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The significance of Hematological Parameters related to B12 and folate deficiencies

Abstract
[bookmark: _GoBack]Background: Health services in Sudan have recently deteriorated due to ongoing armed conflict. Poverty and nutritional imbalance elevate the risk of hypovitaminosis. This study aimed to identify the hematological parameters linked to deficiencies in vitamin B12 and folate. Methodology: The current investigation was a descriptive prospective study conducted at El-Obeid Teaching Hospital in North Kordofan State, Sudan. The study included 200 individuals (100 anemic (cases) with MCV>100 fl and 100 apparently healthy volunteers (controls)) who served as an internal control for comparing hematological parameters. Results: We recruited 200 Sudanese adults aged 21-95 years, with a mean age and Standard Deviation (Std) of 52±16. Of the 200 participants, 34% were males and the remaining 66% were females. The mean concentrations of Hb, RBCs, C, and PCV of the cases were lower than in normal controls. The mean MCV ± Std values for cases and controls were 114.7 fl ± 9.6 and 86 fl ± 3.9, respectively. B12 deficiency was observed in 84% of patients. Folate deficiency was observed in 13.6% of participants with high MCV. Conclusion: Anemia is associated with a high MCV, together with changes in other hematological markers. These variations provide guidance for megaloblastic anemia etiology prediction. B12 deficiency is more common than folate deficiency in this series of patients. Further research is necessary to stabilize the relation between hematological parameters and prediction of the cause of megaloblastic anemia.
Key word: megaloblastic anemia, B12, folate, Sudan
Introduction
Megaloblastic anemia is a major health concern in developing nations. It develops when DNA synthesis is impeded during erythropoiesis, resulting in continued cell proliferation without division due to a direct effect on the cell cycle, which manifests as macrocytosis [1]. Megaloblastic anemia relates to vitamin B12 (cobalamin) or folate deficits, which cause anemia and pancytopenia, particularly with vegetarian diets [2]. Vitamin B12 is required for DNA synthesis and participates in fatty acid and amino acid metabolism. Vitamin B12 shortage can result from dietary deficiencies, malabsorption diseases, or autoimmune illnesses that impair intrinsic factor production. Folate acts as a carbon donor during pyrimidine and purine synthesis, which is required for erythroid cell maturation; hence, folate deficit impairs DNA synthesis, resulting in erythroid cell death and anemia. Folate deficiency is frequently linked to low food intake, malabsorption syndromes, or high-demand conditions such as pregnancy or haemolytic diseases. Although folate insufficiency is less frequent, it can exacerbate the problem. Currently, there is insufficient evidence regarding the epidemiology of megaloblastic anemia. The incidence of megaloblastic anemia rises with age, and poverty is a risk factor. Pernicious anemia is the most frequent type of anemia caused by B12 deficiency worldwide, and it usually develops in old age [3]. The incidence of folate insufficiency is minimal, particularly in countries where folate is supplemented in dietary products. Severe B12 deficiency causes heart failure, neurological abnormalities, an increased risk of cancer, and the development of autoimmune illnesses [4]. Folate deficiency raised the risk of neural tube abnormalities, preterm birth, and foetal growth limitation, as well as vascular endothelial dysfunction and an elevated risk of cardiovascular disease [5]. There has not been enough research on this issue in Sudan; thus, the data from this study may help to improve the diagnostic and therapeutic efficacy of patients, as well as build local guidelines to approach such patients in a safer and more effective manner. The purpose of this study was to determine the significance of hematological parameters linked with B12 and folate insufficiency.
Material and methods 
This is a prospective descriptive study that took place in El-Obeid Teaching Hospital in North Kordofan State, Sudan, between December 2023 and June 2025. 
The study included 200 patients (100 persons (cases) with clinical signs of megaloblastic anemia (MCV greater than 100 fl) and 100 apparently healthy individuals (control group)) to serve as an internal control for comparing hematological parameters. After giving consent to participate, participants' necessary identification information was recorded. The hospital collected blood samples as a part of its mandated inquiry. The blood sample collected by the hospital was further used to examine the hematological parameters besides the estimation of serum vitamin B12 and folate.
Statistical analysis
All obtained data variables were arranged in a specific data sheet and then entered a computer software statistical package for social sciences (SPSS) (version 27, IBM Inc., Chicago). Frequency, percentages, crosstabs, and chi-square tests were calculated.
Results
[bookmark: _Hlk209425450] The present study included 200 Sudanese participants aged 21 to 95 years old, with a mean age ± Std of 52±16. The majority of the study contributors were aged 60-69 years, followed by 45-59 and 35-44 years, representing 44/200 (22%), 42/200 (21%), and 40/200 (20%), respectively. Out of 200 individuals, 50% were cases and 50% were controls. Most cases were found between the ages of 45 and 59 years, followed by 60–69 and over 70, accounting for 25%, 21%, and 19%, respectively. Most controls were under the age of 35, followed by those aged 60-69 and 35-44, who accounted for 26%, 23%, and 18%, respectively. Cases and controls had relatively comparable gender distribution within each age group, though 66% were females, representing 66%, and 34% were males of the study subjects. Moreover, 65% of the study population were living in urban areas, and the remaining 34% were from rural areas, as indicated in Table 1 and Figure 1. 

Table 1 shows the distribution of the study’s subjects by age, gender, and location.
	[bookmark: _Hlk209424803]Category
	Variable
	Cases n=100
	Controls n=100
	Total

	Age
	
	
	
	

	
	[bookmark: _Hlk209448372]<35 years
	13
	26
	39

	
	35-44
	22
	18
	40

	
	45-59
	25
	17
	42

	
	60—69
	21
	23
	44

	[bookmark: _Hlk209447255]
	≥70
	19
	16
	35

	
	
	100
	100
	200

	Sex
	
	
	
	

	
	Males
	34
	34
	68

	
	Females
	66
	66
	132

	Residence 
	
	
	
	

	
	Rural 
	42
	29
	71

	
	Urban 
	58
	63
	121

	
	
	100
	92
	192




	

Figure 1 illustrates the subject's age, gender, and demographic information. 

According to occupation, most participants were housewives, followed by teachers and retirees, constituting 55/200 (27.5%), 31 (15.5%), and 27 (13.5%), in this order. Most contributors were graduates, followed by primary and secondary school students, who accounted for 78/200 (39%), 44/200 (22%), and 33/200 (16.5%), respectively (Table 2 and Fig. 2).

Table 2 displays the subject's distribution based on occupation and educational level.
	[bookmark: _Hlk209463800]Variable
	
	Cases n=100
	Control n= 100
	Total n= 200

	Occupations
	
	
	
	

	
	Students
	4
	2
	6

	
	Employee
	13
	11
	24

	
	Retired
	13
	14
	27

	
	Teacher
	14
	17
	31

	
	Free business
	9
	17
	26

	
	Farmer 
	9
	7
	16

	
	Housewife
	33
	22
	55

	
	Others
	5
	0
	5

	Education 
	
	
	
	

	
	Primary 
	26
	18
	44

	
	Intermediate 
	5
	6
	11

	
	Secondary 
	22
	11
	33

	
	Graduate 
	33
	45
	78

	
	Illiterate 
	14
	12
	26




Figure 2 illustrates the subject categorized by occupation and educational attainment. 

The mean ± Std of haemoglobin concentrations in patients showed a substantial difference compared to normal controls. The patients exhibited a mean of 5.97 g/dL with an Std of ± 1.9, while the control group demonstrated a mean of 13.2 g/dL with an Std of ± 0.97. The mean ± Std of red blood cell count was 2.2 × 10^12/L ± 0.87 for patients and 4.5 × 10^12/L ± 0.41 for controls. The mean ± Std of PCV was evaluated at 20.75% ± 5.7 for patients and 40.4% ± 3.3 for controls. The mean ± Std of MCV values for patients and controls were 114.7 fl ± 9.6 and 86 fl ± 3.9, respectively. The mean ± Std of MCH values for patients and controls were 33.7 pg ± 3.8 and 29.3 g/dl ± 1.5, respectively. The mean ± Std of MCHC levels were 33 g/dL ± 3.2 and 32.9 g/dL ± 1.4, respectively. The mean ± standard deviation of RDW was 17.9 cv ± 3.3 for patients and 14.3 cv ± 1 for controls. The mean ± Std of the WBC count was 3.74 × 10^12/L ± 1.5 for patients and 5.82 × 10^12/L ± 1.7 for controls. The mean and Std of the platelet counts were 172.08×10^12/L ±72.9 for patients and 294.060×10^12/L ±79.7 for controls. The mean ± Std of PDW was 17.1 fl ± 4 for patients and 16.2 fl ± 0.9 for controls. Table 3 illustrates these results.
Table 3 presents the distribution of study participants and controls according to hematological parameters.
	Variable
	Case Control
	Mean
	Std. Deviation

	Hb(g/dl)
	Case
	5.971
	1.9

	
	Control
	13.232
	.97

	[bookmark: _Hlk209596192]RBCs(×10^12/L)
	Case
	2.283
	.78

	
	Control
	4.503
	.41

	[bookmark: _Hlk209596216]PCV (%)
	Case
	20.758
	5.7

	
	Control
	40.471
	3.3

	WBCs(×10^12/L)
	Case
	3.747
	1.5

	
	Control
	5.820
	1.7

	[bookmark: _Hlk209596267]PLTs(×10^12/L)
	Case
	[bookmark: _Hlk209847929]172.080
	72.9

	[bookmark: _Hlk209954383]
	Control
	294.060
	79.7

	[bookmark: _Hlk209596296][bookmark: _Hlk209729421]MCV (fl)
	Case
	114.670
	9.6

	
	Control
	86.047
	3.9

	MCH (pg)
	Case
	33.711
	3.8

	
	Control
	29.392
	1.5

	MCHC (g/dl)
	Case
	33.012
	3.2

	
	Control
	32.994
	1.4

	RDW (cv)
	Case
	17.977
	3.3

	
	Control
	14.336
	1.0

	PDW (fl)
	Case
	17.152
	4.0

	
	Control
	16.252
	.91


[bookmark: _Hlk209609177]
Patients with B12 deficiency exhibited considerably elevated mean ±Std Hb concentrations compared to normal controls. Patients exhibited values of 6.7 g/dL ± 1.9, while controls demonstrated values of 13.2 ± 0.97. The mean ± Std of red blood cell count was 2.4 × 10^12/L ± 0.8 for patients and 4.5 × 10^12/L ± 0.41 for controls, respectively. The mean ± Std of PCV levels was 22.7% ± 5.7 for patients and 40.4% ± 3.3 for controls. The mean ± Std of MCV measurements for patients was 112.6 fl ± 9.9, while for controls it was 86 fl ± 3.9. The mean ± Std of MCH values for patients was 33.2 pg ± 5.2, while for controls it was 29.3 pg ± 1.5. The mean ± Std of MCHC for both groups showed very similar normal results. The mean ± Std of RDW exhibited negligible differences between patients and controls. The mean ± Std of platelets exhibited substantial variation, measured at 177.1 × 10^12/L ± 81.2 for patients and 294 × 10^12/L ± 79 for controls, as presented in Table 4. 
Table 4 presents the distribution of B12 deficiency and control subjects according to hematological parameters.
	[bookmark: _Hlk209608476]Variable
	Mean ±Std =B12
	Mean-control

	[bookmark: _Hlk209715965]Hb (g/dl)
	6.7±1.9
	13.2±.97

	RBCs (×10^12/L
	2.4±.8
	4.5±.41

	PCV%
	22.7±5.7
	40.4±3.3

	MCV (fl)
	112.6±9.9
	86±3.9

	MCH (pg)
	33.2±5.2
	29.3±1.5

	MCHC (g/dl)
	32.6±3.4
	32.9±1.4

	RDW (cv)
	18.8±3.7
	14.3±1

	PLTS (×10^12/L)
	177.1±81.2
	294±79

	PDW (fl)
	18.6±4
	16.2±.91

	WBCS(×10^12/L)
	4.2±1.9
	5.8±1.7



Patients with folate insufficiency exhibited substantially greater mean ± Std hemoglobin concentrations compared to normal controls. Patients exhibited a mean of 8.4 g/dL with a Std of 1.5, whereas controls demonstrated a mean of 13.2 with a Std of 0.97. The mean ± Std of red blood cell count was 2.6 ± 0.8 for patients and 4.5 ± 0.41 for controls, respectively. The mean ± Std of PCV levels was 29.7 ± 5.2 for patients and 40.4 ± 3.3 for controls. The mean ± Std of MCV exhibited significant variation between patients (106.8 ± 3.6) and controls (86 ± 3.9). The mean ± Std of MCH values for patients was 34.1 ± 1.6, while for controls it was 29.3 ± 1.5. The mean ± Std of MCHC for both groups displayed similar normal results. The mean ± Std of RDW exhibited minimal differences between patients and controls. Table 5 presents the mean ± Std of platelets for patients and controls, which were 259.1 ± 79.5 and 294 ± 79, respectively. 
Table 5. Distribution of folate deficiency and control groups according to hematological indices.
	Variable
	Mean± Std= Folate
	Mean-control

	
	8.4±1.5
	13.2±.97

	RBCs(×10^12/L)
	2.6±.8
	4.5±.41

	PCV (%)
	29.1±5.2
	40.4±3.3

	MCV (fl)
	106.8±3.6
	86±3.9

	MCH (pg)
	34.1±1.6
	29.3±1.5

	MCHC (g/dl)
	33.3±3
	32.9±1.4

	RDW (cv)
	17.1±1.1
	14.3±1

	PLTS(×10^12/L)
	259.1±79.5
	294±79

	PDW (fl)
	16.9±3.8
	.91

	WBCS(×10^12/L)
	4.2±1.8
	5.8±1.7



Discussion
Vitamin B12 and folate are essential dietary elements; their inadequacies often lead to a range of health consequences beyond megaloblastic anemia. In periods marked by armed conflicts and poverty, coupled with inadequate nutrition, numerous individuals find themselves unable to secure an accurate diagnosis regarding the underlying causes of anemia. Consequently, the creation of an economical, affordable diagnostic method for forecasting the specific type of anemia is considered highly important. Therefore, the present investigation endeavours to predict the occurrence of megaloblastic anemia attributable to deficiencies in B12 and folate in central Sudan amidst wartime conditions. 
We hypothesized the existence of hematological distinctions between anemic patients (cases) and ostensibly healthy individuals (controls). We undertook an examination of the hematological attributes of these two cohorts. This research involved a group of 200 Sudanese participants, comprising 100 individuals designated as cases and 100 as controls. The age of the participants varied from 21 to 95 years, with an average age of 52±16. The gender distribution was comprised of 66% female and 34% male among both cases and controls. A total of sixty-three percent of the participants resided in urban areas. This study revealed that the patients exhibited diminished levels of Hb concentrations, red blood cell count, and PCV in comparison to the control group. The results align with evidence from various regions, suggesting that megaloblastic anemia is associated with anemia, a decrease in hemoglobin and PCV, as well as cytopenia or pancytopenia [6, 7]. A further investigation revealed that in cases of megaloblastic anemia, the diminished red blood cell count resulted from the premature destruction of these cells. Additionally, patients with megaloblastic anemia exhibited low packed cell volume, alongside elevated mean corpuscular volume and mean corpuscular hemoglobin values, which aligns closely with our findings [8]. The analysis of red blood cell indices indicated the presence of macrocytosis, while the peripheral smear exhibited macroovalocytes, teardrop cells, hypersegmented neutrophils, and polychromatophils [11]. Individuals exhibiting pancytopenia and megaloblastic anemia demonstrated diminished levels of white blood cells, hemoglobin, and platelets in comparison to the control group [9]. 
MCV demonstrates a significantly elevated level when juxtaposed with the control; in the context of megaloblastic anemia, the enlarged erythrocyte serves as an indicator of particular disorders, allowing for either suspicion or exclusion based on this parameter; thus, MCV has emerged as a crucial component of the red cell profile. The elevation of MCV is associated with deficiencies in vitamin B12 and folic acid, alongside various other aetiologies of macrocytosis, including hepatic disorders, hyperglycaemia, alcohol dependence, tobacco use, and additional pathological conditions [10]. A diagnosis of vitamin B12 deficiency was established in 84% of the patients, yielding a mean value of 155.6 ± 96.8. Folate levels were found to be low in 13.7% of the subjects, with a mean of 8.1 ± 4.7, whereas excessive folate levels were identified in 2.3% of the population studied. 
Patients with deficiencies in B12 and folate typically present with reduced hemoglobin levels, diminished red blood cell counts, and lowered packed cell volume, alongside elevated mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin concentration, which are generally within normal ranges. Pancytopenia is defined by diminished total white blood cell and platelet counts, observed in 38% and 40% of cases of B12 deficiency, respectively, alongside 8.6% and 2.2% of instances of folate deficiency. The insufficiency of B12 results in a more pronounced form of anemia compared to that caused by folate deficiency. 
Bone marrow examinations were conducted in 32% of instances, and each of these revealed megaloblastic changes. 

In summary, an MCV exceeding 100 is associated with an elevated risk of megaloblastic anemia. In this context, the prevalence of B12 deficiency emerges as a significant contributor to megaloblastic anemia; nonetheless, recent episodes of war-related violence, the displacement of citizens, and pervasive poverty have exacerbated the risk of B12 deficiency. Consequently, the implementation of early blood testing, PBS, and vitamin assays facilitates prompt identification and effective management of conditions. To mitigate these issues, the implementation of nutritional education and fortification is essential. Therapeutic trials involving vitamin B12 or folic acid in environments with limited laboratory resources can assist in pinpointing particular B12 and folate deficiencies.
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Cases n=100	
<	35years	35-44yrs	45-59yrs	60—69yrs	>	70yrs	Males	Females	Rural 	Urban 	0.13	0.22	0.25	0.21	0.19	0.34	0.66	0.42	0.57999999999999996	Controls=100	
<	35years	35-44yrs	45-59yrs	60—69yrs	>	70yrs	Males	Females	Rural 	Urban 	0.26	0.18	0.17	0.23	0.16	0.34	0.66	0.32	0.68	



Cases n=100	
Students	employee	Retired	Teacher	Free business	Farmer 	House wife	others	Primary 	Intermediate 	Secondary 	Graduate 	Illiterate 	0.04	0.13	0.13	0.14000000000000001	0.09	0.09	0.33	0.05	0.26	0.05	0.22	0.33	0.14000000000000001	Control n= 100	
Students	employee	Retired	Teacher	Free business	Farmer 	House wife	others	Primary 	Intermediate 	Secondary 	Graduate 	Illiterate 	0.02	0.11	0.14000000000000001	0.17	0.17	7.0000000000000007E-2	0.22	0	0.18	0.06	0.11	0.45	0.12	






