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AćĘęėĆĈę

Megaloblastic anemia and Myelodysplastic syndrome are generally consid-
ered mutually exclusive diagnosis and at times becomes difϐicult to diagnose
on the ϐirst encounter even after performing bone marrow examination. Aim
of this study is to evaluate the role of LDH in the diagnosis of Megaloblastic
anemia by treatment response at a tertiary care center in the northeastern
part of India. Patients with age more than 12 years, Hemoglobin of patients
less than 10 gm/dl, MCV ≥ 100 ϐl, Reticulocyte count <2.5 were included in
the study. Based on serum LDH level patients were divided into two groups.
Group Awith serum LDH level≥ 1200 U/L and Group Bwith serum LDH level
of less than 1200 U/L. All these patients of serum LDH≥1200 U/Lwere given
a treatment trial of injectable Vitamin B12 containing 1000 µg of Vitamin B12
for 14 days. The response to treatment was monitored by an increment in
reticulocyte count at day 5 and day 14. Bone marrow aspiration was done
in all patients who had serum LDH less than 1200 mg/dl. Seventy-nine con-
secutive patients, who presentedwith anemia (Hb<10 g/dl) andmacrocytosis
(MCV > 100 ϐl) were included in the study. Median LDH values were higher in
the patients who responded (vitamin B12 deϐicient megaloblastic anemia) as
compared to non-responders. 93.5% of patients with megaloblastic anemia
had Vitamin B12 deϐiciency, and in comparison, the folic acid deϐiciency was
present among just 6.5 percent patients. Serum Vitamin B 12 and Folic acid
level should not be used as a sole criterion for the diagnosis of Megaloblas-
tic anemia and other parameters such as MCV, LDH, and characteristic blood
picture, should all be taken into consideration before planning an appropriate
treatment strategy.
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INTRODUCTION

Megaloblastic anemia causes substantial morbidity
in patients with anemia. Data regarding the magni-
tude of the problem in different parts of India and
the factors that might inϐluence its incidence are
lacking. Megaloblastic anemia is a common health
problem in developing countries like India. The inci-
dence of megaloblastic anemia in various part of
our country is ranging from 3.1 to 73.5 % (Toteja
et al., 2006; Kapil and Bhadoria, 2014). Mega-
loblastic anemia and Myelodysplastic syndrome are
generally considered mutually exclusive diagnosis
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and at times, becomes difϐicult to diagnose on the
ϐirst encounter even after performing bone mar-
row examination Aitelli et al. (2004). The under-
lying pathophysiology of megaloblastic anemia is a
defect in DNA synthesis due to deϐiciency of vitamin
B12 and folic acid in rapidly dividing cells (Hoffman
et al., 2013; Wang et al., 2009; Kasper et al., 2018).
Macrocytes, macro-ovalocytes and hypersegmented
neutrophils on peripheral blood smear provide sup-
portive evidence in the diagnosis of megaloblas-
tic anemia. But for the conϐirmation of a diagno-
sis of megaloblastic anemia bone marrow examina-
tion is required, which is an invasive procedure and
may not be available at peripheral centers. How-
ever, the availability of vitamin B12 and Folic acid
assay has greatly simpliϐied the diagnosis of Mega-
loblastic anemia, But it cannot be used routinely
because some patients usually come at the proper
center after taking multivitamins which also con-
tains Folic acid and vitamin B12. Another problem
with these assay is their higher cost for the countries
with resource-poor settings. The present study was
conducted to evaluate the etiology of Megaloblastic
anemia by treatment response.

Objectives

Study to evaluate the role of LDH in the diagnosis
of Megaloblastic anemia by treatment response at a
tertiary care center in the northeastern part of India.

MATERIALS ANDMETHODS

The study was conducted on adult patients with
macrocytic anemia who attended Medicine and
Hematology OPD. Inclusion Criteria: Age more than
12 years, Hemoglobin of patients less than10 gm/dl,
MCV ≥ 100 ϐl, Reticulocyte count <2.5. Exclusion
Criteria: History of recent transfusion (within 1
month), Patients already on Vitamin B12 and Folic
acid therapy, High reticulocyte count. Informed con-
sent was taken on paper from each of the patients.
A detailed clinical history was taken, and a com-
plete and thorough physical examination was done
in all cases. All patients were investigated with a
complete hemogram as provided by the Mindray
BC 3000 and 5000 automated hematology analyzer.
The analyzer is being standardizedwith internal and
external quality control regularly. External qual-
ity assurance was done every 3 months by BIO-
RAD liquicheck – hematology 16 controls manufac-
tured by Bio-Radad lab, Irvine, CA, USA. Biochem-
ical parameters like liver function test, renal func-
tion test, serum LDH and other parameters for ane-
mia were done in all cases using the ϐlexor – open
analyzer. Blood ϐilms were analyzed with particular
attention to the presence ofmacrocytes, macro oval-

ocytes, hyper segmented neutrophils, teardrop cells,
polychromatophilic cells, nucleated RBCs, Schistio-
cytes, Platelet morphology, abnormal cells – dys-
plastic cells and blasts with or without Auer rods
and hemoparasites. Based on serum LDH level
patients were divided into two groups. Group A
with serum LDH level≥ 1200 U/L and Group Bwith
serum LDH level of less than 1200 U/L. All these
patients of serum LDH ≥1200 U/L were given a
treatment trial of injectable Vitamin B12 containing
1000 µg of Vitamin B12 for 14 days. If the patient
responded, then treatment was continued as stan-
dard protocol. This parenteral therapy was accom-
panied by once-daily 5 mg of Folic acid per orally
after day 14 if the patient did not show adequate
response to vitamin B12 alone. No treatment was
given in patients without any response at the end
of 4 weeks. The response to treatment was moni-
tored by the increment in reticulocyte count at day
5 and day 14 and response in CBC, GBP, LDH at 2
and 4 weeks. If patients did not improve with vita-
min B12 and subsequently with folic acid, then he
was termed as a nonresponder and subjected to fur-
ther bone marrow aspiration/biopsy. Bone marrow
aspiration was done in all patients who had serum
LDH less than 1200 mg/dl and than they were sub-
jected to the treatment as in group B.

RESULTS AND DISCUSSION

Seventy-nine consecutive patients, who presented
with anemia (Hb<10 g/dl) and macrocytosis (MCV
> 100 ϐl) were included in the study [Figure 1].

The mean age of presentation was 36 ±19.8 years.
Among all of these patients, 59(74%) were males,
and 20 (26%) were females. The Range of MCV
was 100-142ϐl with a mean of 111.23±9.9 ϐl. The
range of baseline LDH values in all patients was
251-17022 with a mean value of 2862 IU/L. The
range of baseline Total leucocyte count was 900-
10200 /mm3 with a mean of 4331.86±2342 per
mm3 [Table 1].

Patients who responded to treatment with vitamin
B12 for 14 days and thus were conϐirmed to be
cases of megaloblastic anemia due to vitamin B12
deϐiciency had a signiϐicant improvement in mean
Hemoglobin levels from 5.8±1.4 to 9.59±1.4 g/dl at
day14 (p=0.0001)and to 12.02±1.3g/dl (p=0.0001)
at day 28 of therapy. There was also a signiϐi-
cant improvement in total leukocyte count and total
platelet count of these patients with therapy. Also,
the MCV values in these patients declined gradu-
ally with therapy from 116.29±8.5 ϐl to 99 ϐl at
day 14 and 92±7.2 ϐl at day 30. These patients
showed marked reticulocytosis at day 5 of treat-
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Figure 1: Seventy-nine consecutive patients

ment, which rose from 1.0 at baseline to 4.8 on day
5 and again settled down to 1.20 on treatment con-
tinuation. The median LDH level at baseline among
these patients was 5104 (1349-8691) mg/dl. It fell
signiϐicantly with treatment to levels of 858 (505-
1320)mg/dl. These patients also showed signiϐicant
improvement in total leucocyte count and Platelet
counts [Table 2].

Table 3 depicts in patients who did not respond
and were suffering from some other disease pro-
cess (Non –megaloblastic group)did not show sig-
niϐicant improvement in any of the three lineages.
The hemoglobin levels at baseline and after day

14 of treatment were 5.2±1.7 g/dl and 6.02±2.05
g/dl respectively. Similarly, the leucocyte count
and platelet count did not improve, and many
patients were transfusion-dependent henceforth
thereafter. These patients were then subjected to
Bone Marrow Aspiration, and then the diagnosis
was reassessed. There was a statistically signiϐicant
difference between the Total bilirubin and Direct
bilirubin values between the two groups, with a p-
value of 0.001 asmean Total Bilirubin in two groups
was 2.360±.99 mg/dl and 1.210±.8532 mg/dl
respectively and Median Direct bilirubin in respon-
ders (vitamin B12 deϐicient megaloblastic anemia)
and non responderswas 0.6(0.4-0.7) and 0.22(0.20-
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Table 1: Baseline data of all the patients
Parameter Minimum Maximum Mean SD

Age*( year) 12 87 36.06 19.876
HB(g/dl) 1.6 9.8 5.497 1.6331
TLC *(/mm3) 900 10200 4331.86 2342.165
MCV (ϐl) 100 142 111.23 9.987
Platelet*(*105) 0.1 5.9 1.045 1.01
Reticulocyte count* 0 6 1.09 0.821
LDH Day 0*(IU/L) 251 17022 2862.11 4170.757
Neutrophil 4 83 51.30 16.796
Lymphocyte 11 90 42.64 17.205
Basophil* 0 7 2.19 1.487
Eosinophil* 0 8 2.37 1.670
RBC count(*105) 0.80 3.55 2.10 0.67
MCH(pg) 25 41 32.35 3.55
MCHC(g/dl) 27 35 31.19 1.687
RDW(ϐl) 12 36 16.78 4.872
MPV(ϐl) 6 15 10.25 1.119
TB(mg/dl) 0.3 4.4 1.646 1.05
DB*(mg/dl) 0.1 2.0 0.479 0.3582
TSH(µIU/ml) 1 6 2.18 1.643
Creatinine(mg/dl) 0.5 3.4 1.020 0.5104
Iron* (µg/dl) 1 326 145.71 86.16
TIBC (µg/dl) 115 598 283.44 85.582

*indicates median is to be taken into account instead of mean values

Table 2: Biochemical parameters of patients with megaloblastic anemia after therapy with
injectable vitamin B12 in responder
Responders
N=29

Day from treatment
initiation

Mean±SD Median (IQR) p-value

TLC* TLC Day 0 5385.00±2239.065 4900 (3650-6740) –
TLC Day 14 7251.07±2037.190 6500 (5585-8325) 0.001

HB(g/dl) HB Day 0 5.803±1.4057 5.70 (4.9085-6.50) –
Hb Day 14 9.597±1.4214 9.50 (8.95-10.20) 0.000
Hb Day 28 12.021±1.3725 11.70 (11.35-

12.80)
0.000

MCV(ϐl) MCV Day 0 116.29±8.502 115 (110-121.0) –
MCV Day 14 99.47±6.703 98.0 (94.50-

103.50)
0.000

MCV Day 28 92.00±7.211 92.0 (87.50-97.50) 0.000
Platelet*
(lakhs)

PlateletDay 0 1.469±.8495 1.39 (0.789-2.12) –
Platelet Day 14 2.903±1.3855 2.50 (1.83-4.05) 0.000

Reticulocyte
count *

R.C Day 0 0.97±0.297 1.0 (0.80-1.10) –
R.C day 5 7.26±7.631 4.80 (2.40-9.50) 0.000
R.C Day 14 1.341±.6119 1.20 (1.00-1.60) 0.007

LDH*(mg/dl) LDH Day 0 5885.00±5045.468 5104 (1349-8691) –
LDH Day 14 1310.34±1828.673 858(505-1320) 0.000

(*)Indicates parameters whose median has been taken into account to calculate p-value and to ϐind statistical signiϐicance
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Table 3: Comparison of parameters comparison in Non-responders after 14 days of vitamin B 12
injection
n=41 Days after treatment ini-

tiation
Mean±SD Median (IQR) p-value

TLC* TLC Day 0 3611.29±1957.0263500(2000-4550) –
TLC Day 14 4400.00±3489.5803400(2050-5000) 0.183

HB(g/dl) HB Day 0 5.280±1.7610 5.40(4.30-6.30) –
Hb Day 14 5.483±1.7164 5.40(4.30-6.60) 0.255
Hb Day 28 6.090±2.5004 5.60(4.35-7.0) 0.007

MCV(ϐl) MCV Day 0 107.66±9.478 104(101-111) –
MCV Day 14 104.10±7.286 102(100-108.50) 0.014
MCV Day 28 99.80±13.535 93(89-114) 0.017

Platelet*
(lakhs)

Platelet Day 0 .778±1.0245 0.39(0.21-0.90) –
Platelet Day 14 75.896±474.1982 0.60(0.225-0.90) 0.383

Reticulocyte
count *

R.C Day 0 1.18±1.041 1.10(0.42-1.55) –
R.C day 5 1.71±1.502 1.50(0.68-2.24) 0.017
R.C Day 14 .947±.5108 1.04(0.50-1.30) 0.295

LDH*(mg/dl) LDH Day 0 723.98±936.034 432(335-681.50) –
LDH Day 14 522.07±660.826 305(205-505) 0.000

(*)Indicates parameters whose median has been taken into account to calculate p-value and to ϐind statistical signiϐicance

0.40) mg/dl respectively. The median vitamin B12
in responders was 113pg/ml with an interquartile
range of 84.50 -214 pg/ml while in non-responders
it was 1026 (53-2000) pg /ml. Bonemarrow aspira-
tion was done among 10 responders and of them 7
had cellular marrowwhile three had a hypercellular
marrow. Among non-responders, on the other hand,
out of 37 patients where no other cause of macro-
cytosis 17 revealed normal cellularity of bone mar-
row while 4 had hypercellular marrow. 17 patients,
however, had reduced cellularity on Bone marrow
aspiration [Table 4].

ROC curve gave a criterion value of >1132 U/L for
megaloblastic anemia in all cases ofmacrocytosis, at
which the sensitivity is 86.2% speciϐicity is 87.8 %.
The area under the curve is 0.932and the P-value is
<0.0001. LDH value of >1438 U/l was 90.7% spe-
ciϐic for the diagnosis of megaloblastic anemia in a
patientwithmacrocytic anemia and lowreticulocyte
count [Figure 2], [Table 5].

Median LDH values were higher in the patients
who responded (vitamin B12 deϐicient megaloblas-
tic anemia) as compared to non-responders. The
median LDH level in responders was 5104U/l with
an interquartile range of 1349 -8891 U/L while in
Nonresponders it was 3500U/L with an interquar-
tile range of 2000-4550U/l [Figure 3]. Table 6
compares the various parameters among patients
with High LDH (>1200IU/L) to those with Low LDH
(<1200IU/L).

Figure 2: ROC Curve for LDH

Deϐiciency of B12 or folate can not be differenti-
ated easily from one another as the clinical and
hematological features resulting from the deϐiciency
of both micronutrients are similar. Estimation of
serum levels is required to be certain of the deϐicient
micronutrient. Serum B12 and folate assay were
cumbersome dependents upon biological methods.
Hence, they were not performed widely. Currently,
the most widely used method is radioimmunoassay,
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Table 4: Bone marrow ϐindings among Responders and Non- responders
Marrow cellularity Responder NonResponder

No. % No. %

Cellular 7 70.0 16 43.2%
Hypercellular
(Megaloblastic changes)

3 30.0 4 10.8%

Hypocellular 0 0 17 36.2
Total 10 100 37 100

p value= 0.01

Table 5: Sensitivity & Speciϐicity above values of LDH for Megaloblastic Anemia
Serum LDH values Sensitivity Speciϐicity

446.00 100 53.7%
517.00 96.6% 69%
716.00 89.7% 78.0%
807.00 89.7% 81%
869.50 89.7% 82.9%
904.00 86.2% 82.9%
1017.50 86.2% 85.4%
1132.00 86.2% 87.8%
1173.50 82.8% 87.8%
1260.50 79.3% 87.8%
1339.50 79.3% 90.2%
1349.50 75 % 98%
1438 69% 98%

Table 6: Comparison of various parameters among patients with High LDH (>1200IU/L) to those
with Low LDH (<1200IU/L)
Parameters LDH>1200 Group A LDH<1200 Group B p-value

Mean±SD Median (IQR) Mean±SD Median (IQR)

TLC 4987.69±2093.4 4700(3675-
6000)

3944.32±2416.83 3550(2000-
4900)

0.071

HB(g/dl) 5.792±1.2438 5.7(4.8-6.7) 5.323±1.81 5.2(4.4-6.3) 0.248
Platelet(*105)* 1.443±.7868 1.39(0.77-

2.30)
.810±1.04 0.50(0.21-1.03) 0.00

MCV(ϐl) 114.92±9.05 113(108-
121)

109.05±9.96 105(101-114) 0.016

Reticulocyte
count

.810±1.05 1.00(0.94-
1.00)

1.06±.96 0.9(0.46-1.33) 0.619

which because of its high cost is not routinely avail-
able in developing countries. HPLCbased assayhave
also become available. Savage et al. stated that most
patients with megaloblastic hematopoiesis and pri-
mary bone marrow disorders were 70 years of age
or older, but only a minority of patients in the other
diagnostic group were in this age group (Savage
et al., 2000). But in discordance to this study, the
mean age at presentation in patients with macro-

cytic anemia in our study was 36 years, and most
of the patients of macrocytosis patients were from
age group 12 – 40 years. In other studies con-
ducted by Savage et al. (2000); Mcphedran et al.
(1973), the median age at presentation in all cases
of macrocytosis in the adult population were above
50 years (Savage et al., 2000; Mcphedran et al.,
1973). The mean age of adults at a presentation in
megaloblastic anemia was slightly less when com-
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Figure 3: Comparison of median values of LDH
in responders and non-responder

pared with other studies in India (Kannan et al.,
2016; Thimmappa et al., 2019). This might be
due to reduced life expectancy in India and espe-
cially in U.P (life expectancy ≈ 66.8 years). The
sex ratio in our study for all cases of macrocytosis
was 2.95:1. Mcphedran et al. (1973), found a slight
female preponderance with the ratio being 1:1.04 in
adult patients while in our study, male preponder-
ance was seen. This was per the study by Unnikr-
ishnan et al. (2008). Male dominance is also seen
in cases with megaloblastic anemia in our study
as compared to female preponderance in the study
done by Khanduri and Sharma (2007). The prob-
lem is further compounded by the wide range over
which the levels are obtained in normal individuals
and normal values obtained in patients with frank
megaloblasticmorphologyand severe anemia. Com-
bined deϐiciency is also seen in many cases.

The Indian series from1965 shows that isolatedB12
or combined deϐiciency was present in nearly 7%
and 5% instances while folate deϐiciency accounted
for nearly 55% (Bhende, 1965). However, Sarode
et al. (1989), from Chandigarh reported B12 deϐi-
ciency in nearly 85% cases with megaloblastic ane-
mia (adults included). The later studies from other
parts of the country have also highlighted that B12
deϐiciency is far more common than folate deϐi-
ciency. A study from Lady Hardinge hospital, Delhi
on cases with nutritional anemia shows B12 deϐi-
ciency in 19 % cases and folate deϐiciency in 12 %.
In addition, nearly 35 % of cases had levels of B12,
which could be classiϐied as low (Chandra, 2010) .
In our study, the most common cause of macrocyto-
sis was again found to be Megaloblastic anemia. But
it was found thatmost of the patients showed signif-
icant improvement with vitamin B12 alone {27 out
of 79 (34.17%)} as the treatmentwas given sequen-
tially, 2 patients responded with folic acid (2.5%).

Thus, the prevalence of Vitamin B 12 deϐiciency was
greater than folate deϐiciency among the adult pop-
ulation in this part of the country. Among rest 18
patients were conϐirmed to be due to myelodysplas-
tic syndrome (22.78%), 19 patients were conϐirmed
to be due to aplastic anemia (24.05%),1 patient was
suspected to be a case of PNH (1.2%), and 10 were
due to Acutemyeloid leukemia (12.6%) out ofwhich
one was a conϐirmed case of Erythroleukemia, 3
were due to drug-induced macrocytosis (3.7%) and
1 case was of CML. There is a signiϐicant difference
between the medians of serum LDH between mega-
loblastic and non-megaloblastic group (P-value <
0.0001). The maximum value of serum LDH was
17022U/L, which was 37 times the upper limit of
the normal range. Values as high as 28125 U/L have
been reported and the serumLDHhad reduced after
treatment with Vitamin B12 and Folate. A corre-
lation between reticulocytosis and decreasing LDH
activity followed later by a rise in hemoglobin has
been found in a few studies Gaikwad and Jadhav
(2018). Also, in our study, we did ϐind a signiϐicant
fall in serum levels of LDH in the course of treatment
of megaloblastic anemia. Fall in serum LDH was
accompanied by a progressive rise in hemoglobin,
total RBC count, PCT (up to4weeks) and serial fall in
MCV, MCH (up to 4 weeks) during the treatment of
megaloblastic anemia. Leucocyte count and platelet
count also increased if these were low before the
onset of treatment. Jaswal et al. stated that raised
serum LDH levels were seen in all types of macro-
cytic anemia, but levels were <3000 IU/L in all but
pure megaloblastic anemia. So, they concluded that
serum total LDH values >3000IU/L is diagnostic of
megaloblastic anemia and values between 451 –
3000 IU/L can be seen inmegaloblastic anemiawith
early megaloblastic change, dimorphic anemia, and
hemolytic anemias and they found that a combina-
tion of total serum LDH and reversed LDH isoen-
zyme pattern (LDH1>LDH2) can be adjuvant in the
diagnosis of megaloblastic anemia or anemia with
megaloblastic component, where serum LDH levels
are between 451 – 3000IU/L (Jaswal et al., 2000).
In our case, serum LDH > 3000 IU/L was seen in
20 cases, out of which all cases were megaloblastic.
29 patients had serum LDH > 1200 out of which 26
patients were megaloblastic. 3 cases of nonmega-
loblastic anemia had serum LDH >1000IU/L, 1 of
them had MDS, 1 had erythroleukemia, and one had
PNH.

In a study conducted by Emerson et al., the over-
all range of serum LDH in 65 cases of pure mega-
loblastic anemia was normal to 10,000IU/L, and the
mean was 1530 U/L. In our study, the range of
LDH in megaloblastic anemia was from 1349 U/L
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to 8691 U/L with the median of 5104 (Emerson
et al., 1967). Savage et al. (2000), found that LDH
elevations>220 U/L were not speciϐic or sensitive
for megaloblastic anemia. But when LDH >1000
U/L were taken, they got the sensitivity of 22.2%,
a speciϐicity of 97.5%, the positive predictive value
of 36.4% and negative predictive value of 95.1%. In
our study, we found thatwhen serumLDHwas taken
as > 1132 U/L (criterion value of ROC curve), the
sensitivitywas 86.2%, speciϐicitywas 87.8%. LDH>
1438U/Lwas 98%speciϐic in the diagnosis ofMega-
loblastic anemia, but the sensitivity dropped to69%.
Patient with macrocytosis and serum LDH > 1438
U/L and low reticulocyte count has 98% chances of
having megaloblastic anemia [Figure 2],[Table 5].

The difference in sensitivity and speciϐicity between
the two studies might be due to the difference
in the number of cases. In the present study,
serum LDH emerged as the most important param-
eter in the differentiation between megaloblastic
and non-megaloblastic macrocytic anemia. Serum
LDH > 1438 U/L with low reticulocyte count is
almost always diagnostic for megaloblastic anemia
with the possible exception of Paroxysmal Noctur-
nal Hemoglobinuria. The patients with macrocyto-
sis and serum LDH <1438 U/L needs a more thor-
ough evaluation. In our study, it was found that
93.5% of patients with megaloblastic anemia had
Vitamin B12 deϐiciency, and in comparison, the folic
acid deϐiciency was present among just 6.5 per-
cent patients. This is per a study by Khanduri
and Sharma (2007), in general population where
Vitamin B12 deϐiciency was present among 33.0 %
and folic acid deϐiciency was present among 6.8%
while 8.3% were combined. On retrospective anal-
ysis, among 31 patients who were of megaloblas-
tic anemia, 17 patients had serum Vitamin B12 and
folic acid level estimation done. Among them 12
patients(70.5%) had low serum vitamin B12 levels
(lower than the reference values e.g <150 pg/ml)
and 5 patients (29.5%) had normal vitamin B12
levels (Normal serum vitamin B12 reference values
were taken as 211 -911pg/ml).23.5% (4 out of 17
patients) had low serum folate levels (<5 ng/ml).
Among these patients, 2 (11.7%) patients with low
serum vitamin B12 and folic acid showed complete
hematological response to folic acid therapy while
2 (11.7%) patients with low folate and vitamin B12
levels had a complete and sustained hematological
and clinical response to vitamin B12 therapy alone.
Among responders, 6 patients (35.2%) had normal
vitamin B12 and Folic acid levels. Among patients
not responding to either (nonmegaloblastic group),
7 patients had serumvitaminB12 and folic acid level
estimated. Out of these seven, three patients had

low serum Vitamin B12 levels but did not respond
to therapy despite adequate supplementation.

CONCLUSION

Patients with normal vitamin B12 and folic acid lev-
els presenting with characteristic clinical, biochem-
ical, and cytopathological proϐile of megaloblastic
anemia responded to therapy with either vitamin
B12 or with folic acid. Also, some patients with low
vitamin B12 levels did not respond to therapy and
were diagnosed to be due to Myelodysplastic syn-
drome and other non-megaloblastic erythropoiesis.
Serum Vitamin B 12 and Folic acid level should not
be used as a sole criterion for the diagnosis of Mega-
loblastic anemia and other parameters such as MCV,
LDH, and characteristic blood picture, should all be
taken into consideration before planning an appro-
priate treatment strategy.

REFERENCES

Aitelli, C., Wasson, L., Page, R. 2004. Pernicious Ane-
mia: Presentations Mimicking Acute Leukemia.
Southern Medical Journal, 97(3):295–297.

Bhende, Y. M. 1965. Some experiences with nutri-
tional megaloblastic anemia. Journal of postgrad-
uate medicine, 11:145–155.

Chandra, J. 2010. Megaloblastic anemia: back in
focus. The Indian Journal of Pediatrics, 77(7):795–
799.

Emerson, P. M., Withycome, W. A., Wilkinson, J. H.
1967. The Origin of the Elevated Serum Lactate
Dehydrogenase in Megaloblastic Anaemia. British
Journal of Haematology, 13(5):656–664.

Gaikwad, A. L., Jadhav, D. S. 2018. Utility of serum
lactate dehydrogenase in the diagnosis of mega-
loblastic anemia. International Journal of Research
in Medical Sciences, 6(9):3051–3051.

Hoffman, R., Benz, E. J., Silberstein, L. E., Heslop, H.,
Anastasi, J.,Weitz, J. 2013. Hematology: basic prin-
ciples andpractice. ElsevierHealth Sciences. ISBN:
9781437729283.

Jaswal, T. S., Mehta, H. C., Gupta, V., Singh, M., Singh,
S. 2000. Serum lactate dehydrogenase in diagnosis
ofmegaloblastic anaemia. Indian journal of pathol-
ogy & microbiology, 43(3):325–329.

Kannan, A., Tilak, V., Rai, M., Gupta, V. 2016. Eval-
uation of clinical, biochemical and hematological
parameters in macrocytic anemia. International
Journal of Research in Medical Sciences, pages
2670–2678.

Kapil, U., Bhadoria, A. 2014. Prevalence of folate, fer-
ritin and cobalamin deϐiciencies amongst adoles-

2934 © International Journal of Research in Pharmaceutical Sciences



Lalit Prashant Meena et al., Int. J. Res. Pharm. Sci., 10(4), 2927-2935

cent in India. Journal of Family Medicine and Pri-
mary Care, 3(3).

Kasper, D., Fauci, A., Hauser, S., Longo, D., Jameson, J.,
Loscalzo, J. 2018. Harrison’s Principles of Internal
Medicine. 1. 20th edition.

Khanduri, U., Sharma, A. 2007. Megaloblas-
tic anaemia: Prevalence and causative factors.
National Medical Journal of India, 20(4):172–175.

Mcphedran, P., Barnes, M. G., Weinstein, J. S., Robert-
son, J. S. 1973. Interpretation of Electronically
Determined Macrocytosis. Annals of Internal
Medicine, 78(5):677–683.

Sarode, R., Garewal, G., Marwaha, N., Marwaha, R. K.,
Varma, S., Ghosh, K., Das, K. C. 1989. Pancytope-
nia in nutritional megaloblastic anaemia. A study
from north-west India. Tropical and Geographical
Medicine, 41(4):331–336.

Savage, D. G., Ogundipe, A., Allen, R. H., Stabler, S. P.,
Lindenbaum, J. 2000. Etiology and Diagnostic
Evaluation of Macrocytosis. The American Journal
of the Medical Sciences, 319(6):343–352.

Thimmappa, N., Vijeth, S. B., Prashanth, G., Sreedevi,
B. K. 2019. Evaluation of clinical, biochemical
and hematological parameters in macrocytic ane-
mia. International Journal of Advances in Medicine,
6(2):489–489.

Toteja, G. S., Singh, P., Dhillon, B. S., Saxena, B. N.,
Ahmed, F. U., Singh, R. P., Mohan 2006. Prevalence
of Anemia among Pregnant Women and Adoles-
cent Girls in 16 Districts of India. Food and Nutri-
tion Bulletin, 27(4):311–315.

Unnikrishnan, V., Dutta, T. K., Badhe, B. A., Bobby,
Z., Panigrahi, A. K. 2008. Clinico-aetiologic pro-
ϐile of macrocytic anemias with special reference
to megaloblastic anemia. Indian Journal of Hema-
tology and Blood Transfusion, 24(4):155–165.

Wang, Y. H., Yan, F., Zhang, W. B., Ye, G., Zheng,
Y. Y., Zhang, X. H., Shao, F. Y. 2009. An investiga-
tion of vitamin B12 deϐiciency in elderly inpatients
in neurology department. Neuroscience Bulletin,
25(4):209–215.

© International Journal of Research in Pharmaceutical Sciences 2935


	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion

