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ABSTRACT

Background: Anemia is a nutritional problem worldwide with an increased risk of morbidity and mortality in all age groups. Macrocytic anemia
often originates from abnormalities that impair the erythroid precursor maturation in the bone marrow. Since the clinical manifestations of different
types of anemias are similar, hematological parameters including hemoglobin, Red blood cell indices, and Peripheral Blood Smear examination are
useful in the diagnosis of anemia.

Materials And Methods: This was a cross-sectional study done in the Department of Pathology at Patna Medical College and Hospital, Patna,
Bihar. A total of 42 patients between 14 to 62 years with low Hb concentration according to the World Health Organization criteria for anemia were
selected and a mean cell volume > 100 fL was taken for study. Peripheral blood smear examination, Red blood cell indices, Vitamin B12, and Folic
acid level were evaluated.

Results: There were 42 patients with macrocytic anemia enrolled in the study with a mean age of 31.85+£12.49 years and with female
preponderance. Hemoglobin level was slightly low in males compared to females. Red blood cell indices were slightly higher in males. The
difference of serum Vit B12 and Folic acid in male and female was found to be significant.

Conclusions: It was concluded that for the diagnosis of a specific type of anemia, hemoglobin, Red blood cell indices, reticulocytes percent, and
PBS examination were important parameters. Serum Folic acid and Vitamin B12 level estimation along with other hematological parameters are
important for the diagnosis of macrocytic anemia and its correlation.
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INTRODUCTION

Anemia is a nutritional problem worldwide affecting almost two
billion people with an increased risk of morbidity and mortality in
young children, adolescent girls, and pregnant women.'” It is broadly
defined as a condition associated with a decreased total amount of Red
Blood Cells (RBC) or Hemoglobin (Hb) concentration in blood
impairing oxygen circulation which in turn has detrimental effects on
maternal and birth outcomes, optimal child growth, impaired learning,
reduced work productivity and earning during childhood.™
Socioeconomic status, traditional habits of eating, irregular eating, and
physiological conditions like pregnancy are the risk factors of
developing anemia in adolescents.™

According to World Health Organization (WHO), the Hb
concentration less than 13 gm/dl in men, 12 gm/dl in non-pregnant
women, 11 gm/dl in pregnant women, 12 gm/ dl in children aged 12 to
14 years, 11.5 gm/dl in children aged 5-11 years and 11 gm/dl in
children (less than 5 years) are the diagnostic criteria of anemia.” One
of the basis of anemia classification is based on underlying
mechanisms like impaired production, increased destruction, and huge
blood loss. The second approach classifies anemia according to the
change in red cell morphology and often correlates with the cause of
red cell deficiency which can be morphologically divided into
normocytic, microcytic, or macrocytic.’

Depending upon the size, RBCs are called enlarged erythrocytes when
Mean Cell Volume (MCV) is >100 fl which is the characteristic feature
of macrocytic anemia which often originates from abnormalities that
impair the erythroid precursor maturation in the bone marrow."’
Megaloblastic anemia is the most common cause of macrocytic
anemia due to the low availability of vitamin B12 and folic acid for
coenzymes required for thymidylate and purine synthesis which
results in impaired DNA synthesis, ineffective erythropoiesis, and
intramedullary hemolysis."™"

Since the clinical manifestations of different types of anemias are
similar, the differential diagnosis of macrocytic anemia can be done
with the physical examination, hematological parameters including
Hb, RBC indices like MCV, Mean Corpuscular Hemoglobin (MCH),
Mean Corpuscular Hemoglobin Concentration (MCHC) along with
Peripheral Blood Smear (PBS) examination. The main objective of

this study was to assess the hematological and biochemical parameters
inaperson with macrocytic anemia..

MATERIALSAND METHODS

This cross-sectional study was done in the Department of Pathology at
Patna Medical College and Hospital, Patna, Bihar from February 2020
to July 2021. Informed consent from the patients was taken before
sample handling. A total of 42 patients between 14 to 62 years with low
Hb concentration (gm/dl) for anemia diagnosis according to WHO
criteria and MCV level >100 fl were selected. The blood samples were
collected in vials containing Ethylene Diamine Tetra Acetic acid
(EDTA) anticoagulant agent and were immediately analyzed in
automated hematology analyzer in the Clinical Pathology laboratory
of PMCH, Patna. The evaluated parameters included Hb, MCV, MCH,
MCHC, reticulocytes count, and PBS.

Hemoglobin concentration and RBC indices range for the diagnosis of
anemia according to WHO'.

The reference interval for RBC indices were :

Mean Cell Volume (MCV): 80-100 fL Mean Cell Hemoglobin (MCH):
27-32 pg Mean Cell Hemoglobin Concentration (MCHC): 32-36
gm/dl Reticulocytes: (In adults= 0.5%-2.5% and In infants = 0.5%-
7%)

When MCV was greater than 100 fl, the anemia was reported as
Macrocytic anemia and undertaken for the study.

Peripheral Blood Examination

For the PBS examination, smears were made using EDTA blood and
allowed to air dry. Then, 0.25 % of the Wright stain was poured on the
entire slide and left for 2-3 minutes. An equal volume of distilled water
was added. After 15 minutes slides were thoroughly washed, dried, and
examined under a light microscope. PBS findings like macrocytic or
normocytic cells, hypersegmented neutrophils, polychromatic cells,
basophilic stippling, teardrop cells, etc were noted.

Reticulocyte Count

Equal volumes of the patient's EDTA blood and new methylene blue
reagent were mixed in a test tube and allowed to incubate at 37°C for 10
minutes. Then the smears were made and examined under oil immersion.
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Biochemical Analysis

For serum Vitamin B12 and Folic acid analysis, venous blood samples
were collected in gel vials, centrifuged at 3500 RPM for 10 minutes,
and then estimation was done in Fully automated VITROS ECi Q,
Johnson & Johnson, USA Machine.

Reference interval for Vitamin B12 = 211-911 pg/ml Reference
interval for Folic acid=3.56—20.0 ng/ml.

Data Analysis

Age, gender, Hb concentration, MCV, MCH, MCHC, reticulocyte
percentage, and other parameters were determined. Serum Vit B12 and
folic acid were also analyzed. The data obtained were managed in MS
Excel 2016 and later analyzed using IBM SPSS version 20.

RESULTS

Our study comprised a total of 42 patients with macrocytic anemia and
the age ranged from 14 to 62 years with a mean age of 31.85+12.49
years. There were 14 males (33.33%) and 28 females (66.67%) with a
male: female ratio of 1:2.

The age-wise distribution of male and female macrocytic anemia
patients with a higher incidence of 16 cases (7 males, 9 females) in the
age group 21-30 years and the least 2 cases (1 male, 1 female) in >60
years of age group.

Age-wise distribution of Hb and RBC indices was compared and Hb
level was found to be more than 8§ gm% in the age group 41- 50 years,
which was more compared to other patients. The lowest Hb level
(7.16+1.56gm/dl) was seen in the age group 21-30 years. The highest
MCYV was found in a patient less than 20 years (109.14+5.8111) and
smallest in patients above 60 years (103+2.82f1). Similarly, the MCH
and MCHC levels were found higher in 41-50 years (34.72+1.45pg
and 35.5+2.145%) whereas lower in 51-60 years (30.2+3.38pg and
31.66+2.66%) (Table 2 and 3).

Table 1 : Normal Hemoglobin Concentration At Different Age And
Sex Of The Individuals

Category Hemoglobin concentration
(gm/dl)

Children 5-59 months <11

Children 5-11 years <11.5

Children 12-14 years <12

Non-pregnant women (15 years)|<12

Pregnant women <11

Men (15 years) <13

Table 2 : Gender Wise Distribution Of Hematological Parameters

And Reticulocytes

Variables Total Male Female p-value
Mean£SD |(n=14) (n=28) (<0.05)

Age (years) 31.85+£12.49[31+£11.97  [32.28+12.94/0.375

Hemoglobin 7.38+1.44 |7.15£1.64 |7.5+1.34 0.249

(gm/dl)

MCV (f) 107.38+6.21/108.35+6.27[106.89+6.24(0.240

MCH (pg) 33.57+3.90 |34.70+3.27 [33.01+4.12 [0.078

MCHC (%) 34.13+3.11 |34.35+2.74 [34.02+3.32 |0.366

Reticulocytes (%) |4.09+2.52  |4.9243.47 |3.68+1.83 ]0.11

*p-value compares the Mean + SD values of males and females by
independent samples t-test.

Table 3 : Age Wise Distribution Of Hematological Parameters
(Mean+SD)

Age Hemoglob | MCYV (fl)| MCH MCHC |Reticuloc
(years) |in(gm/dl) M2  |(%)  |ytes(%)
<20 7.51£1.19 [109.14+5|32.58+3.9|33.61+3.0|3.25+0.81
.81 5 6
21-30 7.16+1.56 |108+6.97|34.35+4.5(34.49+2.84.55+3.37
6 6
31-40 7.26+1.71 |107.247. |33.48+3.8(34.11+4.2[4.53£2.39
03 2 2
41-50 8.3+1.35 [105.25+5(34.72+1.4(35.5+2.14{3.7+0.66
31 5
51-60 7.4+0.60 [106+3.46(30.2+3.38|31.66+2.6|4.1+2.28
6

>60 7.25+1.48 [103+2.82|34.15+0.3]|34.2+0.42|2.05+2.33
5
In PBS examination, out of 42 cases, 34 cases (80.9%) were identified
as macrocytic anemia while 8 cases (19.1%) were identified as
normocytic anemia. These macrocytic and normocytic anemia were
demonstrated with additional characteristics like hypersegmented
neutrophils in 19 cases, polychromatic cells in 25 cases, basophilic
stippling in 4 cases, and teardrop cells in 2 cases.

Among 42 patients, only 20 had serum Vitamin B12 and Folic acid
reports available out of which 15 cases had decreased levels of both
biochemical markers while 5 cases had the normal level. The overall
serum levels of Vitamin B12 and folic acid levels were found to be
decreased in macrocytic anemia patients. Also, serum concentrations
of these markers were found significantly different among male and
female anemia patients (p<0.05) (Table 4).

Table 4 : Gender Wise Distribution Of Vitamin B12 And Folic Acid

Parameters |Total Male (n=5) |Female p-value
Mean£SD (n=15) (<0.05)

Vitamin B12 |202.7+42.85|180.5+8.31 |212.214+48.29(0.01

(pg/ml)

Folic acid 343+1.86 |2.67£0.64 |[3.75+2.13 0.05

(ng/dl)

DISCUSSION

Primarily Vitamin B12 and folic acid deficiencies are the most
probable etiology of macrocytosis (MCV>100 fl) leading to
macrocytic anemia but in some cases, etiology remains unclear.
However, anemia with normal MCV may indicate a chronic or mixed
type of anemia. In this study, we used hematological and PBS
examination to identify the macrocytic anemia and correlated the
findings with their gender and age groups.

In our study, the maximum incidence of macrocytic anemia was seen in
females (66.67%) than in males (33.33%) with the peak age group 21-
30 years (mean 32.28+12.94). In contrast, Banjare B et al, Deepankaret
al, and Igbal S et al observed the highest incidence of macrocytic
anemia in males than females.”'* A study by Rayamajhi et al reported
48% of pregnant women were anemic with the maximum incidence in
the age group 15-30 years.” Similar age distributions were also
observed by Unnikrishanan et al and Deepankar et al, with mean age
35.7+16.1and 39.06+ 8.9 years respectively."

In the age-wise distribution of Hb, the patients of age group 21-30
years were present with the lowest Hb level 7.16+1.56gm/dl whereas
41-50 years age group patients had the highest Hb level 8.3+1.35
gm/dl. In all cases, the MCV was found to be increased. The largest
RBC size (MCV) was found in patients below 20 years (109+5.8111)
and the smallest in above 60 years (103+2.82f1). Regarding MCH, in
most cases (69%) the value was found to be elevated with a higher
incidence in the age group 41-50 years (34.72+1.45pg) and lower in
51-60 years (30.2+3.38pg). Similarly, MCHC values were found to be
higher in patients of age group 41-50 years (35.5+2.145%) whereas
lower in 51-60 years (31.664+2.66%). Similarly, we found the
maximum reticulocytes in the age group 21-30 years (4.55+3.37%)
whereas the minimum level in people above 60 years (2.05+2.33%).

In contrast to our study, Pudasaini S et al observed those with low
MCH had low MCHC levels, and low MCH and MCHC values were
observed in children of the age group 12-14 years."” A study by Barve S
et al'’ reported in megaloblastic anemia, low RBC count was due to
premature RBC's destruction and anemic patients had low PCV but
high MCV, MCH, and MCHC values which correlates well with this
study.

Kannan A et al reported that out of 100 cases of macrocytosis, 62% had
non-megaloblastic macrocytosis whereas 38% had megaloblastic
anemia and bone marrow disorders (46%) is the most common cause
of macrocytosis including acute and chronic leukemia, aplastic
anemia, multiple myeloma, and myelofibrosis. A significant difference
in MCV was observed between megaloblastic and non-megaloblastic
macrocytosis.'”

In this study, out of 20 available reports we observed 15 cases (75%)
had decreased level of both Vitamin B12 and folic acid whereas 5 cases
(25%) had a normal level of those markers comprising overall
decreased serum level of both Vitamin B12 and Folic acid
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(202.7+42.85pg/ml and 3.43+1.86ng/ml respectively) and the
difference between males and females were found to be statistically
significant (p<0.05). In contrast to our findings, Iqbal SP et al found out
of 220 megaloblastic anemia patients, 71% of folic acid deficient
patients had Vitamin B12 deficiency as well but there was no any
significant difference between male and female patients. 14

Similarly, Agrawal L et al observed that out of 100 macrocytic anemia
patients, 55% of patients were diagnosed with Vitamin B12 deficiency
and 8% with folate deficiency."” Deepankar et al found 54%, 25%, and
21% of participants with Vitamin B12 deficiency, folic acid deficiency,
and both Vitamin B12 and folic acid deficiency respectively.” A study
by Wyckoff KF et al reported subjects with decreased serum vitamin
B12 is likely to be without macrocytosis during the period of post
fortification and folic acid fortification led to macrocytosis correction
related to vitamin B12 insufficiency.® A review study by Batool S et al
reported vitamin B12 and folic acid deficiency is the factor responsible
for impaired DNA synthesis, ineffective erythropoiesis, and
intramedullary hemolysis which ultimately breaks red blood cells."

Out of 42 cases of PBS examinations, we found 34 cases (80.9%) were
identified as macrocytic anemia while 8 cases (19.1%) were
normocytic anemia. These macrocytic and normocytic anemia were
had characteristic features like hypersegmented neutrophils (19
cases), polychromatic cells (25 cases), basophil stippling (4 cases), and
teardrop cells (2 cases). Similarly, Deepankar et al found that out 0of 97
PBS studies of megaloblastic anemic patients, the presence of
macrocytes was common in 88% of patients and hypersegmented
neutrophils were observed in 43% cases." A study done by Agrawal et
al reported macro-ovalocytes, teardrop cells, basophilic stippling,
polychromasia, hypersegmented neutrophils or pancytopenia on PBS
examinations.”

Aslinia F et al described macrocytic anemia as an anemic state
characterized by the presence of abnormal large RBCs which is usually
recognized by automated cell counter and PBS review. A careful
review of PBS noting RBC morphology, cellular elements, and the
specific features on the smear provide important information about the
possible etiology of the anemia.”

In this study, we found the overall reticulocyte value of macrocytic
anemia patients as 4.55+3.37% accounting for 4.92+3.47% in males
and 3.68+1.83% in females, with maximum value in the age group 21-
30 years (4.09+2.5%) while minimum in the age group above 60 years.
Out of 42 cases, we observed 35 cases (83%) with increased
reticulocytes while 7 cases (13%) had a normal level. In contrast to our
study, Rairikar SS et al reported among severe anemia cases, 62.5% of
cases had normal reticulocytes whereas 9.4% cases had low and
28.12% cases had increased count.”

Likewise, D'Onofrio et al observed patients with microcytic anemia
due to iron deficiency (58 patients) and heterozygous B-thalassemia
(40 patients), and macrocytosis (28 patients) all had larger
reticulocytes than mature RBCs by 24% to 35%.” A study by Balci Y1
et al claimed that reticulocytes could be the useful marker for
differentiating iron deficiency anemia and vitamin B12 deficiency
anemia.”

In this study, the gender-wise distribution of Hb, RBC indices, PBS,
and reticulocytes showed no significant differences between male and
female patients. In contrast, serum Vitamin B12 and folic acid levels
were found to be statistically different (p<0.05) in male and female
anemic patients. A study by Sukla et al shows a similar finding which is
comparable with our study.”

CONCLUSION

In this study, we found the maximum incidence of macrocytic anemia
in females of young age group. RBC indices like MCV, MCH, Hb,
reticulocytes percent and PBS are the important factors for the
diagnosis of anemia. Serum Vitamin B12 and Folic acid test further aid
in the diagnosis of megaloblastic anemia. Thus the clinical,
hematological, and biochemical parameters are the important tools for
diagnosing macrocytic anemia and further help in differentiating
megaloblastic anemia from non-megaloblastic anemia.
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