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ABSTRACT

Introduction: Vegetarian diets have many health disadvantages; avoiding animal-derived foods may
increase the risk of vitamin B12 deficiency, especially vitamin B12 and folate deficiency. This study
compared serum vitamin B12 and folate levels between vegetarians and non-vegetarians. Methods: This
comparative cross-sectional study included 50 healthy participants in Erbil, Iraq: 25 vegetarians and 25
non-vegetarians. Blood samples were collected and analyzed blood samples to determine complete blood
count and serum vitamin B12 and folate levels. Results: Vegetarians had lower vitamin B12 concentrations
with a borderline significant difference (p=0.050), while serum folate levels did not differ significantly
between groups. Compared with non-vegetarians, vegetarians had significantly lower hemoglobin
concentration and red blood cell count (p < 0.05), while RDW-SD and RDW-CV were significantly higher
(p <0.05). Conclusion: This study concluded that vitamin B12 levels decreased and several complete blood
count parameters were altered in the vegetarian group. In comparison between the two groups, serum folate

levels were not altered.
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INTRODUCTION

A non-vegetarian diet includes both animal-based foods like eggs, dairy products, fish, meat, and chicken,
and plant-based foods like green leafy vegetables, rice, and potatoes (Eveleigh et al., 2023). Vegetarian or
vegan diets, which either completely or partially forgo these foods, contrast with this eating pattern (Raj et
al., 2025). The vegetarian diet plans include plant-based foods such as vegetables, fruits, seeds, and nuts,
while excluding fish, meat, and poultry (Tseng et al., 2020). A non-vegetarian diet enables a wider intake of
vital nutrients, including accessible iron, vitamin B12, and complete proteins, which are more prevalent in
foods of animal origin, because it includes a range of foods from both plant and animal sources (Bruns et al.,
2024). In contrast, veganism is a lifestyle that is characterized by excluding animal-based foods and
consuming non-animal-origin foods like fruits, vegetables, nuts, and seeds (Bali and Naik, 2023).

Vitamin B12 (Cobalamin) is a water-soluble vitamin that has many important functions in the human body,
such as supporting the healthy growth and development of the brain and nervous system, as well as red blood
cells, and also functioning as a coenzyme in many metabolic processes, such as the production of DNA,

methylation processes, and fatty acid metabolism (Al Amin & Gupta, 2020; Halczuk et al., 2023).

The vitamin B12 deficiency then progresses to megaloblastic anemia and cognitive impairment, which are
the most common nutritional defects among vegetarian diets due to animal-derived foods, such as fish, meat,
poultry, eggs, and dairy products, being the primary source of vitamin B12, which causes vitamin B12
deficiency (Dhande et al., 2024). Vitamin B9 (Folate) is a water-soluble B-complex vitamin that acts as a
cofactor in DNA synthesis and repair, amino acid homeostasis, RBC production, antioxidant generation, and
methylation (Lyon et al., 2020). Green leafy vegetables, legumes, fruits, eggs, and liver are the primary
natural food sources of folate (Li et al., 2025). Deficiency of vitamin B9 can impair DNA production
processes that lead to neuropsychiatric symptoms, megaloblastic anemia, and elevated homocysteine levels,
which increase the risk of developing cardiovascular diseases (Baddam et al., 2025). During pregnancy, folate
plays an important role in healthy cell division and embryonic growth and development; deficiency can cause
neural defects and other congenital abnormalities in the fetus (Buchanan, 2024). The first-line hematological
test and one of the most common blood tests requested by clinicians is complete blood count (CBC), which
estimates the total number of cell components in the blood, such as red blood cells (RBC), white blood cells
(WBC), and platelets, and also evaluates the characteristics of blood cells such as hemoglobin count (Hb),
RBC count, hematocrit (HCT)indicates the percentage of total blood volume, mean corpuscular volume
(MCV) indicate the average size of red blood cells, mean corpuscular hemoglobin (MCH) evaluate the
average amount of Hb per RBC, and mean corpuscular hemoglobin concentration (MCHC) reflects the
average concentration of Hb with RBC, red cell distribution width (RDW)Indicates variation in red blood
cells size, WBC total and differential count, and platelet count and mean platelet volume (MPV) (Seo and
Lee, 2022). Both vitamins must be sufficiently available in the bone marrow for proper erythropoiesis and
the development and maturation of adult red blood cells, as they are involved in DNA synthesis and one-

carbon metabolism processes; these processes play an essential role in normal DNA production and bone
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marrow cell division, leading to normal RBC count, hemoglobin concentration, MCV, and RDW (O’Leary
and Samman, 2010; Baddam et al., 2025). Several studies have concluded that the vegetarian diet plan is
associated with reduced risks of obesity, type two diabetes mellitus, hypertension, cardiovascular diseases,
and cancer, while increasing the risk of some micronutrient deficiencies such as vitamin B12, calcium,
vitamin D, zinc, iron, and omega-3 (Melina et al., 2016; Craig et al., 2021). Compared to omnivorous diets,
vegetarian diets, especially strict vegan diets, are linked to lower circulating vitamin B12 concentrations and
a higher prevalence of B12 deficiency (Rizzo et al., 2016). Due in major part to their consumption of more
folate-rich fruits, vegetables, legumes, and whole grains, vegetarians and vegans typically have greater
dietary folate and, on average, higher serum folate concentrations than non-vegetarians (Dawczynski et al.,
2022). However, folate status varies across populations: some vegetarian communities may still have
deficient folate levels without deliberate intake or fortification because of differences in supplement and
fortified-food use, regional food patterns, and research methodologies. Studies from other populations have
shown variations in vitamin B12, folates, and hematological indices according to dietary patterns. For
instance, the study found that Spanish vegetarians had generally high folate status but showed evidence of
vitamin B12 insufficiency (Gallego-Narbon et al., 2019). Because dietary patterns may affect vitamin intake
and concentration, they may also alter hematological profiles. This study aims to compare serum vitamin B1
and folate levels and hematological parameters between individuals following vegetarian and non-vegetarian

diets, and to find the effects of these vitamins on hematological parameters in the human body.

METHODS

A comparative cross-sectional study was designed to estimate and compare the serum levels of vitamin B12
and folate in vegetarians and non-vegetarians. Fifty healthy Participants were chosen from the eligible study
population using random sampling. Every eligible participant was assigned a unique identification number,
and a list of all participants who met the inclusion criteria was created from September 25 to November 2,
2025. Every participant ranged in age from 18 to 40, and the frequency of female participants in the sample
was higher than that of male participants. This sample size was suitable for accomplishing the study's goals
within the specified time frame and research environment. Participants were divided into vegetarian (n=25)
and non-vegetarian (n=25) groups based on their eating patterns. The vegetarian group had followed a
vegetarian diet for at least a year before the study; their diet plans included plant-based foods such as
vegetables, fruits, nuts, and legumes, whereas the non-vegetarian group ate animal-based foods such as

fish, meat, and poultry at least 3 times per week.

People who did not fit the dietary classification requirements, were beyond the specified age range, or
refused to participate were all omitted from the study. Participants with hematological disorders, established
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chronic diseases, taking vitamin B12 supplements, any supplements that affect the CBC results, or
conditions that might affect the metabolism of folate or vitamin B12 were not allowed to participate. A
systematic questionnaire was used to collect demographic information such as age, gender, dietary pattern,
duration of vegetarian diet, and medical history. By using a standard operating procedure for phlebotomy,
5 mL of venous blood was drawn from each individual and collected in an EDTA tube for CBC testing and
in serum separator tubes (SST), allowed to clot at room temperature for 30 minutes, and then centrifuged
at 3,000 rpm for 10 minutes to obtain serum to evaluate serum vitamin B12 and folate. All parameters,
complete blood count (CBC), serum vitamin B12, and Folate concentration, were analyzed at the Dina
Diagnostic Laboratory in Erbil, Iraq. The Beckman Colter Access Immunoassay System (Beckman Colter,
USA) was used to evaluate the amount of serum vitamin B12 and folate using competitive immunoassay
methods. Statistical Package for the Social Sciences (SPSS) was used for statistical data analysis. For
finding the normality of continuous data in SPSS, the Shapiro-Wilk test was used. Numerical data were
expressed as mean = standard error, estimated using an independent t-test. To assess associations between
categorical (qualitative) variables, Fisher’s exact test was used. Pearson correlation coefficient was used to
evaluate the statistical correlation (relationship) between two quantitative variables. A statistically non-
significant difference is shown by a P-value greater than 0.05, whereas a significant difference is indicated
by a probability value (P-value) less than 0.05. A highly significant difference was indicated when the P-

value was less than 0.001.

RESULTS

Demographic and lifestyle characteristics of vegetarian and non- vegetarian participants

We used Fisher's exact test to compare demographic and lifestyle features of participants between
vegetarians (n = 25) and non-vegetarians (n = 25), as shown in Table 1. With five males and twenty
females in each group, the sex distribution was the same in both groups, with no statistically significant
difference (p > 0.999). Similarly, there was no discernible difference in the participants' smoking status
between the two groups. Among vegetarians, there were four smokers and twenty-one non-smokers,
whereas the non-vegetarian group had six smokers and nineteen non-smokers (p = 0.725). Exercise habits,
however, differed notably. Twenty-four vegetarians and sixteen non-vegetarians reported not exercising,
while only one vegetarian participant reported exercising, compared to nine in the non-vegetarian group.
In this study sample, non-vegetarians were more likely to exercise than vegetarians, as evidenced by the

statistically significant difference (p = 0.011). The two groups' ages did not differ significantly (p = 0.703).
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Table 1: Demographic and lifestyle characteristics

\Variable Category Vegetarian Non-Vegetarian |p-value
(n=25) (n=25)
Male 5 5
Gender No. (%)
Female 20 20 0.999
Smoker 4 6
Smoking status 0.725
[J)
No- (%) Non-smoker 21 19
Duration of Vegetarian Diet <1 year 728.0%) | = -—-
No. (%) 0.140
1-5 years 50200%)) | @ -
> 5 years 13 (52.0%) | -
[Exercise Yes 1 9 0.011"
No. (%)
No 24 16
Age (years) 26.40 £ 1.29 2544 +1.17 0.703
Mean + SE

Fisher’s Exact Test, Independent t-test

Comparison of hematological parameters between vegetarian and non- vegetarian participants

Table 2 presents the comparison of hematological characteristics between vegetarian and non-vegetarian
participants. We used an independent t-test to analyze the data, which are displayed as Mean + Standard
Error (SE). Vitamin B12 levels were lower in vegetarians than in non-vegetarians and showed borderline
significance (p = 0.050). A few blood values varied notably. Vegetarians had lower hemoglobin and red
blood cell counts than non-vegetarians (p = 0.027 and p = 0.004). Vegetarians had reduced MCHC (p <
0.001) and higher MCV (p < 0.001). Additionally, vegetarians had lower WBC counts and greater RDW-
SD and RDW-CV, with statistically significant differences. However, vegans and non-vegetarians did not

differ of folate, MCH, or platelet count. Overall, these findings show that while some blood parameters
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Table 2: Comparison of hematological parameters between vegetarian and non- vegetarian

participants
IParameter Vegetarian INon-Vegetarian Mean
(n=25) (n=25) Diff 95% CI  |p-value
(Mean + SE) (Mean + SE)
\Vitamin B12 (—55.41,
o/mL 170.40 £11.10 194.00 + 11.03 —23.29 8.83) 0.050

Folate (—2.34,

ng/mL 7.82 +0.87 8.14 = 0.59 —0.32 b.06) 0.342

Hemoglobin (—1.54, - %

o/dL 11.80 £0.27 12.65+£0.26 —0.85 0.10) 0.027

RBC x10%uL 4.15+0.12 4.59 +0.09 —0.44 (—0.76, — [0.004*
0.05)

MCV {L 93.02 +£2.13 83.67 £ 0.88 9.35 (4.37, [£0.001*
13.95)

MCH pg 28.70 + 0.67 27.62 +0.37 1.08 (—0.70, 10.165
2.60)

IMCHC g/dL 30.98 £ 0.58 32.98 +0.13 —2.00 (-3.52, - < 0.001*
0.60)

RDW-SD fL 69.66 + 8.37 44.25 +0.26 25.41 (8.08, ]0.038
45.02)

IWBCx10%/uL 6.38 £0.39 7.62 +£0.26 —1.24 (—2.37,—10.010*
0.24)

Plateletx 10%/uL 257.60 +13.38 277.30+9.82 ~19.07 |(-52.9, (0.242
20.8)

RDW-CV % 20.71 £ 1.82 1424 £0.17 —0.0089 |(2.70to [0.001*
10.24)

Values are expressed as Mean + Standard Error (SE), and an independent t test was used. Significant values

are bolded (p < 0.05)
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Figure 1: A box plot comparing vitamin B12 levels between vegetarians (veg) and non-vegetarians

(non-veg). The verge of statistical significance, as indicated by the p-value of 0.05.
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Figure 2: A box plot comparing folate levels between the vegetarian (veg) and non-vegetarian (non-veg)

groups. The (p = 0.3424) shows that the difference is not statistically significant.
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Figure 3: Hemoglobin (Hb) levels are higher in non-vegetarians than in vegetarians, according to the

graph. This difference is statistically significant because the P-value is 0.0271.
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Figure 4: The Red Blood Cell (RBC) counts of vegetarians and non-vegetarians are contrasted in this

graph
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Correlation between Vitamin B12, Folate, and hematological parameters

A statistically significant result is shown by a p-value of less than 0.05. Hemoglobin and vitamin B12 had a
very modest correlation (r = 0.099) that was not statistically significant (p = 0.637). This indicates no
correlation between vitamin B12 levels and hemoglobin levels in this investigation. Hemoglobin and folate had
a weakly positive correlation (r = 0.178), but the p- value (0.395) was higher than 0.05. This suggests no
meaningful connection between folate and hemoglobin. For folate and MCH, there was no link between MCH
and folate, as shown by the near-zero correlation (r = -0.011) and p-value of 0.960. Vitamin B12 and MCH.
Overall, because all p-values were higher than 0.05, no discernible relationship was found between vitamin

B12, folate, hemoglobin, and MCH.

Table 3: Correlation between Vitamin B12, Folate, and hematological parameters

Variables r (Correlation coefficient) p-
value

Hemoglobin vs Vitamin B12 0.099 0.637

Hemoglobin vs Folate 0.178 0.395

IMCH vs Folate -0.011 0.960

IMCH vs Vitamin B12 0.206 0.323

Pearson correlation coefficients.
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DISCUSSION

The present study discussed significant differences in vitamin B12 levels and some hematological parameters
between non-vegetarian and vegetarian participants. This study compared serum vitamin B12 and folate levels
in vegetarians with non-vegetarians, revealing significant differences in micronutrient status, particularly in
vitamin B12. This finding is consistent with the results of a study by Naji (2025). Because vitamin B12 is found
almost exclusively in animal-based foods, vegetarians have low levels of this vitamin. In contrast to the
majority of vitamins, cobalamin is produced by bacteria and builds up in animal tissue. As a result, people who
limit or abstain from animal products consume less vitamin B12 (Rizzo et al., 2016). Because of the extensive
use of fortified foods and supplements, a 2024 systematic review and meta-analysis of Seventh-day Adventists

concluded that vegan or vegetarian diets did not increase the risk of vitamin B12 deficiency (Janko et al., 2025).

The present study showed a non-significantly lower folate level in a vegetarian diet than a non-vegetarian diet;
this finding disagrees with a previous study, which demonstrated significantly increased folate levels among
vegetarian diets, which may be related to sample size and also to the fact that vegetarian individuals consume
folate-rich foods such as legumes and leafy green vegetables (Pawlak et al., 2021).

Compared with non-vegetarians, hematological parameters such as red blood cell (RBC) count, hemoglobin,
mean corpuscular hemoglobin concentration (MCHC), and white blood cell (WBC) were significantly lower
in the vegetarian group. In contrast, mean corpuscular volume (MCV), red cell distribution width-standard
deviation (RDW-SD), and red cell width-coefficient of variation (RDW-CV) were significantly higher. This
finding indicated early hematological alteration associated with lower vitamin B12 concentration. A recent
study concluded that hemoglobin and RBC count were significantly lower in vegetarians since Vitamin B12
plays an important role in the DNA synthesis pathway that affects the production of red blood cells and
hemoglobin, and also showed no significant difference in MCV, MCHC, RDW, and WBC (Storz et al., 2025).
These variations in erythropoietic and nutritional status, such as insufficient consumption or bioavailability of
vitamin B12 or other hematopoietic nutrients like iron, may be reflected in this pattern. When evaluating these
findings, consider potential confounders such as physical activity and supplement use, especially folate and
vitamin B12 supplements, since they may affect hematological parameters, particularly vitamin B12, folate
status, hemoglobin, and RBC count. Socioeconomic class may influence access to fortified foods, the use of
nutritional supplements, and eating choices.

In this study, there was no statistically significant correlation between vitamin B12 levels and hemoglobin
concentration (r = 0.099, p = 0.637); this is consistent with another study (Kwok et al., 2002). In the current
study, we found no significant correlation between folate and hemoglobin (r = 0.1780, p = 0.395). This result
may suggest that variations in hemoglobin levels among vegetarian participants are not explained by serum

folate concentration alone, as other nutritional factors, such as iron and vitamin B12 status, may also affect
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hematological status (Selinger et al., 2019). Regarding mean corpuscular hemoglobin (MCH), the study found
no significant correlation with vitamin B12 and folate (r = 0.206, p = 0.323) and (r = -0.011, p = 0.960),
respectively.

The main strengths of this study are the direct comparison of serum folate and vitamin B12 levels between
vegetarian and non-vegetarian individuals and the evaluation of hematological parameters.

The limitations of this study are a small sample size, a short study duration, and the fact that most people in
the study environment do not follow a vegetarian diet. The present study shows that serum levels of vitamin
B12 are low among vegetarian participants and recommends that vegetarians consume adequate levels of
vitamin B12 through fortified foods or supplements to protect themselves against vitamin deficiency and
alterations in hematological parameters. In addition, periodic assessment of complete blood count and vitamin

B12 concentration may help prevent micronutrient deficiency and hematological disorders.

CONCLUSION
In the present study, variation in vitamin B12 levels and several hematological markers was observed in
vegetarian and non-vegetarian individuals. Vegetarians showed lower serum vitamin B12, along with low red
blood cell count, hemoglobin concentration, and MCHC, while MCV, RDW-SD, and RDW-CV were higher.
These data suggest that poor vitamin B12 intake may be linked to early hematological changes in those on a
vegetarian diet. However, the lack of a strong association between vitamin B12 or folate levels and hemoglobin
or MCH suggests that hematological variability may not be explained solely by these micronutrients and may
involve other dietary and lifestyle factors. To further assess the noted variations in vitamin B12, folate status,

and hematological markers between vegetarian and non-vegetarian populations. Larger prospective studies are

needed.
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