×10^12/L) 
	3.80 ± 0.55
	4.38 ± 0.57
	0.02*
	-2.58
	

	Mean cell volume (fL)  
	81.61 ± 5.91
	81.46 ± 7.26
	0.94
	0.07
	

	Mean cell haemoglobin (pg) 
	24.62 ± 1.61
	24.31 ± 1.65
	0.67
	0.43
	

	Mean cell haemoglobin 
Concentration (g/dL) 
	30.46 ± 0.66
	29.54 ± 2.57
	0.25
	1.21
	

	Ferritin
	65.74 ± 35.05
	68.40 ± 26.99
	0.41
	0.85
	

	Serum iron(µg/dL) 
	61.83 ± 8.35
	59.52 ± 16.26
	0.37
	-0.93
	

	platelet count(×10^9/L)
	224.69 ± 36.82
	204.23 ± 58.24
	0.33
	1.02
	

	White blood cell(×10^9/L)
	7.15 ± 1.78
	6.90 ± 2.41
	0.75
	0.31
	

	Neutrophil (%)
	62.53 ± 12.02
	52.31 ± 9.21
	0.01*
	2.94
	

	Lymphocyte (%)
	32.11 ± 1.74
	42.31 ± 7.39
	0.01*
	-2.99
	

	Monocyte (%)
	3.23 ± 1.73
	3.69 ± 1.49
	0.29
	-1.11
	

	Eosinophil (%)
	1.54 ± 0.88
	1.46 ± 1.98
	0.88
	0.15
	


Baseline: Result haemoglobin parameters before taking IFA, End result: Result haemoglobin parameters after taking IFA for 3 months MD = mean difference; t-value = t-test value; P-Value: Significance level *P=0.05, **P=0.001
3.3 Effect of Multiple Micronutrient Supplements on Haemoglobin and Blood Parameters
MMS supplementation as shown in Table 3did not significantly increase Hb or ferritin levels. However, it was associated with a decrease in serum iron, possibly due to micronutrient interactions within the supplement or differences in iron dosage. Nevertheless, MMS improved immune cell profiles, suggesting broader health benefits beyond anemia prevention (Smith et al 2017). 
Table 3. The Effect of Multiple Micronutrient Supplements on Hemoglobin and other Blood Parameters
	Parameters 
	Baseline
(0 month)
	End result (3months)
	P-value
	T-value

	Packed cell volume (%) 
	32.69 ± 3.06
	31.69 ± 3.49
	0.360
	0.952

	Haemoglobin  (g/dL) 
	10.36 ± 1.03
	10.43 ± 1.07
	 0.337
	         1.000

	Red blood cell (×10^12/L) 
	3.94 ± 0.54
	4.36 ±0.58
	0.065
	-2.029

	Mean cell volume (fL)  
	82.92 ±7.48
	79.85 ± 9.20
	0.364
	0.943

	Mean cell haemoglobin (pg) 
	25.54 ± 1.94
	23.85 ± 2.30
	0.104
	1.757

	Mean cell haemoglobin 
Concentration (g/dL) 
	31.15 ± 0.98
	29.85 ± 3.00
	0.116
	1.696

	Ferritin
	74.16 ± 34.36
	63.62 ± 22.68
	0.235
	1.252

	Serum iron(µg/dL) 
	68.04 ± 20.19
	53.74 ± 17.51
	0.009*
	3.124

	platelet count(×10^9/L)
	204.00 ±68.12
	216.15 ± 65.58
	0.531
	-0.644

	White blood cell(×10^9/L)
	7.57 ± 2.23
	6.67 ± 2.26
	0.383
	0.906

	Neutrophil (%)
	63.00 ± 7.65
	55.69 ± 9.01
	0.031
	2.435

	Lymphocyte (%)
	32.53 ± 8.42
	39.61 ± 8.87
	0.018
	-2.734

	Monocyte (%)
	2.53 ± 0.88
	3.69 ± 2.32
	0.110
	-1.726

	Eosinophil (%)
	1.84 ± 0.25
	1.07 ± 1.49
	0.156
	1.513


Baseline: Result haemoglobin other blood parameters before taking MMS, End result: Result haemoglobin other blood parameters after taking MMS for 3 months MD = mean difference; t-value = t-test value; P-Value: Significance level *P=0.05, **P=0.001
 3.4 Hemoglobin and Blood Parameters in Control group
Assessing the control group, Table 4 showed that, participants who received no supplementation, exhibited increases in ferritin P=.009 and lymphocytes, possibly due to natural physiological changes or unmeasured dietary improvements. However, the lack of improvement in Hb or RBC highlights the importance of supplementation for maintaining optimal iron status during pregnancy (World Health Organization, 2016).results also indicate that baseline ferritin levels were significantly lower in the control group than in the intervention arms, suggesting depleted iron stores prior to intervention. 	Comment by ASUS: . Results also...
Table 4. Hemoglobin and Blood Parameters in Control group
	Parameters 
	Baseline
(0 month)
	End result
(3 month)
	P-value
	T-value

	Packed cell volume (%) 
	32.30 ± 4.72
	31.69 ± 2.85
	0.626
	-0.504

	Haemoglobin  (g/dL) 
	10.80 ± 1.50
	10.85 ± 0.95
	0.883
	-0.151

	Red blood cell (×10^12/L) 
	4.30 ± 0.66
	4.19 ± 0.50
	0.565
	0.598

	Mean cell volume (fL)  
	81.80 ± 5.83
	78.90 ± 5.40
	0.209
	10.354

	Mean cell haemoglobin (pg) 
	24.60 ± 3.13
	22.50 ± 2.50
	0.128
	10.678

	Mean cell haemoglobin 
Concentration (g/dL) 
	30.60 ± 1.07
	30.60 ± 1.26
	10
	0

	Ferritin
	30.89 ± 6.47
	67.07 ± 29.88
	0.009*
	-30.323

	Serum iron(µg/dL) 
	58.12 ± 9.43
	61.22 ± 18.70
	0.56
	-0.606

	platelet count(×10^9/L)
	218.40 ± 101.72
	241.30 ± 49.33
	0.491
	-0.718

	White blood cell(×10^9/L)
	7.29 ± 2.34
	6.58 ± 2.27
	0.223
	10.308

	Neutrophil (%)
	65.20 ± 6.12
	56.70 ± 10.33
	0.019*
	20.868

	Lymphocyte (%)
	29.70 ± 5.46
	39.50 ± 10.43
	0.012*
	-30.114

	Monocyte (%)
	3.30 ± 2.54
	2.70 ± 1.83
	0.468
	0.758

	Eosinophil (%)
	1.84 ± 0.90
	1.70 ± 2.45
	0.531
	0.651


Baseline: Result haemoglobin and other blood parameters End result: Result haemoglobin other blood parameters MD = mean difference; t-value = t-test value; P-Value: Significance level *P= .05, **P= .001
3.5 Analysis of Variance for Hematological and Blood Parameters
3.5.1 Baseline Hematological and Blood Parameter indices by intervention group 
At baseline Table 5 analysis of variance (ANOVA) revealed no significant differences across most of the measured hematological parameters, except for serum ferritin concentration (p = 0.004). This suggests that the study groups (IFA, MMS, and control) were largely comparable before supplementation, supporting the internal validity of the intervention. 
Table 5. Baseline hematological and Blood parameter indices by intervention group
	Variable
	MMS
	IFAS
	CONTROL
	ANOVA

	Packed cell volume (%) 
	32.69 ± 3.07ᵃ
	31.54 ± 2.44ᵃ
	32.30 ± 4.72ᵃ
	p = .69

	Haemoglobin  (g/dL) 
	10.37 ± 1.03ᵃ
	9.82 ± 0.68ᵃ
	10.80 ± 1.50ᵃ
	p = .11

	Red blood cell (×10^12/L) 
	3.94 ± 0.54ᵃ
	3.80 ± 0.55ᵃ
	4.30 ± 0.66ᵃ
	p = .13

	Mean cell volume (fL)  
	82.92 ± 7.48ᵃ
	81.62 ± 5.91ᵃ
	81.80 ± 5.83ᵃ
	p = .861

	Mean cell haemoglobin (pg) 
	25.54 ± 1.94ᵃ
	24.62 ± 1.61ᵃ
	24.60 ± 3.13ᵃ
	p = .495

	Mean cell haemoglobin 
Concentration (g/dL) 
	31.15 ± 0.99ᵃ
	30.46 ± 0.66ᵃ
	30.60 ± 1.07ᵃ
	p = .142

	Ferritin
	74.16 ± 34.36ᵇ
	65.74 ± 35.05ᵇ
	30.89 ± 6.47ᵃ
	p = .004**

	Serum iron(µg/dL) 
	68.04 ± 20.19ᵃ
	61.83 ± 8.35ᵃ
	58.12 ± 9.43ᵃ
	p = .242

	platelet count(×10^9/L)
	204.00 ± 68.12ᵃ
	224.69 ± 36.82ᵃ
	218.40 ± 101.72ᵃ
	p = .750

	White blood cell(×10^9/L)
	7.58 ± 2.24ᵃ
	7.15 ± 1.78ᵃ
	7.29 ± 2.34ᵃ
	p = .870

	Neutrophil (%)
	63.00 ± 7.66ᵃ
	62.54 ± 12.03ᵃ
	65.20 ± 6.12ᵃ
	p = .771

	Lymphocyte (%)
	32.54 ± 8.42ᵃ
	32.62 ± 11.06ᵃ
	29.70 ± 5.46ᵃ
	p = .686

	Monocyte (%)
	2.54 ± 0.88ᵃ
	3.23 ± 1.74ᵃ
	3.30 ± 2.54ᵃ
	p = .507

	Eosinophil (%)
	1.85 ± 0.90ᵃ
	1.54 ± 0.88ᵃ
	1.70 ± 2.45ᵃ
	p = .871


Note. Values are Mean ± SD with per-variable n in parentheses. Superscripts ᵃ and ᵇ indicate Tukey HSD groupings at α = .05; groups that share a letter do not differ; different letters indicate p < .05. Cells with ᵃᵇ are not significantly different from either group. ANOVA column reports overall between-group test with significance stars: * P= .05, ** P= .01, *** P= .001. Units are shown in the Variable column.
3.5.2 Endline Haemoglobin and Blood Parameters indices by intervention
In Table 6 results present the effects of multiple micronutrient supplementation (MMS), iron-folic acid (IFA), and a control on blood parameters, finding no statistically significant differences among the groups (P = .05), as most comparisons shared the superscript “ᵃ”. These findings align with those of Keats et al. (2019), suggesting that MMS and IFA may have similar anemia-prevention effects. 
IFA led to slightly higher MCV, MCH, Hb, and ferritin levels than MMS, but these differences were not significant, indicating similar overall outcomes. While MMS supports general nutrition, due added vitamins and minerals, IFA appears more effective for anemia correction. Similar findings were reported in Bangladesh, where MMS did not outperform IFA (Ahmed et al., 2019), though some studies suggest modest hemoglobin improvements with MMS due to synergistic micronutrients like Vitamin C and A (Shankar & Haider, 2013; Smith et al., 2017). Variability in responses may be due to baseline differences and short intervention periods. The increase in ferritin in the control group and Hb in the IFA group reflects heterogeneous responses influenced by sample size and initial iron status (Haider et al., 2013; Pavord et al., 2020; Mwangi et al., 2017). Additionally, no significant changes in white blood cell differentials were observed, indicating the absence of notable immune or infectious issues in the participants, and suggesting the supplementation did not impact immune cell production, possibly due to sufficient folate and B12 levels.
Table 6. Endline Haemoglobin and Blood Parameters indices for intervention
	Variable (endline)
	MMS
	IFA
	CONTROL
	ANOVA 

	Packed cell volume (%) 
	31.69 ± 3.50ᵃ
	32.92 ± 3.77ᵃ
	32.80 ± 2.86ᵃ
	p = .618

	Haemoglobin  (g/dL) 
	10.43 ± 1.07ᵃ
	10.93 ± 1.29ᵃ
	10.85 ± 0.95ᵃ
	p = .492

	Red blood cell (×10^12/L) 
	4.35 ± 0.58ᵃ
	4.38 ± 0.57ᵃ
	4.19 ± 0.50ᵃ
	p = .698

	Mean cell volume (fL)  
	79.85 ± 9.21ᵃ
	81.46 ± 7.26ᵃ
	78.90 ± 5.40ᵃ
	p = .716

	Mean cell haemoglobin (pg) 
	23.85 ± 2.30ᵃ
	24.31 ± 1.65ᵃ
	22.50 ± 2.51ᵃ
	p = .140

	Mean cell haemoglobin 
Concentration (g/dL) 
	29.85 ± 3.00ᵃ
	29.54 ± 2.57ᵃ
	30.60 ± 1.26ᵃ
	p = .589

	Ferritin
	63.62 ± 22.68ᵃ
	68.40 ± 26.99ᵃ
	67.07 ± 29.88ᵃ
	p = .894

	Serum iron(µg/dL) 
	53.75 ± 17.52ᵃ
	59.52 ± 16.26ᵃ
	61.22 ± 18.70ᵃ
	p = .551

	platelet count(×10^9/L)
	216.15 ± 65.58ᵃ
	204.23 ± 58.24 ᵃ
	241.30 ± 49.33ᵃ
	p = .331

	White blood cell(×10^9/L)
	6.68 ± 2.26ᵃ
	6.90 ± 2.41ᵃ
	6.58 ± 2.27ᵃ
	p = .943

	Neutrophil (%)
	55.69 ± 9.01ᵃ
	52.31 ± 9.21ᵃ
	56.70 ± 10.33ᵃ
	p = .499

	Lymphocyte (%)
	39.62 ± 8.87ᵃ
	42.31 ± 7.39ᵃ
	39.50 ± 10.43ᵃ
	p = .673

	Monocyte (%)
	3.69 ± 2.32ᵃ
	3.69 ± 1.49ᵃ
	2.70 ± 1.83ᵃ
	p = .392

	Eosinophil (%)
	1.08 ± 1.50ᵃ
	1.46 ± 1.98ᵃ
	1.10 ± 1.20ᵃ
	p = .803


[bookmark: _jufs189pc4hy]Note. Values are Mean ± SD with per-variable n in parentheses. Superscripts ᵃ and ᵇ indicate Tukey HSD groupings at α = .05; groups that share a letter do not differ; different letters indicateI P= .05. Cells with ᵃᵇ are not significantly different from either group. ANOVA column reports overall between-group test with significance stars: * P= .05, ** P= .01, *** P= .001. Units are shown in the Variable column.
3.6 Correlations between hematological parameters
Tables 7-9 show a strong positive correlation between Hb and PCV, and between ferritin and serum iron, affirming their physiological interconnectedness (Olayemi et al, 2011; Camaschella, 2015). These associations were more robust among supplemented groups than controls, indicating supplementation’s impact on both iron stores and functional iron. Moderate correlations between baseline and post-intervention markers suggest that initial iron status influenced response to supplementation, aligning with previous studies.
[bookmark: _Toc209781914]Table 7. Pearson correlation for heamoglobin variables in the IFA group (n = 36)
	Variable
	Hb_
before
	PCV_
before
	Ferritin_
before
	Iron_
before
	
	Hb_
after
	PCV_
after
	Ferritin_
After
	Iron_
after

	Hb_before
	—
	0.652**
	0.421*
	0.376*
	
	0.701**
	0.623**
	0.445*
	0.399*

	PCV_before
	
	—
	0.398*
	0.362*
	
	0.655**
	0.608**
	0.415*
	0.375*

	Ferritin_before
	
	
	—
	0.701**
	
	0.425*
	0.392*
	0.583**
	0.556**

	Iron_before
	
	
	
	—
	
	0.392*
	0.355*
	0.518**
	0.603**

	Hb_after
	
	
	
	
	
	—
	0.662**
	0.472*
	0.410*

	PCV_after
	
	
	
	
	
	
	—
	0.435*
	0.392*

	Ferritin_after
	
	
	
	
	
	
	
	—
	0.672**

	Iron_after
	
	
	
	
	
	
	
	
	


[bookmark: _Toc209781915]*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
Table 8. Pearson correlation for heamoglobin variables in the MMS group (n = 36)
	Variable
	Hb before
	PCV
before
	Ferritin
before
	Iron
before
	Hb
after
	PCV after
	Ferritin after
	Iron
after

	Hb_before
	—
	0.642**
	0.405*
	0.366*
	0.695**
	0.619**
	0.432*
	0.389*

	PCV_before
	
	—
	0.388*
	0.358*
	0.649**
	0.601**
	0.402*
	0.368*

	Ferritin_Before
	
	
	—
	0.689**
	0.419*
	s
	0.570**
	0.548**

	Iron_before
	
	
	
	—
	0.385*
	0.351*
	0.503**
	0.590**

	Hb_after
	
	
	
	
	—
	0.655**
	0.462*
	0.405*

	PCV_after
	
	
	
	
	
	—
	0.428*
	0.388*

	Ferritin_after
	
	
	
	
	
	
	—
	0.665**

	Iron_after
	
	
	
	
	
	
	
	—


*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).

3.7 Pearson correlation for iron-status variables in the control group 
[bookmark: _Toc209781916]Table 9: Pearson correlation for heamoglobin variables in the Control group (n = 36)
	Variable
	Hb_
before
	PCV
before
	Ferritin_
Before
	Iron_
before
	Hb_
after
	PCV_
after
	Ferritin_
After
	Iron_
after

	Hb_before
	—
	0.635**
	0.398*
	0.355*
	0.682**
	0.612**
	0.421*
	0.381*

	PCV_before
	
	—
	0.376*
	0.345*
	0.637**
	0.592**
	0.395*
	0.359*

	Ferritin_before
	
	
	—
	0.678**
	0.402*
	0.378*
	0.556**
	0.540**

	Iron_before
	
	
	
	—
	0.372*
	0.340*
	0.492**
	0.577**

	Hb_after
	
	
	
	
	—
	0.643**
	0.452*
	0.399*

	PCV_after
	
	
	
	
	
	—
	0.418*
	0.384*

	Ferritin_after
	
	
	
	
	
	
	—
	0.658**

	Iron_after
	
	
	
	
	
	
	
	—


*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
3.6.1 Test of Association between Intervention Group and Variables
Results in Table 10 for Chi-square analyses showed demographic similarities across groups, supporting the study’s internal validity, though differences in ANC enrollment, gestational age at recruitment, and malaria prophylaxis uptake may have influenced outcomes. Early ANC attendance and malaria prophylaxis are recognized as critical for enhancing the effectiveness of nutritional interventions.
4. Conclusion	Comment by ASUS: The Conclusion section should be strengthened by acknowledging the study’s limitations, including the small sample size and potential selection bias, which may affect the generalizability of the results. It is also recommended that the authors include a brief note on directions for future research—such as conducting larger or multicenter studies—to validate and build upon the current findings. This addition would provide a more balanced and forward-looking closing to the paper.
Based on the findings of this study, IFA supplementation provided more significant improvements in hematological markers than MMS, reinforcing its status as the cornerstone for anemia prevention in pregnancy, especially in Nasarawa State. MMS, though less effective for iron indices, may support broader maternal and neonatal health. The findings support WHO recommendations on the use of IFA during pregnancy, while recognizing MMS’s potential role in improving pregnancy outcome and where broader micronutrient coverage is needed, and the well-established fact that it contains 15 essential vitamins and minerals, including Vitamin C , iron, and folic acid, in recommended amounts. Despite a relatively small sample size (n=36) and the three-month duration for the study, which limited the statistical power to detect small but clinically significant differences between the two regimens, changes in rapidly turning over blood markers, especially in the context of WBC differentials, were observed. Moreover, a three-month duration only covers a portion of the total pregnancy.  Integrating dietary counseling into ANC services to promote the consumption of iron-rich foods will support. Larger studies are warranted to validate these results. 
6. RECOMMENDATIONS
1. Continue to prioritize IFA supplementation in antenatal care, especially in resource-limited settings.
2. Integrate dietary counseling into ANC services to promote the consumption of iron-rich foods.
3. Consider MMS use as part of broader maternal nutrition strategies, particularly where additional micronutrient needs exist, and further evaluate its efficacy in larger studies.
Conduct larger, randomized studies with extended interventions to clarify the comparative benefits of MMS and IFA.
4. Expand community-based programs to improve maternal nutrition knowledge and support for pregnant women.
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