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ABSTRACT Iron deficiency is the most prevalent nutritional deficiency and the most common cause of anemia
worldwide. Several hemoglobin disorders have also been found to modify the morbidity and mortality of a population.
It has been established that coexistence of á and â thalassaemia with abnormal HbS and E may modify the level of
haemoglobin in blood. Tribal communities in India constitute the largest tribal population in the world. The
present study is the first to report on the interaction of Haemoglobinopathies and Iron deficiency in the development
anemias in the tribal population Eastern India. Methods: A total of 450 unrelated subjects of some tribal groups of
two states of Eastern India were randomly selected for the study. Blood was collected from the subjects after
obtaining consents. Prevalence of anemia was screened followed by tests for hemoglobin disorders and iron study
of selected cases. Beta thalassaemia mutations were screened in selected cases. Age and sex matched control groups
were chosen for the study. HbE was the most common haemoglobinopathy among the studied groups of the North-
east. Prevalence of Beta thalassaemia (1.6%) is almost nil in the tribal groups. HbE in homozygous states,
sometimes in heterozygous states induced anameia among the Mishings, Deoris and Ahoms, but not in Sonowals.
Iron deficiency anemia was pronounced among the females of Mishings and Sonowals. Incidence of hemoglobin
disorders is very low among the Santhal (1.12%) and this group was the victim of iron deficiency anemias.
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INTRODUCTION

Anaemia is a major problem in India. A high
incidence of anemia has been traced in the large
multiethnic population of India (Sing and Toteja
2003). Micronutrient deficiency has been
considered a prime factor for anaemia in India
(Freedman  et al. 2004). Iron deficiency anemia is
characterized by a defect in hemoglobin synthe-
sis, resulting in red blood cells that are abnor-
mally small (microcytic) and contain a decreased
amount of hemoglobin (hypochromic) (Provan
1999). Iron deficiency is the most common nutri-
tional disorder in the world with a prevalence of
39.0% in non-industrialized countries among the
under fives and 48.1% among the 5-14 years
group (Oski  1993). Iron deficiency, defined by
two or more abnormal measurements (serum
ferritin, transferrin saturation and/or erythrocyte
protoporphyrin), continues to be relatively pre-

valent in U.S. females, affecting 7.8 million ado-
lescents and women of childbearing age (Looker
et al. 1997). The thalassemias and the hemo-
globinopathies are autosomal recessive condi-
tions affecting the quantity and quality, respec-
tively, of hemoglobin molecules within red blood
cells. These disorders are found more commonly
in certain ethnic groups, lending themselves to
effective ethnicity-based population screening
(Weatherall 1997). The clinical course of Eâ-
thalassemia is punctuated by acute and chronic
complications that may cause serious morbidity
and mortality. The marked expansion of erythro-
poiesis is responsible for much of the pathology
of the disease, including hepatosplenomegaly,
extramedullary hematopoietic masses, growth
retardation, delayed sexual maturation, and bone
deformities (Fucharoen 2000). It has been estab-
lished that coexistence of á and â thalassaemia
with abnormal HbS and E may modify the level of
haemoglobin in blood. In the seven North-East-
ern states of India majority of the population
comprise of tribes mostly of Tibeto-Mongoloid
origin. In Assam, admixture with the surround-
ing Tibetian, Bengalee and Bangladeshi popula-
tions is evident from several studies (Chakraborty
et al. 1996 ; Das et al.2000). Santal, the third larg-

© Kamla-Raj 2011 Stud Tribes Tribals,  9(2): 111-121 (2011)



est tribe in India, lives in many states including
Bihar, Jharkhand, Orissa, Tripura etc. In West
Bengal, Santals represent 54.27% of total tribal
population (Bagchi 1994).

Our earlier reports emphasized the prevale-
nce of anameia in connection with hamoglo-
binopathies, different a and b thalassaemia mu-
tations in several tribal and non-tribal popula-
tion of Eastern India (Chakraborty et al. 1996 ;
Das  et al. 2000; Kukreti R et al. 2002; Sengupta
Bani et al. 2002 ;  Gajra  et al. 2003a,b; Sen  et al.
2005; De  et al. 2006; Rudra  2008).

To the best of our knowledge this is the first
report on the coexistence of haemoglobino-
pathies and iron deficiencies in the development
of anemia in different ethnic groups of Eastern
India.

METHODOLOGY

Selection of Cases: The study of genetic
polymorphisms was performed from 2008-2009
amongst the tribal and non-tribal populations of
West Bengal and Assam states of Eastern India.
The studied unrelated tribal groups were
Sonowal, Mishing, Deori and Santhals. In addi-
tion common Bengali and Ahom (a non-tribal
community of Assam) and Assamese people from
different parts of West Bengal and Assam
respectively have also been included. Pregnant
women and subjects with the history of any
chronic disease were excluded from the study to
rule out the effect of any chronic diseases on
anaemia. All the participating subjects were given
the questionnaires to have information regard-
ing their diet, family history of chronic diseases
and personal habits including tobacco and
alcohol consumption. The ethnic origin of each
subject was based on self-identification. Each
case was interrogated about the family history,
blood transfusion, presence of other chronic
diseases etc. Written consents were collected
from all the subjects. Free health check up, distri-
bution of supplementary medicines and reports
of Hemoglobin level and Hemoglobin electro-
phoresis were also given free to enable follow-
up and counseling if necessary. In the present
study, we have analyzed 876 subjects (450 tribals,
426 non-tribals) in total.

  Sample: 5 milliliters of blood was collected
by venipuncture.3ml of it was kept in an EDTA
vacutainer and 2 ml of blood into plain vacutainer
(without EDTA). Blood in plain container was

allowed to clot and then spun to separate the
serum. The serum was assayed.

The research protocol was approved by the
ethical and research advisory committee of the
institution.

Tracing of βββββ and E traits: Routine screening
for thalassemia included detection of total blood
counts and other indices (Sysmex K1000, Japan)
from EDTA  blood which was followed by hemo-
globin electrophoresis at pH 8.6 (Chandra  et al.
1987), fetal Hb estimation by alkali denaturation
(Dacie  1994) and measurement of Hb A2 level by
gel elution method. The standard diagnostic
marker for b- thalassemia is elevation of the Hb
A2 level >3.5 %.

Iron Study: Serum iron and total iron binding
capacity were determined by colorimetric
methods in full auto-analyser and serum ferritin
was measured by standard Chemiluminescence
methods for selected cases.

DNA Study: DNA  was  isolated  from  the
peripheral  leukocytes  using  standard  salting
out  method (Miller  et al. 1988).PCR-ARMS
technique was used for identification of some
common beta globin mutations (Newton et al.
1989).

Statistical Analysis: Results were analyzed
with SPSS database (Version 14.0 for windows).
Mean ± standard deviations were used to de-
scribe the continuous variables. Student’s t test
was used in the comparison of age and sex
groups. There were age and sex dependent dif-
ferences in the mean values of all parameters (P<
0.01). The statistically significant level was set at
alpha 0.05 (p ≤ 0.05).

RESULTS

A low serum ferritin (<15 µg/L), in addition to
a low hemoglobin or hematocrit, confirms the
diagnosis of iron deficiency anemia. The
diagnostic range for total iron binding capacity
was taken as above 400 ìg/dl, for serum iron
concentration was less than 50 ìg/dl  and for
transferrin saturation was <16% .

All the demographic data for the studied popu-
lation are shown in Table 1. In both states the
tribal people were socio-economically weaker
than the nontribal ones. The study shows that
39.92 % and 76.4 % of tribals are anemic (taking
WHO standard for developing countries, Hb
level<11gm/dl as standard) in Assam and West
Bengal respectively and the prevalence is 1.92
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and 2.26 times greater than the studied common
people of the respective states. Table 2 repre-
sents the status of various haematological
parameters with respect to sex, food-habit,
coexistence of other diseases and haemoglobin
abnormalities, which may modify the status of
anaemia. The females were the main victim of
anemia in all tribal groups, but intake of
nonvegetarian diet did not improve the condi-
tion in all groups. It was confirmed from the
lifestyle history of the study cases that, intake of
fruits and fresh vegetables were significantly
lower among the Santhals than other north-east-
ern tribals. Lower levels of Red Blood Cells (RBC),
Packed Cell Volume (PCV), mean cell Volume
MCV), Mean Cell Haemoglobin Concentration
(MCHC) were found in the respective anemic
cases.

Table 3 represents the results of iron study
and the data were analysed with low Haemoglo-
bin level, sex and co-existence of haemoglobin
abnormalities. The study shows that the preva-
lence of anaemia was maximum (76.4%) in the
tribal belt. The iron study confirmed that the
Santhals are the major victims of iron deficiency
anaemias, where prevalence of any Haemoglo-
bin disorder (one HbS) is minimum (1.12%). In
the north-east the Mishing and the Sonowal
tribes were living in almost same location, but
anaemia is more prevalent among the Mishing
people (34.09%) that the Sonowals (30.0%). As
expected, prevalence of HbE and EE disease was
very high in Mishings, Sonowals, Deoris and
Ahoms. But, high prevalence of HbE did not in-
duce anaemia in these groups, the prevalence of
anaemia was mainly associated with nutritional
deficiencies (evident from food habits and iron
data).Decrease in serum iron level is evident from
the iron study among the people from both
Sonowals and Mishings. From the life style his-
tory, greater incidence of anaemia among the
Mishing people can be explained from the fact
that they are economically weaker (Monthly in-
come >Rs.3,000 in 20% people) than the Sonowals
(Monthly income >Rs.3,000 in 45% people).

HbE was the most common haemoglobino-
pathy among the studied groups of the North-
east (Table 4). Prevalence of Beta thalassaemia
trait was 5.84% and 15.07% in the two nontribal
groups respectively, whereas its prevalence is
minimum in the tribal groups. Presence of HbS
was also very trace among the subjects. DNA
analysis showed (Table 5) that IVS1-5(G’!C) is

the most common mutation among the Beta
thalassaemia traits followed by Frameshift 41-42
(-CTTT) and Frameshift 8-9 (+G) mutations. No
mutations could be detected for two Beta traits.
Codon26 (G→A) for HbE and Codon 6(G→A)
mutation for HbS cases were also detected.

DISCUSSION

This is a well-established fact that socio-eco-
nomic status and cultural norms has a direct im-
pact on anemia (Devadas 1980; Kaur  1982). Few
studies have reported the nutritional status of
the tribal groups of India. One study (Rao et al.
2005) reported widespread undernutrition (60%
underweight) among the preschool children of
Gond tribe of Madhya Pradesh. In West Bengal,
54% of children (6-12 years of age) of Oraon tribe
are suffering from severe malnutrition (Mittal
2006).Our study supports the data of Dutta
Chowdhury et al. (2008). The results indicated
that the prevalence of undernutrition was higher
in Santhal girls than boys. Our study finds the
Santhal group to be the victim of iron deficiency
anaemia. Low serum ferritin and iron level and
low transferring saturation were significantly
associated with low Hb level in this study group.
Hemoglobin disorders in no way modified their
anemia status. Prevalence of low serum ferritin
and iron among the females were found to be
statistically significant.

No reliable report on iron deficiency anemia
of the north-eastern tribal people is available. As
the populations were chosen from the more or
less same ethnical and nutritionally same back-
ground, the effects of all the related geographi-
cal, nutritional factors were thought to be same
in all respects. Our study found no iron defi-
ciency anemia among the Sonowals. But, among
the Mishings serum iron level was significantly
lower than the controls and the same was also
lower among the males than females. Transferrin
saturation was also low in this group. Surpris-
ingly, its level was significantly lower among the
non anemic people than the anemic people. Iron
deficiency anaemia is most common cause of
anaemia in India and this report appears to be
contrary to the fact and difficult to explain. In
India, the rural population are mostly subjected
to low bio-availability of iron because of the ce-
real based diet and chronic blood loss from hook-
worm infestations which results in anemia
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Table 1: Demography of the study population

Ethnicity, site Age (yrs) Gender (n,%) Educational background Economic condition Presence of
Mean ± SD (n,%) (n,%) minor

diseases n%

Assam; Mishing, Ramailachan (N= 44)32.84 ±   5.68 28(63.64)   16(36.36)   15(34.09) 29(65.91)   42(95.45)     2  (4.54)   6(13.64)
Sonowal, Chohorikota, (N= 100) 34.86 ± 12.06 67(67)   33(33)   74(74) 26(26)   88(88)   12(12) 10(10)
Deori, (N= 45) 32.02 ±   3.26 17(37.78)   28(62.23)   18(40) 27(60)   43(95.56)     3  (6.67)   1  (2.23)
Ahom, Kapoh (N= 54) 34.08 ± 11.09 18(33.34)   36(66.66)   26(48.15) 28(51.85)   47(87.04)     7(12.96)   4  (7.41)
Munda, Chyacha (N= 118) 31.99 ±   4.56 10(8.47) 108(91.53)   27(22.88) 91(77.12) 100(84.75)     8  (6.78)   2  (1.69)
Assamese; non-tribal, (N= 154) 33.09 ±   2.56 57(37.01)   97(62.99) 149(96.75)   5  (3.25) 131(85.06)   23(14.94)   6  (3.90)
West-Bengal; Santhals, Bolpur, 34.34 ±   0.22 19(21.34)   70(78.65)   17(19.10) 72(80.89)   78(87.64)   11(12.35) 17(19.10)
Hooghly (N= 89)
Bengali non-tribals of Kolkata, 32      ±   2.55 46(16.91) 226(83.09) 248 (91.18) 24  (8.82)   95(34.93) 177(65.07) 15  (5.51)
Burdwan, Hooghly (N= 272)

Male     Female literate illiterate Monthly Monthly
income income
<Rs 5000 >Rs 5000
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1. Mishing (N=44) 15(34.09) 29(65.90) <0.05 3.17 ± 1.1 <0.05 32.11 ±   0.33 <0.001 79.34 ± 10.1 NS 30.6   ± 4.5 <0.05
1a. Dietary Habits

Vegetarian   4(9.09) 10(22.72) NS 2.34 ± 2.34 <0.01 35.0   ±   2.66 NS 79.96 ±   9.87 NS 30.99 ± 5.78 <0.05
No vegetarian 11(25) 19(43.18) - 3.54 ± 13.2 - 32.5   ±   1.11 - 79.06 ±   9.86 - 30.0   ± 8.72 -

1b. Sex
Male   8(28.57) 20(71.42) - 4.01 ±  0.04 - 35.0   ±   6.66 - 78.89 ±   8.56 - 30.94 ± 2.99 -
Female   7(43.75) 9(56.25) <0.05 3.05 ± 1.4 <0.05 33.55 ±   4.89 <0.05 79.63 ±   1.22 NS 30.23 ± 9.86 <0.01

1c. Other Diseases
Yes   2(4.54) 4(9.09) NS 2.78 ± 7.08 <0.01 31.99 ±   2.45 NS 79.85 ±   6.69 NS 30.76 ± 8.76 <0.01
No 13(29.54) 25(56.81) - 3.45 ± 1.23 - 36.98 ±   3.12 - 79.21 ±   1.43 - 30.11 ± 1.11 -

1d. Haemoglobinopathies
Normal   4(9.09) 21(47.72) - 3.54 ±  7.60 <0.05 37.90 ±   0.02 - 79.96 ±   0.03 - 30.87 ± 8.96 -
Heterozygous   9(20.45) 3(6.81) <0.01 3.68 ±  0.67 <0.05 34.44 ±   1.43 NS 78.87 ±   9.5 <0.01 30.92 ± 9.21 <0.01
Homozygous   2(4.54) 5(11.36) NS 3.05 ±  1.27 <0.05 33.75 ±   4.67 <0.05 78.67 ±   2.43 <0.01 30.0   ± 1.32 <0.01

2. Sonowal (N=100) 30(30) 70(70) <0.01 4.17 ± 1.1 NS 34.4   ±   5.7 <0.01 80.24 ± 11.1 NS 30.1   ±  4.5 <0.05
2a. Dietary Habits

Vegetarian   9(9) 16(16) NS 4.08 ± 2.76 NS 29.87 ±   0.88 <0.001 79.85 ±   0.64 NS 30.87 ± 8.91 <0.01
No vegetarian 21(21) 54(54) - 4.54 ± 1.11 NS 31.55 ±   0.55 - 80.59 ±   0.27 - 29.98 ± 9.74 -

2b. Sex
Male 19(28.35) 48(71.64) - 4.32 ± 4.12 NS 31.92 ±   0.22 - 80.0   ±   7.77 - 29.99 ± 9.99 -
Female 11(33.3) 22(66.6) <0.05 4.05 ± 1.55 NS 29.96 ±   4.45 <0.001 79.68 ±   7.21 NS 30.04 ± 9.97 <0.01

2c. Other Diseases
Yes   4(4)   6(6) NS 3.78 ± 1.29 <0.05 29.99 ±   3.54 <0.05 80.74 ±   4.98 NS 30.98 ± 0.06 <0.001
No 26(57.78) 64(64) - 4.19 ± 3.0 NS 31.44 ±   0.31 - 80.0   ±   0.99 - 30.0   ± 8.9 -

2d. Haemoglobinopathies
Normal   8(8) 30(30) - 4.56 ± 2.34 - 30.43 ±   4.56 - 79.55 ±   0.51 - 30.23 ± 3.33 -
Heterozygous   7(7) 31(31) NS 4.4   ± 1.65 <0.05 32.5   ±   5.65 NS 78.02 ±   1.97 <0.01 31.66 ± 6.26 NS
Homozygous   6(6) 18(18) NS 4.08 ± 2.48 <0.05 31.89 ±   1.19 NS 78.77 ±   2.85 <0.01 32.05 ± 1.17 NS

3. Deoris (N=45) 27(60) 18(40) <0.001 3.01 ± 1.23 <0.05 30.4   ±   2.3 <0.001 78.81 ±   0.87 <0.01 31.21 ± 10.1 NS
3a. Dietary Habits

Vegetarian 16(35.56)   9(20.0) <0.001 2.99 ± 2.34 <0.01 33.77 ±   7.54 NS 78.90 ±   4.56 NS 31.0   ± 10.92<0.05
No vegetarian 11(24.45)   9(20.0) - 3.07 ± 1.01 <0.01 32.0  ±  11.11 - 78.54 ±   8.74 - 31.87 ±   9.8 -

3b. Sex
Male   7(41.1) 10(58.82) - 3.65 ± 2.56 <0.05 32.99 ±   9.99 - 77.98 ± 12.09 - 31.09 ± 6.65 -
Female 20(71.42)   8(28.57) <0.001 3.00 ± 0.94 <0.01 31.74 ±   7.82 <0.001 78.03 ±   9.0 <0.01 31.03 ± 1.11 <0.05

3c. Other Diseases
Yes   0(0)   1(2.23) NS 2.99 ± 1.97 <0.01 31.89 ± 0.07 NS 77.96 ± 6.4 <0.01 31.44 ± 7.82 <0.05
No 27(60) 17(37.78) - 3.09 ± 0.85 <0.05 30.99 ± 5.51 - 78.85 ± 9.8 - 31.10 ± 0.85 -

3d. Haemoglobinopathies
Normal   4  (8.89)   6(13.34) - 3.24 ± 3.00 <0.05 33.42 ± 2.25 - 78.62 ± 0.08 - 31.0 ± 9.92 -
Heterozygous   7(15.56) 11(24.45) <0.01 3.11 ± 1.45 <0.05 31.25 ± 4.67 <0.001 78.32 ± 0.97 <0.01 31.76 ± 2.22 NS
Homozygous 16(35.56)   1(2.23) <0.001 3.08 ± 2.48 <0.05 34.99 ± 0.89 NS 78.79 ± 0.91 <0.01 31.45 ± 3.97 NS

Table 2: Status of Hematological parameters w.r.t life style and haemoglobinopathies among tribals

Ethnicity Hb level (n,%) RBC (x106/ml) PCV (%) MCV(fl) MCHC (gm/dl)

<11gm/dl >11gm/dl p Mean ± S.D p Mean ± S.D p Mean ± S.D p Mean ± S.D p
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4. Ahom (N=54) 29(53.7) 25(46.3) <0.001 3.81 ± 3.23 <0.05 33.76 ± 4.56 <0.05 78.84 ± 8.77 <0.01 32.90 ± 9.82 NS
4a. Dietary Habits

Vegetarian   6(11.12) 9(16.67) <0.05 3.09 ± 1.04 <0.05 33.87 ± 8.82 NS 78.53 ± 1.22 <0.01 31.97 ± 0.99 <0.05
No vegetarian 23(42.59) 16(29.63) - 3.97 ± 0.01 - 33.27 ± 7.54 - 78.95 ± 2.65 - 33.08 ± 0.07 -

4b. Sex
Male   8(14.81) 12(22.23) - 3.85 ± 0.56 <0.05 34.02 ± 2.35 - 78.29 ± 0.93 - 32.87 ± 6.68 -
Female 21(38.89) 13(24.07) <0.001 3.80 ± 0.54 <0.05 33.70 ± 4.78 <0.01 78.91 ± 10.1 <0.01 31.08 ± 8.71 <0.05

4c. Other Diseases
Yes   3  (5.56)   1  (1.85) NS 3.99 ± 1.17 <0.05 33.86 ± 3.31 NS 79.02 ± 0.01 <0.05 32.08 ± 0.95 NS
No 26(48.15) 24(44.45) - 3.79 ± 2.85 - 34.02 ± 3.41 - 78.61 ± 9.85 - 32.96 ± 10.94-

4d. Haemoglobinopathies
Normal   4  (7.41) 13(24.07) - 3.14 ± 1.00 <0.05 34.0   ± 0.08 - 79.34 ± 9.62 - 32.85 ± 4.86 -
Heterozygous 17(31.48) 11(20.37) <0.001 3.91 ± 7.45 NS 33.89 ± 2.34 <0.01 78.94 ± 4.78 <0.01 32.98 ± 9.87 NS
Homozygous   8(14.81)   1  (1.85) <0.01 3.78 ± 4.48 <0.05 32.84 ± 4.87 <0.001 78.80 ± 0.05 <0.01 32.89 ± 0.05 NS

5. Munda (N=118) 64(54.24) 54(45.76) <0.05 4.81 ± 0.23 <0.05 32.76 ± 4.56 <0.05 77.84 ± 8.17 <0.01 32.99 ± 1.82 NS
5a. Dietary Habits

Vegetarian 5(4.24) 2(1.69) <0.05 3.99 ± 5.0 <0.05 34.87 ± 0.82 NS 79.53 ± 0.02 <0.01 32.57 ± 0.79 <0.05
No vegetarian 59(50.0) 52(44.07) - 3.90 ± 0.61 <0.05 33.97 ± 9.94 - 78.97 ± 8.95 - 33.8   ± 0.87 -

5b. Sex
Male   8(80)   2(20) - 3.95 ± 7.56 <0.05 34.22 ± 2.05 - 78.0   ± 0.83 - 33.07 ± 0.68 -
Female 56(51.85) 52(48.14) <0.001 3.84 ± 0.04 <0.05 34.70 ± 3.78 <0.01 78.01 ± 0.1 <0.01 32.88 ± 0.72 <0.05

5c. Other Diseases
Yes   2  (1.69)   0(0) NS 3.55 ± 0.17 <0.05 34.76 ± 2.01 NS 78.92 ± 3.01 <0.05 32.88 ± 0.65 NS
No 62(52.54) 54(45.76) - 3.79 ± 2.85 - 34.02 ± 3.41 - 77.91 ± 8.75 - 32.86 ± 0.94 -

5d. Haemoglobinopathies
Normal 62(52.54) 50(42.37) - 3.74 ± 1.60 <0.05 34.08 ± 0.08 - 79.44 ± 0.62 - 32.85 ± 4.86 -
Heterozygous   2  (1.69)   4  (3.39) <0.001 3.91 ± 7.45 NS 33.89 ± 2.34 <0.01 78.94 ± 4.78 <0.01 32.98 ± 9.87 NS
Homozygous - - - - - -

6. Assam Control 32(20.78) 122(79.22) - 4.91 ± 2.33 - 35.4  ± 7.3 - 80.91 ± 2.87 - 32.23 ± 9.1 -
(N=154)
6a. Dietary Habits

Vegetarian 16(10.39) 19(12.34) - 3.99 ± 2.04 - 35.77 ± 0.54 - 80.97 ± 2.76 - 32.0  ± 0.92 -
No vegetarian 16(10.39) 103(66.88) 5.07 ± 1.91 35.02 ± 1.18 81.14 ± 0.64 32.87± 0.8

6b. Sex
Male 7(12.28) 50(87.71) - 4.65 ± 3.56 - 35.99 ± 0.99 - 79.98 ± 1.09 - 32.09 ± 0.65 -
Female 25(25.77) 72(74.22) 5.00 ± 1.94 35.04 ± 1.82 80.99 ± 6.0 32.53 ± 4.11

6c. Other Diseases
Yes 0(0) 6(3.90) - 2.99 ± 1.97 - 31.89 ± 0.07 - 80.16 ± 0.4 - 32.44 ± 5.82 -
No 32(20.78) 116(75.32) 3.09 ± 0.85 30.99 ± 5.51 80.85 ± 9.8 32.10 ± 9.55

6d. Haemoglobinopathies
Normal 9(5.84) 81(52.60) - 4.24 ± 7.00 - 35.0   ± 6.25 - 80.62 ± 3.08 - 33.0   ± 0.72 -
Heterozygous 17(11.04) 31(20.93) 5.11 ± 8.95 35.25 ± 4.67 81.32 ± 8.97 31.76 ± 8.22
Homozygous 6(3.90) 10(6.49) 4.08 ± 1.48 34.99 ± 0.69 80.79 ± 2.91 32.45 ± 2.97

Table 2: Contd.....

Ethnicity Hb level (n,%) RBC (x106/ml) PCV (%) MCV(fl) MCHC (gm/dl)

<11gm/dl >11gm/dl p Mean ± S.D p Mean ± S.D p Mean ± S.D p Mean ± S.D p
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7. Santhal (N=89) 68(76.4) 21(23.6) <0.001 2.60 ± 0.45 <0.001 29.88 ± 8.01 <0.001 77.03 ±  3.66 <0.001 29.97 ± 4.67 <0.001
7a. Dietary Habits

Vegetarian 14(15.73) 1(1.12) <0.01 2.53 ± 0.56 <0.001 27.27 ± 7.22 <0.001 77.99 ±  5.47 <0.001 29.87 ± 7.78 <0.001
No vegetarian 54(60.67) 20(22.47) - 2.64 ± 2.4 - 29.95 ± 8.21 - 76.89 ±  0.95 - 28.85 ± 8.88 -

7b. Sex
Male   2(10.52) 17(89.47) - 2.76 ± 0.99 - 29.97 ± 11.43 - 77.46 ±  6.96 - 29.66 ± 1.28 -
Female 66(94.28)   4(5.71) <0.001 2.41 ± 1.56 <0.001 29.62 ± 0.94 <0.001 76.99 ±  0.87 <0.001 28.05 ± 9.01 <0.001

7c. Other Diseases
Yes   2  (2.25)   1  (1.12) NS 2.58 ± 2.03 NS 29.87 ± 0.85 NS 77.65 ±  1.01 NS 28.96 ± 5.55 NS
No 66(74.16) 20(22.47) - 2.67 ± 1.40 - 29.81 ± 1.55 - 77.0   ±  0.01 - 29.99 ± 6.1 -

7d. Haemoglobinopathies
Normal 46(51.69) 21(23.6) - 2.17 ± 1.1 - 32.4   ± 2.3 - 78.34 ±12.1 - 30.1   ± 4.5 -
Heterozygous 1(1.12) - NS 2.67 ± 0.62 NS 33.2   ± 1.23 NS 80.11 ±  0.12 NS 29.7   ± 2.3 NS
Homozygous - - - - - - - - - - -

8. West Bengal 92(33.82) 180(66.18) - 4.96 ± 8.33 - 36.4   ± 8.9 - 81.41 ±  3.17 - 32.73 ± 7.1 -
Control (N=272)
8a. Dietary Habits

Vegetarian 26(9.56) 69(25.37) - 4.99 ± 1.04 - 35.47 ± 0.44 - 80.97 ±  2.76 - 32.0   ± 0.92 -
No vegetarian 66(24.26) 111(40.81) 5.04 ± 3.31 36.07 ± 0.68 81.14 ±  0.64 32.87 ± 0.8

8b. Sex
Male 17(36.95) 29(63.04) - 4.65 ± 3.56 - 35.99 ± 1.49 - 79.98 ±  1.09 - 32.09 ± 0.65 -
Female 75(33.18) 151(66.81) 5.00 ± 1.94 36.04 ± 1.02 80.99 ±  6.0 32.53 ± 4.11

8c. Other Diseases
Yes   0(0) 15(5.51) - 2.99 ± 1.97 - 35.89 ± 0.87 - 80.16 ±  0.4 - 32.44 ± 5.82 -
No 92(33.82) 64(23.53) 3.09 ± 0.85 36.09 ± 6.61 80.85 ±  9.8 32.10 ± 9.55

8d. Haemoglobinopathies
Normal 73(26.84) 138(50.74) 4.24 ± 7.00 36.1   ± 7.23 82.62 ±  3.18 33.9   ± 6.32
Heterozygous 17  (6.25) 41(15.07) 5.11 ± 8.95 35.65 ± 0.87 80.02 ±  5.37 33.76 ± 8.02
Homozygous   2  (0.74)   1  (0.37) 4.08 ± 1.48 36.99 ± 0.79 80.79 ±  0.91 32.05 ± 0.57

NS= Not significant

Table 2: Contd.....

Ethnicity Hb level (n,%) RBC (x106/ml) PCV (%) MCV(fl) MCHC (gm/dl)

<11gm/dl >11gm/dl p Mean ± S.D p Mean ± S.D p Mean ± S.D p Mean ± S.D p
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1. Mishing (N=35) 0(0) NS 35(100) 10(28.57) <0.05 25(71.43) 0(0) NS 35(100) 21(60) <0.01 14(40)
1a. Presence of Hb Abnormalities

Normal trait 0(0) NS 18(51.43) 4(11.43) NS 12(34.29) 0(0) NS 18(51.43) 14(40) NS 4(11.43)
Heterozygous/ homozygous 0(0) NS 17(48.57) 6(17.14) <0.05 13(37.47) 0(0) NS 17(48.57) 7(20) NS 10(28.57)
thalassaemia

1b. Hb Level
<11gm/dl 0(0) NS 26(74.29) 2(5.71) NS 7(20) 0(0) NS 9(25.71) 7(20) NS 6(17.14)
>11gm/dl 0(0) NS 9(25.71) 8(22.86) NS 18(51.43) 0(0) NS 9(25.71) 14(40) <0.05 8(22.86)

1c. Sex
Male 0(0) NS 22(62.86) 10(28.57) NS 12(34.29) 0(0) NS 22(62.86) 13(37.14)<0.05 7(20)
Female 0(0) NS 13(37.14) 0(0) <0.01 13(37.47) 0(0) NS 13(37.14) 8(22.86) NS 7(20)

2. Sonowal (N=52) 0(0) NS 52(100) 19(28.57) <0.05 33(71.43) 0(0) NS  52(100) 2(3.85) NS 50(96.15)
2a. Presence of Hb Abnormalities

Normal trait 0(0) NS 1(40.38) 5(9.62) NS 15(28.85) 0(0) NS 21(40.38) 2(3.85) NS 14(26.92)
Heterozygous/ homozygous 0(0) NS 31(59.62) 14(26.92) <0.05 18(34.62) 0(0) NS 31(59.62) 0(0) NS 36(69.23)
thalassaemia

2b. Hb Level
<11gm/dl 0(0) NS 17(13.46) 8(15.38) <0.05 12(23.08) 0(0) NS 17(13.46) 1(1.92) NS 12(23.08)
>11gm/dl 0(0) - 35(67.31) 11(21.15) - 21(40.38) 0(0) - 35(67.31) 1(1.92) - 38(73.08)

2c. Sex
Male 0(0) - 39(75) 19(28.57) - 20(38.46) 0(0) - 39(75) 2(3.85) - 17(32.69)
Female 0(0) NS 13(25) 10(19.23) <0.05 13(25) 0(0) NS 13(25) 0(0) - 33(63.46)

3. Nontribal Assam  (N=72) 0(0) - 72(100) 21(29.17) - 51(70.84) 0(0) - 72(100) 32(76.19) - 40(55.56)
3a. Presence of Hb Abnormalities

Normal trait 0(0) - 58(80.56) 16(22.23) - 42(58.34) 0(0) - 58(80.56) 26(36.12)- 32(44.45)
Heterozygous/ homozygous 0(0) 14(19.45) 5(6.95) 9(12.5) 0(0) 14(19.45) 6(8.34) 8(11.12)
thalassaemia

3b. Hb Level
<11gm/dl 0(0) - 12(16.67) 7(9.72) - 5(6.95) 0(0) - 12(16.67) 9(12.5) - 3(4.17)
>11gm/dl 0(0) 60(83.34) 14(19.45) 46(63.89)0(0) 60(83.34) 23(31.95) 37(51.39)

3c. Sex
Male 0(0) - 1(1.39) 0(0) - 1(1.39) 0(0) - 1(1.39) 0(0) - 1(1.39)
Female 0(0) 71(98.62) 21(29.17) 50(69.45)0(0) 71(98.62) 32(44.45) 39(54.17)

4. Santhal (N=50) 31(62) <0.05 19(38) 7(14) NS 43(96) 0(0) NS 50(100) 31(62) <0.01 19(38)
4a. Presence of Hb Abnormalities

Normal trait 31(62) NS 18(36) 6(12) <0.01 43(96) 0(0) NS 49(98) 29(58) <0.05 20(40)
Heterozygous/ homozygous 0(0) NS 1(2) 1(2) NS 0(0) 0(0) NS 1(2) 0(0) NS 1(2)
thalassaemia

4b. Hb Level
<11gm/dl 22(44) <0.01 9(18) 7(14) <0.05 4(8) 0(0) NS 21(42) 27(54) <0.01 15(30)
>11gm/dl 9(18) NS 10(20) 0(0) NS 39(78) 0(0) NS 29(58) 4(8) NS 4(8)

4c. Sex
Male 1(2) NS 1(2) 0(0) NS 2(4) 0(0) NS 2(4) 0(0) NS 2(4)
Female 30(60) <0.01 18(36) 7(14) <0.01 41(82) 0(0) NS 48(96) 31(62) NS 17(34)

Table 3: Association of iron deficiency with different parameters in connection with anaemia for selected cases

Ethnicity Serum ferritin level Serum iron  level Total iron binding capacity Transferrin  saturation

<10 µg/lt p >10 µg/lt <50 µg/dl p >50 µg/dl <250µg/dl p >250µg/dl <16% p >16%
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(Malville 1991). Still our results indicate the sig-
nificant statistical difference in the prevalence of
anemia among both the tribal and nontribal rural
people.

Several reports have identified some tribal
groups to be at high-risk for thalassaemias and
other haemoglobinopathies, causing high inci-
dence of mortality among them (Das et al. 2000;
Sengupta et al. 2002; Balgir 2003). We did not
have much data for homozygous conditions of
haemoglobinopathies except the HbE diseases.
One report on Ahoms indicated the frequency of
HbE to be 1.55 (Flatz et al. 1972). In the North-
east homozygous HbE induced anaemia in Deoris
and Ahoms, not in Sonowals. HbE trait induced
anemia in Mishings, Deoris and Ahoms. But, this
significant association did not increase the mor-
bidity and mortality rate among the study groups.
The prevalence rate of HbE among the North-
eastern tribes does not exactly support some pre-
vious reports, however all report high indicence
of HbE among them (Chakraborty et al. 1996 ;
Das et al. 2000; Krishnamurti  2000). Such local-
ization of the same hemoglobin variant in almost
same geographic location in various isolated
groups may be explained from the fact that mi-
gration from higher risk zone and non-random
mating pattern for a long time, particular muta-
tions are restricted to some specific groups
(Varawalla   et al. 1991). No statistical analysis
was possible for the beta and HbS traits due its
low availability in studies tribal groups. It was
found that hemoglobin disorders did not alter
the hematological parameters significantly in the
heterozygous state. Though an earliest report of
Choudhury et al. observed the indicence of HbE
among the Bengali Santhals, we found no case
with HbE (Choudhary  et al. 1967).

Maternal malnutrition resulting in iron defi-
ciency anaemia leads to miscarriages, premature
birth of child and even risk of hypertension, dia-
betes and obesity later in life. Anaemia among
the males also imparts a socio-economic burden
of the country. The co-existence of micronutri-
ent deficiency and inherited anaemias makes di-
agnosis delayed and management difficult. The
screening camps arranged for the study have
increased awareness of inherited anaemias popu-
larizing premarital and prenatal screening. The
study traced significant prevalence of iron-defi-
ciency anemia and hemoglobinopathies in some
tribal groups of Eastern India.
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Extensive family screening for hemoglobin
disorders and mass screening for presence of
anaemia should be the strategy for the manage-
ment of anaemia among the isolated tribal groups.
We believe that our study provides enough in-
formation in tracing the causes of anaemia in some
tribal groups of Eastern India which may help in
the management of this severe health care prob-
lem for vulnerable population groups.
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