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Abstract: 

Background: India contributes 

towards 25 per cent of deaths in the world 

due to the pregnancy and related health 

problems. We aimed to observe the 

changes of level of prevalence of Anemia 

among lactating and pregnant women over 

the last decades in India. 

Methods: The National Health 

Surveys have been conducted in India 

during 1998 and 2006 namely NFHS-2 

and NFHS-3. A total of 1751 women have 

been studied by team of Healthcare & 

Research Association for Adolescents 

Noida & Nutrition Foundation of India (H. 

R. A. A. N & N. F.I) from seven states of 

India in 2004. The changes of prevalence 

rate of Anemia among pregnant and 

lactating women have been explored in 

this work. The Bayesian approach in the 

parametric model has been applied to deal 

with coarse data problem. 

Results: The overall prevalence of 

Anemia in 1998, 2004 and 2006 are 

observed with 55 per cent, 52.44 per cent 

and 84.0 per cent respectively. The 

posterior Mean (SD) of mild, moderate 

and severe Anemic status among pregnant 

and lactating women have been found with 

[1.1(0.52), 0.47 (0.53), -3.9(0.24)] and 

[0.69(1.06), -2.69(0.21),-.25(0.83)] in 

2006 with respect to 2004 study.  

Conclusion: Some improvement 

on nutritional status has been found on 

pregnant women. However, no significant 

change of Anemia prevalence has been 

observed on lactating women during the 

last few decades in India.  

Key words: Anemia, Association 

of Attributes, Hemoglobin, Iron-

deficiency. 

Background:  
India is sharing one fourth of 

maternal death of the world
1,2

. The policy 

and political priority play an important 

role to control the factors associated with 

maternal health in India
3, 4

.   The 

implementation of effective intrapartum-

care strategy can be useful to improve the 

maternal health status in India
6
. The 

adequate supply of skilled health care 

providers and well-equipped facilities of 

health care are important factor to reduce 

the Maternal Mortality Rate (MMR) in 

India
7
. Several studies have concluded 

about the reduction rate of maternal death, 

the importance of family planning, safe 

abortion and intrapartum care in India 
8, 9

. 

Some other studies have found the 

importance of several interventions for 

reduction of MMR in India. The poor 

settings of obstetric care units in hospitals 

is an important factor for high MMR in 

India.
10,11

 In this connection it can be 

pointed out that the level of hemoglobin 

plays an important role to prevent the 

pregnancy and delivery related death. The 

Anemia is the most digestive disease for 

the malabsorption. The reason of anemia is 

the low level of Hemoglobin. The degree 

of anemia can be diagnosed based on level 

Hemoglobin.
12

 In this context; it is an 

important issue to look upon the reduction 

of prevalence of Anemia over the period in 

Indian women.  Taking into account the 

goal, the level of Anemia prevalence 

changes among lactating and pregnant 

women in the time periods 1998, 2004 and 

2006 has been explored in this work. The 

data has been obtained from the published 

work of NFHS-3
15

, NFHS-2
13

 and H. R. 

A. A. N & N. F.I group study
14

. 
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In NFHS-3
15

 and NFHS-2
13

 the 

nutritional measurements of the ever 

married women have been carried out by 

the level of hemoglobin in their blood. The 

Hemocue instrument has been involved to 

test their hemoglobin level. All ever-

married women of age of 15-49 have been 

considered for the direct measurement of 

hemoglobin. The details of the procedure 

can be seen on the NFHS-3
15

 and NFHS-

2
13

 manual. The levels of severity of 

Anemia have been categorized by (10.0-

10.9 g/dl) for mild Anemia, (7.0-9.9 g/dl) 

for moderate Anemia and (less than 7.00 

g/dl) for severe Anemia.   

H. R. A. A. N & N. F.I group 

study
14

 have carried out the cross sectional 

study between September 2001 and April 

2003, on hemoglobin status of the women 

through cyan met hemoglobin methods in 

the states of Assam, Haryana, Himachal 

Pradesh, Kerala, Madhya Pradesh, Orissa 

and Tamil Nadu respectively.  The 

classification of Anemia in the largest 

population based study is an important 

issue to prevent the death due to low 

hemoglobin
16

. The prevalence of Anemia 

over the period of time can be useful 

indicator for health status changes in India. 

The pregnant and lactating women’s 

Anemia status changes have been 

considered in this study.  

 

Material and Methods 

The posterior mean of the mild, 

moderate and severe anemia status have 

been compared with state wise pregnant 

and lactating women obtained from 

different study reports through Bayesian 

approach. The comparison with classical 

approach has also been carried out on the 

prevalence data. The three sets of data 

have been considered to know the changes 

of prevalence of Anemia in Indian women 

during 1998, 2004 and 2006 by the 

representative studies of those years i.e. 

NFHS-2
13

, H. R. A. A. N & N. F.I group 

study
 14

 and NFHS-3
15

.  However, in case 

of NFHS-2
13

, NFHS-3
15

 surveys the all 

Indian states have been considered. But in 

the study of H. R. A. A. N & N. F.I group 

study (2004) only the states of Assam, 

Haryana, Himachal Pradesh, Kerala, 

Madhya Pradesh, Orissa and Tamil Nadu 

have been considered. These seven states 

have been considered due their available 

information in three studies.  

 

Methodology for comparison 

In this work, the model is  

Li ~ Binomial (Ni , pi)   (1) 

where,  pi = ri1xi+ri2(1 -xi),   (2) 

The ri1 and ri2 are used to represent i
th

 

state’s (considered in this work) rate of 

Anemia among the pregnant and lactating 

women respectively. The proportions of 

women in the pregnant and lactating 

women are denoted by xi and (1-xi) 

respectively. The terms Yi and (1-Yi) have 

been used as the proportion of pregnant & 

lactating women of the i
th

 state. The 

parameter Li has been used for the total 

anemic population in the i
th

 state 

population of Ni.  

The observed value of ri1 and ri2 

can be denoted by ri1* and ri2*. The logit 

of ri1 and ri2 have been assumed with N 

(0, 1) and Wishart prior for scale matrix
17

. 

The absolute error has been measured by 

 

E� = Σ�Σ��r���r��∗�,.            (3)                                                      

 

The formulated table for Anemia in 

pregnant and lactating women is given 

below:- 

Table1: Cross table on pregnant and 

non anemic women 

 

 

 Anemia Non 

Anemia 

Total 

Women 

in the i
th

 

state 

Pregnant W1i W2i Yi 

Lactating 1-W1i 1-W2i 1-Yi 

 Xi 1-Xi N 
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where, Yi and Xi represent the observed 

margins, and W1 and W2 are unknown 

variability. 

 

Yi is the total proportion of pregnant 

women in the i
th 

state; Xi is the proportion 

of Anemic women in the i
th

 state. The 

parameters W1i and W2i are Anemic and 

Non-Anemic respectively. 

So, the relationship can be established by 

Yi = XiW1i + (1-Xi) W2i  (4) 

where, N is the size of each table. 

The margin nrc and nic have been extended 

into R*C tables
17

. 

 

Table2: The R ×××× C count table  

     Total 

 �� ���� 

 

… ��� 

 

�� 

 ��� ���� … ���� ��� 

 … … … … … 

 ��� ���� 

 

… ���� ��� 

Total ��. ��.� 

 

… ��.� Ni 

 

where, nnr. and ni.c are the observed 

margins, Ni is the size for the table and nirc 

are unknown variables. 

nir.=Σc=1 
C
 nirc for r = 1,2,….,R.  

ni.c=Σc=1 
R
 nirc for c = 1,2,,,,C. 

where, max(0, nir.+ni.c-Ni) < nirc < 

min(nir.,ni.c). 

 

Table 3: The R××××C Table has been 

reformulated into 

 

Wi11 Wi12 … Wi1c Yi1 

Wi21 Wi22 … Wi2c Yi2 

… … … … … 

WiR1 WiR2 … WiRc YiR 

Xi.1 Xi.2 … Xi.c Ni 

 

where, 

��� = � �������
�
��� ��for r=1,2,…R. and 

��� = � �������
�
���  for c=1,2,…C. 

The proportion for each table stands for, 

max"0, ��� + �����% /���% ≤ ����
≤ min�"1, ���/���% 

In this work, the proportion of 

Anemia pregnant, non Anemia pregnant, 

Anemia lactating and non Anemia 

lactating women have been converted to 

count data. The count data have been 

applied in the Bayesian algorithm for the 

state wise comparison.  

 

Inference Problem in 2××××2 Tables 
For every state i=1, 2….,n to 

formulate the 2×2 table. The Yi is total 

numbers of women, Xi for pregnant 

women. Where, Wi1 and Wi2 are applied 

for the proportion for pregnant women in 

Anemia and lactating women in Anemia 

respectively. The deterministic relation can 

be formulated by  

Y� = W��X� +W�."1 − X�%      (5)                   

   

In the above equation, the 

parameter Xi and (1-Xi) are observed 

weight and Wi1 and Wi2 are unobserved 

weight.  

The difficulties come to obtain 

distribution assumption of the unknown 

parameters Wi1 and Wi2 in the population. 

In addition to that the particular 

observation of Wi1 and Wi2 in each state (i 

=1,…, n) is also a challenge to estimate. 

The inconsistent estimation of the 

unknown parameters Wi1 and Wi2 are 

coined by Neyman and Scott
18

 with 

“Incidental parameter problem”. Recently, 

it applied and solved under structure with 

coarse data
17,19

. The limits of Wi1 and Wi2 

in equation (5) can be expressed as, 

W��ϵ[max�"0, 12342��

12
%,min�"1, 42

12
%],      

(6)               

W�.ϵ[max�"0, 42�12

��12
%,min�"1, 42

��12
%],       

(7) 

The likelihood function  

L"ξ, γ|W, X% for the coarsening (Xi) and 

coarsened (Yi) variable in the equation (5) 

has been considered to obtain the posterior 

mean estimates
17

. The likelihood function 
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has been obtained by the joint distribution 

of f"W�|ξ% and conditional distribution 

function of h"X�|W�, γ%.  

It can be expressed by  

L"ξ, γ|W, X% = : h"X�|W�, γ%f"W�|ξ%;
���   

(8) 

The term  f"W�|ξ% is the density 

function of Wi with the unknown 

parameter . The part  h"X�|W�, γ% is the 

density function of Xi given Wi with the 

unknown parameter .  The parameter Wi
*
 

has been segregated by, 

                       W�
∗~"W��

∗, W�.
∗% =

logitA"W��%, logit"W�.%B,                        (9) 

Here, the likelihood function 

L"ξ, γ|W, X%�has been used to obtain the 

posterior estimates. 

 

Statistical Analysis  

Statistical analysis has been carried 

out using Winbug-14.3.1
20

. The prior 

distribution has been used to obtain the 

posterior mean value of each category in 

the sample. The cumulative comparative 

figures obtained through different states 

have been considered in this work. The 

posterior mean for Yi states has been 

obtained by the combined posterior mean 

of the Xi, 1-Xi, W1i and W2i respectively. 

The prior information about the Xi and 1-

Xi has been taken from the published work 

of NFHS-2
13

, NFHS-3
15

 and H. R. A. A. N 

& N. F.I group study
14

. The weights for 

the pregnant anemic and non-anemic 

women are considered with W1i and W2i 

respectively. In case of the lactating 

women the weight for anemic and non-

anemic women are 1-W1i and 1-W2i 

respectively. It has been assumed that the 

weight follows the uniform distribution 

with mean 0 and standard deviation 1 in 

the prior specification. The application 

have been carried out separately for the 

pregnant women and lactating women. In 

this work, in order to select the sample of 

two independent chains of 20,000 

iterations, each run has been obtained to a 

burn-in period of 5000 iterations to allow 

the normal proposal distribution to finish 

the adapting. The chains are appeared to 

converge well before the end of the burn-

in period. The posterior mean for the 

different status of hemoglobin have been 

computed and tabulated in Table 4 and  

Table 5.  
Table 4:- The comparative prevalence rate 

of Anemia on pregnant and lactating 

women in India 
St

at

es 
Pregnant women Lactating  Women 

 10.0-

11.9  

7-9.9 

g/dl 

<12.0 

g/dl 

10.0-

11.9  

7-9.9 

g/dl 

<12.0 

g/dl 

1  

25.2 

(25.6) 

(6.8) 

 

40.6 

(34.2) 

(72.7) 

 

72.6 

(37.7) 

(6.1) 

 

26.0 

(67.7) 

(24.8) 

 

43.8 

(8.6) 

(1.0) 

 

73.3 

(4.3) 

(29.1) 

2  

26.0 

(20.6) 

(19.1) 

 

43.1 

(33.1) 

(63.3) 

 

71.1 

(44.5) 

(9) 

 

20.6 

(57.1) 

(20.3) 

 

40.7 

(13.4) 

(2.5) 

 

63.5 

(4.5) 

(44.9) 

3  

27.5 

(18.3) 

(38.3) 

 

12.8 

(12.8) 

(29.8) 

 

40.3 

(68.2) 

(31.9) 

 

10.0 

(30.3) 

(10.0) 

 

36.3 

(0) 

(1.0) 

 

47.9 

(9.2) 

(52.4) 

4  

19.7 

(11.6) 

(33.6) 

 

15.5 

(8.7) 

(21.3) 

 

35.2 

(79.7) 

(3.2) 

 

4.1 

(14.3) 

(1.1) 

 

28.5 

(0) 

(0.2) 

 

32.5 

(39.3) 

(78.7) 

5  

23.6 

(0.9) 

(4.8) 

 

33.1 

(21.9) 

(52.8) 

 

58.7 

(46.2) 

(42.2) 

 

17.2 

(54.5) 

(14.8) 

 

47.4 

(27.3) 

(1.2) 

 

58.7 

(0) 

(42) 

6  

37.1 

(0.7) 

(23.8) 

 

29.6 

(26.8) 

(68.3) 

 

68.8 

(39.5) 

(3) 

 

16.1 

(61.2) 

(17.9) 

 

47.3 

(3.7) 

(1.1) 

 

64.9 

(0.7) 

(35.2) 

7   

28.2 

(25.5) 

(30.8) 

 

27.7 

(27.1) 

(57.7) 

 

57.8 

(42.9) 

(8.5) 

 

9.1 

(50) 

(19.3) 

 

48.6 

 (3.4) 

(3.5) 

 

57.8 

(9.1) 

(38.4) 
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(Legend of Table 4 - States) 

1. Assam NFHS-3
15 

NFHS-2
13 

H. R. A. A. N 

& N. F.I group study
 14 

2. Haryana NFHS-3
15 

NFHS-2
13 

H. R. A. A. N 

& N. F.I group study
 14 

3. Himachal Pradesh NFHS-3
15 

NFHS-2
13 

H. R. A. 

A. N & N. F.I group study 

4. Kerala NFHS-3
15 

NFHS-2
13 

H. R. A. A. N & 

N. F.I group study
 14 

5. Madhya Pradesh  NFHS-3
15 

NFHS-2
13 

H. R. A. 

A. N & N. F.I group study
 14 

6. Orissa NFHS-3
15 

NFHS-2
13 

H. R. A. A. N & N. 

F.I group study
 14 

7. Tamil Nadu NFHS-3
15 

NFHS-2
13 

H. R. A. A. N 

& N. 7 F.I group study
 14

 

Table 5:- The comparison between NFHS-3 and H. R. A. A. N & N. F.I group study 14 

and NFHS-2 through posterior mean on lactating women 
NFHS-3 v/s H. R. A. A. N & N. F.I group study

14
 

 Lactation Pregnant 

 Mean(SD) Median HPD 

(97.5%, 2.5%) 

Mean(SD) Median HPD 

(97.5%, 

2.5%) 

Mild 0.69(1.06) 0.66 (2.87, -1.40) 1.10(0.52) 1.09 (2.17, 

0.071) 

Moderate -

2.69(0.21) 

-2.69 (-2.27, -3.15) 0.47(0.53) 0.46 (1.56, -

0.58) 

Severe -

0.25(0.83) 

-0.26 (1.44, -1.94) -

3.99(0.24) 

-3.99 (-3.52, -

4.49) 

Any Anemia 1.84(1.26) 1.83 (4.40, -0.61) 2.78(0.44) 2.77 (3.70, 1.92) 

NFHS-3 v/s NFHS-2 

Mild 

 

2.54(0.62) 2.543 (3.80, 1.28) -

1.07(0.32) 

-1.07 (-0.42, -

1.72) 

Moderate 

 

1.18(0.25) 1.19 (1.66, 

0.64) 

0.40(0.16) 0.41 (0.71, 0.07) 

Severe 

 

5.44(0.45) 5.42 (6.38, 

4.59) 

-

2.72(0.27) 

-2.71 (-2.20, -3.28) 

 
Table 6:- The comparison between NFHS-3 and H. R. A. A. N & N. F.I group study

14
 and 

NFHS-2  through posterior mean on pregnant women 
NFHS-3 v/s H. R. A. A. N & N. F.I group study

14
 

Type of Anemia Mean Median 97.5% 

Mild 1.10(0.52) 1.09 (2.17, 0.071) 

Moderate 0.47(0.53) 0.46 (1.56, -0.58) 

Severe -3.99(0.24) -3.99 (-3.52, -4.49) 

Any Anemia 2.78(0.44) 2.77 (3.70, 1.92) 

NFHS-3 v/s NFHS-2 

Mild -1.07(0.32) -1.07 (-0.42, -1.72) 

Moderate 0.40(0.16) 0.41 (0.71, 0.07) 

Severe -2.72(0.27) -2.71 (-2.20, -3.28) 

Any Anemia 4.34(0.39) 4.33 (5.16, 3.60) 
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Results: 
The state wise calculated posterior 

mean are given in the Table 4 and Table 5. 

The Highest Posterior Density (HPD) has been 

used for the estimated posterior mean with 

95% credible interval. In NFHS-3
15

 vs. H. R. 

A. A. N & N. F.I group study
 14

 for lactating 

women, the posterior mean (HPD interval) for 

mild, moderate, severe and any Anemia are 

found to be 0.69 (2.87,-1.4), -2.69(-2.27,-

3.15), -0.25 (.44, -1.94) and 1.84 (4.40, -0.61) 

respectively. It confirms that the prevalence of 

mild and any type of Anemia increased in 

NFHS-3 duration in comparison to study year 

2004. Whereas, in the same periods the 

moderate and severe types of Anemia reduced 

by posterior mean -2.69 and -0.25 

respectively.    

In case of NFHS-2 v/s NFHS-3, the 

posterior mean (HPD interval) for mild, 

moderate, severe and any Anemia are 

1.03(1.85, 0.19), 2.54(3.80, 1.28), 1.18(1.66, 

0.64) and 5.44(6.38, 4.59) for the lactating 

women. The results of pregnant and lactating 

women’s prevalence of Anemia are given in 

Table 4. In case of pregnant women NFHS-3
15

 

vs. H. R. A. A. N & N. F.I group study
14

, the 

two chain of posterior means (Highest 

Posterior Density) has been completed by mild 

and moderate at 1.10(2.17, 0.071), 0.47(1.56, -

0.58) with a 95% HPD interval on severe 

Anemia value by -3.99(-3.52, -4.49). The 

computed posterior mean of NFHS-2
13

 versus 

NFHS-3
15

 are mild and moderate have the 

value -1.07(-0.42, -1.72) and 0.40(0.71, 0.07) 

respectively. It can be concluded that the 

significant progress to the way of reduction of 

Anemia have been found in both stages 

women (i) lactating women and (ii) pregnant 

women.  

Discussion: 
The WHO has defined the Anemia as 

lower level of haemoglobin for women 

(12g/dL) and men (13g/dL). A total of 24.8% 

populations in the world are affected by iron 

deficiency or anaemia
21

. A total of 164 million 

people are affected by Anemia in the world
28

. 

In spite of increasing prevalence rate it is one 

of the neglected nutritional disorder diseases 

in India
22

. Over several years, anemia 

appeared to be important risk factor for variety 

of adverse outcome disorder
23-26

. The effective 

monitoring and implementation of evidence-

based strategies on anemic level can reduce 

the MMR
27

. The Anemia is significantly 

associated with smoking habit, low body mass 

index, renal insufficiency and diabetes
29

. The 

presence of Anemia can be a relevant effect on 

healthcare needs and increase the burden of 

health services
30-31

. The mild Anemia is 

strongly associated with worse cognitive with 

quality of life
32

. The reason behind high 

hospitalization rate and mortality is due to the 

presence of mild Anemia in older women
33

. 

The anemia is highly prevalent in adolescent 

girls
43

. The poor foetal occurs due to presence 

of iron deficiency in pregnancy
44

.  The failure 

of nutritional anemia-control programme in 

India can be overcome by making an impact 

on the outcome of pregnancy through iron 

supplementation
45

. The risk of having Anemia 

is higher in women than men
46

. WHO has 

confirmed the failure in restoring iron status in 

women may increase the maternal mortality 

and child death in the world
47

.  

The anemia is positively associated 

with mortality
34-38

. The main constraint of the 

literature of anemia is that the inception and 

conclusion are not well documented. The 

chronic immune activation and inflammation 

can also be a cause of anemia in addition of 

nutrition deficiency
39 

.The creation of 

erythropoietin due to presence of chronic 

kidney disease can be a reason for anemia
40

. 

There are some other reasons also for anemia 

called as “unexplained anemia” 
40-42

. From 

various studies and reports it can be stated that 

the risk of having Anemia is higher in women 

and the presences of it can be the results of 

maternal mortality and birth of low weight 

baby.   

In NFHS-2
13

, the prevalence of 

Anemia has been found high in breast feeding 

and lactating women. H. R. A. A. N & N. F.I 

group study
14

 have compared the results with 

NFHS-2
13

 report. It has been found that the 

higher prevalence of Anemia in H. R. A. A. N 

& N. F.I group study
14

 for pregnant and 

lactating women study as compared to the 

NFHS-2
13

 report. In NFHS-3
15

, the prevalence 

of Anemia has been found higher in the breast 

feeding women than lactating women. It also 

confirmed that the provision of iron and folic 

acid supplement successfully reduced the 

prevalence of Anemia among pregnant 

women. In this work, we have compared the 

three results (i.e. NFHS-3
15

, NFHS-2
13

 and H. 

R. A. A. N & N. F.I group study
14

 through 

Bayesian approach. The results have been 

compared by the posterior mean with Highest 
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Posterior Interval. From the results, it can be 

confirmed that the output for the lactating 

women are same in case of NFHS-2
13

 and 

NFHS-3
15

 report. Whereas, the more similarity 

between NFHS-3
15

 and H. R. A. A. N & N. F.I 

group study
14

, has been found for the pregnant 

women in comparison to lactating. In our 

view, the requirement of iron is also important 

during the lactating period of the women.   

Conclusion:  
The anemia can occur due to presence 

of several factors. The leading factor is 

nutrition deficiency. A larger effort is needed 

to better observe the onset of anemia and 

categorize the reason behind it. The trace is 

required to overcome the nutritional disorder 

specially the iron deficiency in Indian women.  

In this article, the Bayesian approach is used in 

the 2×2 tables. The unknown distributional 

assumption of the parameter of interest in the 

density function has been dealt with the prior 

assumption. The work is involved to compare 

the state wise hemoglobin status of the 

pregnant and lactating mothers. The future 

health of India will be determined by our 

child’s today. So, the reduction of Anemia 

prevalence among children is also an 

important issue. The work can also be 

extended to compare the Anemia status of 

children in this context. This study on this 

issue can be useful for policy maker for future 

goal of our country. The other outcomes of 

interest can also be taken care. It can be 

confirmed that, the state of Orissa, the 

moderate level of Anemia among pregnant 

women was reported highest in NFHS-3. In 

NFHS-2, the state of Assam has been reported 

with highest numbers of moderate Anemia 

among pregnant women followed by Tamil 

Nadu. The reports of NFHS-3
15

 and NFHS-2
13

 

say that, among the lactating women the 

highest moderate anemic women belong to the 

state of Tamilnadu and MP. The comparison 

with Bayesian approach opens another 

dimension. It suggests that the moderate level 

of Anemia in the lactating women has been 

reduced in NFHS-3
15

 study period in 

comparison to the study period of 2004 

conducted by Agarwal et al. (2004). However, 

the prevalence of severe level Anemia has 

been reduced in NFHS-3
15

 study period in 

comparison to H. R. A. A. N & N. F.I group 

study
14

 study.   It can also be confirmed that 

the illustrated method is very much 

straightforward to apply in other problems.  
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