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Abstract Anaemia has significant negative impact on the
health of school children including poor scholastic per-
formance and cognitive impairment. The present study was
done with the objective to estimate the prevalence of
anemia among school going children in Ernakulam district,
Kerala and to determine a few factors associated with
anemia. Hemoglobin of 880 students of 6th to 9th standard
in 11 randomly selected schools of Ernakulam district was
estimated using HemoCue 201 photometer. Prevalence of
anaemia was expressed using frequencies and percentages.
Univariate analysis for factors associated with anemia was
done. Selected variables were entered into a logistic
regression model. The prevalence of anemia was estimated
to be 44% (95% CI 40.67-47.33). Among them 0.8% had
severe anemia, 3.5% had moderate anemia and 39.7% had
mild anemia. Among them 21.3% and 52.6% reported not
in the habit of consuming green leafy vegetables and citrus
fruits respectively, at least three times on a usual week.
Anemia among children was associated with female gender
(adjusted OR 1.53, 95% CI 1.16-2.04), higher age group
(adjusted OR 2.24, 95% CI 1.69-2.91) and regular intake
of tea/coffee along with major meals (adjusted OR 1.62,
95% CI 1.20-2.04). Anemia among school going children
in Ernakulam remains a public health problem and was
more among females, higher age groups (12-15 years) and
those reported regular intake of tea/coffee along with major
meals. The consumption of iron rich foods among the
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students was poor. Behavior change communication for
dietary modification and universal supplementation of iron
is warranted.
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Globally, anemia is the most common nutritional problem
and one of the leading causes of disability [1]. Iron defi-
ciency is the most common cause of anemia. Numerous
studies have shown that anaemia remains as a major public
health problem among children and adolescents in India
[2-7].

Anaemia has negative impact on the health of school
children including poor scholastic performance and cog-
nitive impairment [8]. Iron deficiency has also been linked
to many learning and behavioural problems [9]. It has been
demonstrated to affect aerobic fitness and efficiency of
work [10].

Kerala, a state in southern India, has achieved impres-
sive improvements in people’s health. Despite having a low
per capita income, many of its maternal and child health
and social development indicators are at par with that of
many developed countries [11]. Kerala has initiated
Weekly Iron Folic Acid Supplementation (WIFS) program
in 2013, but has faced a severe setback as most of the
beneficiaries are apparently hesitant to consume the tablet,
supplied via schools [12]. As the state is working on
achieving state specific targets for sustainable development
goals related to health, it is important to know the exact
prevalence of anaemia in the state. However a recent sys-
tematic review on prevalence of anaemia in Kerala pointed
out that studies with good sample size focusing on the
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prevalence of anemia among children are scarce from the
state [13].

The present study was done with the objective to esti-
mate the prevalence of anemia among school going chil-
dren in Ernakulam district and to determine a few factors
like age, gender, type of school and food habits associated
with anemia. The results from the study could add on
evidences to the epidemiology of anemia in the state and
also form a baseline for future impact evaluation of
interventions.

Methodology
Study Setting

Ernakulam district is the industrial capital of Kerala state
situated on the coast of the Arabian Sea, with a population
of 3.2 million. More than 50% of the populations reside in
urban areas. Adult literacy rate is 95% and sex ratio is 1027
per 1000 males. The school enrollment rate is universal
with negligible dropout rate till tenth standard [14].

Study Design
Cross sectional study.
Study Population

Children studying in schools from VIth TO IXth standard
in Ernakulam district.

Sample Size

With the prevalence of anemia from previous study as
31.4% and with10% relative precision, 95% confidence, a
sample size of 880 was calculated [4].

Sampling Methods

Eleven schools were selected randomly from the list of all
[99 Government schools, 175 Government aided private
schools and 51 unaided private schools]high schools in the
district. A division was selected using simple random
sampling from 6th to 9th standard from each school. 10
boys and 10 girls from each division were selected by
simple random sampling from the school roll. Thus 80
students from each school—40 male and 40 females—and
10 each from 6th to 9th standard were selected. If the
selected student did not consent for blood examination or if
not available, the very next person of same gender on the
roll was invited for the study.

Study Tool

Questionnaire was framed to collect details of age, gender,
food frequency of citrus fruits, meat and green leafy veg-
etables and intake of iron tablets of the students. Eight
interns were trained in estimating hemoglobin using
HemoCue® Hb 201 System [15]. The HemoCue pho-
tometer has been widely used for estimation of hemoglobin
in recent years because it is portable, requires only a small
sample of capillary blood, is relatively simple to use, does
not require electricity, and gives immediate, digitally dis-
played results. Hemoglobin determined by the HemoCue
method is comparable to that determined by both the
Cyanmethemoglobin and automated hematology analyser
(Sysmex KX-21 N) methods [16—18].

The HemoCue instrument has an internal self-test that
verifies the analyser each time it is turned on and every
second hour thereafter. Quality Control has been ensured
by testing the function of the HemoCue photometer on a
daily basis by measuring the control cuvette (Serial no:
0214-003 071) and a standard of known concentration.

Ethics

The study has got ethical clearance from Institutional
Review Board. Permission from school authorities, consent
of parents and assent of children were taken.

Analysis

The data was entered in Microsoft Excel and was analyzed
using SPSS 16 for Microsoft windows. Anemia status was
decided as per WHO guidelines; less than 11.5 g/dl for
children less than 12 years; less than 12 g/dl for girls from
12 to 18 years and boys less than 14 years and less than
13 g/dl for boys from 15 to 18 years of age. Severe anemia
was hemoglobin less than 8 g/dl and moderate anemia was
hemoglobin between 8.1 and 10 g/dl [19]. Descriptive
statistics and univariate analysis for factors associated with
anemia was done. Chi square test was used to test the
difference between proportions. Selected variables were
entered into a logistic regression model and adjusted odds
ratios were calculated.

Results

880 children participated in the study. Two children did not
give assent. The general characteristics of the children
were shown in Table 1. The prevalence of anemia was
estimated to be 44% (95% CI 40.67—47.33). Among them
0.8% had severe anemia, 3.5% had moderate anemia and
39.7% had mild anemia. The anemia status by gender is
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Table 1 Characteristics of the study children (N = 880)

Characteristics Categories Number Percentage
Age group < 12 years 368 41.8
12-15 year 512 58.2
Gender Male 440 50
Female 440 50
Type of school Government 560 63.6
Private 320 36.4

shown in Table 2. The mean hemoglobin level was
11.86 g/dl (SD 1.14) and the median was 11.9 g/dl.

In the study 47.7% of girls (214/440) and 39.6% (173/
440) of boys had anemia. Anemia was highest in the age
group of 12-15 (51.2%). About 47.2% of those reported
drinking tea/coffee along with major meals had anemia
while 38.4% of those who reported not taking tea/coffee
with major meals had anemia. The univariate and multi-
variate analysis of factors associated with anemia had been

described in Table 3.

Table 2 Anaemia status of
children by gender (N = 880)

Among them 81.7%, 21% and 52.6% reported not in the
habit of consuming meat, green leafy vegetables and citrus
fruits respectively, at least three times on a usual week. In
the logistic regression model, anemia among school going
children was associated with female gender (AOR 1.53,
95% CI 1.16-2.04), higher age group (AOR 2.24, 95% CI
1.69-2.91) and regular intake of tea/coffee along with
major meals (AOR 1.62, 95% CI 1.20-2.04).

Discussion

Iron deficiency anemia represents the extreme lower end of
the spectrum of iron status which varies from iron defi-
ciency with anemia, iron deficiency with no anemia to
normal iron stores. The hemoglobin concentration could be
a surrogate indicator of the amount of iron available for
new RBC synthesis [19]. It is estimated that the prevalence
of iron deficiency in a population will be about 2.5 times
that of the prevalence of anaemia. WHO recommends that
when the prevalence of iron deficiency anaemia reaches

Severe anaemia

Moderate anaemia Mild anaemia No anaemia

Female 6 (1.3)
Male 1(0.2)
Total 7 (0.8)

20 (4.5) 184 (41.8) 230 (52.3)
11 (2.5) 168 (38.2) 260 (59.1)
31 (3.5) 352 (39.7) 496 (56%)

Table 3 Factors associated with anemia (N = 880)

Characteristics Categories Number of children in each category = Odds ratio (95% CI) Adjusted odds ratio
(%)
Anemia No anemia
Gender Female 214 (47.7) 235 (52.3) 1.39* 1.53%*
Male 173 (39.6) 264 (60.4) (1.06-1.81) (1.16-2.04)
Age group 12-15 years 270 (51.2) 257 (48.8) 2.13% 2.24%
< 12 years 117 (33.1) 236 (66.9) (1.61-2.80) (1.69-2.9)
Type of school Government 237 (42.3) 323 (57.7) 0.83 0.74
Private 150 (46.9) 170 (53.9) (0.63-1.09) (0.54-1.04)
Frequency of Vitamin C rich < 3 times a week 204 (44.1) 259 (55.9) 1.02 0.97
(0.78-1.33) (0.76-1.31)
Food intake At least 3 times a week 183 (43.9) 234 (56.1)
Frequency of green leafy food < 3 times a week 87 (47) 98 (53) 1.17 1.13
(0.84-1.62) (0.80-1.54)
Intake At least 3 times a week 300 (43.2) 395 (56.8)
Habit of drinking tea/coffee YES 263 (47.2) 294 (52.8) 1.43* 1.62*
(1.08-1.89) (1.20-2.04)
Along with major meals NO 124 (38.4) 199 (61.6)

#p < 0.05
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about 30% in specific population, it is more effective to
provide universal supplementation of iron than to screen
the individuals for case-management purposes. [19].

Several studies across India reported a wide range of
prevalence of anemia between 25 and 95% among ado-
lescents. [2—7] Variation in the prevalence estimates could
be due to different methods used for haemoglobin esti-
mation. It could also be due to the different cut offs used to
define anemia. District Level Household and Facility Sur-
vey (DLHS 4) reported the prevalence of anemia among
adolescent boys as 22.9% and among girls as 31.3% in
Kerala [20]. DLHS 4 used the anemia cut off as 11 g/dl
while we used a higher cut off.

A similar study done by in Kollam district, Kerala in
2014 had found the prevalence of anemia as 31.3% among
school children [4]. The Kollam study also found out that
anemia was lower in children who regularly consumed
WIFS. The current study reported a higher prevalence with
same cut off and same method for haemoglobin estimation.
The efficacy of the WIFS program in reducing anemia
prevalence in schools has been demonstrated previously
[21, 22]. It is tempting to postulate that the stricter
implementation of WIFS in 2013-2014 in the state might
have resulted in a lower prevalence of anaemia among
school children at that time which eventually waned off
after collapse of the WIFS program at schools.

In the current study, prevalence of anemia was found to
be more among those who reported usually drinking tea or
coffee along with major meals. Similar finding has been
observed in the Kollam study also. The inhibitory effect of
tea and coffee on the absorption of iron is well proven
[23, 24].

The present study was not designed specifically to study
all the risk factors for anemia. Many possible risk factors
like socio economic status could not be assessed as infor-
mation was collected from schoolchildren. Though we
included children above 6th standard, menarche status was
not captured. Hemoglobin estimation was done only once
in this study. The quantity of blood taken for each test may
differ and the hemoglobin estimation can vary with single
estimation. Estimation of iron stores using serum ferritin or
transferrin saturation would have made the picture of iron
deficiency clearer.

To summarise, the prevalence of anemia among school
going children in Ernakulam district was found to be 44%.
Anemia was more among females and in the age group of
12-15 years. Anemia among school going children was
more among those who reported regular intake of tea/cof-
fee along with major meals. The iron rich food consump-
tion among children is poor. A school health anemia
prevention program with behaviour change communication
for dietary modification and universal supplementation of
iron need to be considered.
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