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Occult cobalamin and folate deficiency in
Indians

UMA KHANDURI, ARCHNA SHARMA, ARTI JOSHI
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INTRODUCTION
Severe megaloblastic anaemia is a common cause of morbidity
among patients who present with symptomatic anaemia in hospi-
tals in northern India.1,2 It is well recognized that megaloblastic
disease may exist without anaemia and may be easily overlooked

in asymptomatic persons.3,4 This study aimed to document normal
levels of serum cobalamin and folate to define a control group of
subjects before undertaking a prospective study of megaloblastic
anaemia in our hospital.

METHODS
The target control group comprised 25 adult men and 25 adult
women. The adult men were healthy blood donors who came from
the same socioeconomic background as our patients. Since women
blood donors were not common, women subjects were recruited
from among attendants of patients admitted to the hospital.
Normal subjects were also drawn from the staff and students of the
hospital. Informed consent was obtained from all subjects. The
exclusion criteria included (i) age <18 years and >65 years, (ii)
haemoglobin <12 g/dl, (iii) pregnancy and lactation, and (iv) those
on any medication including vitamin supplements. The age, sex
and dietary history were documented.

Samples
Two venous samples were drawn from each subject, 2 ml in EDTA
for complete blood counts (CBC) and 5 ml clotted blood for serum.
Vacuette tubes (Greiner und Söhne GmbH Labortechnik, Austria)
were used for blood extraction.

CBC was performed on the same day as blood sampling.
Serum was separated from clotted blood and stored at –25 ºC until
the assays for cobalamin and folate were carried out. The tests
performed on each sample were:

1. CBC using the Coulter Ac.T (diff) from Beckman Coulter;
2. Blood film prepared and stained by Leishman stain.5 The blood

film was examined by two haematologists for red cell
morphology, platelet numbers and manual differential counts
to assess the number of lobes in the neutrophils;

3. Reticulocyte count performed using 1% brilliant cresyl blue for
supravital staining.6

Serum cobalamin and folate assays were performed using the
competitive enzyme immunoassay on the Enzyme Immunoassay
Analyzer AIA-600 (TOSOH, Japan). For cobalamin assays the
AIA-PACK B12 was used and for folate assays the AIA-PACK
FOLATE. Samples were subjected to pretreatment as instructed in
the product inserts. For both assays the instrument was calibrated
using 5 commercial calibrators and, in each batch analysed, high
and low controls were run. The normal range of cobalamin by this
technique was 100–700 pg/ml and folate 3–22 ng/ml.

RESULTS
To reach our objective of 25 men and women subjects each with
normal levels of serum folate and cobalamin, a total of 46 men and
50 women had to be tested. Hence, 47.9% of our subjects with a
haemoglobin value >12 g/dl were deficient in cobalamin or folate
or both. The mean corpuscular volume (MCV) of all subjects
except 4 were within the normal range of 75–95 fl (Table I). Three
subjects had an MCV <75 fl and all had elevated HbA

2
 and were

confirmed to have the β-thalassaemia trait. Only 1 man whose
assay showed cobalamin deficiency had an MCV of 101 fl.

There were 32 subjects (19 women) deficient in cobalamin and
6 (2 women) deficient in folate (Table II). Combined deficiency
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TABLE I. Haematological parameters in the study subjects

Parameter Men Women

Normal Abnormal Normal Abnormal

Haemoglobin (g/dl) n=25 n=21 n=25 n=25
Range 12.6–17.4 12.0–16.1 12.0–14.4 12.0–15.0
Mean (SD) 14.78 (1.4) 14.46 (1.3) 12.9 (0.69) 13.2 (0.81)
MCV (fl)*
Range 68†–95 75–101 65†–87 64†–88
Mean (SD) 84.5 (7.4) 88.0 (6.8) 81.8 (4.6) 81.3 (6.4)
Count (¥109/L)
White blood cell 5.2–10.6 5.0–10.9 4.6–13.4 6.4–10.4
Platelet 111–338 103–299 137–337 125–434

MCV mean corpuscular volume *normal 75–95 fl
†indicates low mean corpuscular volume in 3 subjects with the β-thalassaemia trait

was found in 8 subjects (4 women). Fifteen subjects (46.9%) had
serum cobalamin levels <50 pg/ml.

Hypersegmented neutrophils showing >6 lobes were present in
75% of subjects who had either folate or cobalamin deficiency;
20% of subjects with normal values also had occasional
hypersegmented neutrophils. The reticulocyte count was within
the normal range for all subjects.

Among the normal subjects, 32 were non-vegetarians (64%)
and 18 were vegetarians (36%). Among the subjects with abnor-
mal levels of cobalamin and folate, 26 were non-vegetarian
(56.5%) and 20 were vegetarian (43.5%).

DISCUSSION
Our study shows that almost half the normal subjects studied had
subnormal levels of cobalamin or folate. Cobalamin deficiency is
5 times more common than folate deficiency, contrary to the
common perception that folate deficiency is widespread. The
standard reference ranges of cobalamin and folate that we used in
the study are not based on an Indian population. It is well
documented that there are racial and ethnic factors that influence
the normal levels and metabolism of these vitamins.7,8 Levels of
methyl malonic acid and homocysteine are better indicators of true
tissue deficiency of these two vitamins than serum levels alone.9

The obvious follow through of our study will be to correlate levels
of methyl malonic acid and homocysteine with cobalamin and
folate levels in normal Indian subjects and study the normalization
of these parameters following dietary supplementation.

In our study, 75% of deficient subjects had hypersegmented
neutrophils (20% of subjects with normal values also had hyper-
segmentation, suggesting that some of these subjects had ‘low’
normal values). Carmel et al.10 in a study on 169 subjects observed
that metabolic changes (methyl malonic acid, homocysteine as-
says and deoxyuridine suppression test) precede overt hyper-
segmentation. They also suggested that ethnic differences may
exist, as blacks had greater hypersegmentation than whites. In the
Indian scenario, where assays for methyl malonic acid and ho-
mocysteine are expensive and not readily available, we feel that
screening blood films for hypersegmented neutrophils is useful for
detecting early megaloblastosis.

With the increasing use of electronic cell counters in India,
MCV is becoming readily available. Hall suggested that MCV
could be used as a screening test to detect vitamin B

12
 deficiency.11

However, our study shows that the MCV is not a good indicator
of occult megaloblastic disease as only one subject with cobal-
amin deficiency had an elevated MCV of 101 fl.

Diet may be a major contributory factor to low levels of cobal-
amin. Vegetarianism is implicated in megaloblastic disease in

several studies, both in India and in Indians and South Asians
living abroad.12–15 Although more than 50% of our subjects were
non-vegetarians, their diet contained animal protein in the form of
milk, occasional eggs and very occasional meat. The diet of most
subjects comprised wheat, rice, pulses, vegetables and ~250 ml of
milk per day. A source of cobalamin is thought to be faecal
contamination of drinking water and plants cultivated in ma-
nure.12 All our subjects were residents of New Delhi and its
suburbs and the cobalamin deficiency may be a reflection of a
cleaner drinking water supply and vegetables cultivated with
chemical fertilizers. India has diverse cultural and dietary prac-
tices and different ethnic populations need to be studied to deter-
mine the magnitude of the problem. The implication of occult
megaloblastosis and other adverse consequences involving car-
diovascular and neurological dysfunction in the so-called ‘nor-
mal’ Indian population needs to be investigated. This study also
raises the larger public health issue of fortification of the diet to
prevent megaloblastic disease in the population.
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KHANDURI et al. : OCCULT COBALAMIN AND FOLATE DEFICIENCY IN INDIANS

TABLE II. Serum cobalamin (pg/ml) and folate (ng/ml) levels in
the study group

Parameter Men Women

Normal Deficient Normal Deficient

Serum cobalamin* n=25 n=17 n=25 n=23
Range 100–388 <30.0–92.7 105.3–434 <30.0–97.7
Mean (SD) 171.1 (70.2) 53.6 (18.5) 198.5 (95.6) 63.2 (20.9)
Serum folate† n=25 n=8 n=25 n=6
Range 3.1 – >22.0 0.6–2.73 3.0–12.26 0.5–2.5
Mean (SD) 8.2 (5.2) 2.1 (0.79) 7.77 (4.53) 1.37 (0.78)

*normal 100–700 pg/ml †normal 3.0–22 ng/ml 
Eight subjects had combined deficiency of both vitamins




