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Abstract

Prevalence of anemia is higher in India compared to the other developed countries
and remains one of the major public health problems. The prevalence of anemia in school-
aged children alone has been estimated to be as high as 9% even in some industrialized,
developed countries. Approximately 40 percent of children are anemic across various African
and Asian settings. Children’s access to education and to learning can be negatively affected
by poor health and nutritional status. It is therefore of some concern that a quarter of all
children eligible to be in school are malnourished and that children in developing countries
frequently carry an additional burden of infectious diseases. The present paper explores the
prevalence, socioeconomic and district wise geographical variations in anemia and tries to
find out the main predictors of anemia among school going children in the state of
Meghalaya. Present study is based on the fourth round of District Level Household Survey
(DLHS-4) pertaining to year 2012-2013.

Bivariate analyses including chi-square tests to determine the prevalence of anemia
and logistic regression to understand the determinants of anemia were applied. The findings
of the study indicate that almost half of the children were anemic in addition to fewer cases of
severe anemic, moderate anemic and mild anemic. It is also found that children aged 6-9 years
were suffering more from severe anemia as compared to children aged 15-19 years. A
significant correlation between anemia and age was observed. Female children aged 6-9 years
were found to be suffering more from severe anemia as compared to children aged 15-19
years. The likelihood to suffering from anemia was found to be less likely in South Garo
Hills, West Khasi Hills, RiBhoi, East Khasi Hills and Jaintia Hills districts as compared to
West Garo Hills districts. Study concludes that educational status was strongly associated
with anemia. It was also observed that as educational status of male children increases the
anemia decreases. In terms of prevalence of anemia at district level in the state of Meghalaya,
significant variations have been noticed. The results of present analysis highlight the need to
develop pragmatic intervention programmes incorporating various strategies to improve
dietary intake and bioavailability of iron; nutritional supplementation of iron and folic acid
tablets and fortification of edible dietary items with iron. Nutrition and health education
programmes may be conducted in schools with teachers and parents’ involvement to raise the
awareness regarding anemia.

Introduction

The prevalence of anemia is higher in India compared to the other developed countries (EM
DeMayer et al., 1995; K Kalaivani, 2009) and remains one of the India’s major public health
problems. Lack of awareness among mothers about the problem coupled with their low educational
status (Rawat CMS et al., 2001), poor nutritional practices and unhealthy food habits, decreased
physical activities (WHO, 2014) are added factors associated with lower hemoglobin level in children.
Anemia is known to be affecting 305 million (25.4%) school age children globally with an estimated
prevalence of 40% in developing countries (Gawarikar R. S. et al., 2002). The prevalence of anemia

Associate Professor, Department of Education and Education Technology, School of Social Sciences, University of
Hyderabad, Gachibowli-Hyderabad-500046

Technical Officer, National Institute of Medical Statistics (NIMS), ICMR, New Delhi -110029

3Scientist-D, National Institute of Medical Statistics (NIMS), ICMR, New Delhi -110029

“Research Scholar, Department of Statistics, Institute of Science, Banaras Hindu University, Varanasi-221005
*Corresponding author: Madhusudan JV, Email: madhusudanjv@yahoo.co.in



39

in school-aged children has been estimated to be as high as 9% even in some industrialized, developed
countries (Benoist B. et al., 2008). Approximately 40 percent of children are anemic across various
African and Asian settings (Alloway R. et al., 2003). Reducing the burden of anemia will make a
major contribution towards achieving several developmental goals. India is a large, multi-ethnic
country, where the prevalence and determinants of anemia vary across regions and ethnic groups
(Hall, Andrew et al. 2001). In India, the prevalence of anemia among school age children is
inadequately addressed compared with pre-schoolers and women of child-bearing age (Galal, O. M. et
al., 2005; Djokic D. et al., 2010).

Data from the District Levels Household Survey offer an opportunity to investigate the
severity and distribution of anemia among school going children at the national level, according to
urban and rural areas, and according to state and region and to assess the trends and socioeconomic
determinants of the prevalence of anemia. Therefore, the present study was undertaken to explore the
prevalence of anemia among school going children according to socioeconomic and demographic
variables taking into account the individual, household and community level characteristics. The
results of analysis may cast some light on the attention and efforts to be paid to the health and
wellbeing of school going children in the education sector planning. The present studies explores the
prevalence of anemia, socioeconomic and district wise geographical variation in anemia and assess to
find out the main predictors of anemia among school going children in Meghalaya.

Methods

Present study is based on the fourth round of District Levels Household Survey (DLHS-4),
conducted during 2012-13. The DLHS is a nationally representative and one of largest ever
demographic surveys conducted in India. DLHS-4 adopted a multi-stage stratified systematic
sampling design. Detailed information about sampling employed in this survey can be obtained from
the report of DLHS-4. The outcome variable in this study was Anemia. Using HemoCue method is
considered to be a standard method for hemoglobin measurement by the International Committee for
Standardization in Hematology and World Health Organization for field studies (Muratee S., 1990;
Gordon N., 2003; Choudhary A., 2006). The present study also used the HemoCue method for
estimating hemoglobin level. The hemoglobin levels of >11 mg/dL was considered as any anemia
(normal anemia), 10-11 mg/dL as mild anemia, 7-9.9 mg/dL as moderate anemia, and <7 mg/dL as
severe anemia (Muratee S., 1990; Gordon N., 2003).

Important Socioeconomic and demographic predictors such as age of children, education of
children, family size, religion, social group, wealth quintile, sanitation facilities, drinking water
facilities, type of cooking fuel, type of residence and districts were included as predictor variables in
the present study. Further socioeconomic and demographic variables are divided into three categories
namely individual household and community characteristics. To examine the prevalence and
determinants of anemia, present study used both bivariate and multivariate analyses. Chi-square test is
used to determine the difference in proportions of anemia across selected individual, household and
community background characteristics. Binary logistic regression is applied to understand the net
effect of predictor variables on the anemia. The whole analysis was performed using STATA version
13.0 to take into account the survey design (i.e. sampling weights with clustering and strata) and
QGIS 3.0 and R for making the geographical variation and graph.

Results (Background characteristics of the respondent)

Table 1 represents the weighted percent distribution of school going children (age 6-19 years)
by background characteristics in Meghalaya, India. Among the children, female were more educated
as compared to boys. More than two thirds children found to be suffering from low BMI. Majority
were belonged to Christian religion and scheduled tribes with regards to the social group. More than
two third household were using safe sanitation and almost same household were using safe drinking
water. Majority children were belonging to rural areas of the state.
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Table 1: Percent distribution of school going children (age 6-19 years) by background
characteristics, DLHS-4 (2012-13), in Meghalaya, India

Background Male _ Female _ Total .
characteristics Sample Welght_ed Sample Welghtgd Sample Welghtgd
proportion proportion proportion

Individuals characteristics

Age

6-9 799 37.34 872 36.42 1672 36.86

10-14 875 42.42 1017 43.23 1892 42.83

15-19 420 20.24 472 20.36 893 20.31

Education of children

Below primary 918 49.09 944 44.5 1864 46.67

Primary 513 28.45 655 31.41 1168 30.01

Middle and above 406 22.47 490 24.1 896 23.32

BMI

Low 1612 76.51 1638 69.25 3251 72.66

Normal 425 21.08 633 27.38 1059 24.33

Overweight 47 2.41 73 3.37 120 2.01
Household Characteristics

Family members

Up to 4 members 448 21.51 516 21.88 964 21.7

5-7 members 833 39.94 944 40.04 1777 39.97

More than 7 members 813 38.55 901 38.08 1716 38.33

Religion

Non Christian 302 14.58 295 12.74 597 13.6

Christian 1792 85.42 2064 87.26 3858 86.4

Castes/Tribes

Non ST 159 7.93 156 06.72 315 7.28

Scheduled Tribes 1881 92.07 2150 93.28 4033 92.72

Wealth quintile

Poorest 424 19.53 467 19.02 892 19.27

Poorer 407 18.76 484 19.65 891 19.22

Middle 412 19.34 480 19.81 892 19.58

Richer 428 20.78 463 20.03 891 20.37

Richest 423 21.59 467 21.48 891 21.55

Sanitation facility

Unsafe 633 29.93 664 27.78 1298 28.8

Safe 1461 70.07 1697 72.22 3159 71.2

Drinking water

Unsafe 384 17.71 457 18.83 842 18.32

Safe 1710 82.29 1904 81.17 3615 81.68
Community characteristics

Type of locality

Rural 1705 76.22 1903 75.1 3609 75.61

Urban 389 23.78 458 24.9 848 24.39

District

West Garo Hills 263 12.13 303 12.14 566 12.13

East Garo Hills 242 11.86 290 12.8 533 12.37

South Garo Hills 166 7.598 158 6.513 324 7.019

West Khasi Hills 383 18.12 408 16.98 791 17.51

RiBhoi 364 17.18 399 16.76 764 16.97

East Khasi Hills 349 18.2 422 19.13 771 18.69

Jaintia Hills 327 14.91 381 15.68 708 15.31

Meghalaya 2094 100 2361 100 4457 100
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Table 2 shows the weighted percentage distribution of school going male children (age 6-19
years) classified as having anemia by degree of anemia and by selected background characteristics,
Meghalaya, India. Results show that about 3.1% children were severe anemic, 24.3 were moderate
anemic, 19.7 were mild anemic and the almost 47.2% children were any anemic. Children age group
6-9 years were more (4.0) suffering from severe anemia as compared to only 1.8% children age group
15-19 years. A significant correlation between anemia and age was observed and its showed statistical
significance (¥2=13.114, p=<=0.01, ¥2=38.641, p=<=0.01, %2=4.793, p=<=0.10 and ¥2=77.851,
p=<=0.01, mild anemia, moderate anemia, severe anemia and any anemia respectively). More than
half (55.5%) below primary children had normal anemia as compared to 28.1% children who had
completed their education middle and above. The study argue that below primary children may be
younger age as compared to middle and above children. Any anemia prevalence in different
educational categories showed statistical significance (32=88.808, p=<=0.01) while in case of severe
anemic education category showed no statically significance x2=1.608, p=>=0.10). Not much
differentials found among religion and caste category. Results indicate that the Sanitation and safe
drinking water also effect the anemia prevalence. Children from those household having safe
sanitation and safe water facilities have lower prevalence of anemia as compared to their counterpart,

household having unsafe sanitation and unsafe water facilities.

Table 2: Weighted percentage distribution of school going male children (age 6-19 years) classified
as having anemia by degree of anemia and by selected background characteristics, Meghalaya,
DLHS-4 (2012-13), India

Background

Anemia status by hemoglobin level

characteristics Mild anemia | Moderate anemia | Severe anemia | Any anemia n
(10.0-10.9 g/dI) (7.0-9-9 g/dl) (< 7g/dl) <11.0 g/dl
Individuals characteristics

Age y2=13.114%%** ¥2=38.641*** 12=4.793* ¥2=77.851%%**

6-9 22.5 31.2 4.0 57.7 799

10-14 20.1 22.2 3.0 45.4 875

15-19 13.8 15.9 1.8 31.5 420

Education of children | y2=27.252%** ¥2=7.869* 12=1.608 $2=88.808%**

Below primary 24.4 27.8 3.4 55.5 918

Primary 17.0 22.8 2.7 42.6 513

Middle and above 12.8 13.1 2.1 28.1 406

BMI y2=15.758%%* $2=2.621 $2=2.207 ¥2=34.536%**

Low 21.7 25.6 3.2 50.5 1612

Normal 13.6 19.1 2.1 34.8 425

Overweight 13.1 23.8 5.2 42.1 47

Household Characteristics

Family members ¥2=3.524 $2=2.621 x2=3.034 ¥2=3.534

Up to 4 members 17.7 21.5 4.4 43.6 448

5-7 members 18.9 25.5 2.8 47.2 833

More than 7 members 21.7 24.7 2.7 49.1 813

Religion ¥2=0.216 x2=2.768 y2=8.475%** ¥2=0.207

Non Christian 20.7 21.9 5.8 48.4 302

Christian 19.6 24.7 2.7 47.0 1792

Castes/Tribes ¥2=0.001 2=34.341%** ¥2=11.704%** ¥2=0.077

Non ST 19.7 19.1 7.5 46.4 159

Scheduled Tribes 19.8 25.0 2.7 47.5 1881

Wealth quintile x2=1.738 ¥2=16.563*** 12=4.648 y2=17.214%*

Poorest 19.8 31.6 3.2 54.6 424

Poorer 21.0 24.7 4.6 50.4 407

Middle 20.2 20.5 2.1 42.8 412

Richer 20.2 22.2 3.2 45.5 428

Richest 17.7 22.8 2.6 43.1 423
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Sanitation facility ¥2=6.289** ¥2=13.655*** 12=0.578 $2=29.594%**
Unsafe 23.1 29.6 3.6 56.3 633
Safe 18.3 22.1 2.9 43.3 1461
Drinking water x2=0.586 y2=24.737*** x2=0.366 ¥2=21.841%**

Unsafe 21.2 34.4 2.6 58.2 384
Safe 19.4 22.2 3.2 44.8 1710
Community characteristics

Type of locality x2=1.914 x2=0.162 x2=0.039 12=1.901

Rural 20.4 24.5 3.1 48.0 1705
Urban 17.6 23.6 3.3 44,5 389
District ¥2=14.129 ¥2=114.913%** x2=18.598* ¥2=119.131

West Garo Hills 17.7 38.1 6.7 62.6 263
East Garo Hills 23.5 40.6 3.6 67.8 242
South Garo Hills 17.2 23.9 4.0 45.1 166
West Khasi Hills 15.1 25.9 3.5 44.6 383
RiBhoi 24.3 20.5 2.7 47.4 364
East Khasi Hills 18.6 9.1 1.4 29.1 349
Jaintia Hills 21.4 21.3 1.5 44.2 327
Meghalaya 19.7 24.3 3.1 47.2 2094

Differentials in Anemia among school going female children

Table 3 shows the weighted percentage distribution of school going female children (age 6-19
years) classified as having anemia by degree of anemia and by selected background characteristics,
Meghalaya, India. Results show that about 3.9%, female children were severe anemic, 27.6 were
moderate anemic, 21.2% were mild anemic and more than half (52.7%), female children were any
anemic. Female children age group 6-9 years were more (4.7) suffering from severe anemia as
compared to only 2.8% children age group 15-19 years. A significant correlation between mild
anemia, moderate anemia and any anemia and age was observed and it showed statistical significance.
However age and severe anemia was not statically significant. Similar to male children, not much
differentials found among religion and caste category among female children. Results indicated that
the Sanitation and safe drinking water also effect the anemia prevalence. Female children from those
household having safe sanitation and safe water facilities have lower prevalence of anemia as
compared to their counterpart, household having unsafe sanitation and unsafe water facilities.

Table 3: Percentage of school going female children (age 6-19 years) classified as having anemia by
degree of anemia and by selected background characteristics, Meghalaya, DLHS-4 (2012-13), India

Background Anemia status by hemoglobin level n
characteristics Mild anemia | Moderate anemia | Severe anemia | Any anemia
(10.0-10.9 g/dI) (7.0-9-9 g/dl) (< 7g/dl) <11.0 g/dI

Individuals characteristics

Age x2=1.161 2=15.540%** x2=4.1424 ¥2=14.854%**

6-9 21.5 30.5 4.7 56.7 872

10-14 21.9 22.6 3.4 47.8 1017

15-19 19.4 29.6 2.8 51.9 472

Education of children ¥2=0.142 ¥2=6.429* x2=1.047 ¥2=8.581**

Below primary 214 29.2 4.6 55.2 944

Primary 21.5 23.6 3.0 48.2 655

Middle and above 20.6 25.6 3.6 49.9 490

BMI ¥2=3.394 ¥2=1.456 ¥2=1.076 ¥2=2.253

Low 22.2 27.2 4.2 53.5 1638

Normal 19.2 27.9 3.1 50.2 633

Overweight 16.9 33.3 5.0 55.2 73
Household Characteristics

Family members 2=2.374 | ¥2=0.047 | x2=1573 | y2=1.388
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Up to 4 members 19.5 27.8 3.4 50.8 516
5-7 members 20.7 27.4 4.5 52.5 944
More than 7 members 22.8 27.8 3.5 54.0 901
Religion 12=0.962 ¥2=7.460** %2=0.302 ¥2=1.933

Non Christian 19.0 34.2 3.2 56.4 295
Christian 21.5 26.7 4.0 52.1 2064
Castes/Tribes $2=0.276 12=3.667 x2=0.481 ¥2=3.557

Non ST 22.7 34.6 2.7 60.0 156
Scheduled Tribes 20.9 27.4 3.8 52.2 2150
Wealth quintile %2=0.651 ¥2=16.226*** 12=4.241 ¥2=19.539%%**
Poorest 21.6 31.2 5.2 58.0 467
Poorer 21.2 31.5 3.1 55.9 484
Middle 20.1 25.4 3.0 48.5 480
Richer 22.1 28.9 4.4 55.4 463
Richest 20.9 21.9 3.7 46.5 467
Sanitation facility ¥2=0.700 ¥2=27.646*** 12=4.212* 12=21.187***

Unsafe 22.3 35.4 2.5 60.3 664
Safe 20.8 24.6 4.4 49.8 1697
Drinking water x2=0.012 y2=13.147*** x2=0.010 12=10.227%**

Unsafe 21.0 34.6 3.9 59.5 457
Safe 21.3 26.0 3.8 51.1 1904
Community characteristics

Type of locality 12=4.692** %2=0.031 ¥2=10.817%%* 12=0.438

Rural 22.3 27.7 3.1 53.1 1903
Urban 18.0 27.4 6.1 51.5 458
District 2=10977 | y2=139.748%%x | ya=13455 | 2717978

West Garo Hills 22.4 44.4 4.8 71.6 303
East Garo Hills 24.1 42.4 6.0 72.6 290
South Garo Hills 16.8 26.7 2.5 46.0 158
West Khasi Hills 20.0 26.3 5.7 52.0 408
RiBhoi 24.4 29.6 2.4 56.4 399
East Khasi Hills 17.2 11.3 2.9 315 422
Jaintia Hills 22.4 22.3 2.7 474 381
Meghalaya 21.2 27.6 3.9 52.7 2361

Figure 1: District wise prevalence of Anemia among school going children in Meghalaya

Prevalence of anemia among school going children by District,

Meghalaya

aanoo0e
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Determinants of Anemia

Table 4 demonstrates the results of the binary logistic regression model to examine the effect
of individuals household and community characteristics on any anemia among male and female
separately for Meghalaya, India. Findings show that age group, education and district were found to
be statistically determinants of any anemia in Meghalaya. Older age group 10-14 years and 15-19
years male children were found to less likely (OR=0.754 CI=0.592-0.961 and OR=0.662 C1=0.438-
1.001, respectively), to suffer from anemia than younger age group 6-9 years. Similarly, lower
educational status was strongly associated with anemia, it was also observed that as educational status
of male children increases the anemia decreases. Male children with primary but below middle and
middle or more education were found less likely (OR=0.728 CI=0.552-0.960) and (OR=0.455
CI=0.273-0.758), to have anemia as compared to below primary children. With regards to district of
Meghalaya, the likelihood to suffer from anemia was found to be less likely in South Garo Hills, West
Khasi Hills, RiBhoi, East Khasi Hills and Jaintia Hills districts as compared to West Garo Hills.

Table 4. Adjusted odds-ratio to examine the effect of individuals household and community
characteristics on any anemia among male and female in Meghalaya,DLHS-4 (2012-13), India

Any anemia
Background characteristics Male Female
Odds Ratio | 95% C.I. | Odds Ratio | 95% C.1.
Individuals characteristics
Age
6-9° - - - -
10-14 0.754** [0.592-0.961] 0.792* [0.604-1.039]
15-19 0.662* [0.438-1.001] 0.850 [0.546-1.325]

Education of children
Below primary” - - - -
Primary 0.728 | [0.552-0.960] | _ 0.999 [0.743-1.344]

Middle and above 0.455*** [0.273-0.758] 1.079 [0.732-1.592]
BMI

Low" - - - -
Normal 0.777* [0.568-1.064] 0.975 [0.702-1.354]
Overweight 1077 | [05232.218] | 0.944 [0.581-1.533]

Household Characteristics

Family members
Up to 4 members” - - - -
5-7 members 0.948 [0.702-1.278] 1.035 [0.769-1.391]

More than 7 members 1.002 [0.711-1.412] 0.961 [0.727-1.269]
Religion

Non Christian” - - - -
Christian 0.747 [0.406-1.375] 1.113 [0.749-1.654]
Castes/Tribes

Non ST” - - - -
Scheduled Tribes 1.958 [0.824-4.649] 0.836 [0.375-1.866]
Wealth quintile

Poorest” - - - -
Poorer 0.874 [0.614-1.245] 1.109 [0.764-1.610]
Middle 0.774 [0.540-1.110] 0.831 [0.563-1.226]
Richer 0.832 [0.560-1.238] 1.133 [0.751-1.709]
Richest 0.752 [0.473-1.194] 0.741 [0.498-1.101]
Sanitation facility

Unsafe” - - - -

Safe 1.054 [0.767-1.449] 0.949 [0.695-1.296]

Drinking water
Unsafe” | - | - | - | -
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Safe | 0907 | [0.645-1.275] | 1.007 [ [0.707-1.433]
Community characteristics

Type of locality

Rural” - - - -

Urban 1.394 [0.918-2.117] 1.212 [0.898-1.634]

District

West Garo Hills” - - - -

East Garo Hills 1.018 [0.564-1.838] 1.078 [0.597-1.947]

South Garo Hills 0.366** [0.158-0.848] | 0.331*** [0.160-0.683]

West Khasi Hills 0.405*** | [0.201-0.816] | 0.414*** [0.229-0.748]

RiBhoi 0.448*** | [0.241-0.834] | 0.538*** [0.314-0.921]

East Khasi Hills 0.219*** | [0.113-0.423] | 0.190*** [0.114-0.316]

Jaintia Hills 0.379*** | [0.210-0.684] | 0.385*** [0.220-0.675]

Reference category, *p<0.01, **p<0.05 and ***p<0.001

Discussions

The present study comprehensively indicates that almost half of the children were anemic in
addition to fewer cases of severe anemic, moderate anemic and mild anemic. It is also found that
children aged 6-9 years were suffering more from severe anemia as compared to children aged 15-19
years. A significant correlation between anemia and age was observed. Female children aged 6-9
years were found to be suffering more from severe anemia as compared to children aged 15-19 years.
The likelihood to suffering from anemia was found to be varying among the districts of the state. As
prevalence of anemia is higher in India compared to the other developed countries and frequently
illiteracy, poverty, and rural residence are the major factors associated with anemia.While there are
different causes associated with the prevalence of anemia, the present study highlighted
socioeconomic factors which are responsible for anemia among school going children. Anemia has
been shown even to contribute to mortality (Scott S.P. et al. 2014).

Anemia in children may be resulted from poor bioavailability of iron, infections like intestinal
parasites, malaria and tuberculosis (TB). Although anemia has a variety of causes, it is generally
assumed that 50% of cases are caused by iron deficiency. The main risk factors for iron deficiency
among young children in developing countries are malnutrition (low intake) and high requirement of
iron during child growth (Gutema, B. et al. 2014). Children’s access to education and to learning can
be negatively affected by poor health and nutritional status. It is therefore of some concern that a
quarter of all children eligible to be in school are malnourished and that children in developing
countries frequently carry an additional burden of infectious diseases. Deficient iron status or anemia
is a major cause of growth retardation (Oliveira M. et al., 2007; Saxton J. et al., 2009), impaired
physical and mental development (Sharman A., 2000), and morbidity (WHO, 1994)

Conclusions

A significant correlation between anemia and age was observed. Female children aged 6-9
years were found to be suffering more from severe anemia as compared to children aged 15-19 years.
Further, results indicated that the Sanitation and safe drinking water also affect the anemia prevalence.
Female children from those household having safe sanitation and safe water facilities have lower
prevalence of anemia as compared to their counterpart, household having unsafe sanitation and unsafe
water facilities. Educational status was strongly associated with anemia, it was also observed that as
educational status of male children increases the anemia decreases. In terms of prevalence of anemia
at district level in the state of Meghalaya, significant variations have been noticed. The results of
present analysis study highlight the need to develop pragmatic intervention programmes
incorporating various strategies to improve dietary intake and bioavailability of iron; nutritional
supplementation of iron and folic acid tablets and fortification of edible dietary items with iron.
Nutrition and Health Education programme may be conducted in school with teachers and parents’
involvement to raise awareness regarding anemia.
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