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ABSTRACT

Objective: To compare hematological characteristics in patients with vitamin B12 deficiency anemia with and without
concomitant iron deficiency at the National Institute of Hematology and Blood Transfusion during the period 2024 - 2025.

Methods: A retrospective cross-sectional study was conducted on 281 patients diagnosed with vitamin B12
deficiency anemia from January 2024 to December 2025. Patients were divided into two groups: vitamin B12
deficiency alone and vitamin B12 deficiency with concomitant iron deficiency. Hematological parameters were
compared between the two groups.

Results: The mean age was 51.4 + 19.9 years, with a male-to-female ratio of 1:1.98. Mild and moderate
anemia accounted for 93.6% of cases. Among 281 patients, 1566 had isolated vitamin B12 deficiency, and 125 had
concomitant iron deficiency. The isolated vitamin B12 deficiency group had significantly higher Hb, MCV, MCH, and
MCHC compared to the combined deficiency group (90.5 g/L vs. 79.0 g/L; 104.6 fL vs. 69.1 fL; 34.8 pg vs. 20.8
pg; 332 g/L vs. 306 g/L, respectively; p < 0.001). Thrombocytopenia was more frequent in the isolated vitamin B12
deficiency group than in the combined deficiency group (39.1% vs. 5.6%; p < 0.05). The proportion of hypersegmented
neutrophils was high in both groups (66.0% and 70.4%, respectively), with no statistically significant difference.

Conclusion: Concomitant iron deficiency was associated with differences in red cell indices and some white blood
cell and platelet features, potentially masking the typical hematological manifestations of vitamin B12 deficiency.
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I. INTRODUCTION

Anemia is a common health problem, among
which nutritional deficiency anemia accounts for
a significant proportion, including iron, folate,
and vitamin B12 deficiencies [1, 2]. Vitamin
B12 deficiency is an important cause of anemia;
however, its hematological manifestations are
not always typical. In some cases, particularly
when concomitant iron deficiency is present, the
characteristic macrocytic features may be masked,
leading to alterations in hematological parameters
and posing diagnostic challenges.

Iron deficiency is one of the most common
micronutrient deficiencies worldwide and may
coexist with vitamin B12 deficiency [3-5]. This
coexistence may alter the characteristics of red
blood cells, white blood cells, and platelets,
thereby complicating the identification of the
underlying cause of anemia [6, 7]. In patients
with combined nutritional deficiency, the
hematological presentation may be atypical,
making diagnosis more challenging when based
only on conventional red cell indices. Although
several studies worldwide have addressed this
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combined deficiency [4, 8], data from Vietnam
remain limited. Therefore, we conducted this
study to compare hematological characteristics
in patients with vitamin B12 deficiency anemia
with and without concomitant iron deficiency at
the National Institute of Hematology and Blood
Transfusion during the period 2024 - 2025.

I1. SUBJECTS AND METHODS

2.1. Study Subjects.

A total of 281 patients diagnosed with vitamin
B12 deficiency anemia at the National Institute of
Hematology and Blood Transfusion (NIHBT) were
included. All patients were aged >18 years, met the
WHO 2011 criteria for anemia [9], and had serum
vitamin B12 levels <200 pg/mL [10]. In this study,
vitamin B12 deficiency was identified based on
serum vitamin B12 concentration recorded in the
medical charts. Additional functional biomarkers,
such as methylmalonic acid or homocysteine, were
not routinely available in all cases [11].

Exclusion  criteria:  Patients  receiving
medications or chemotherapy, or those with other
hematological disorders, including autoimmune
hemolytic anemia, hereditary hemolytic anemia,
acute leukemia, and primary myelodysplastic
syndromes, were excluded. However, due to the
retrospective design, some potential confounding
conditions that may affect MCV, platelet count,
and white blood cell parameters, such as folate
deficiency, chronic inflammatory disease, liver
disease, and other comorbid conditions, could not
be fully assessed or excluded in all cases.

2.2. Methods.

Study design: A retrospective cross-sectional
study based on medical records.

Study setting and duration: The study was
conducted from January 2024 to December 2025
at NIHBT.

Data collection: Demographic data (age, sex)
and peripheral blood cell parameters were collected
using a standardized data collection form.

Peripheral blood smear morphology was
assessed by physicians at the Department of
Cytology and Histology, National Institute of
Hematology and Blood Transfusion, all of whom
hold valid professional certificates in hematology
laboratory practice. Hypersegmented neutrophils
were defined as neutrophils with five or more
nuclear lobes [12].

Definition of iron deficiency: Serum ferritin <
30 ng/mL and/or transferrin saturation < 30% [13].
Because ferritin may be elevated in inflammatory
states, reliance on ferritin may have led to
underrecognition of iron deficiency in some patients.
2.3. Statistical analysis.

Data were analyzed using SPSS version 27.0.
Continuous variables were expressed as mean
+ SD or median and interquartile range, while
categorical variables were presented as frequencies
and percentages (%). Comparisons of categorical
variables were performed using the chi-square
(¥?) test, and continuous variables were compared
using the Student’s T-test or Mann - Whitney test,
as appropriate. A p-value < 0.05 was considered
statistically significant.

2.4. Ethical approval.

This study was approved by the Scientific
Committee of the National Institute of Hematology
Medical
University. All procedures were conducted in
accordance with ethical standards, and patient
confidentiality was strictly maintained.

II1. RESULTS
3.1. General characteristics

Among the 281 patients included in the study,
the male-to-female ratio was 1:1.98. The mean age
was 51.4 £ 19.9 years, with the > 60 - year age group
accounting for the highest proportion (43.1%).

3.2. Characteristics of Peripheral Blood Cells

Mild and moderate anemia accounted for a
very high proportion (93.6%), while only 6.4% of
patients had severe anemia (Figure 1).
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' Severe anemia

= Moderate anemia

= Mild anemia

Figure 1: Severity of anemia in the study population

The median MCV, MCH, and MCHC in the isolated vitamin B12 deficiency group were 104.6 fL,
34.8 pg, and 332 g/L, respectively, which were significantly higher than those in the group with iron
deficiency (69.1 fL, 20.8 pg, and 306 g/L, respectively) (p < 0.001). The RBC count in the group with
concomitant iron deficiency (3.76 T/L) was higher than that in the isolated vitamin B12 deficiency group
(2.55 T/L) (p < 0.001). Hb levels in the isolated vitamin B12 deficiency group (90.5 g/L) were higher
than in the group with concomitant iron deficiency (79.0 g/L) (p < 0.001). RDW and RET (%) showed
no statistically significant differences between the two groups (Table 1).

Table 1: Distribution of patients by selected red blood cell parameters

Median (Q1-Q3)
Parameters Overall Isolated vitamin BI2 | ﬁz'etz:‘y"v‘v ;llziron p-value
(n=281) deficiency (n=156) deficiency (n=125)
RBC (T/L) 3.16 (238 - 3.81) 2.55(2.06 - 3.15) 376 (333-4.18) | <0.001
Hb (g/L) 84.0 (74.0 - 97.0) 90.5 (76.3 - 100.7) 79.0 (70.5-89.5) | <0.001
Het (%) 26.6 (23.6 - 29.5) 27.4(23.1-30.4) 26.1 (24.1-28.7) > 0.05
MCV (fL) 89.2(69.7-110.4) | 104.6(91.5-1204) | 69.1(60.9-77.3) | <0.001
MCH (pg) 29.0 (20.9 - 36.6) 34.8 (30.5 - 40.4) 20.8(17.8-249) | <0.001
MCHC (g/L) 323 (306 - 336) 332 (323 - 342) 306 (292 - 320) <0.001
RDW (%) 18.9 (16.0 - 22.4) 18.6 (15.7 - 24.9) 19.0 (16.9 - 20.9) > 0.05
RET (%) 2.08 (131 - 2.80) 1.86 (1.05 - 3.27) 2.18 (1.54 - 2.54) > 0.05

*Abbreviation: RBC: Red blood cells; Hb: Hemoglobin, Hct: Hematocrit; MCV: Mean Corpuscular
Volume; MCH: Mean Corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration,
RDW: Red Cell Distribution Width; RET; Reticulocyte.

The proportion of thrombocytopenia (<150 G/L) in the isolated vitamin B12 deficiency group was
39.1%, which was significantly higher than in the group with iron deficiency (5.6%) (p < 0.05) (Table 2).
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Table 2: Distribution of patients according to platelet count

Parameters Overall n (%) Isolate('l vitamin B12 Yitzfmin B12 .deﬁciency p-value
deficiency n (%) with iron deficiency n (%)
<150 68 (24.2) 61 (39.1) 7 (5.6)
150 - 450 189 (67.3) 86 (55.1) 103 (82.4) <0.05
> 450 24 (8.5) 9(5.8) 15 (12.0)

The median WBC count was higher in the group with concomitant iron deficiency than in the isolated
vitamin B12 deficiency group (8.09 vs. 5.01 G/L, p < 0.001). The proportions of neutrophils and
monocytes were lower in the isolated vitamin B12 deficiency group, while the lymphocyte proportion
was higher (p < 0.001) (Table 3).

Table 3: Distribution of patients according to white blood cell (WBC) count

Median (Q1-Q3)

Parameters Overall Isolated vitamin Vitamin B12 p-value

(n=281) B12 deficiency deﬁcif:ncy with iron

(n=156) deficiency (n=125)
WBC (G/L) 6.44 (3.88-8.91) | 5.01(3.07-7.65) 8.09 (5.87 - 9.48) <0.001
Neutrophil (%) 65.0 (53.5-72.0) | 59.5(48.2-70.0) 67.0 (61.0 - 74.0) <0.001
Lymphocyte (%) 25.0(19.0-37.0) | 31.0(22.0-44.0) 21.0 (18.0 - 25.5) <0.001
Monocyte (%) 7.0 (5.0 - 8.0) 5.0(4.0-7.0) 8.0(7.0-9.0) <0.001
Neutrophil (G/L) 3.97(2.09-6.18) | 2.88 (1.62-5.09) 5.34 (3.67-6.71) <0.001

Lymphocyte (G/L) | 1.57(1.20-1.96) | 1.49 (1.13-1.87) 1.67 (1.29 - 2.00) 0.013

Monocyte (G/L) 0.46 (0.24 - 0.65) | 0.27(0.13-0.49) 0.59 (0.46 - 0.79) <0.001

The proportion of hypersegmented neutrophils was relatively high in both groups (66.0% and 70.4%,
respectively), with no statistically significant difference between them (Table 4).
Table 4: Distribution of patients according to neutrophil morphological features

Overall Isolated vitamin Vitamin B12
Morphology n (%) B12 deficiency | deficiency with iron p-value
¢ n (%) deficiency n (%)
Normal 90 (32.1) 53 (34.0) 37 (29.6)
Hypersegmented neutrophils 191 (67.9) 103 (66.0) 88 (70.4) >0.05
Total 281 (100) 156 (100) 125 (100)
IV. DISCUSSION A key finding of this study is the marked

The study included 281 patients diagnosed with
vitamin B12 deficiency anemia at NIHBT. The mean
age was 51.4 years, with most elderly patients. This
may be related to reduced vitamin B12 absorption,
inadequate nutritional intake, or the presence of chronic
gastrointestinal disorders in this age group.

difference in hematological characteristics between
patients with isolated vitamin B12 deficiency and
those with concomitant iron deficiency. In the
combined deficiency group, Hb, MCV, MCH,
and MCHC were significantly lower than in the
isolated vitamin B12 deficiency group (p <0.001),
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whereas RBC tended to be higher (Table 1). These
findings reflect the combined effects of two distinct
pathophysiological mechanisms on erythropoiesis.
Vitamin B12 deficiency leads to impaired DNA
synthesis, delayed nuclear maturation, and ineffective
hematopoiesis, resulting in macrocytic anemia [2,
10]. In contrast, iron deficiency reduces hemoglobin
synthesis, leading to microcytic, hypochromic red
blood cells [14]. When these two conditions coexist,
the resulting hematological profile represents an
interaction between these mechanisms, in which
the microcytic, hypochromic features
deficiency may attenuate or mask the characteristic
macrocytosis of vitamin B12 deficiency. Remacha et
al. (2013) similarly reported that macrocytosis may
not be evident in cases of combined vitamin B12
and iron deficiency, as iron deficiency can mask the
macrocytic features of vitamin B12 deficiency [4]. In
clinical practice, MCV is commonly used to guide
the differential diagnosis of anemia: elevated MCV
suggests vitamin B12 or folate deficiency, whereas
reduced MCV suggests iron deficiency or thalassemia.
However, our findings indicate that in patients with
concomitant iron deficiency, MCV may be markedly
reduced or remain within the normal range, resulting
in an atypical presentation of vitamin B12 deficiency.
Therefore, reliance solely on MCV may lead to
underdiagnosis of vitamin B12 deficiency in such
cases. This is particularly important in patients with
persistent anemia, suboptimal response to treatment,
or clinical features that are disproportionate to red
blood cell morphology. Although ferritin is an acute-
phase reactant that may be elevated in inflammatory
states, its use in conjunction with transferrin saturation
and the observation of significant decreases in MCV,
MCH, and MCHC indicate that the classification of
iron deficiency in this study is scientifically grounded
and reflects clinical reality.

In addition to differences in red cell indices,
variation in platelet parameters was also noteworthy
(Table 2). In our study, thrombocytopenia was
more frequent in patients with isolated vitamin
B12 deficiency than in those with concomitant iron
deficiency. One possible explanation is that vitamin
B12 deficiency and iron deficiency may influence
platelet production in different ways: vitamin B12
deficiency may lead to ineffective hematopoiesis

of iron

and thrombocytopenia, whereas iron deficiency is
more often associated with normal platelet counts
or reactive thrombocytosis [15]. This suggests
that coexisting iron deficiency may attenuate the
thrombocytopenic effect of vitamin B12 deficiency
in some patients. However, previous studies have
reported mixed findings regarding platelet indices in
combined nutritional deficiency. Beyan et al. found
higher platelet counts in patients with combined
deficiency than in those with isolated iron deficiency
[8]. Taken together, these findings suggest that
concomitant iron deficiency may modify platelet-
related parameters in vitamin B12 deficiency, but
the magnitude and direction of this effect may vary
across different study populations and study designs.

Regarding the white blood cell lineage, a high
proportion of patients in both groups exhibited
hypersegmented neutrophils, with no statistically
significant difference between the groups (Table 4).
This suggests that the presence of hypersegmented
neutrophils are a common and potentially useful
morphological clue in vitamin B12 deficiency, even
in the presence of concomitant iron deficiency;
however, because this feature was absent in a
considerable proportion of patients, it should not
be considered a standalone diagnostic marker. This
is a classic morphological feature of vitamin B12
deficiency related to impaired DNA synthesis [12].
Thompson et al. (1989) reported that neutrophil
hypersegmentation has higher sensitivity than
MCV in detecting vitamin B12 deficiency;
however, its specificity is limited, and it cannot
be used as a standalone diagnostic criterion [16].
In our study, this feature was absent in 32.1% of
patients. Moreover, hypersegmented neutrophils
may also be observed in various hematological
disorders, particularly myelodysplastic syndromes.
Therefore, accurate diagnosis requires integration
of peripheral blood morphology, red cell indices,
and serum vitamin B12 measurement.

The diagnosis of vitamin B12 deficiency in this
study was based on serum vitamin B12 concentration.
Although this approach is commonly used in clinical
practice, serum vitamin B12 alone may have limited
diagnostic accuracy in some cases, particularly in
borderline results. Because confirmatory biomarkers
such as methylmalonic acid or homocysteine were not

18 Journal of Clinical Medicine - Hue Central Hospital - Volume 18, number 3 - 2026



Comparison of Peripheral Blood Cell Characteristics in Patients...

routinely available, some degree of misclassification
could not be excluded.

Limitations: This study has several limitations.
First, its retrospective cross-sectional design means that
the analysis depended on the completeness and quality
of medical records and only allowed the assessment
of associations, not causal relationships. Second, the
study was conducted at a single center, which may limit
the generalizability of the findings. In addition, because
ferritin is an acute-phase reactant, concomitant acute
infection or inflammation may have influenced ferritin
levels in some patients, and these conditions could not be
fully excluded in this retrospective study. Nevertheless,
with a relatively large sample size, this study provides
useful data on peripheral blood cell characteristics in
vitamin B12 deficiency anemia, particularly in the
presence of concomitant iron deficiency.

V. CONCLUSION.

Based on the analysis of 281 patients with vitamin
B12 deficiency anemia at the National Institute of
Hematology and Blood Transfusion, anemia was
predominantly mild to moderate in severity (93.6%).
Concomitant iron deficiency significantly decreased
MCV, MCH, and MCHC, while increasing red
blood cell count compared to isolated vitamin
B12 deficiency. Thrombocytopenia was more
commonly observed in the isolated vitamin B12
deficiency group. Hypersegmented neutrophils were
common in both groups and may provide supportive
morphological evidence of vitamin B12 deficiency.
However, because this feature was not observed in
all patients, it should not be considered a universal or
standalone diagnostic marker.
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