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I. INTRODUCTION

Adolescence is a modern — and even postmodern — concept that
acknowledges the unique space between childhood and full adulthood (Christenbury
et al., 2009). According to World Health Organisation (WHO, 2011%),
“Adolescence, a period of transition from childhood to adulthood, is crucial in the
life of human beings. Adolescence is a particularly unique period in life because it is
a time of intense physical, psychological and cognitive development”. Adolescents
constitute about 22.8 per cent of the population in India (Dasgupta et al., 2010). The
word adolescence has been in usage since the 15" century, which was coined from
adolescere, a Latin word to mean “grow up” or “to grow into maturity” (Lerner and

Steinberg, 2004).

World Health Organization identifies adolescents by age — “young people
between the ages of 10 and 19 years” (WHO, 2015%). Sacks (2003) also corroborate
the WHO that adolescent period is roughly between 10-19 years of age. The
Canadian Paediatric Society states, “Adolescence begins with the onset of
physiologically normal puberty and ends when an adult identity and behaviour are

accepted”.

Malnutrition is posting a great threat to adolescents, especially in developing
countries like India (WHO, 2011). India occupies the 127" place among the 192
countries in the world in the Human Development Index (HDI) — mainly attributed
to malnutrition (The Hindu, 2004). Nutrition of adolescent girls is particularly

important, but undernutrition in adolescents, frequently goes unnoticed by the



parents or the adolescents themselves. The most serious aspect of this negligence is
that the negative effects of undernutrition developed during the adolescent stage are

carried throughout a women’s productive life (Zaimin et al., 2003).

About one-tenth of the population is adolescents and the nation’s growth and
wellbeing greatly dependent on the nutritional status of these adolescents.
Malnutrition affects the adolescents the most, since during these periods, their
requirement for nutrients is more. This requirement further increases during

pregnancy (Choudhary et al., 2010).

Attention to nutritional status is important during the adolescent stage,
especially for girls, as they are undergoing the complex process of growth and
development. Adolescent period provides nutritionally deficient children a second
opportunity to catch-up growth. During adolescence, the need for all nutrients
increases. The remarkable development that happens in adolescence, second just to
that in the first year of life, initiates increased demands for energy and nutrients
(Stang and Story, 2009). At the peak of the adolescent growth spurt, the nutritional
requirements may be twice compared to the remaining period of adolescence
(Forbes, 1992). Shivaramakrishna et al., (2011), in their study found a high

predominance of undernutrition among rural adolescent girls.

Adolescent period is however: the most perplexing and the most poorly
understood stage. In this stage, physical attributes of adulthood are acquired but less
emotionally developed as a grown person (Omotoso, 2007). Nearly 20 per cent of
growth in height and roughly 50 per cent of body weight are reached. About 45 per

cent of bone mass increases, bone remodelling takes place and soft tissues, organs,



and even red blood cell mass also boost in size (Giuseppina, 2000). The requirement
for micro and macronutrients are more during the adolescent period (Lopez and
Matros, 2004). Acute energy insufficiency in adolescent girls leads to short stature
and lean body mass and muscular strength and working capacity also decreases,

which also increases the risk of adverse reproductive outcomes (Dey et al., 2011).

Nutritional status during adolescence is a crucial indicator of health outcome
(Dey et al., 2011). Nutritional deficiencies lead to giving birth to undernourished
babies transferring the undernutrition to the next generation too (Singh et al., 2012).
This nutritional deficiency becomes more complicated to adolescents during
infections and to those who are sexually active (Mulugeta et al., 2009), in addition
leads to lower physical output and unfavourable reproductive results (Haboubi and

Rizwana, 2009).

Anaemia is defined as a low level of haemoglobin in the blood and it is one
of the world’s most widespread nutritional problems (Galloway, 2003). According
to World Health Organization, the anaemic level is where the haemoglobin level to
be less than 12.0 g/dl for both adolescent girls and non-pregnant women (WHO,
2001%). A survey by Indian Council of Medical Research (ICMR, 2000) in different
parts of India revealed that 87 per cent of pregnant women suffer from anaemia and
about 10 per cent have severe anaemia (Hb<80 g/l). In another study by Toteja et al.,
(2006) exposed that the average prevalence of anaemia was 83 per cent (Hb<70 g/l)
among pregnant women in 16 districts. According to a survey by Indian Institute of
Health and Family Welfare (2002), only 19 per cent of adolescent rural girls,
between 10 and 15 years of age in Hyderabad, had normal haemoglobin levels of

12g/dl or above.



Karaoglu et al., (2010) found an important relationship between the
incidence of anaemia and the women’s age, income, educational level and dietary
behaviours. Women in the childbearing age, young children, particularly adolescent
girls are affected by anaemia (Gautam et al., 2002). The growth spurt and menstrual
status affect iron stores in adolescent girls with low iron intake (Ernst et al., 1998).
Siddharam et al., (2011) found association with iron deficiency anaemia, weight loss
and anaemia, pallor and anaemia among adolescent girls. In India, anaemia is the
second most common cause of maternal deaths, accounting for 20 per cent of total
maternal deaths (Goverment of India, 1995). Ahmad et al., (2010) found a high
prevalence of anaemia (74.80%) among the observed rural pregnant women in India
and most of the women were in the younger age group. Anaemia is associated with
undesirable maternal outcome, such as puerperal sepsis, ante-partum haemorrhage,

post-partum haemorrhage and maternal mortality (Roy and Chakravorty, 1992).

The most common nutritional disorder is iron deficiency, and is the major
cause of anaemia, which affects about 20 per cent of the world population. About
nine to forty per cent of adolescent girls were estimated to have affected by iron
deficiency (Burner et al., 1996). Studies show that the incidence of anaemia varies
from 33 to 100 per cent across India (Luwang et al., 1980 and Agarwal and Tejwani,
1999). Low haemoglobin level reduces the availability of oxygen to the tissues, and
subsequently this oxygen deficiency affects the cardiac output (Beaton et al., 1989).
Anaemic states are known to influence the hemodynamic and nervous system
(Chang et al., 2009). A strong relationship was found between maternal anaemia and
low birth weight babies (Malhotra et al., 2002). Studies have indicated that preterm

delivery, low birth weight and inferior neonatal health were the possible results of



iron deficiency anaemia among pregnant women (Tolentino and Friedman 2007).
Maternal anaemia was also found to be a main risk factor for stillbirth (Ali and
Adam, 2011). Lumley et al., (2001) cited studies to show that about 70 per cent of
birth defects, such as Neural Tube Defects could be prevented, if adequate folic acid
is ensured before conception and during the early months of pregnancy. Folic acid
deficiency if not addressed during the pre or periconceptual period, may cause
irreversible fetal damage called Neural Tube Defects (NTD). About 3000
pregnancies are affected by NTD each year. NTD malformations include:
spinabifida (open spine), meningomyeloceles, myeloceles, anencephaly (open skull),

encephalocele (gap in the skull) and other anomalies (Bener et al., 2006).

Popkin (2001) defined obesity as a condition of abnormal or excessive fat
accumulation in adipose tissue to the extent that health may be impaired. According
to World Health Organization, Body Mass Index (BMI) provides the most useful
population level measure of obesity. As per World Health Organization, obesity is,
“one of today’s most neglected public health problems” and the extent of children
and adolescents who are overweight and obese has additionally been increasing
(WHO, 2004). Snacking of high-energy junk foods was one of the important
influencing factors of obesity among children and adolescents (Bose et al., 2006).
Thakkar et al., (2010) in his study cautions about the high prevalence of obesity
(52%) especially by Indian guidelines among the female adolescents calls for the
prevention and control of this problem. Study of Augustine and Poojara (2003)
found high prevalence of overweight and obesity (24 and 10.5% respectively)
among urban college-going girls in Ernakulam district. Takii et al., (1999) found

links between unhealthy eating attitudes in female adolescents and pubertal changes



in the body shape and weight. Risk of morbidity, bone and joint problems, sleep
apnea and social and psychological problems such as stigmatization and poor self-
esteem are found to have caused by obesity in adolescent girls (Daniels et al., 2005).
Park (2005) found that childhood obesity increases the complications during the

adulthood.

Disordered eating behaviours are common among adolescents (Eisenberg
and Sztainer 2010). Sztainer et al., (2002) in their study found that more female
adolescent respondents (92.4%) than male respondents (53.6%) reported engaging in
weight control behaviours to lose weight or keep from gaining weight. Patel and
Shah (2009) described that, 31 per cent respondents had anaemia due to poor diet,
ongoing blood loss during menstruation and today’s fashion trend of slimness; 53
per cent due to poor consumption of food and taking junk foods. The prevalence of
disordered eating, ‘crash’ dieting, fasting and usage of slimming tablets, diuretics
and laxatives by adolescent females was found among the study group by Grigg et
al., (1996). Dieting and unhealthy weight-control practices foresee results identified

with obesity and eating disorders after 5 years (Sztainer et al., 2006).

Malnutrition, as a risk factor for the educational future of children and
adolescents is a major concern for health, nutrition and educational policies. Poor
nutrition hampers pupils’ learning process; a daily food intake reduces the negative
effect of malnutrition. Food intake helps kids to keep concentrate, enhance pupils’
attention span and then increase their daily learning time (Aubery, 2012). Anaemia
reduces physical and cognitive capacity and the subsequent impact on reduced
learning skill and academic performance among early adolescent school-going girls

(Sen and Kanani, 2006). Maluccio et al., (2009) in their study found that higher



intake of nutrients during early childhood and adolescent stage has a long-term

impact on adult educational outcomes.

Surprisingly, information regarding the nutritional status of adolescents in
Kottayam district of Kerala state is lacking. Information about absolute levels and
trends with respect to adolescent girls’ undernutrition are of relevance for designing,
initiating or modifying intervention programmes (Mulugeta et al., 2009).
Adolescents, however, have been considered a low-risk group for poor health and
nutrition and frequently get inadequate consideration. Due to these reasons,
resources have traditionally been directed to children and mothers, especially
pregnant women. The nutritional status and the impacts of interventions among
adolescent girls of age group 12-19 years have been underexplored in Kottayam
district. This information is essential for planning and implementing effective
nutritional interventions including nutrition education programme for adolescent
girls.  With this background, this study, “NUTRITIONAL STATUS OF
ADOLESCENT GIRLS (12-19 years) AND IMPACT OF INTERVENTION
PROGRAMMES” therefore, is aimed at assessing the level of undernutrition,
identifying the various factors contributing to girls’ malnutrition and the impact of
interventions to alleviate undernutrition among adolescents in Kottayam Taluk with

the following specific objectives to:

SPECIFIC OBJECTIVES OF THE STUDY

1. Assess the nutritional status of selected adolescent girls, including their
haemoglobin, iron, folic acid and vitamin B, profile.

2. Examine the dietary pattern of adolescent girls.



w

Identify the factors affecting nutrient consumption among the adolescent
girls.

Evaluate the nutritional knowledge among adolescent girls.

Develop a computer-aided teaching tool for giving education programme
regarding nutritional deficiencies among adolescent girls.

Create awareness about iron, folic acid and vitamin B, deficiency
among adolescent girls using the developed computer-aided teaching
tool.

Evaluate the effectiveness of computer-aided tool and distribute the
developed tool to educational institutions and healthcare centres to assist
in organizing awareness promotion programmes.

Evaluate the impact of three different intervention methods on
haemoglobin, serum iron and serum folic acid profile of selected

subjects.



Il. REVIEW OF LITERATURE

The relevant literature reviewed for the present study entitled
“NUTRITIONAL STATUS OF ADOLESCENT GIRLS (12-19 years) AND IMPACT

OF INTERVENTION PROGRAMMES?” is furnished under the following headings.

2.1 Adolescence and the adolescents

2.1.1 Definition
2.1.2 Demographic profile
2.1.3 Physical and psychological changes during adolescence

2.2 Adolescence-the period of storm and stress

2.2.1 Socio-economic problems
2.2.2 Psychological problems
2.2.3 Dietary intake and disordered eating behaviour of adolescents

2.3 Nutrition-related health problems of adolescent girls

2.3.1 Anaemia

2.3.2 Undernutrition

2.3.3 Overweight and obesity

2.3.4 Consequences of nutritional inadequacy in adolescent girls

2.4 Nutritional interventions for adolescence

2.4.1 Supplementation
2.4.2 Fortification
2.4.3 Nutrition education

2.1 Adolescence and the adolescents

2.1.1 Definition

According to United Nations International Children's Emergency Fund
(UNICEF, 2011% and United Nations (2008) "Adolescent" refers to individuals
between the ages of 10-19 years; while adolescence is the period of physical,

psychological and social maturing from childhood to adulthood. The word



“adolescence” comes from a Latin word “Adolescere”, which means “to grow in

maturity” (Kotecha et al., 2013).

According to Suriakanthi (2009), the stage of adolescence may be
categorised into early adolescence and late adolescence. Early adolescence period
extends from the time of puberty to the age of sixteen. The importance of this period
is that physical changes of adolescence begin and get completed. The period of late
adolescence extends from the age of sixteen to twenty. During this period the

adolescent prepares himself to become an adult.

But Lewis (2013) asserts that “adolescence is described as being the teenage
years from thirteen to eighteen years of age; however, puberty decides the onset of
adolescence; therefore, adolescence occurs in some children as early as nine years

of age”.

2.1.2 Demographic profile

According to an estimate by UNICEF (2011%), there are 1.2 billion
adolescents in the world; nine out of ten of these young people live in developing
countries. Millions are denied their basic rights to quality education, medical

services, security and exposed to abuse and exploitation.

United Nations Population Fund (UNFPA, 2005) survey shows that almost
50 per cent of the world's population (almost 3 billion people) is less than 25 years
old. More than 500 million youth live on not exactly $2 every day. About 238
million, or 22.5 per cent of the world's youth live in great destitution — on not

exactly $1 dollar every day. More than 85 per cent of the world's youth live in

10



developing countries. Asia alone is home to 70 per cent of the developing country’s

young people.

Adolescents constitute about 22.8 per cent of the population in India
(Dasgupta et al., 2010). Highest incidence of iron-deficiency anaemia among
women, including adolescents, is in India. In India, adolescent girls constitute a
sizable portion of its population who structure a vulnerable group and are at a more
serious danger of morbidity and mortality (Siddharam et al., 2011). Institute for
Health Management, Pachod reports that between 60 and 70 per cent of Indian

adolescent girls are anaemic (IHMP, 2011).

2.1.3 Physical and psychological changes during adolescence

Getting into puberty proclaims the physical changes of adolescence — a
growth spurt and sexual maturation. It was found that even in schools where sex
education is taught, numerous teenagers still feel not prepared for the progressions
of puberty (Coleman and Hendry, 2011). Findings by Koff and Rierdan (1995) state
that adolescent girls, who are not prepared for the physical and emotional changes of

puberty, may experiences the most difficulty with menstruation.

Adolescent period is characterised by physical growth, personality
adjustments and sexual development. They face ongoing clash and difficulty
adapting to the sudden upsurge of sexual and aggressive drives. These changes are
root causes of unrest and confusion in the adolescent’s inner-selves and in the way

they perceive the world (Lewis, 2013).

11



Elgar et al., (2005) studied the occurrence and stability of overweight and
obesity in a cohort of adolescents. They found that inactive behaviour and physical
activity in early adolescence both persuaded body mass in later stages of

adolescence.

The enormous change in body composition of the adolescent girl happens in
fat mass. In general, the body is made out of approximately 14 per cent fat in girls at
six years of age, which increases to 25 per cent by 17 years of age (Naughton et al.,

2000).

Adolescence is a period of unpredictable behaviour, lack of experience and
the subsequent weak judgement ability. Adolescents frequently cannot appreciate
the adverse outcome of their actions, at this stage they experience increase in sexual
hormone other changes also takes place in their bodies, which they do not
comprehend. They tend to investigate what they were being told by friends, read in

different write-ups or watched (Olukunle, 2007).

According to Quint (2008) puberty and menstruation are troublesome issues
for teens and for their family members. The effect of menstrual cycle on these
teenagers, including cleanliness issues, menstrual irregularities because of specific
clinical circumstances and treatment dilemmas are connected with the use of

hormonal medication.

Mental and psychological growth is associated with physical growth and
maturation during adolescent period (Sadhna and Achala, 2006). During
adolescence, changes between childhood to adulthood, swift changes occur in

physical, functional, sexual, emotional and psycho-social aspects, which need proper

12



consideration and care. There is progress of human sexuality which comprises the
knowledge, beliefs, attitudes, values and performance of individuals about sex (Roy

et al., 2007).

According to WHO (2001°) “adolescence, the second decade of life (10-19
years), is a period of rapid development. It is a time when growth is accelerated,
major physical changes take place and differences between boys and girls are

accentuated”.

Growth spurts of eight to twelve inches in a period of two or three years are
some of the physical changes an adolescent experience. Puberty heralds acne, voice
changes, body hair growth, growth of internal and external reproductive organs
(ovaries, breasts, penis, and testes), production of oestrogen and mature egg release

for females (Nevid and Rathus, 2005).

These sudden spurts connected with hormonal, intellectual and emotional
changes. Growth in childhood is moderately uniform, which is abruptly altered in
adolescence by an increment in speed of growth. Adolescence is a period of

exceptional change in life of each individual (Spear, 2002).

National Institute of Mental Health (NIMH), using magnetic resonance
imaging (MRI), supported that during teen years, brain is still under development
and maturing. The biggest transformations occur in areas of the brain that affect self-
control and decision making. During adolescence, the brain experiences a second

wave of overproduction of gray matter in the frontal lobe (Giedd et al., 1999).

13



The accepted classification of an individual in regard to adolescent physical
growth appeared as early, average, or late; in the case of girls, the classification was
often pre-menarcheal or post-menarcheal. The physiologists found the early-
developing boy and the late-developing girl tending to resemble the opposite sex in
body build. On the other hand, the growth of the late-developing boy and the early-

developing girl was found to terminate in shorter than average stature (Uhlin, 1962).

Remsberg et al., (2005) evaluated the impact of menarcheal age on changes
in insulin, glucose, lipids and blood pressure during adolescence and found that girls
with early menarche displayed lifted blood pressure and glucose intolerance

compared with later maturing girls, independent of body composition.

A community-based, cross-sectional study, conducted in 1999 in a rural area
of West Bengal, among 143 adolescent girls (10-19 years), revealed prevalence of

acute and chronic morbidity as 30.8 per cent (Das and Biswas, 2005).

Emily and Smith (2012) studied the influencing role of neighbourhood
disadvantage on the association between pubertal development and substance use
among teenage girls. Results indicated that the relationships between pubertal
development, neighbourhood disadvantage, and alcohol use were different for girls
from different racial backgrounds. Though there was support for contextual
amplification among black adolescent girls, low levels of neighbourhood
disadvantage, during early adolescence, tended to be associated with higher levels of

alcohol use.

The 2003 Survey Assessment of 7,584 Vietnamese Youth aged 14-25 years,

resident in 42 of the countries and 61 provinces revealed that females tend to attempt

14
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suicide almost four times more likely than males. Past inebriation, ever having been
a victim of premeditated injury of a family member or ever having had feelings of

hopelessness were the other risk factors for suicide attempts (Le and Blum, 2011)

According to WHO (2015) the biological determinants of adolescence are
fairly universal; But, the duration and defining characteristics of this period varied
across time, social, cultural and economic situations. Apart from these, physical and
sexual maturation, these experiences include movement toward socio-economic
independence, identity, and the achievement of skills needed to carry out adult

relationships and roles, and the capacity for abstract reasoning.

Seiter and Nelson (2011) studied Indian young people aged 18 to 26 to
observe (a) how they felt about their adulthood, (b) the criterion they consider
necessary to become adults and (c) the degree to which they feel optimistic about
their future. Four hundred and seventy eight college students in Coimbatore, Tamil
Nadu, India and 100 nonstudents from rural villages surrounding Coimbatore were
the participants. It was found that the mostly, 18-26 year olds felt that they had
achieved adulthood. Participants exhibited attributes needed to perform family roles
as the characteristic necessary for adulthood. Optimum levels differed between

students and nonstudents.

Puberty includes physical changes in the body; development of secondary
sex characteristics and reaching menarche. Body changes make them look beautiful
and more attractive as a result they are on the lookout for people who could

appreciate them and give them a compliment on the new look (Olukunle, 2007).
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2.2 Adolescence-the period of storm and stress

2.2.1 Socio-economic problems

As per WHO (2014) “adolescence is not only a time of tremendous growth
and potential, but also a time of considerable risk during which social contexts exert
powerful influences. Adolescents depend on their families, communities, schools,
health services and workplaces to learn a variety of important skills that would help

them to cope with the pressures during the transition from childhood to adulthood”.

Research on the socio demographic associates of anxiety uncovers well-
established associations with gender and financial status. Gender impacts on anxiety
disorders and symptoms have been found in investigations of children and
adolescents in English-speaking nations. Anxiety disorders and symptoms are more

prevalent among girls (Weiss and Last, 2001).

Goodman et al., (2005) found financial status to be both related and
disconnected to anxiety. Association was found between social disadvantage and
stress, whereas, mother’s employment was not found to have any negative influence

on the social and emotional development of a child.

Richards and Duckett (1994) found evidence to show that the opposite may
be true - children, particularly daughters, whose mothers are working, exhibit
tendency to be more independent, higher self-esteem and higher educational and
occupational aspirations and less stereotyped views of men and women, than

compared to those whose mothers are not employed .
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Armistead et al., (1990) examined which coping methods teenagers used in
response to parental divorce: active-cognitive, active-behavioural and avoidance.
Results showed that the active-cognitive method was employed by the adolescents
most often, followed by active-behavioural. Adolescent girls who reported more use
of this method demonstrated more internalizing, externalizing and physical

problems.

Amoke-P’Olak et al., (2009) found relationship between family socio-
economic position (SEP) and adolescents’ emotional wellness. Using a cross-
sectional design, the study examined the differential impacts of SEP on different
mental health dimensions in preadolescents (n = 2230, baseline age 10-12). The
study inferred that in early adolescence, the risk of psychological problems increases

with diminishing SEP.

Gortmaker et al., (1990) established that socio-economic conditions were a
significant factor that develops behaviour problems. Higher levels of
depression/anxiety, peer conflict and social withdrawal were found among
adolescents than among children. Other independent risks embrace the non-
appearance of biologic parent, low versus high family income and low versus high

maternal education.

National Nutrition Monitoring Bureau (NNMB, 1979) reports, the accessible
information on adolescent development between 14 and 18 years demonstrated that
young girls from poor families put on stature and weight at much lower rates than

young girls in rich families. Among the poorest families of India the mean age at
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menarche was accounted for to be around 14.50 years, while among higher salary

group it was just 13.20 years (Beegum, 2001).

The study by Cetin et al., (2010) studied 378 adolescents and found that
adolescents from a low SES had essentially low scores on self-image scales
compared with those from high and middle SES. Mexican American adolescents
face aberrations in emotional well-being and scholastic achievement, which may be

to some degree on account of discrimination experiences.

Study on low enrolment and dropouts of adolescent girls demonstrate that
adolescent girls are lingering a long ways behind in comparison to adolescent boys.
The cost of homely chores constitutes the major reason for the dropout of adolescent
girls, followed by the perception of poor return on adolescent girl’s education. Part
of the reason is likewise discovered to be the apprehension of crimes likely to be

committed against girls (Sinha, 2006).

The relationship between low income, on one hand, and lessened access to
medical services and worse health, on the other, are the impacts of financial status

on the life chances of adolescents (National Research Council, 1995).

Ellwood and Jencks (2002) discovered changes in the structure of families
and the outcomes for the family salaries of young people have disintegrated the
support that numerous adolescents get as they grow up. The outcomes demonstrated
that in single parent families, particularly those in which the guardian is the mother,

are significantly more likely than two-parent families to have low livelihoods.
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McLoyd (1998) found association between household income and quality of
life in the adolescents’ households. A significant difference between low and high-
poverty households was found on availing quality services. These characteristics, the
study found, have harmful results for the cognitive functioning, socialization,

physical health, emotional functioning and academic performance of adolescents.

Family income also found to have a significant impact on the educational
opportunities of children and adolescents and their chances of educational
achievement. This connected with constrained parental involvement in adolescents’

education, found to have serious consequences (Ingersoll, 1999).

Ward and Ashley (2013), found an association between a child who is
extremely beaten, sexually misused, who grows up witnessing intimate partner or
family brutality; who attends a failing school or is not involved in structured after-
school activities; or one who lives in a violent neighbourhood and risk of getting to

be included in violent behaviour.

Hallal et al., (2012) evaluated the relations between family financial
trajectories from 0 to 11 years old and danger elements for non-transmittable disease
at 15 years in Brazil. The results showed that adolescent’s financial position is a
huge determinant of risk factors for non-transferable diseases than socio-economic

trajectories.

Amone et al., (2009) assessed the extent of mediation of the association
between family socio-economic position and mental health problems. They found a
positive association between socio-economic condition and mental health and stress

and these life stresses were also found to mediate this association.
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Sridevi (2012) quotes that more than 50 per cent of the world’s population
belongs to adolescent age group and are facing serious health problems in the
modern times. Apart from this, adolescent girls are liable to suffer sexual abuse,
violence, rape, unwanted pregnancy, abortion and STDs from which they need

protection.

In the realm of adolescence, antisocial behaviour is connected with contact
with socially connecting to peers with negative behaviours (Schneider et al., 2012).
Cortazar (2006) argues that adolescent criminal conduct is sometimes simply an
issue of choice, poor decision making on the youth, and feels participating in a
violent behaviour is not simply related to poverty or environment. It is a mix of all
factors community, family and the youth's personal characteristics that help frame

this choice of bad conduct.

Azagba and Asbridge (2013) found that school connectedness is defensive of
smoking susceptibility, together with past research, gives additional confirmation
that by enhancing school conditions that promote school connectedness, risky

conduct of adolescents can be diminished.

According to Sabbah et al., (2009), “students who were not happy with their
weight were more likely to be involved in risky behaviours such as bullying others
at school, being bullied and smoking nargila, than adolescents who were more

satisfied with their weight”.

Wang et al., (2010) found that early adolescents who were male and who did

not come from two-parent families had more risk behaviours than others.
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2.2.2 Psychological problems

Aradhya (2013) studied psychosocial morbidities in school-going adolescent
girls in a south Indian city. Depression was noted in 2 per cent of the girls;
symptoms of anxiety were noted in 1 per cent; stuttering and poor concentration
were observed in 1 per cent each; 0.4 per cent came from broken families; 1 per cent
were suffering from anorexia nervosa, 0.6 per cent were suffering from bulimia
nervosa and 2 per cent had psychosomatic symptoms and 1 per cent reported

interpersonal violence among their hostel mates.

Costello et al., (2003) asserted that psychological disorders among school-
going children and adolescents are not so uncommon. Essau et al., (2000) found
negative association between anxiety and the adolescents’ social, emotional and
academic performance. Weeks et al., (2009) demonstrated association between
coping skills and avoidance of social interactions/rejection, developing friendship,
lower self-esteem and seeking loneliness. According to Hudson et al., (2009)
avoidance of school by adolescents was negatively associated with abilities to solve

problems and academic performance.

In India, the primary recorded reason for anxiety among school children and
adolescents is parents’ high educational prospect and pressure for scholarly
accomplishment (Deb, 2001). National Crime Records Bureau (2000) also supported
these findings and claimed that more than 2,320 adolescent children had committed

suicide due to educational achievement related stress and anxiety.

Study conducted in Thiruvananthapuram indicated that the prevalence of

depression was 2.6 per cent (Nair et al., 2004). Another study which was done on
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school going adolescent girls in Delhi found that the most common problem was
anxiety/depression, which accounted for almost 10 per cent of all the problems
which were faced by adolescents. Stuttering and poor concentration were seen in 1
per cent of the sample adolescent girls (Mishra and Sharma, 2001). In a similar
study which was done in urban Delhi, the prevalence of stuttering and poor

concentration was high i.e. 5.3 and 9.5 per cent respectively (Datta, 1979).

Samanta et al., (2012) compared the prevalence of protective factors, mental
health issues and violence among the urban and rural adolescents. Higher proportion
of urban students than rural (67.3% vs. 62.5%) reported that their guardians
understood their problems. Mental health issues like loneliness (17.3% vs. 9.8%);
Worry (17.3% vs. 10.7%) and suicidal thoughts (19.2% vs. 14.1%) were higher
among urban students. Mental health and violence-related issues were found to be
prevalent among urban adolescents than those among rural adolescent students, in

spite of having more protective factors.

As per American Psychological Association (APA, 2001), adolescence is
usually depicted as a negative phase of life — a time of storm and stress to be
survived or endured. Survey by the General Public agenda revealed that “for 71 per
cent of those polled, negative terms such as “rude”, “wild” and “irresponsible,” first

came to mind when they were asked what they thought about American teenagers”.

Adolescents encounter an inclination to leave childhood, which always looks
confusing as sometimes and they likewise need security and backing like a child.
They realize that they are no more children and in the meantime not yet grown-ups;

they have thoughts and kind of way of life they need to live which don't fit into any
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of the current ones. These normally push the young people out to where they can

discover backing and it is for the most part from a wrong hand (Olukunle, 2007).

Psychological and behavioural risk factors in adolescent girls were studied
by Stice et al., (2005). Results provided support for certain etiologic theories of
obesity, including the affect regulation model. Self-reported dietary restriction,
radical weight-control practices, depressive indications and perceived parental
obesity — yet not high-fat food utilization, binge eating, or exercise recurrence

anticipated obesity onset.

Dodge and Pettit (2003) presented a biopsychosocial model of the
development of adolescent chronic conduct problems. This model places that
biological dispositions and sociocultural contexts put certain children at danger in
early life but that life experiences with parents, peers and social institutions augment

and intervene this danger.

Repetti et al., (2002) observed that risky families are characterized by clash
and aggression and by relationships that are cold, unsupportive and careless. They
posit that these family characteristics make vulnerabilities and/or associate with
hereditarily based vulnerabilities in teenagers that produce interruptions in
psychosocial functioning (specifically emotion processing and social competence),
disruptions in stress-responsive biological regulatory systems and poor health

behaviours.

Smojver-Azic and Bezinovic (2011) analysed relations between
protective/risk family interactions and depressive symptoms in adolescent boys and

girls in the schools of Primorsko-goranska County, Croatia. Depressive
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manifestations were accounted for regularly and frequently by 19.1 per cent of girls
and boys. Girls' assessment of the family relations was found to be significantly
more positive than boys. Family attitudes and the father's love and consideration
have a higher effect for female children than for male children, while dangerous
parental conflict and the mother's hostility and antagonistic vibe are similarly

discovered to be critical for both boys and girls.

Gomez et al., (2011) examined acculturative stress and perceived
discrimination as statistical indicators of a suicide attempt history among an
ethnically various sample of 969 emerging youth, ages 18-25 years. Asian
individuals reported higher acculturative anxiety than all other racial/ethnic
gatherings, while both Asian and Black members reported having experienced more
separation in the prior year, appeared differently in relation to distinctive groups.
Environmental acculturative anxiety was discovered to be connected with
diminished chances of embracing a suicide endeavour history. Perceived
discrimination was discovered to be connected with more than five times higher
chances of a suicide attempt, overall, and particularly was connected with more than
three times higher chances among Latino members and more than 10 times higher

chances among White, US-born participants.

“Adolescents face turmoil due to different stages of development, different

circumstances, different needs, and diverse problems” (Patil et al., 2009).

Patel (2013) found that “mental disorders, such as mood disorders, substance

use disorders, and psychoses, are the leading cause of ill health in adolescents and
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young people. Moreover, it was found that a great number of suicide deaths were

induced by mental disorders”.

A survey was conducted among adolescents in the 6™ through 10™ grades in
the US. “Among them, 29.1 per cent experience headaches, 20.7 per cent report
stomach aches, 23.6 per cent experience back pain, and 30.6 per cent report morning
fatigue at the rate of more than once a week. Among girls who experienced
headaches more than once a week, 3.2 million (53.3%) also reported stomach pain
more than once a week and 4.1 million (74.3%) reported morning fatigue more than

once a week” (Ghandour et al., 2004).

A study by Stattin et al., (2011) found that girls’ early pubertal timing has
been connected in numerous studies to behavioural issues, for example, misconduct
and substance utilization. Results demonstrated that early pubertal timing was most
emphatically connected to wrong doing for young ladies who invested time in this
connection and were intensely included with young men and companions. The study
concluded that the coordinated peer-socialization/contextual-amplification model

clarifies the connection between pubertal timing and external problem behaviour.

Examination of siblings drawn from the National Longitudinal Study of
Adolescent Health uncovered critical ecological control of hereditary impacts on
measures tapping genuine wrongdoing, savage misconduct, and individual
exploitation. All in all, more noteworthy presentation to criminogenic danger
components builds the impacts that hereditary variables have on these three

introverted results (Beaver, 2011).
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In a 50-country study undertaken between 2000 and 2004, Viner et al.,
(2011) reported that mortality in people age 15-24 years was higher than that in
children age 1-4 years. The report states that violence and suicide have become a
major cause of death in this group: Suicide makes up a quarter to a third of mortality

in exposed young men age 10-24 years.

Ata et al., (2007) found that “adolescents were dissatisfied with their current
bodies: males were concerned with increasing their upper body, whereas females
wanted to decrease the overall size of their body. Low respect toward oneself and
social bolster, weight-related teasing, and more noteworthy weights to get thinner
were associated with young people's pessimistic body regard, body image, and

eating state of mind”.

According to Wang et al., (2010) although adolescents may be pressured into
identifying with peers’ risk behaviours, adolescents who have good emotional

regulation may deal with stress better and be less affected by peers’ risk behaviours.

A study by Morrison et al., (1992) found that adolescents reporting sleep
problems were more anxious, depressed and inattentive and conduct disorder
behaviours than those who had no sleep problems. The study found that sleep

problems were relative persisted over time from ages 13-15 years.

2.2.3 Dietary intake and disordered eating behaviour of adolescents

Grigg et al., (1996) studied the disordered eating and unhealthy weight
reduction practices among adolescent females. The study showed that a huge extent

of adolescents is occupied with disarranged eating practices and horrible abstaining
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from food hones. These practices, the study found, alone or joined with a mutilated
self-perception, or a powerful urge to achieve the flimsy “perfect” female body
shape, may put these youngsters in significant danger. Thus, they may create dietary

problems or different genuine nutrition related issues.

Eating disorders such as anorexia nervosa and bulimia nervosa are usually
preceded by dieting (Polivy and Herman, 1985). Consequently, dieting is regarded
as an important risk factor for the development of an eating disorder (Striegel et al.,
1986). One study estimated that at 15 years of age, the relative risk of dieters
becoming disordered eaters is eight times that of non-dieters (Patton et al., 1990).
Anorexia nervosa has its highest incidence in girls at the beginning of adolescence
and bulimia nervosa has its highest incidence at the end of adolescence (Striegel et

al., 1986).

The effects of menarcheal status and opposite-sex socializing on dieting and
disordered eating among early adolescent girls were examined by Cauffman and
Steinberg (1996). The study found that girls who are more included in blended sex
social exercises are more inclined to display confused eating propensities.
Additionally adolescents who are dating and are all the more physically included
with boys are more prone to report abstaining from food and cluttered eating than

their companions.

Linville et al., (2011) inspected linkages between depression systems (DEP)
and positive adult support (PAS) in female adolescents and the mostly interceding

impact of eating disorders. Results demonstrated that there was a critical, positive
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relationship in the middle of depression systems and positive adult support and that

Eating Disturbances (ED) was found to mediate partially.

A study on dietary intake of adolescents by Pearson and Biddle (2011)
indicated clear association with elements of a less healthy diet including lower fruit
and vegetable consumption; higher consumption of energy-dense snacks, drinks and

fast foods; and higher total energy intake.

Attie and Brooks-Gunn (1989) led a longitudinal study and inspected the rise
of eating issues in juvenile adolescents as a capacity of pubertal development, self-
perception, identity advancement and family connections. Results demonstrated that
adolescents who right on time in immaturity felt most contrarily about their bodies

Were more prone to create eating issues.

Graber et al., (1994) examined the eating issues in 116 adolescents drawn
from an ordinary populace of understudies selected in non-public schools.
Examination of the juvenile example of eating issues over youthful and mid-pre-
adulthood demonstrated that example was connected with (1) prior pubertal
development and higher muscle to fat quotients, (2) simultaneous mental
aggravations, (3) consequent eating issues and (4) other long haul change results, for

example, depressive impact in youthful adulthood.

Ata et al., (2007) found that females displayed more high risk eating
behaviours—which were associated with more psychosocial risk factors—than
males, whose high risk attitudes and behaviours were only associated with low

parental support and greater pressure to be muscular.
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Martin et al., (2011) in their study on adolescents observe that participants
believed that fat children have weight problems because they consume too many

calories, are lazy, have access to junk food, and lack self-control.

Johnson et al., (2002) in their study found that adolescents with eating
disorders were at a substantially elevated risk for anxiety disorders, cardiovascular
symptoms, chronic fatigue, chronic pain, depressive disorders, limitations in
activities due to poor health, infectious diseases, insomnia, neurological symptoms

and suicide attempts during early adulthood.

A study was conducted by Singh et al., (2006) among 510 students (279
boys and 231 girls) aged 12-18 years from classes 9-12 in an urban school of Delhi.
The study showed that about one-third of the adolescents (34.4% boys and 29.4%
girls) ate fast food more than three times a week. In addition, 31.5 per cent boys and
16.5 per cent girls committed having added extra salt to their food/salads. Only 39.4

per cent adolescents had fruits daily.

Sztainer et al., (2008) also observed high prevalence of disordered eating
behaviours among adolescent girls and the protective role of family meals suggest a

need for interventions aimed at promoting family meals.

Results of the study conducted by Rey-Lopez et al., (2011) among girls
(n=699) and boys (n=637) aged 12.5-17.5 years of Europe indicated that boys
reported more frequent consumption of beer and soft drinks whereas girls selected
more fruit juice, water, herbal infusions and sweets (all P < 0-05). Watching TV for
>2 h/d was associated with the consumption of energy-dense foods and drinks. Girls

whose mothers achieved the lowest education level had an adjusted OR of 3.22 (95
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% CI 1-81, 5-72) for the consumption of energy-dense drinks during TV viewing vs.

those whose mothers had the highest educational level.

Twenty-four-hour dietary recalls were applied in 525 male and female
Brazilian adolescents aged 14-18 years by Junior et al., (2011). They found that for
male and female adolescents, the prevalence of inadequate intake was: Mg, 89 per
cent and 84 per cent; vitamin A, 78 per cent and 71 per cent; vitamin C, 79 per cent
and 53 per cent; and vitamin B6, 21 per cent and 33 per cent, respectively. The study
found a high prevalence of inadequate intake of nutrients that are recognised as
being protective against chronic diseases. Adolescents in the lower income and
lower parental educational level strata were less likely to have their nutrient intake

requirements met.

Guest et al.,, (2010) studied 482 adolescent girls (14-17 years) from
secondary schools in the northern Sydney and Central Coast regions of New South
Wales, Australia. Participants who ‘offen’ used weight control methods had, on
average, a healthy BMI of 22.5 (SD=3.7). However, assessment of blood derived
markers between participants who ‘never’, ‘occasionally’ or ‘often’ used weight
reduction techniques showed that, those who ‘often’ used weight control methods
had significantly lower haemoglobin, alkaline phosphatase, bilirubin, albumin, total

protein and calcium but higher blood levels of creatinine and potassium.

The findings of Loud et al., (2005) found that approximately 2.7 per cent of
the girls studied, had a history of stress fracture, 3 per cent engaged in disordered
eating (using fasting, diet pills, laxatives, or vomiting to control weight), and 16 per

cent participated in >16 hours per week of moderate to vigorous activity. Girls who
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participated in >16 hours per week of activity were also more likely than their peers
to engage in disordered eating (4.6% vs. 2.8%); however, it was found that

disordered eating did not have an independent association with stress fractures.

Wong et al., (2011) conducted a study and found that after the nutrition
education the percentage of participants with a tendency toward eating disorders
decreased from 10.4 per cent to 10.1 per cent in boys, and increased from 10.9 per

cent to 12.3 per cent in girls.

Rampersaud et al., (2005) summarized the findings of 47 studies and found
that breakfast skipping was exceptionally pervasive in the United States and Europe
(10% to 30%), contingent upon age gathering, populace, and definition. In spite of
the fact that the nature of breakfast was variable inside and between studies,
youngsters who reported having breakfast regularly had a tendency to have

unrivalled nutrition profiles than their breakfast-skipping counterparts.

Maliye et al., (2010) too reported that among the adolescent girls of
Sewagram in the age group of 10-19 years, the average energy intake, which was
1239.6+176.4 kcal/day, was deficient of Recommended Dietary Allowance (RDA)
by 39 per cent. The average protein intake was 39.5+7 gm/day. It was deficient by
36 per cent and the average iron intake, which was 13.2+2.5 mg/day, was deficient

by 48 per cent.

Chiplonkar and Tupe (2010) attempted to identify a measure of
micronutrient quality of diets of adolescent girls (10-16 years) of Pune city
consuming a lacto-vegetarian diet. The average energy intake of the majority of

the girls was found to be below the Indian recommended dietary intakes, whereas
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micronutrient intakes were 50 per cent to 70 per cent lower than recommended

dietary intakes.

Alam et al., (2010) found the dietary intake of unmarried adolescent girls
aged 13-18 years of rural Bangladesh were not satisfactory. Adolescents of the rich
families ate fish/meat 2.1 (55%) days more and egg/milk two (91%) days more than
the adolescents in the poor families. The general dietary knowledge was low. More
than half did not know the names of energy and protein source foods, and 36 per
cent were not mindful of the significance of taking additional supplements during

the adolescent period for better growth.

Sharma et al., (2005) investigated the calorie and protein consumption and
its determinants among school-going adolescent girls. The study was conducted in
Delhi. The outcomes demonstrated that the calorie and protein admission of the
school-going adolescent girls was much lower among the lower financial group.
Indeed, even in the relatively economically better groups, the consumption of calorie

and protein was not adequate.

2.3. Nutrition-related health problems of adolescent girls

2.3.1 Anaemia

In a study carried out by Rao et al., (2011) 77 per cent of rural women of
childbearing age (15-35 years) in three villages of Maharashtra had nutritional
anaemia. Lower body weight and short maternal heights were also found. Rawat et
al., (2001) found that majority (55.2%) of adolescent girls were having mild

anaemia in the 24 sub-centre villages of Daurala block of Meerut.
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Ramzi et al., (2011) investigated the prevalence of anaemia, iron deficiency
anaemia and related risk factors in adolescent girls in Kavar urban area in Southern
Iran. It was found that 8.5 per cent had iron deficiency and 1.7 per cent had iron

deficiency anaemia. Most of the anaemic girls (85.7%) had mild anaemia.

Gupta et al., (2012) surveyed 1596 school girls of 10-19 age group schools
in selected schools in Shimla district and he found prevalence of anaemia to be 21.4
per cent. Within this, 77.3 per cent were mild anaemic, 21.9 per cent of moderately

anaemic and 0.5 per cent were severely anaemic.

Peter et al., (2012) in his study on non-pregnant, unmarried college-going
girls aged 16-30 years found high prevalence of anaemia in both urban and rural
girls in all BMI groups (Mean haemoglobin levels of urban and rural girls were

9.35+£1.06 gm% and 9.40£.90 gm% respectively).

In a community-based cross-sectional study carried out in selected villages
of Kolar district, among 230 adolescent girls of 10-19 age groups, Shivaramakrishna
et al., (2011) found the prevalence of anaemia as 34.8 per cent and also reported that
it was more among menstruating girls than non-menstruating girls. Another
interesting finding was that anaemia prevalence was less among adolescent girls

using footwear during defecation than girls who did not use footwear.

Toteja et al., (2006) studied the prevalence of anaemia among pregnant
women and adolescent girls in 16 districts of India. The measurement of
haemoglobin concentration indicated that the prevalence of anaemia among the
6,923 pregnant women from the 16 districts was 84.9 per cent. The overall

prevalence of moderate and mild anaemia in pregnant women was 60.1 per cent and
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11.8 per cent respectively. The highest prevalence of moderate anaemia was found
in Nagaon district (82.7%) and the highest prevalence of mild anaemia (31.0%) in

Mandi district.

IHMP, Pune carried out a study on 1,142 adolescent girls residing in 16
slums of Pune from 2000-03. Studies had demonstrated that weakness was
fundamentally more probable among adolescents who eat less than two times in a
day. It was likewise found that intercession has affected dietary conduct. Blood
testing demonstrated that mean Hb levels expanded from 5.8 to 9.5 gm/dl for
extremely severe anaemic adolescents and from 8.9 to 11.2 gm/dl for medium

anaemic adolescents (International Centre for Research on Women, 2006).

Indian Institute of Health and Family Welfare (2002), Hyderabad surveyed
the Prevention and control of Anaemia in Rural Adolescent Girls through
educational system program in Andhra Pradesh. A blend of anthropometry,
biochemical and meeting timetable strategies was utilized for evaluating the
nutritious paleness status and consciousness of iron deficiency among study
subjects. Signs and indications of weakness like paleness, exhaustion, windedness,
poor hankering and absence of fixation in studies were accounted for. Mean Hb
level at gauge study was 10.6 + 1.1 g/dl, which expanded to 11.6 + 1.0 g/dl amid
mid-term study. It was discovered that haemoglobin levels enhanced in 45.6 every
penny while they were static in 49.4 every penny and declined in just 5 every penny
of subject. It was clear that IEC intercession brought about a noteworthy increment

in Hb levels showing the achievability of this methodology.
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Sharma et al., (2011) led a study to acquire information on haemoglobin
(Hb) levels of young girls from low-income families explored the relative viability
of once "week by week™ and "day by day" organization of iron-folate tablets
concerning effect on Hb levels and to discover the impact of included ascorbic
corrosive supplementation. Critical discoveries that rose up out of the study were,
adolescents who were extremely malnourished demonstrated better retention; to
fight anaemia by locally available GLVs (green leafy vegetables) could be utilized;

and intake of iron and Vitamin C rich leafy foods needs to be upheld.

Chaudhary and Dhage (2008) conducted a study in Nagpur with an objective
to estimate the prevalence of anaemia among adolescent females (10-19 years) and
to study the socio-demographic factors associated with anaemia. The outcome
showed a significant association of anaemia with socio-economic status and literacy

status of parents.

Balci et al., (2012) did a study among 1120 children aged 12-16 years to
evaluate the prevalence and risk factors of anaemia among adolescents in Denizli
where Mediterranean cuisine is adopted. They found that overall prevalence of

anaemia was 8.3 and 1.6 per cent for girls and boys respectively.

In Nepal, around 23 per cent of the population are of 10-19 years age group.
Baral and Onta (2009) surveyed the prevalence of anaemia in Morang district.
Among the 308 samples, the overall prevalence of iron deficiency anaemia was 65.6
per cent with the distribution of rural 62.4 per cent, urban 70.0 per cent, male 52.3

per cent and female 78.3 per cent.
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Biradar et al., (2012) examined the prevalence of anaemia among 840
adolescent girls at villages which were under Vantamuri PHC, Belgaum. The
prevalence of anaemia was 41.1 per cent and that of mild anaemia being 34.6 per
cent. It was observed that the prevalence of anaemia was high in late adolescents
(15-19 years) as compared to that in the early adolescents 10-14 years), also the

prevalence was high among girls with low socio-economic status.

To estimate the prevalence of anaemia among adolescent girls and to study
whether anaemia is associated with body mass index and the attainment of
menarche, Gupta et al., (2012) made a cross-sectional survey in selected schools of
Shimla District among 1596 school girls of 10-19 years. The prevalence of anaemia
was found to be 21.4 per cent. Among these, 77.3 per cent had mild anaemia, 21.9

per cent had moderate anaemia and 0.5 per cent had severe anaemia.

Siddharam et al., (2011) in his study reported that the prevalence of anaemia
as 45.2 per cent. A statistically significant association was also found with iron

deficiency anaemia, weight loss and anaemia, pallor and anaemia.

Patel and Shah (2009) studied the adolescent girls in Gujarat. The results
revealed that only 22 per cent girls had normal Hb (12-14 gms) but 9 per cent girls
had severe anaemia (< 8 gms Hb) and 22 per cent girls were nearer to anaemic level

(8-10 gms Hb), whereas 47 per cent girls had normal Hb level (10-12 gms).

Imuetinyan et al., (2011) assessed the prevalence of sickle cell anaemia
(SCA) among children of 1-16 years of age group. Prevalence of Microalbuminuria
(MA) in the study subjects was 20.3 per cent; prevalence of MA was more in

females (25.9%) than in males (16.7%).
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Rawat et al., (2001) examined the prevalence of anaemia in 504 adolescent
girls (10-18 years) from 24 sub centre villages of Daurala block of Meerut. The
results showed 34.5 per cent prevalence. The prevalence of mild, moderate and
severe anaemia among adolescent girls was found to be 19.0, 14.0 and 1.4 per cent

respectively.

According to Allen and Ahluwalia (1997) inadequate absorption of dietary
iron is the main explanation for the much higher prevalence of anaemia in the

developing countries of Asia and other regions.

Osteoporosis — a rare cause of anaemia was researched by Saluja et al.,
(2009) by review of literature. The researchers concluded that Osteoporosis (OP) is
a rare cause of anaemia due to effacement of haemopoitic tissue by fibrous tissue

diagnosed during evaluation of anaemia.

Dias et al., (2012) studied 613 female adolescent school dropouts, aged 15-
19 years in two districts of Western Province of Sri Lanka. He found out that early
dropout from school and being employed increases the risk of micronutrient

deficiencies than non-working adolescents.

In a study by Verma et al., (2004) among 1295 school-going girls of 16-18
years age group from selected slums of the North Ahmedabad city, no significant
relationship of anaemia was observed with socio-economic class, knowledge about
anaemia, and parent’s education, status of menstruation and daily consumption of

lemon/sour fruits.
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But on the contrary, Balasubramanian (2005), in a study on adolescent girls
of 11-18 years of age group in the 13 villages of Kanchipuram District reported that
the girls suffered the health consequences of their socio-economic status, poor
personal hygiene and lack of nutrition. About 82 per cent of girls were reported to

have had at least one reproductive health problem during the survey.

Singh (2008) undertook a cross-sectional sample survey of 556 adolescent
girls of 10-18 years age group in an urban area of Meerut. Results showed a
significant difference in prevalence of anaemia in adolescent girls in relation to
caste, socio-economic status, father’s occupation and mother’s occupation. Reverse

association was seen.

Jackson and Al-Mousa (2000) studied a cross-sectional sample of 1051
healthy adolescent school girls. Data indicated that environmental factors play a

significant role in anaemia among healthy, well-to-do Kuwaiti adolescent girls.

Sharma et al., (2012) studied the prevalence of anaemia among adolescent
girl students in Assam. The study revealed that haemoglobin type E was the

important determinant of anaemia among adolescent girl students.

Sachan et al., (2012%) examined the effect of socio-demographic
characteristics on the prevalence of anaemia among school going adolescent girls in
Lucknow district. The study showed a significant association of anaemia with

religion, caste, and socio-economic status.
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“A major cause of anaemia is infection with malaria or other parasites.
Plasmodium falciparum is the primary cause of severe malaria in regions of the

world where malaria is endemic” — reports Menendez et al., (1994).

Karaoglu et al., (2010) found that having four or more living children being
at the third trimester and having a low family income were determined as the
independent predictors of anaemia. Anaemia was also found to be associated with

soil eating (PICA).

Lokare et al., (2012) established the association between anaemia and
adverse pregnancy outcome, higher incidence of preterm and low-birth weight
deliveries in a study carried out at an urban health centre in Aurangabad. The study
concluded that socio-economic class, illiteracy, Hindu religion were significantly

associated with high prevalence of anaemia.

Jain and Sharma (2012) examined the various stages of iron deficiency and
its ultimate manifestation as anaemia. The study points out that iron deficiency
results from an inadequate intake of foods rich in iron and primary cause of anaemia
is iron deficiency. Insufficient iron availability during growth phases or states of
increased requirement results in iron deficiency (ID) and eventually iron-deficiency

anaemia (IDA).

Reddy (2004) assessed the prevalence of iron deficiency and malnutrition in
India. The findings showed that Assam had the highest prevalence of iron deficiency
anaemia in the country (70%), followed by Bihar (63%) and Tripura (59%) and the
lowest prevalence rate was in Kerala (23%), followed by Manipur (29%). The

pattern of prevalence of anaemia among children (6-35 months old) was highest in
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the eastern region of the country, namely the states of Bihar, Orissa and West

Bengal.

Anumudu et al., (2008) in their study attempted to estimate the prevalence of
anaemia among pre-school and school-aged children. The results showed that most
of the children were anaemic, 87.1 per cent, having PCV values below the 32 per

cent cut-off and 95 per cent with haemoglobin levels lower than the 11 g/dl.

Agarwal (2010) reported that 77.2 per cent adolescent girls were found
anaemic with severe (3.5%) moderate (28.2%) and mild (45.5%) only 22.8 per cent

were observed non-anaemic with their haemoglobin levels 12 g/dl.

Kapur et al., (2002) discuss the nutritional anaemia and its control. They
claim that prevalence of nutritional anaemia in India show that 65 per cent infant
and toddlers, 60 per cent 1-6 years of age, 88 per cent adolescent girls (3.3 had
haemoglobin < 7.0 g/dl; severe anaemia) and 85 per cent pregnant women (9.9%
having severe anaemia) were anaemic. They argue that national programmes to

control and prevent anaemia have not been successful.

2.3.2 Undernutrition

According to UNICEF (2012) survey nearly 50 per cent of adolescent girls
of 15-19 age group in India are underweight with a body mass index (BMI) of less

than 18.5.

Akhter and Sondhya (2013) evaluated the dietary pattern and also the
extreme slimness status of a low-income family's adolescents furthermore their

initial period of life in both urban and rural adolescents in Bangladesh. In light of the
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sustenance review and anthropometric results, the study presumed that hunger was
basic in low-income family's adolescents and the extreme slimness rate was much

higher in urban than in teenagers in rural locations.

Maliye et al., (2010) reported that among the adolescent girls of Sewagram
in the age group of 10-19 years, 57 per cent were thin (BMI for age <5™ percentile

for CDC 2000 reference) and 43 per cent of the adolescents were reported normal.

Dapi et al., (2011) in a cross-sectional study of adolescent girls aged 12-16
years randomly selected from schools in low, middle and high SES (Socio-economic
status) areas of Cameroon found that boys had a lower BMI and reported higher

energy expenditures and physical activity levels (PAL) than girls.

In a study conducted by Banerjee et al., (2011) among adolescents of 10-19
age group in rural Goa reported that one-third of students who attended the health
camps were underweight and 59.2 per cent of the 684 students reported experiencing
hunger due to inadequate food consumption. The study also revealed that more boys

were underweight than girls.

Alam et al., (2010) observed that the nutritional status of unmarried
adolescent girls in rural Bangladesh, aged 13-18 years were not satisfactory. The
study disclosed that 26 per cent of the girls were thin, 0.3 per cent was obese and 32

per cent were stunted.

In a study among 230 adolescent girls of 10-19 age group from selected
villages of Kolar district by Shivaramakrishna et al., (2011) reported that the

prevalence of wasting and stunting was 54.79 per cent and 31.17 per cent
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respectively and further showed that the trend of wasting and stunting declines with

age. The prevalence of thinness was found to be 73.5 per cent as Indian standards.

Sachan et al., (2012) studied the nutritional status of school going girls in
Lucknow district in Uttar Pradesh. Overall prevalence of thinness was found to be
17.0 per cent and 11.4 per cent among urban and rural school-going adolescent girls

respectively.

A cross-sectional study on the adolescent girls of age group 12-19 years,
residing in hills of Garhwal was done by Saxena and Saxena (2011). The outcome
showed that 34.61 per cent were stunted and 43.7 per cent were affected by thinness.
However, the percentages were a little higher among the lower age group (12-15

years).

A report by NNMB (2000) on diet and nutritional status of adolescents
revealed that most girls are still married during adolescence. Undernutrition among
young girls improves up to the age of 12 years. When the adolescent period proceeds
without any improvement in food consumption, it stagnates and brings about 40 per
cent adolescents being hindered, demonstrating that the extent of hindering

increased with increase in age.

Pathak et al., (2003) examined the incidence of iron, vitamin A and iodine
deficiencies amongst adolescent pregnant mothers in a rural block in Udham Singh
Nagar District, Uttaranchal. The study showed the presence of three-micronutrient
deficiencies. Anaemia, Vitamin A Deficiency (VAD) and Goitre were prevalent

amongst 40 per cent, 15.9 per cent and 14.6 per cent of the respondents respectively.
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Das and Biswas (2005) conducted a cross-sectional study in Amdanga block
of North 24 Parganas district, West Bengal among 143 adolescent girls (10-19
years). The study failed to establish any significant association of thinness or
stunting with per capita monthly family income and literacy status of parents.
Common nutritional deficiency disorders found were anaemia (44.8%), dental caries

(25.9%) and angular stomatitis (15.4%).

Kamath et al., (2012) assessed the nutritional status of school children in
Mangalore city among 1630 students from 11 schools. The study reported that the
nutritional status found in this study was found to be better than in other studies.
Eighty two children (5.03%) were found to be undernourished; 2.3 per cent were

overweight and 1.0 per cent was obese.

A study of obesity in Greece, with an objective to examine the relationship
between breakfast habits and BMI in adolescents and breakfast skipping in relation
to other health behaviours was done by Kapantais et al., (2011). It was found
among both boys and girls, breakfast consumers had a lower BMI than breakfast

skippers.

Haldar et al., (2004) showed that the prevalence of goitre among male and
female adolescents to be 8.14 and 5.12 per cent respectively among school-going

children in West Bengal.

Das et al., (2011) examined the prevalence of goitre among 2148 school
children of 6 to 16 years age group in Chandigarh. Prevalence of goitre in the
studied subjects was found to be 15.1 per cent. The study showed high prevalence of

goitre despite iodine repletion and low thyroid autoimmunity. The concurrent iron
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deficiency correlated with the presence of goitre. However, the cause and effect

relationship between iron deficiency state and goitre was not found.
2.3.3 Overweight and obesity

Mishra and Mukhopadhyay (2011) studied the weight concerns and eating
behaviour changes among a group of adolescent girls in Sikkim. The results showed
girls belonging to a higher economic status two times more dissatisfaction with their

body weight than compared to adolescents from lower economic group.

According to Donohoue (2004), children with BMI equal to or exceeding the
age-gender-specific 95" percentile were defined as obese. Those with BMI > 85™
but < 95™ percentiles were defined as overweight and were found at risk for obesity-

related comorbidities.

Sachan et al., (2012°) studied the nutritional status of school-going
adolescents in Lucknow district in Uttar Pradesh, which showed that the overall
occurrence of overweight was found to be 5.4 per cent and 3.9 per cent among urban

and rural school-going adolescent girls respectively.

In a study of Pan et al., (2013) on 3,470 US adolescents found that childhood
obesity-related physical and psychological consequences are potentially associated
with school absenteeism. They found that adolescents who were obese and
overweight had 36 per cent and 37 per cent more sick days respectively than

compared to adolescents of normal weight.
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Babey et al., (2013) examined 4,029 adolescents’ leisure habits using the
data from the California Health Interview Survey. They found a positive correlation

between the time spent on watching television and obesity.

Goyel et al., (2010) investigated the prevalence of obesity and overweight
and their association with socio-economic status and the risk factors. It was found
that the prevalence of overweight among children was higher in middle socio-
economic status as compared to high socio-economic status group in both boys and
girls, whereas, the prevalence of obesity was higher in high SES group as compared

to middle SES group.

Duncan et al., (2011) compared the weight perceptions, weight control
behaviours and body fitness among adolescent girls from Europe, Pacific Island,
East Asian, Maori and South Asian populations. It was found that the number of
girls trying to lose weight exceeded those who perceived themselves as being

overweight, with the magnitude of the difference dependent on ethnicity.

Kotian et al., (2010) carried out a cross sectional study among 900
adolescent of 12-15 age group. The study revealed the overall prevalence of
overweight among adolescents was 9.9 per cent and obesity was 4.8 per cent. Within

this 5.2 per cent girls and 4.3 per cent boys were found to be obese.

In a school-based cross sectional study among 2,785 affluent adolescents
from six public schools in Meerut by Jain et al., (2010), prevalence of overweight
and obesity was found to be 19.7 per cent and 5.3 per cent in girls and 18.36 per cent

and 10.82 per cent in boys respectively. The study also found association between
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obesity and high intake of junk foods, binge eating, high calorie intake, lower

physical activity and prolonged TV watching.

With an aim to examine associations between physical activity and obesity
among black and white adolescent girls, White and Jago, (2012) conducted a study.
A strong negative dose-response association between quartiles of accelerometer
counts per day at age 12 years and obesity at age 14 years (using all 3 measurements
of obesity) in white but not black girls were found. The study concluded that higher
levels of physical activity are prospectively associated with lower levels of obesity

in white adolescent girls but not in black adolescent girls.

Marwaha et al., (2006) studied the growth parameters and prevalence of
overweight and obesity in school children from Delhi. The study found a significant
inequality in anthropometric measurements among children belonging to the upper
and lower socioe-conomic group. Incidence of overweight and obesity in children

from as early as 5 years of age was found to be high.

Again, Kapil et al., (2002) also studied the prevalence of obesity amongst
affluent school children in Delhi, which revealed that obesity was an emerging
health problem in adolescent children belonging to affluent families.  Highest
number of obesity among affluent adolescents was reported to be in the age group of

10-12 years.

2.3.4 Consequences of nutritional inadequacy in adolescent girls

UNICEF (2012) report warns that anaemia, most commonly iron-deficiency

anaemia, increases the maternal risk of haemorrhage and sepsis during childbirth. It
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causes cognitive and physical deficits in young children and reduces productivity in
adults. The report also indicates that girls, 15-19 years old account for 11 per cent of
all births and around 14 per cent of all maternal deaths, with some 50,000 girls dying

from maternal causes annually.

Prakash et al., (2011) found that women married at an early age had
successive pregnancy, unplanned parenthood and premature births, which contrarily
influenced their health status and youngsters destined to be mothers with poor
regenerative health had lower opportunities of survival and a higher probability of

anthropometric failure.

A study conducted by Rao et al., (2010) examined the confounding effect of
early life undernutrition on adolescent pregnancy outcome in rural India. The
findings indicated that pregnancy outcome was adversely affected by early
conception and prolonged adolescent growth, which are the features of biological

immaturity in undernourished population.

Sen and Kanani (2006) assessed detrimental functional impact of anaemia on
350 young adolescent school girls in Vadodara Municipal Primary schools. The
findings of the study indicated that anaemia may well compromise physical work
capacity and cognitive functions of girls within the pubertal phase of development.
Further, even mild anaemic can have a deleterious impact on these characteristics. It
turned out also found that this adverse impact gets especially aggravated, if both
undernutrition and anaemia can be found. Cognition especially, seemed to be

adversely afflicted with anaemia in, well-nourished and undernourished subjects.
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Black et al., (2008) found that child and maternal undernutrition is
responsible for approximately 3.5 million deaths in children below the age of 5 years
and for 35 per cent of the disease burden in this age group. Stunting, low weight and
low birth weight are found to be together responsible for 2.2 million deaths among

children less than 5 years worldwide, it was reported.

Maluccio et al., (2009), using a longitudinal survey from rural Guatemala,
found that higher intake of nutrients during early childhood has a long-term
substantial impact on adult educational outcome. Glewwe and Miguel (2008)
outlined theoretical and empirical evidences that points to how child health impacts
educational attendance and performance. This paper examined the impact of
childhood malnutrition, as measured by different anthropometric indicators,
collected at three different stages of childhood, on the development of educational

skills in Peru.

An assessment of brainpower and motivation was completed among
children, aged 9-15 years, in severely and mildly iodine deficient communities in
Uttar Pradesh, India by Tiwari et al., (1996). The outcomes revealed that children
through the severely iodine deficient villages learned more slowly and were less
motivated to achieve. lodine deficiency is a significant source of mental
developmental problems in kids, including implications on reproductive functions

and lowering of 1Q levels in class-aged children (Kapil, 2007).

A meta-analysis by Bleichrodt and Born (1994) of 18 studies, over a total of
2,214 subjects, indicated that mean cognitive and psychomotor performance scores
were 13.5 1Q points lacking in iodine deficient individuals. Also the condition of

retarded neurological development is exacerbated through the many people within
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the affected child’s social environment who'll also be dull, apathetic and

unmotivated caused by iodine deficiency.

Delange (2001) reports that all levels of iodine deficiency (mild: iodine
intake of 50-99 g /day, moderate: 20-49 ug /day, and severe: less than 20 g /day)
affect thyroid function of the mother, neonate and mental growth of the child - the
harm increases with the increase in iodine insufficiency, with overt endemic
cretinism as the most severe consequence. lodine insufficiency was found to be the

cause of preventable damage to brain and mental growth.

2.4 Nutritional interventions for adolescence

2.4.1 Supplementation

Sen and Kanani (2012) studied the consequences of daily vs. intermittent
iron folic acid (IFA) supplementation on haemoglobin levels and pubertal growth
among primary school girls in early adolescence (9-13 years) in Vadodara. It was
found that Hb levels significantly improved (P < 0.01) in all experimental schools
(ES) compared to control schools (CS); BMI increment in ES vs. CS was significant
in twice weekly IFA and daily IFA. The study concluded that twice-weekly IFA
supplementation was comparable to daily IFA and once-weekly dose was inadequate

to significantly improve growth.

Chakma et al., (2013) studied the impact of iron and folic acid
supplementation among 274 tribal adolescent girls of Bajadandi block, Mandla
district in Madhya Pradesh. IFA was given for 100 days. The impact study revealed
that prevalence of anaemia was reduced from 94 per cent at baseline to 69 per cent

after the intervention.
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Ahmed et al., (2010) in his study on Bangladeshi Adolescent girls observed
that twice-weekly multiple micronutrients (MMN) can improve micronutrient status
effectively with no significant increase in Hb concentration compared with IFA
supplements in non-anaemic adolescent girls. Receiving MMN supplement once-
weekly was found to be less effective than MMN twice-weekly supplement in

improving iron, vitamins A, riboflavin and folic acid status.

Randomized controlled trial was conducted in adolescent girls visiting
“Urban Health and Training Centre” by Joshi and Gumashta (2013). The 120
anaemic adolescent girls were randomly divided into two groups — one received
daily IFA supplementation and the other weekly. The mean rise in Haemoglobin

after a lean period of one month in the respective groups was found almost equal.

Titaley and Dibley (2012) studied the relative contributions of antenatal
iron/folic acid supplements and postnatal care in preventing neonatal mortality in
Indonesia. It was found that the risk of early neonatal death was reduced by 51 per

cent of mothers who took iron/folic acid supplements during pregnancy.

Deshmukh et al., (2008) studied the potency of weekly supplementation of
iron to manage anaemia among adolescent girls of Nashik, Maharashtra, India. The
target ended up being to study the ‘effectiveness’ of a weekly iron-supplementation
regimen among urban-slum, rural, and tribal girls of Nashik district, Maharashtra.
The decline was statistically significant (P < 0.001) in tribal girls (48.6% from
68.9%) and among rural girls (51.6% from 62.8%). But the decline was not

statistically significant among urban slum girls.
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Indian Institute of Health and Family Welfare (2003) made a study in line
with the study initiated earlier (2001-02) to examine the feasibility and acceptability
of weekly IFA supplementation to adolescent girls, using school system as a vehicle
for anaemia reduction at two randomly chosen mandals of Medak district, Andhra
Pradesh. It was revealed that the mean haemoglobin level of paired samples at the
baseline was 11.1 + 1.1 g/dl, which increased to 12.1 + 1.0 g/dl after 52 weeks of
IFA supplementation and concomitant decrease of anaemia indicating the efficiency

of weekly IFA supplementation.

Gupta and Kochar (2010) studied 54 anaemic girls of 15-18 age groups in
three groups. One group was given thandai (a drink) along with Cofol-Z capsule
(iron+folic acid); the second group received only Cofol-Z capsule and the third
group was the control group. After six months, iron folic acid supplementation with
thandai proved to be more efficacious in combating the problem of anaemia during

adolescence.

Khosravi et al., (2010) also conducted a control-experimental study on 200
female high school girls in 14-19 age groups. One group was served 150 mg ferrous
sulphate once in a week for 16 weeks and the other was the control group. The study
showed that once-weekly supplementation of 150 mg ferrous sulphate significantly

improved iron status.

Srinivasan and Prabhu (2004) studied the nutritional status of the social
welfare hostels in Tirupati, Andhra Pradesh among school children of 5-15 age
groups. The study suggested that improvement in diet, as well as treatment and

prevention of infections along with iron and folic acid supplementation will
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definitely improve the nutritional status of the children and adolescents from under-

privileged sections of the society.

Agarwal et al., (2003) analyzed the anaemia Prophylaxis in adolescent
school girls by weekly or daily iron folate supplementation in four Government
Senior Secondary Schools of North-East Delhi. The study results showed that
regular weekly administration was effective and seems suitable for populations with

mild to moderate anaemia.

Mathur et al., (2005) compared the impact of leaf concentrate and iron and
folic acid supplementation on blood profile of anaemic adolescent girls. The results
of the study were promising for leaf concentrate, which gave similar and comparable
results on the iron status of the subjects. Both the supplements showed similar

improvements.

Bhanushali et al., (2011) studied the iron deficiency anaemia and change in
dietary behaviour among adolescent girls. Adolescents consumed iron-folate and
calcium tablets on substitute days for 3 months. Results demonstrated there was an
increase of 19.55 g/l haemoglobin in the gathering of adolescents who consumed
IFA supplements, while haemoglobin diminished somewhat in adolescents in the
control group. A considerable weight increase of 2.66 kg was additionally seen in
the mediation group, though adolescents in the control group demonstrated less

increase in weight.

Bilimale et al., (2010) explored improving adherence to oral iron
supplementation during pregnancy by a controlled trial study with 140 pregnant

women from a rural area of J.N. Medical College, Belgaum. Results showed that
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the mean rates of adherence and haemoglobin levels in observation group were
higher than the control group. During the first visit, the mean haemoglobin value of
study group was 7.97 gm per cent, and 7.9 gm per cent for the control group.
During the 3rd visit, mean haemoglobin was 8.99 gm per cent and 8.42 gm per cent
respectively. The difference in haemoglobin values during the 4th visit was
statistically significant. The results demonstrated that compliance to oral iron tablet
consumption was feasible by directly observing and monitoring the administration

of oral iron supplementation.

Kotecha et al., (2009) studied the Adolescent Girls’ Anaemia Control
Programme by Guijarat. Programme strategy was to provide once weekly fixed day
(Wednesday) supervised iron folic acid (IFA) supplements to all adolescent girls in
Grade 8-12. Prevalence of anaemia was reduced by 21.5 per cent that is, from 74.7
per cent to 53.2 per cent (P<0.05). Further improvement in Hb was recorded among
80 per cent girls. Pre- and post-intervention also showed improvement in serum
ferritin value, whereas dietary and nutritional knowledge and practices were not

significantly changed among school girls.

Malagi et al., (2006) evaluated the National Nutritional Anaemia Control
Programme in Dharwad (Karnataka). The outcome shows about 11 per cent of
women in reproductive age were not registered with any of the health functionaries.
The iron and folic acid tablets (IFA) were not distributed regularly by the Auxilary
Nurse Midwives (ANMS) and 10 per cent subjects did not receive any tablets even

once. Tablets were not regularly consumed because of side effects and blind beliefs.
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Kotecha et al., (2004) evaluation the impact of adolescent girls’ anaemia
reduction programme in Vadodara District. The programme was more successful in
rural locations than compared to tribal locations, but level of anaemia was controlled

substantially among tribal adolescent girls.

In a study on the dangers of routine iron and folic corrosive supplementation
for youthful youngsters Pasricha et al., (2009) endeavoured to present the link
between iron-folic acid (IFA) and intestinal sickness. The study suggested routine
iron and folic acid for all children under 6-60 months; (ii) in areas of India, where
malaria transmission was phenomenal and access to essential medicinal services was
better, routine IFA supplementation ought to proceed for all children; (iii) in zones
of high intestinal sickness transmission, routine supplementation of IFA to children
may be withheld, with accentuation on clinical case discovery and treatment of

anaemic youngsters.

2.4.2 Fortification

Of all the strategies used to deliver additional iron to humans, food
fortification has the greatest potential to improve the iron status of the largest

number of people (Mannar, 2001).

Goyle and Prakash (2010) evaluated the effect of supplementation of
micronutrient fortified biscuits on adolescent girls of 10-16 age groups studying in a
government school in Jaipur. The intervention was with biscuits fortified with 30 mg
iron, 100 ug folic acid, 600 pg Vitamin A, 40 mg Vitamin C and 150 pg lodine. On
supplementation, a three-fold increase in the percentage of adolescent girls in the

‘normal’ category of anaemia.

54



Goyle (2012) studied the effect anaemic reduction by supplying biscuits with
and without nutrients. He found supplementation with biscuits resulted in significant
weight gains of 1.85 kg and 2.00 kg in the control and experimental groups

respectively.

Kumar et al., (2009) conducted a control and experimental group study
among tribal children of 5-18 years age group. The study showed a significant
improvement in all the biochemical measurements and memory tests in the
experimental group when compared with the control group. It was found that the
multiple micronutrients from the multiple micronutrient-fortified cooking salt were

absorbed in the children and helped in combating micronutrient deficiencies.

Hyder et al., (2007) studied the effect of a multiple-micronutrient-fortified
beverage on haemoglobin concentrations, micronutrient status and growth among
adolescent girls in rural Bangladesh using control experiment method. The results
confirmed that fortified beverage increased the Hb and serum ferritin and retinol
concentrations at 6 ml (P < 0.01). Adolescent girls in the non-fortified beverage
group were more likely to suffer from anaemia, iron deficiency and low serum

retinol concentrations.

Assuncdo and Santos (2007) conducted a systematic review to identify
studies assessing the effect of food fortification with iron on childhood anaemia. Out
of 21 studies reviewed, only one failed to report a positive, favourable effect of iron

fortification.

Seal et al., (2008) assessed changes in the iron and vitamin A status of the

population of Nangweshi refugee camp associated with the introduction of maize
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meal fortification. The results showed that the introduction of fortified maize meal
lead to a decrease in anaemia in children and a decrease in vitamin A deficiency in

adolescents.

Bovell-Benjamin et al.,, (2000) also learnt maize fortification. The
radioisotope study showed that iron absorption by ferrous bisglycinate was six-fold
more than absorption from ferric sulphate, when most of these iron compounds
ended up added as fortificants to total maize porridge. Greater absorption of ferrous
bisglycinate iron, as compared to iron from ferric sulphate of Feric
ethylenediaminetetraacetic acid (FEEDTA) included with maize or white-coloured

wheat flour has been reported by Layrisse et al., (2000).

Walter et al., (1993) found that vitamin C is probably most effective for
improving the absorption of fortificant iron added to foods. It was found that the
addition of vitamin C to iron-fortified dry milk in Chile reduced anaemia in

preschool children more than the milk fortified with iron alone.

In an experiment in Guatemala, Feric sodium ethylenediaminetetraacetic acid
(NaFeEDTA) was added to sugar at a concentration of 1 g/kg. Average sugar
consumption was 40 g/day. On an average, it was found that iron intake increased by

more than 3 mg/day (Viteri et al., 1995).

Hallberg et al., (1978) proved that the addition of meat or fish to a meal
provides not only more absorbable iron, but also increases the absorption of non-
haem iron including fortificant iron. The study found that when fish was added to a
plant-based, South-East Asian food that had been invigorated with 5 mg press, the

measure of iron assimilated from the fortification was multiplied.
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Hurrell et al. (1989) found that ferrous furnarate, ferrous succinate and small
particle size iron are suitable iron fortificants for infant cereals. Walter et al. (1993)
tested with milk powder fortified to contain 15 mg/L ferrous sulphate when
reconstituted. The prevalence of anaemia was found to fall from 27 to 10 per cent

among children aged 3-15 months.

Child In Need Institute (CINI, 2005), directed a pilot venture gauge review
in Howrah and in 24 North Parganas to battle iron deficiency and Vitamin A lack
(VAD) in three diverse target aggregates specifically, pregnant and lactating ladies,
preschool kids and juvenile young ladies. Invigorated confections were conveyed.
There was no huge change in mean haemoglobin of pregnant and lactating women.
The study suggested that the government can consider providing fortified candies to
beneficiaries of ICDS programme and children covered under mid-day meal scheme

as add on to the food distributed.

2.4.3 Nutrition education

Contento (2008) identified three essential components to nutrition education:
(1) A motivational part, where the objective is to expand mindfulness and improve
inspiration by tending to convictions, mentality through compelling communication
systems. (2) An activity part, where the objective is to encourage individuals'
capacity to make a move through objective setting and cognitive regulation toward
oneself abilities. (3) An environmental component, where nutrition educators work

with policymakers and others to promote environmental supports for action.

Fox et al., (2007) in their nutrition education research brief found positive

association between intervention intensity and dietary behaviour change.
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Contento et al., (2002) evaluated the measures used in nutrition education
intervention.  Physiologic parameters were used in about 33 per cent of
behaviourally focused interventions with school-aged children and adults. Major
implications found were that considerable preliminary work needs to be done before

any intervention study to develop and test evaluation instruments.

Hindin et al., (2004) carried out a study to evaluate whether a media literacy
nutrition education curriculum about the effects of television advertising on
children’s food choices influenced the behaviour, attitudes and knowledge of head
start parents. Results suggested that a media literacy nutrition education curriculum
can be easily conducted by dieticians. The media literacy nutrition education

intervention curriculum had significant effects in terms of head start parents.

To survey the effect of a school-based nutrition education intervention aimed
at increasing the fruits and vegetable consumption, Anderson et al., (2005) carried
out an experimental and control group comparison. The results showed a significant

increase in knowledge about fruits and vegetables and fruit intake for intervention

group.

Warren et al.,, (2003) assessed a pilot school programme aimed at the
prevention of obesity in children in UK. The outcomes demonstrated enhancements
in nutrition knowledge in all children post-intervention. Overall, fruit and vegetable
intake increased significantly; no significant changes in rates of overweight and

obesity.

Haldar et al., (2012) carried out a quasi-experimental intervention study in

two primary schools of Burdwan District. The study proved that usual health-
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nutrition education by school teachers was ineffective unless it is actively imparted

by reoriented, motivated teachers and periodically supported by health personnel.

In a study on the role of nutrition education in enhancing the nutritional
knowledge among adolescent girls Gupta and Kochar (2009) surmised that there was
noteworthy change in the nutritional awareness of the subjects after nutrition

education.

Change in health-nutrition behaviour among primary school students by
health-nutrition education was also revealed from other studies (Poh et al., 2009;

Friel et al., 1999; Ruzita et al., 2007).

To establish the result of a school-based intervention to support healthful
nutrition and physical activity on disordered weight-control behaviours, Austin
(2007) conducted a study among adolescent girls and boys. The analysis indicated
that disordered weight-control behaviours were lessened by two-thirds compared
with adolescent girls in control schools. No intervention effect was observed in

boys.

Kaur et al., (2011) evaluated the effect of nutrition education in lessening
iron deficiency anaemia in 50 medical girl students of 17-19 years age group in
Government Medical College, Amritsar. The study concluded that nutrition
education is one of the appropriate, effective and sustainable approaches to combat

iron deficiency anaemia.

Padhy et al., (2013) assess the impact of planned teaching programme on

family life education among 144 adolescent girls of a high school in Ankuli,
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Berhampur. It was found that average nutrition score increased from 39.24 per cent

to 88.85 per cent before and after PTP (Planned teaching programme) respectively.
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I11. METHODOLOGY

The methodology of the study entitled “NUTRITIONAL STATUS OF
ADOLESCENT GIRLS (12-19 years) AND IMPACT OF INTERVENTION

PROGRAMMES?” is detailed under the following headings.

3.1 Selection of area
3.2 Selection of subjects
3.3 Tools and techniques
3.3.1 Interview schedule
3.3.2 Assessment of nutritional status
3.3.2.1. Anthropometric assessment
(a) Height
(b) Body weight
(c) Body Mass Index (BMI)
(d) Waist hip ratio
3.3.2.2 Biochemical assessment
(a) Haemoglobin
(b) Serum iron
(c) Serum folic acid
(d) Vitamin By,
3.3.2.3 Assessment of dietary pattern
(a) 24-hour recall
(b) Food frequency questionnaire
3.3.3 Nutrition education programme
3.3.4 Assessment of nutritional knowledge and practices
3.3.5 Intervention methods
(a) Supplementation
(b) Fortification
(c) Diet counselling
3.4 Impact of interventions on haematological parameters
3.5 Statistical analysis

3.1 Selection of area

The study was conducted in Kottayam district, known as the “Land of
letters”, is located in south-central Kerala and has a population of 357,533 according
to the 2011 census. Also a pioneering centre of modern education in Kerala,
Kottayam became India’s first city to achieve 100 per cent literacy in 1989. It is the

major centre of education in Kerala where the education of girls has much
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importance. So Kottayam Taluk area was selected for the study. Moreover scarcity
of nutrition epidemiological data base for this area was also a major factor in the

selection of the present study locale.

3.2 Selection of subjects

Adolescence is a period of marked changes, a period during which the
individual rapidly undergoing a series of sequential physical and mental changes that
transform a small child into a young adult (Story et al., 2002). The nutritional status
of adolescent girls, who are the future mothers, not only influences her health, but

also determines the health of the future generations.

WHO identifies adolescence as the period in human growth and development
that occurs after childhood and before adulthood, from ages 10-19 years; it is a time
of intense physical, psychological and cognitive development (WHO, 2015°). Crider
et al., (1983) state that “adolescence is usually defined as the period that begins with

the onset of puberty and ends somewhere around age eighteen or nineteen”.

According to Agarwal and Agarwal (1992), the age of menarche in urban
India was 12.6 years. There is also a general observation that age of menarche was
15-16 years in rural girls (Khadilkar, 2006). Based on these evidences, the criterion

age group for selection of adolescent girls was determined as 12-19 years.

Sampling method

Multistage random sampling was the technique adopted for sample selection.
Multistage sampling refers to sampling carried out in stages using smaller and
smaller sampling units at each stage (Patterson, 2010). Schools and colleges of the

Kottayam Taluk were selected as a first stage unit. As the age group of the study
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subjects ranged between 12 to 19 years, all Colleges, UP schools, High schools and
Higher secondary schools in Kottayam Taluk were listed (Appendix I). Willingness
of the institution authorities and the students to participate in the study was the
criteria for the selection of participant institutions. Accordingly, informed consent
was sought from the institution heads of all the educational institutions in the study
area and the researcher was able to obtain the consent only from two schools and
two colleges of Kottayam Taluk. Sample size was determined by the following
formula (Gupta, 2003) using the proportion of problems, based on UNICEF (2011°)

Survey.

72 x Pq
dz

Where:

n = required sample size

Z = confidence coefficient = 1.96 (95% confidence)

p = proportion of selected problem in the total population 56 per cent
or .56 (based on UNICEF, 2011° survey)

q=1-p=1-.56 =44 i.e. 44%

d = allowable difference between estimated and true value in the

population = (4.5%)

1.962 X 56 X 44
m= 452 -

The calculated sample size, at 95 per cent confidence and 4.5 per cent
tolerance and 56 per cent proportion, based on the UNICEF 2011 survey, was 468.
Allowing lenience for withdrawal/discontinuance of respondents during the study,

and to improve the accuracy, the sample size was determined as 500 adolescent girls
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between the ages 12 to 19 years, at the time of survey. These 500 adolescent girls
were selected randomly by lottery method, from the aforesaid four educational
institutions. Number of girls from each of the four institutions, for the first stage of
selection was determined by the same ratio of required No. of respondents to the

total number of adolescent girls in the four institutions:

Ratio = 500 = 0.1525
atw—ﬁ— .

Out of the 500 adolescent girls selected a sub-sample of 202 subjects, in the
late adolescent age group (17-19 years), who were willing to participate and
permitted by their parents to take blood sample, were taken for screening of
anaemia. Blood samples were collected with the help of trained lab technicians. Late
adolescence, being close to the reproductive phase of a woman’s life, is very
significant. Nutritional status during late adolescence thus requires immediate
attention and appropriate interventions. In addition, 150 adolescent girls were
selected for detailed dietary assessment, based on their willingness to participate in

24-hour recall and to respond to food frequency questionnaire.

Haemoglobin analysis revealed that 115 adolescent girls were anaemic.
Those who had mild (10-11.9 g/dl) and moderate (7-9.9 g/dl) anaemia, and who
were in the late adolescent age group, were purposively selected for “intervention”
study. Consumption of nutritional supplements, anticonvulsant drugs and other
medicines and gynaecological problems were the exclusion criteria considered for
selecting subjects for interventions. Planning and execution of the interventions were
done under the guidance and supervision of a qualified medical practitioner from the

government sector.
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“Supplementation”, “fortification”, “diet-counselling” were the intervention
methods chosen for the study. Hence, 100 anaemic adolescent girls were divided
into four groups, with 25 adolescent girls in each group: (i) Supplementation group,
(i) Fortification group, (iii) Counselling group and (iv) Control group. The group
division was made by listing down the names of the 100 final sample girls, school-
wise, and assigning serial numbers from 1 to 4 repeatedly. All those who were
assigned No.l formed the “supplementation” group; those who were assigned No.2
formed the “fortification” group; No.3 formed the “counselling” group and those

who were assigned No.4 formed the “control” group.

3.3 Tools and techniques

Tools and techniques employ distinctive ways of describing and quantifying
the data. “Each is particularly appropriate for certain sources of data, yielding
information of the kind and in the form that can be most effectively used” (Best and

Khan, 1999). The following tools and techniques were employed in this study:

3.3.1 Interview schedule

The interview schedule, as given by Thanulingam (2000) is a proforma
containing a set of questions and is very useful in gathering information. The
information received from an interview schedule was more reliable because the
interviewer can clear up the doubts of informants and thus also accuracy of the
statements could be checked by supplementary questions wherever necessary. Polit
and Hungler (2001) state that interviews allow for a much greater richness of data
compared to questionnaire. Direct interview method was adopted for the data
collection. This method is reported to be a suitable way to proceed systematically

and quickly to collect information (Kothari, 2001). In this method there is face-to-
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face interchange between interviewer and respondent before eliciting information
(Kothari, 2003). The researcher explained each item of the schedule and the

responses were recorded accordingly.

A semi-structured interview schedule was formulated with a view to collect
data from the respondents on socio-economic background, anthropometric details,
details regarding general health, practice of taking nutritional supplements, dietary
pattern, intrinsic and extrinsic factors influencing nutrient intake and awareness
about nutrition in adolescence. The same was pre tested among 20 adolescent girls,
not involved in the study, which were later excluded from the actual study. After the

pre test appropriate changes were made in the survey instrument (Appendix I1.)

3.3.2 Assessment of nutritional status

Evaluation of nutritional status of a community is one of the initial phases of
the plan of any public health strategy to battle malnutrition. The essential point of
such an evaluation is to determine the type, magnitude and distribution of
malnutrition in distinctive geographical areas, to identify the at-danger groups,
monitor changes in the extent of malnutrition, select beneficiaries for intervention
programmes and evaluate the impact of intervention (Rao and Vijayarakhavan,
1996). An understanding of nutrient gaps would help in planning nutritious diets to
overcome nutrition-related morbidities and thus promote health of the people (Bamji
et al., 2010). Nutritional anthropometry, biochemical tests and dietary assessment
were the methods employed in the present study to assess the nutritional status of

adolescent girls.
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3.3.2.1 Anthropometric assessment

“Anthropometry is measurement of body at various ages and levels of
nutritional status. It is based on the concept that an appropriate measurement should
reflect morphological variation occurring due to a significant functional
physiological change” (Rao and Vijayaraghavan, 2003). Anthropometric survey was
conducted among 500 adolescent girls between 12-19 years of age. In order to assess
the nutritional status of subjects, their (a) Height, (b) Body weight (c) BMI and (d)
Waist hip ratio were measured and recorded. And these data were compared with
National Center for Health Statistics (NCHS) standards, National Health and
Nutrition Examination Survey-l1 (NHANES-I) quoted by National Institute of

Nutrition (NIN, 2005) and ICMR standards (1989) given in Appendix III, IV and V.

(a) Height

A vertical tape settled perpendicular to the ground on the wall was utilized as
the scale to gauge the height of the respondents. This tape was non-stretchable. It
was fixed carefully without any folds or tilting to any side. The subject was made to
stand erect, looking straight on the platform with heels together and toes apart,
without shoes. Height was read to the nearest of 0.5 cm. An average of three

measurements was taken as the final measurement (Jelliffe and Jelliffe, 1991).

(b) Body weight

Weight of the subjects was measured using a bathroom balance. Checks on
the scale were made routinely before recording the weight of each sample and the
pointer was adjusted to zero using the screw provided. The respondents were asked

to stand straight, bare-footed on the weighing balance, looking straight, while the
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measurement was read. The weight was recorded to the nearest 0.25 kg. Each
subjects’ weight was taken thrice and the average was taken as the final

measurement.

(c) Body Mass Index (BMI)

Body Mass Index of the 500 adolescent girls of 12-19 years were calculated

using the following equation:

_ Weight inKg
~ Height inm?

BMI

Each result was compared with BMI age/sex centiles given by NHANES | (NIN,

2005) (Appendix V).

(d) Waist hip ratio

Waist hip ratio is used as a tool to assess obesity. The ratio above the cut-off
value has been accepted as a method to identify abdominal fat accumulation
(Vijayalakshmi et al., 2003). Waist and hip circumference of the adolescent girls

were measured and the ratio was calculated using the formula given below:

Waist circumference (cm)

Waist to hip ratio = ———;
P Hip circumference (cm)

3.3.2.2. Biochemical assessment

“In the development of any deficiency disease, biochemical changes can be
expected to occur prior to clinical manifestations. Therefore, biochemical tests
which can be conducted on easily accessible body fluids such as blood and urine can
help to diagnose disease at the sub-clinical stage” (Davidson, 1990). Hence

biochemical parameters were studied among a sub-sample of 202 subjects. The
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blood samples of the subjects were collected with the help of trained lab technicians.
The biochemical parameters assessed were (a) Haemoglobin (Cyanmethymoglobin
method), (b) Serum iron (Spectrophotometry) (c) Serum folic acid (Microbiological

assay) and (d) Vitamin By, (Microbiological assay).

(a) Haemoglobin

Haemoglobin evaluations are utilized generally to screen people for anaemia,
to draw inferences about the iron status of populations, and to assess reactions to
nutritional interventions (Morris et al., 1999). Haemoglobin levels of 202 subjects
were analysed for assessing the prevalence of anaemia among the subjects.
Cyanmethymoglobin method suggested by International Nutritional Anaemia
Consultative Group (INACG, 1985) was chosen for the estimation (Appendix VI).
Haemoglobin levels of the subjects were compared with anaemia classification

given by WHO (1989).

(b) Serum iron

Iron (Fe) is a constituent of red blood cells and the muscles that assist in the
transportation of oxygen all through the body. The World Health Organization
considers iron deficiency, the number one nutritional disorder in the world. It has
been expressed that two-third of children and women of childbearing age in
developing countries suffer from iron deficiency and one-third suffering from severe
deficiency and anaemia. The significant reason for anaemia is low dietary iron
admission (Rao, 2001). Serum iron levels reflect the amount of iron in the blood.
Serum iron estimation was done for a sub-sample of 115 adolescent girls with low

haemoglobin values (Appendix VII).
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(c) Serum folic acid

Folic acid is a B vitamin and is needed for the formation and growth of red blood
cells. Serum folate is considered an indicator of recent folate intake. Low values of
serum folate within an individual throughout the span of a month are indicative of
low folate status or folate depletion (Gibson, 2005). Procedure of microbiological

assay of folic acid is appended in Appendix VIII.

(d) Vitamin By,

Vitamin By, is vital for the formation of red blood cells, as well as for the proper
functioning and health of nerve tissue. National Institute of Child Health and Human
Development (NICHD, 2005) reports, Vitamin B, deficiency is more prevalent in
disadvantaged environments, which have adverse effects on children and
adolescents. Vitamin Bj, analysis was done by microbiological assay and the

method followed is appended in Appendix IX.

3.3.2.3 Assessment of dietary pattern

Precise information on food consumption pattern of people, through
application of appropriate methodology is often needed not only for assessing the
nutritional status of people, but also for elucidating the relationship of nutrient
intakes with deficiency as well as degenerative diseases (Khader et al., 2006). In
order to assess the dietary pattern of adolescent girls, their meal pattern, dieting and
meal skipping practices, individual and environmental factors influencing diet
patterns and snacking pattern were recorded. Twenty-four-hour recall and food
frequency questionnaire were administered among a sub-sample of 150 adolescent
girls (17-19 years) to study the frequency of consumption of nutritious foods and

actual nutrient consumption.
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@ 24-hour recall

Twenty-four-hour recall on a large group of participants is an efficient way
to measure the average dietary intake of a group (Patterson and Pietinen, 2004;
Willet et al., 1999; Thimmayamma, 1987). According to Garrow (2000), in diet
recall, the respondent is asked to recall the actual food and drink consumed on
specific days, usually during the immediate past 24 hours (24-hour recall). The

schedule used is given in Appendix X.

Twenty four hour dietary recall was done among a sub-sample of 150
adolescent girls (17-19 years). The subjects were asked to recall a day’s food intake
in terms of simple household measures. During the interview, food models and
reference standard measuring cups and spoons were shown to the subjects, so that
they could give the portion size accurately. Values of the household measures were
converted to raw equivalents and the nutrient intake was calculated using the food
composition table. The actual food and nutrient intake of the subjects were

compared with ICMR (2004) RDA, which was prevailing during the study period.

(b) Food frequency questionnaire

Garrow (2000) stated that in food frequency guestionnaire, the respondent is
presented with a list of foods and is required to say how often each item is
consumed, in broad terms as ‘x’ times per day/per week/per month etc. Foods listed
are usually chosen for the specific purpose of a study and may not assess total diet.
The food frequency questionnaire may be interviewer-administered or self

completed.
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“Diet history method is used for obtaining qualitative details of diet to study
patterns of food consumption at household or industrial level. The procedure
includes assessment of the frequency of consumption of different foods daily, or
number of times in a week or fortnight or occasionally. This method has been used
to study (i) meal pattern (ii) dietary habits (iii) people’s preferences and avoidance
during physio-pathological conditions like pregnancy, lactation, sickness etc.”

(Thimmayamma, 1987).

For this study, the food frequency questionnaire was administered to a sub-
sample of 150 adolescent girls which included common nutritious foods, especially
iron and folic acid rich items and is attached in Appendix XI. The subjects were
asked to mark the frequency of consumption of each item on the six-grade scale of

consumption.

3.3.3 Nutrition Education Programme

American Dietetic Association (ADA, 2011) defines nutrition education as
instruction or training intended to lead to acquired nutrition-related knowledge
and/or nutrition-related skills and be provided in individual. According to Gil
(2010), nutrition education is a set of planned educational activities targeted at
certain population groups and aimed at acquiring healthy nutrition behaviours. This
could be possible through diverse channels, although, in general, this occurs within
schools targeting young children, since food habits in early stages of life are said to

determine practices and inclination in adulthood (Eat well, 2011).

As the influence of electronic media is increasing among adolescents, a tool

for nutrition education was prepared using a power point presentation. Information
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on meaning, definition, classification and importance of adolescence, importance of
nutrition in adolescence, balanced diet, nutrient rich sources, common deficiency
diseases among adolescents, its causes, consequences and prevention and health tips
for adolescents were collected and compiled to educate the 500 adolescent girls
under study in different educational institutions with the help of computer aided
teaching tool formulated (Appendix XII). A set of questions regarding basic
nutrition was used to assess the nutritional knowledge of the adolescent girls, prior
to the education programme (Appendix XI1I). The results obtained showed that there
were lacunae in general nutrition knowledge; therefore more emphasis was given to
those low-scored topics. A discussion session was also conducted after the education
programme and a leaflet was distributed among the subjects for future reference
(Appendix XIV). The evaluation of the nutritional knowledge score before and after
the nutrition education programme provided the effectiveness of the same among the
subjects. Effectiveness of nutrition education is the degree with which it helps
individuals to build food habits and practices that are consistent with the nutritional
needs of the body and adapted to the cultural pattern and food resources of the
region in which they live (Bosley, 2011). Computer aided teaching tool designed for
nutrition education was distributed to educational institutions and health care centers

for awareness promotion programmes.

3.3.4 Assessment of nutritional knowledge and practices

A well-structured questionnaire was developed which consisted of questions
related to knowledge on nutrition and various dietary practices, which was
administered to the subjects before and after one week of the education programme

and scored (Appendix XV).
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3.3.5 Intervention methods

“Nutrition intervention is a purposely planned set of actions designed with
the intent of changing nutrition-related behaviour, risk factor, environmental
conditions or aspect of health status for an individual or target group or population at

large”(Lacey, 2003).

Accordingly, (a) Supplementation, (b) Fortification and (c) Diet counselling
were the intervention methods chosen for the present study. Intervention

programmes were implemented for a period of three months.

(a) Supplementation

A ‘dietary supplement’ can be defined as a product ingested orally that
contains a ‘dietary ingredient’ intended to supplement the eating regimen. ‘Dietary
ingredients’ may include vitamins, minerals, herbs or other botanicals, amino acids,
and other substances (e.g., enzymes, organ tissues, glandular and metabolites), that
are sold as either extracts or concentrates, in either tablet, capsules, soft gel, liquid,

powder, or bar form (Kreider et al., 2010).

Supplementation was carried out among the sample subjects for a period of
three months. Twenty five anaemic adolescent girls of supplementation group
received the synthetic supplement (Livogen-Cap-tab), a micronutrient tablet
containing ferrous fumerate-152 mg and folic acid-1500 mcg and they received one
tablet per day. One Albendazole, the anti-worm drug, was also provided to the study
subjects of supplementation group. Care was taken to see that the adolescent girls
consumed the tablets regularly, even on holidays under the supervision of the

investigator. The impact of supplementation was studied in terms of biochemical

74



analysis. Those who could participate regularly alone were included as subjects in

the final evaluation.

(b) Fortification

Food fortification is the process by which nutrient is added to commonly
eaten foods to improve the quality of the diet. “Fortification is the addition of
nutrients at levels higher than those found in original or in comparable foods”
(Vaclavik and Christian, 2013). It has been regularly utilized as a strategy to control

micronutrient deficiencies (Madukwe and Eme, 2012).

Anaemic adolescent girls (N=25) in the second intervention group received
100g per day of iron-folic acid rich food supplement in the form of biscuits
weighing 20 grams each, for a period of three months. These biscuits formed a part
of their daily diet and were advised to take in mid-morning and in the mid-evening.
Care was taken to see that the adolescent girls consumed five of those Iron-Folic
acid rich biscuits regularly, even on holidays under the supervision of the

investigator.

In Kerala, Supplyco is providing wheat flour fortified with 0.45 mg of folic
acid and 12.6 mg of iron per 300 gm flour which was used as a main ingredient for
the recipe. Folic acid rich ingredients like gingelly seeds, egg and peanut butter were
also added to the recipe and the method of preparation is given in Appendix XVI. To
avoid monotony flavour of the biscuit was regularly changed to orange, vanilla and
butter. As folic acid is a heat labile vitamin, actual content was tested after baking
process to find out percentage of baking loss (Appendix XVII). The formulated

biscuit provided 12.9 mg of iron and 50 pg of folic acid in their daily diet. The
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nutritive value of the formulated biscuit is presented in table 54. Its sensory

evaluation and shelf-life was evaluated as follows.

Plate 1- Iron—folic acid rich biscuits

| s

Plate 2- Ingredients of iron—folic acid rich biscuit
(1) Sensory evaluation
“When quality of a food product is assessed by means of human sensory
organs, the evaluation is said to be sensory or subjective or organoleptic”

(Srilakshmi, 2003). The acceptability on the basis of organoleptic parameters such as
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appearance, flavour, taste, colour, consistency was evaluated by selected panel

members using the scoring procedure (Appendix XVIII).

(ii) Shelf-life quality

The shelf-life of a food can be defined as the time period within which the
food is safe to consume and/or has an acceptable quality to consumers (Fu and
Labuza, 1997). In order to assess the shelf-life quality of the formulated biscuits,
Moisture (%), Total microbial count (cell/g at 37°C), Reducing sugar (%), Peroxide
value (mMEQO./kg), Total ash (%) and Acid insoluble ash (%) tests were done.
Procedures of these tests are given in Appendix XIX, XX, XXI, XXII, XXIII and

XXI1V respectively.

The effectiveness of the supplementation of Iron-folic acid rich biscuits

among the anaemic adolescent girls were evaluated by the blood analysis.

(c) Diet counselling

Nutrition counselling is defined as a process by which a health professional
with special training in nutrition helps people make healthy food choices and form
healthy eating habits. North Carolina Board of Dietetics/Nutrition (NCBDN, 2010)
defines nutrition counselling as the advice and assistance provided by licensed
dieticians/nutritionists to individuals or groups on nutrition intake by integrating
information from the nutrition assessment with information on food and other
sources of nutrient and meal preparation, consistent with cultural background, socio-

economic status and therapeutic needs.

The sub samples (N=25) selected for dietary counselling underwent a

detailed individual diet counselling. Monthly follow up of the diet counselling were
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also given to the subjects during the three-month intervention period. A dietary
counselling tool was developed to distribute as handouts for the subjects’ easy
reference and it is presented in Appendix XXV. By considering individual food
preferences, meal timings and method or form of preparation preferred, food allergy
etc., a diet chart was prepared. As the selected subjects were anaemic, emphasis was

given to iron and folic acid rich foods in their daily diet.

3.4 Impact of interventions on haematological parameters

Haemoglobin, serum iron, serum folic acid and vitamin B, analysis done
prior to the interventions revealed that vitamin B, deficiency was not existed among
the subjects. This may be because of the adequate intake of non-vegetarian foods in
daily diet. Therefore the study of impact of intervention methods on the
haematological parameters was limited to the initial and final analysis of

haemoglobin, serum iron and serum folic acid levels.

3.5 Statistical analysis

The model of data analysis was based on that of Huberman and Miles (1994)
which has three main components. These are: (i) data reduction, (ii) data displays
and (iii) drawing conclusions. The collected data were coded appropriately and were
entered into a computer. Coding was the principal feature of the analytical methods,
what Berg refers to as ‘category development’ (Berg, 1998), and Neuman calls
‘concept formation’ (Neuman, 2000). The statistical software SPSS version 17 was
used for the data analysis. Consolidated tables, graphs and diagrams were prepared
and presented in chapter 1V. Appropriate statistical tools like frequency and
percentage, Chi-square, t-test, Paired samples t-test, One-way analysis of variance

and Pearson correlation were used to depict the results.
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Kottayam Taluk
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Adolescent girls (12-19 years)
(N=500)
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practice

(N=500)
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Intake of nutritional
supplements
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(N=150)
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FFQ)
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girls (N=115)

Supplementation Fortification Diet counselling Control group
group group group

(N=25) (N=25) (N=25)

(N=25)

Evaluation of effectiveness of interventions (Hb, serum iron and serum folic acid)

Figure 1- Research design
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IV. RESULTS AND DISCUSSION

The results of the study entitled “NUTRITIONAL STATUS OF
ADOLESCENT GIRLS (12-19 years) AND IMPACT OF INTERVENTION

PROGRAMMES?” are discussed under the following heads.

4.1 Socio-economic background of the subjects
4.2 General health details of adolescent girls
4.2.1 Intestinal problems
4.2.2 Stress among adolescent girls
4.2.3 Consumption of dietary supplements and medicines
4.3 Details on menstruation
4.3.1 Menarcheal status of adolescent girls
4.3.2 Commonly occurring signs and symptoms of menstruation
4.3.3 Effect of menstrual problems on daily activities
4.4 Anthropometric details of adolescent girls
4.4.1 Height, body weight and BMI of adolescent girls
4.4.2 Comparison of mean height of adolescent girls with NCHS
standards
4.4.3 Comparison of mean body weight of adolescent girls with NCHS
standards
4.4.4 Comparison of mean height of adolescent girls with ICMR
standards
4.4.5 Comparison of mean body weight of adolescent girls with ICMR
standards
4.4.6 Classification of adolescent girls based on Body Mass Index (BMI)
4.4.7 Waist hip ratio of adolescent girls
4.5 Nutrition Education
4.5.1 Nutritional knowledge of adolescent girls
4.5.2 Common misconceptions and beliefs among adolescent girls
4.5.3 Content of the computer aided teaching tool
4.5.4 Effectiveness of nutrition education programme
4.5.5 Attributes of knowledge of adolescent girls before and after
nutrition education programme
4.5.6 Attributes of practices of adolescent girls before and after nutrition
education programme
4.6 Biochemical parameters
4.6.1 Categorization of subjects based on haemoglobin levels
4.6.2 Symptoms of anaemia
4.6.3 Haemoglobin, serum iron, serum folic acid and vitamin B, levels
of adolescent girls
4.7 Dietary pattern of adolescent girls
4.7.1 Meal pattern
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4.7.3 Individual and environmental factors influencing diet pattern

4.7.4 Frequency of consumption of foods

4.7.5 Nutrient consumption of adolescent girls

4.7.6 Snacking pattern of adolescent girls
4.8 Multiple correlates of family income

4.8.1 Correlation between family income and age at menarche

4.8.2 BMI in relation to family income

4.8.3 Correlation between family income and nutritional knowledge

4.8.4 Correlation between family income and incidence of anaemia
4.9 Selected variables vs. Body Mass Index

4.9.1 Body Mass Index vs. age

4.9.2 Correlation between Body Mass Index and age at menarche

4.9.3 Correlation between Body Mass Index and nutritional knowledge

of adolescent girls

4.9.4 Correlation between Body Mass Index and incidence of anaemia
4.10 Health and family related parameters vs. anaemia

4.10.1 Incidence of anaemia among different religious groups

4.10.2 Anaemia incidence and mother’s educational level

4.10.3 Incidence of anaemia and type of family

4.10.4 Correlation between age of menarche and incidence of anaemia

4.10.5 Incidence of anaemia and dietary habit

4.10.6 Incidence of anaemia among worm infested and non-infested

adolescents

4.10.7 Correlation between incidence of anaemia and iron intake

4.10.8 Correlation between folic acid intake and incidence of anaemia

4.11 Impact of different intervention methods on haematological parameters
4.11.1 Impact of supplementation of micronutrient tablet on
haematological parameters

4.11.1.1 Composition of the micronutrient tablet
4.11.1.2 Effect of supplementation on haemoglobin levels
4.11.1.3 Effect of supplementation on serum iron levels
4.11.1.4 Effect of supplementation on serum folic acid levels
4.11.2 Effect of supplementation of micronutrient fortified biscuits
4.11.2.1 Information regarding the recipe of iron - folic acid rich
biscuits
4.11.2.2 Evaluation of organoleptic qualities of the standardized
recipe
4.11.2.3 Sensory attributes over a period of 12 weeks
2.11.2.4 Evaluation of shelf life of iron-folic acid rich biscuits
4.11.2.5 Nutrient content of the iron-folic acid rich biscuits
4.11.2.6 Cost of the iron-folic acid rich biscuits
4.11.2.7 Effect of fortification on haemoglobin levels
4.11.2.8 Effect of fortification on serum iron levels
4.11.2.9 Effect of fortification on serum folic acid levels
4.11.3 Impact of diet counselling on haematological parameters of
adolescent girls
4.11.3.1 Effect of diet counselling on haemoglobin levels
4.11.3.2 Effect of diet counselling on serum iron levels
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4.11.3.3 Effect of diet counselling on serum folic acid levels

parameters

4.12 Comparison of impact of different interventions on haematological

4.12.1Comparison of impact of different interventions on haemoglobin

levels

4.12.2 Comparison of impact of different interventions on serum iron

levels

4.12.3 Comparison of impact of different interventions on serum folic

acid levels

4.1 Socio-economic background of the subjects

The background information of the subjects pertaining to their age, type of

qualification is discussed in Table.1.

family, ordinal position, family income, religion and mothers’ educational

Table 1
Socio-economic background of the subjects
(N=500)
Particulars | Number | Per cent
Age Category
Early adolescence (<16 years) 300 60
Late adolescence (17-19 years) 200 40
Type of family
Joint family 108 21.6
Nuclear family 392 78.4
Birth order
First 281 56.2
Second 180 36.0
Third and later-born 39 7.8
Family income*
Economically weaker section (EWS)
(< Rs.3,300) %8 19.6
Low income group (LIG)
(Rs.3,301-7,300) 197 39.4
Middle income group (MIG)
(Rs.7,301-14,500) 123 24.6
High income group (HIG)
(> Rs.14,500) 82 16.4
Religion
Hindu | 259 | 518
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Particulars Number Per cent

Christian 173 34.6
Muslim 68 13.6
Mother’s education

Up to 10" 30 6.0
10™ Passed 169 33.8
12" Passed 209 41.8
Graduation and above 92 18.4

*Housing and Urban Development Corporation Ltd (HUDCO, 2007)

It was observed that among the 500 adolescent girls selected, majority (60%)
belonged to early adolescent period; age ranged from 12 to 16 years. The percentage
of girls in the late adolescence period was 40 in the age group of 17 to 19 years.
Majority (78.4%) of them were from nuclear families. Only 21.6 per cent of

adolescent girls were from joint families.

The distribution of ordinal statuses of the respondents showed that the
highest percentage (56.2%) of adolescent girls was first-born. Next to this were
second-born ones (36%). The least percentage (7.8%) was found in the case of third
born girls and the ones born thereafter. According to HUDCO (2007), economic
statuses of the subjects were grouped into four categories. Most of the subjects
belonged to low income group (39.4%) and middle income group (24.6%).
Economically weaker section constituted 19.6 per cent of the total respondents. Only
16.4 per cent were from high income families as they had a monthly income

>Rs.14,500.

The religious distribution of respondents was that half (51.8%) of the
subjects were Hindus, whereas Christians and Muslims constituted 34.6 per cent and
13.6 per cent respectively. It is remarkable that 94% of the mothers of adolescent

girls had an appreciable educational status starting from matriculation to post
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graduation. Among them, a majority (41.8%) of the subjects had passed higher
secondary levels and possessed professional qualifications too. Only 6 per cent of

the mothers had educational status below matriculation.

4.2 General health details of adolescent girls
General details on the health of adolescent girls include intestinal problems,

other health problems, and intake of dietary supplements and medicines.

4.2.1 Intestinal problems
Various intestinal problems experienced by the adolescent girls were

depicted below.

Table 2
Intestinal problems
(N=500)
Health problems Number Per cent*
Intestinal problems
History of worm infestation 236 41.2
Acidity and peptic ulcer 29 5.8
Food allergy 7 1.4
Gastritis 1 0.2
Appendicitis 5 1
Piles 2 0.4
ENT problems
Allergy and asthma 26 5.2
Migraine and sinusitis 19 3.8
Tonsillitis/Fever/infection 6 1.2
Hypothyroidism and goiter 2 0.4
Heart problems 2 0.4
Others
PCOD (Polycystic Ovarian 2 0.4
Disease)
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Health problems Number Per cent*
Urinary calculi 1 0.2
Skin diseases 1 0.2
Muscle pain 1 0.2

*Multiple response

From the above table it can be noted that the worm infestation was the major
intestinal problem experienced by majority (47.2%) of the subjects followed by
acidity and peptic ulcer (5.8%). Heartburn, nausea and other symptoms of peptic
ulcer were also reported. Very few adolescent girls (1.4%) were allergic to different
foods like pineapple, shell fishes, milk and milk products, etc. The health problems
reported by the subjects showed that allergy and asthma (5.2%), migraine and
sinusitis were the common problems (3.8%). Infections, PCOD, heart problems and

piles were also reported by the adolescent girls.

The misery of parasites inflicts on humans remain a significant health
problem worldwide. Anaemia, which can be mild to severe, acute or chronic, is
typically associated with parasitic infestations. It is, regardless; emerge of the
multitudes of complications connected with parasitic infestations. Oguntibeju (2003)
reported prevalence rates of worm infestations like Ascaris lumbricoides (38%),
Trichuristrichiura (16%), Necatoramericanus (22%), and Entamoebahistolytica
(24%). The incidence rate was higher among the age groups 10-20 years and 21-30

years, and decreased progressively with age (less in 31-50 years and 51-65 years age

groups).

Bigal et al., (2007) conducted a study among 18,714 adolescents and

reported that the migraine prevalence was higher in girls than in boys older than 12
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years and in Whites than African Americans. Four hundred and sixty girls, in the age
group of 15-18 years, from a residential college in Andhra Pradesh, South India

were studied by Nidhi et al., (2011) and reported 9.13 per cent prevalence of PCOD.

4.2.2 Stress among adolescent girls

Distribution of respondent adolescent girls based on the stress experienced is

shown below.
Table 3
Stress among adolescent girls
(N=500)
Nature of stress Number Per cent*
Academic/exam stress 411 82.2
Social stress 5 1
Parental expectations 5 1

*Multiple response

Stress typically expresses a negative condition that can have an effect on
one’s mental and physical health. Stress is common during adolescence, but it is
surprising to note that academic and exam stress were experienced by a considerable
number (82.2%) of adolescent girls under study. They felt pressure to complete daily
home works, problems with teachers, finish projects and study for exams. Teenagers
frequently see themselves as being evaluated in terms of their scholastic
performance and the pressure to excel is an important measure of their success (Ang
and Huan, 2006). Academic stress adversely affects overall adjustment of students
and one form of academic stress that merits attention is the one arising from
expectations (Hussain et al., 2008). Parental expectation was considered as a burden

by one per cent adolescent girls under study.
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Calaguas (2013) researched expectations as options for academic stress
among college-freshmen. Statistical analyses revealed that the means of responses of
the college freshmen to the items in the AESI (Academic Expectations Stress
Inventory) ranged from 3.091 to 3.746 with l1as the minimum and 5 as the maximum
response in every item. Likewise, male and female college freshers significantly
varied in perceived parents/teachers’ expectations, self-expectations, and scholastic

expectations in general.

4.2.3 Consumption of dietary supplements and medicines
Consumption of dietary supplements and medicines by the adolescent girls

were listed in the following table.

Table 4
Consumption of dietary supplements and medicines
(N=500)
Supplements/Medicines Number Per cent*

Health Drinks
Horlicks 4 0.8
Bournvita 6 1.2
Annatone 1 0.2
Boost 5 1.0
Winsmart 1 0.2
Vitamin tablets
Multivitamin tablets 7 1.4
Iron tablets 11 2.2
Vitamin A tablets 2 0.4
B Complex tablets 1 0.2
Iron folic acid tablets 1 0.2
Riboflavin tablets 2 0.4
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Supplements/Medicines Number Per cent*

Ayurvedic supplements

Chavanaprasha 10 2.0

Consumption of anti convulsant drugs
Eptoin 1 0.2

*Multiple response

Practice of taking health drinks, dietary supplements, vitamin tablets
and Ayurvedic supplements were observed among adolescent girls under study.
Bournvita (1.2%), Boost (1%) and Horlicks (0.8%) were the health drinks regularly
taken by majority of adolescent girls. Out of 500 subjects, 4.8 per cent were taking
vitamin tablets, among them a majority, i.e. 2.2 per cent subjects consumed iron
tablets. And multivitamin tablets were consumed by 1.4 per cent of subjects. It can
be noted that 2 per cent of them used Chavanaprasha, an Ayurvedic formulation
containing amla extract regularly. Eptoin, an anticonvulsant drug was consumed by

an adolescent girl.

4.3 Details on menstruation

Menstruation is a real phase of pubescence in girls; it's one of the numerous
physical signs that a girl is transforming into a woman. The menstrual status of the
adolescent girls, symptoms of menstruation, influence of menstrual problems on

daily routine and alteration in daily routine during menstruation are discussed below.

4.3.1 Menarcheal status of adolescent girls
The menarchical status and mean age of menarche of adolescent girls are

presented in the following table.

88



Table 5
Menarcheal status of adolescent girls

(N=500)
Menstrual status Number | Per cent
Pre-menarcheal stage 33 7
Post-menarcheal stage 467 93
Total 500 100
Mean age of menarche 12.5 years

Menarche, the first indication of the completion of the physiological
development, involves the physiological maturation of the brain, the endocrine
glands and their hormones along with the general body growth. These individual
developmental processes are in fact inseparable, essentially and primarily dependent
upon the general metabolic and nutritional status of the whole organism. From both
social and medical viewpoints, it is often considered the focal occasion of female

puberty, as it flags the possibility of fertility (Celik, 2014).

Out of the 500 adolescent girls studied, majority 467 (93%) was in post-
menarcheal stage, i.e. attained their menarche, whereas 7 per cent of them were in
pre-menarcheal stage. The mean age of menarche of the respondent girls was 12.5
years. Girls experience menarche at different ages. The menarcheal age seems to be
determined by the complex mixture of heredity, socio-economic factors and

environmental factors.

In the opinion of Dahiya and Rathi (2010), age at menarche is firmly
impacted by nutritional status in adolescence, outstandingly the level of stunting,

which is in turn highly dependent on the level of stunting in early childhood. A ‘late’
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menarche because of stunting may be detrimental for reproductive health in case of

early childbearing because of the relationship between height and pelvic size.

In Western Europe, where information for about most recent 200 years is
accessible, the time of menarche can be seen to have diminished from 17 years to
12.8 years. In urban India the time of menarche was indicated to be 12.6 years,
which is similar to the age of menarche in the developed world (Yadav and Jain

2001; Agarwal and Agarwal, 1992).

4.3.2 Commonly occurring signs and symptoms of menstruation
Menstruation is a natural biological process; it may cause physical or
psychological problems. Details on the self-reported symptoms and signs of

menstruation experienced by the adolescent girls are depicted in table 6.

Table 6
Self- reported symptoms and signs associated with menstruation
(N=467)
Signs and symptoms Number Per cent

Symptoms of gynaecological problems
Irregular cycle 147 31.4
Abnormal duration of menstruation 0 -
Amenorrhea (Missed cycle) 195 41.7
Dysmenorrhea complex
Abdominal pain 298 63.8
Back ache 131 28.0
Gastrointestinal symptoms
Abdominal blotting 43 9.2
Loss of appetite 158 33.8
Vomiting/Nausea/Constipation 10 2.1
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Signs and symptoms Number Per cent

Psychological symptoms

Irritability 236 50.5
Aggressiveness 171 36.6
Depression 114 24.4
Other physical symptoms

Fatigue 193 41.3
Breast heaviness 16 3.4
Increased weight 6 1.2
Headache 95 20.3
Skin disorders 34 7.2

Out of 467 post-menarcheal girls, almost all the subjects experienced at least
any one of the signs/symptoms of menstruation. Gynaecological symptoms, like
irregular and missed cycles were experienced by 31.4 per cent and 41.7 per cent of
the respondents. According to American Academy of Paediatrics (AAP, 2006),
menstrual abnormalities can be brought on by aggravation of the central
gonadotropin-releasing hormone pulse generator and also by critical weight
reduction, strenuous activity, generous changes in sleeping or dietary patterns, and

extreme stressors.

Dysmenorrhoea was a common problem experienced by 63.8 per cent of the
adolescent girls. Back ache was another dysmenorrhoeal complex reported by 28 per
cent of the subjects. Adolescent girls, quite often, noiselessly endure the pain by
dysmenorrhoea and the discomfort connected with it due to lack of knowledge about

reproductive health.
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Similar findings were observed in a study conducted by Agarwal and
Agarwal (2010), a high predominance of dysmenorrhoea, was reported (71.96%)
among adolescent girls of Gwalior and it can be concluded that dysmenorrhoea is a
very common problem among adolescent girls, and they encounter various physical

and emotional symptoms connected with dysmenorrhoea.

Among the gastrointestinal problems, loss of appetite was a major symptom
occurred in 33.8 per cent of respondents. Abdominal blotting was reported by 9.2
per cent of the subjects. Psychological disturbances were very common when
compared to other symptoms. Irritability and aggressiveness prevailed among 50.5
per cent and 36.6 per cent of adolescent girls. Other physical symptoms were also
reported by the subjects include: fatigue, breast heaviness, increased weight,
headache and skin disorders. Fatigue was the complaint reported by 41.3 per cent of
the subjects followed by headache (20.3%). Skin irritations like itching and burning

were also found among 7.2 per cent of the subjects.

4.3.3 Effect of menstrual problems on daily activities

“Adolescence is truly a period of enormous physical and psychological
change for adolescents. Serious gynaecological pathology is uncommon in this age
group, however menstrual aggravations are not uncommon and may even include
further interruption for this troublesome stage for teenagers” (Hickey and Balen,
2003). Daily routine of the study subjects was altered due to the problems caused by

menstruation. And the details of the same are discussed below.
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Table 7
Effect of menstrual problems on daily activities

(N=341)
Problems Number Per cent*
Prolonged rest 153 44.9
Missed work 75 22.0
Missed classes 108 31.7
Missed social activities 180 52.8
Sleep disturbances 147 43.1

*Multiple response

Out of the five hundred adolescent girls selected 93.4 per cent, i.e. 467
subjects attained menarche. Though menstruation is a normal phase of life, and a
positive sign of good health, seventy three percentage post-menarcheal girls, in this
study, complained of discomforts and difficulties during menstruation and thereby
affecting their daily routine. Majority of the subjects (52.8%) could not participate in
social activities and gatherings like marriages, outings, excursions, tours, etc.
Prolonged rest was the second most common variation in daily routine reported by
44.9 per cent of subjects. Sleep disturbances and missing of classes were attributed
by 43.1 per cent and 31.7 per cent respectively. Missed work was the least common
variation that only observed among 22 per cent of the subjects. On the other hand 27
per cent of the subjects did not complain or did not experience any kind of difficulty

or discomfort during those days.

Policy advocates for girls' education have proposed that there are substantial
losses in schooling due to menstruation. The possible role of menstruation in
constraining school participation has received critical consideration in popular
media, about all of which contends that menstruation is likely to be a significant

factor in schooling (Oster and Thornton, 2011).
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4.4 Anthropometric details of adolescent girls

“Adolescence is a transitional stage in the middle of childhood and adulthood
described by marked acceleration in growth. Growth monitoring by anthropometric
measurement during this period, is an important health indicator as well as an
indicator of various morbidity in the community, though the anthropometry is
universally applicable, simple, inexpensive, and non-invasive technique, it is still an
underused tool for guiding public health policy as well as individual clinical

decision” (Sachan et.al., 2012").

Height and weight were measured utilizing standard procedures. Body Mass
Index (BMI) was processed from height and weight. Height-for-age and weight-for-
age below 50™ percentile values of NCHS reference was classified as stunting. BMI-
for-age >5" to <85"™ percentile values of National Health and Nutrition Examination
Survey (NHANES-I) recommended reference was classified as normal. Height and

weight of the adolescent girls were also compared with the ICMR (1989) standards.

4.4.1 Height, body weight and BMI of adolescent girls
The mean height, weight and BMI of adolescent girls were presented in the

following table.
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Table 8
Mean height, body weight and BMI of adolescent girls

Age (years) Height (cm) Weight (kg) BMI (Kg/m?)
12 145.7 35.6 16.8
13 1514 38.9 16.9
14 155.7 47.1 19.5
15 154.6 46.3 19.3
16 157.8 53.5 21.3
17 154.4 44.0 185
18 156.9 49.1 20.0
19 157.7 50.8 20.3
160
158 -
_ 156 -
g 154 -
= 152 -
IS
2 126 - * Mean height (cm)
§ 144 -
— 142 -
= 140 -
138
12 13 14 15 16 17 18 19
Age (Yrs)

Figure 2 - Distribution of subjects by age and mean height
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Figure 4 - Distribution of subjects by age and BMI

As seen in table 8, the mean weight of adolescent girls ranged from 35.6 kg
to 53.5 Kg. The range of mean height of the adolescent girls started from 145.7 cm
to 157.8 cm. Similarly BMI also ranged from 16.8 to 21.3 Kg/m®. Except the other

age groups, age 16 showed higher values in height, weight and BMI.
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Sachan et al., (2012°) reported that the mean height and weight of urban
adolescent girls of Lucknow district ranged from 145.65 cm to 150.8 cm and 36.92
Kg to 44.83 Kg. BMI ranges of the adolescent girls of Lucknow district were only
17.32 to 19.71 Kg/m?. Height, weight and BMI of the late-adolescent girls of study

population were much higher compared to the above mentioned study.

4.4.2 Comparison of mean height of adolescent girls with NCHS standards
The below table and figure show age wise distribution of mean height of

girls and their comparison with NCHS standard.

Table 9

Comparison of mean height of adolescent girls with NCHS standards

Age Height (cm) e p-value
e = Standard
12 145.7+ 7.618 154.6 0.000
13 151.4+ 5.215 159.0 0.000
14 155.7+ 6.137 161.2 0.000°
15 154.6% 5.701 162.1 0.000
16 157.8+ 4.262 162.7 0.019
17 154.4+ 4.729 163.4 0.000°
18 156.9+ 5.230 163.3 0.000
19 157.7+ 5.457 163.3 0.000"

Ref: NIN (2005)

PS — Present study

“Significant at one per cent level
*Significant at five per cent level
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Figure 5 - Comparison of mean height of adolescent girls with NCHS

standards

The above table shows a comparison between mean height of adolescent
girls and the NCHS standards. Which reveals that there is a gradual increase in
height up to the age of 12-14 years from 145.7 cm to 155.7 cm. Subjects falling in
the age group of 15-17 years showed an irregular pattern in their mean heights.
Thereafter by the age of 17 upwards there was a steady or gradual increase in height
was observed, i.e. from 156.9 cm to 157.7 cm. t-test was performed to compare
mean height of adolescent girls with NCHS standards. The results indicated that the
respondent adolescent girls of all age groups did not achieve the mean height of
NCHS standards with a p-values <0.01 and <0.05 for age 16. From the comparison
between the study group and NCHS standard, it can be concluded that the mean
height of adolescent girls residing in Kottayam Taluk was far below the NCHS

standards.
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4.4.3 Comparison of mean body weight of adolescent girls with NCHS
standards
Body weight measures the total weight of an individual, including muscle,

fat, water and bone. Changes in body weight are a basic marker of nourishing status,
being underweight or overweight unfavourably affects mortality and morbidity. The
mean body weights of adolescent girls were compared with NCHS standards and the

results are presented in the following table.

Table 10

Comparison of mean body weight of adolescent girls with NCHS standards

Weight (kg)
Age
NCHS p-value
(years) PS
Standard

12 35.8+5.821 43.8 0.000
13 38.9+5.738 48.3 0.000
14 47.1+8.030 52.1 0.000
15 46.3+7.782 55.0 0.000°
16 53.5+12.92 56.4 0.303"°
17 44.0+4.479 56.7 0.000
18 49.1+7.963 59.9 0.000°
19 50.8+8.296 59.9 0.000

Ref: NIN (2005)

PS — Present study

“Significant at one per cent level
NS- Not Significant
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Figure 6 - Comparison of mean body weight of adolescent girls with NCHS
standards

Table 10 shows the comparison between mean weight of adolescent girls and the
NCHS standards which reveals that there is a gradual or a steady increase in body
weight up to the age of 12-14 years from 35.8 kg to 47.1 kg. Subjects under the age
group of 15-17 years showed an irregular pattern in their mean weights. Thereafter
by the age of 17 onwards, a steady or gradual increase in weight was observed, i.e.
from 44.06 kg to 50.84 kg. t-test was performed to compare mean weight of
adolescent girls with NCHS standards which revealed that the mean weight of
adolescent girls of all age groups under study except 16 years were not achieved
NCHS standards with a p-value <0.01. However the mean body weight when
compared with the NCHS standards shows that the weight was lower than the
NCHS standards.

4.4.4 Comparison of mean height of adolescent girls with ICMR standards

The table shows age wise distribution of mean height of girls and their

comparison with ICMR standard.
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Table 11

Comparison of mean height of adolescent girls with ICMR standards

Height (cm)
Age
ICMR p-value
(years) PS
Standard

12 145.7 +7.618 139.8 0.0013"

13 151.4 +5.215 144.5 0.000

14 155.7 +6.137 148 0.000

15 154.6 + 5.701 150.2 0.000

16 157.8+ 4.262 151.3 0.0066

17 154.4 + 4.729 151.8 0.0215

18 156.9 + 5.230 152.2 0.000

19 157.7 + 5.457 152.1 0.000
Ref: ICMR, 1989 “Significant at one per cent level
PS — Present study *Significant at five per cent level

m [CMR Standard
B Study group

Age(yrs)

130 140 150 160
Height (cm)

Figure 7 - Comparison of mean height of adolescent girls with ICMR standards
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The table 11 and figure 7 shows a comparison between mean height of
adolescent girls and ICMR standards. The mean heights of adolescent girls in all age
groups were much better than ICMR standards. There was an increase in the height
up to the age of 12-14 years (145.7 cm to 155.7 cm). Thereafter by the age of 17
upwards, there was a steady or gradual increase in height, i.e. from 156.9 cm to
157.7 cm. t-test was performed to compare mean height of adolescent girls with
ICMR standards which revealed that the mean height of adolescent girls of all age
groups under study were significantly higher than ICMR standards with a p-value
<0.01 and p-value <0.05 for age 17. From the comparison between the study group
and ICMR standard, it can be concluded that the mean height of adolescent girls

residing in Kottayam Taluk achieved ICMR standards.

The findings of this study are in concomitant with the findings of Sachan et
al., (2012"), who observed that the mean height of adolescent girls in all age groups
in both urban and rural schools was superior to ICMR standards with the exception
of age 19 years in urban schools. The mean height in all age groups in both urban
and rural schools demonstrated huge contrast with the ICMR mean height for
particular ages aside from in ages 15, 18, and 19 years in urban schools and in ages

16, 17, 18, and 19 years in rural schools.

445 Comparison of mean body weight of adolescent girls with ICMR
standards
The mean body weight of adolescent girls was compared with ICMR

standards and the results are presented in the following table.
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Table 12
Comparison of mean body weight of adolescent girls with ICMR standards

Age Weight (kg)

(years) PS ICMR Standard P-value
12 35.87 +5.821 30.5 0.000"
13 38.92 +5.738 34.3 0.000"
14 47.10 + 8.030 37.7 0.000"
15 46.35 + 7.782 40.1 0.000"
16 53.50 + 12.92 41.9 0.0396
17 44.06 + 4.479 43.0 0.1789"°
18 49.15 + 7.963 43.1 0.000™
19 50.84 + 8.296 43.1 0.000™

Ref: ICMR, 1989

PS — Present study

“Significant at one per cent level
*Significant at one per cent level
NS — Not significant

Age (vrs)

m [CMR Standards

B Study group

0 20 40 60
Weight (kg)

Figure 8 - Comparison of mean body weight of adolescent girls with ICMR
standards
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Table 12 shows a comparison between mean weight of adolescent girls and
the ICMR standards, which revealed that there was a gradual or a steady increase in
body weight up to the age of 12-14 years from 35.87 kg to 47.10 kg. Subjects falling
in the age group of 15-17 years showed an irregular pattern in their mean weights.
Thereafter by the age of 17 onwards there was a steady or a gradual increase in
weight was observed i.e. from 44.06 kg to 50.84 kg. t-test was performed to compare
mean weight of adolescent girls with ICMR standards which revealed that the mean
weight of adolescent girls of all age groups under study except 17 years achieved
ICMR standards with a p-value <0.01. However the mean body weight when
compared with the ICMR standards shows that adolescent girls residing in Kottayam

Taluk achieved ICMR standards.

Sachan et al., (2012°) and Tripathi (2002) observed similar differences in
mean weight from ICMR standard for corresponding ages, except in age 19 years,
where it was below ICMR standard. There were also significant differences in

ICMR mean weight at all ages except 13, 14, 18, and 19 years in urban girls.

4.4.6 Classification of adolescent girls based on Body Mass Index (BMI)

BMI is another method of analysing the prevalence of underweight
/overweight issues because of food and nutritional inadequacies or mal-allocation.
Distribution of adolescent girls on the basis of Body Mass Index (BMI)

classification is presented in the following table.
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Table 13

Classification of adolescent girls based on Body Mass Index (BMI)

(N=500)
BMI classification
Age VL\JIQid?:[ Normal Over weight Obese
( egrs) Number (<§m 5"-<g5™h | (>85M.<g5™ | (295
y percentile) percentile) | percentile) | percentile)
(%) (%) (%) (%)
12 20 15 80 5 -
13 49 24.5 75.5 - -
14 97 9.3 79.4 8.2 3.1
15 128 7.8 87.5 4.7 -
16 6 - 83.3 16.7 -
17 16 18.8 81.3 - -
18 104 14.4 81.7 2.9 1.0
19 80 11.3 81.3 7.5 -
p-value =0.110"° df -21

NS —Not Significant

Ref: NHANES-I (NIN, 2005)

BMI is an effective parameter to assess nutritional status. The subjects were
grouped into four categories, viz. underweight, normal, overweight and obese, based
on their BMI. Detailed information on the BMI with respect to age is given in table
13. Between the age of 12 and 13, the percentage of underweight subjects (BMI for
age <5™ percentile) were 15 and 24.5 respectively. While 80 and 75.5 were the
percentage of normal subjects (BMI for age >5"-<85" percentile), which is
satisfactory. Only 5 per cent of subjects were overweight (BMI for age >85"-<95™

percentile). There were no obese subjects at all in this group.

When considering the subjects in the age group of 14 and 15 respectively,

79.4 per cent and 87.5 per cent were the percentage of normal subjects (BMI for age
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>5M_<85™ percentile). Only 3.1 per cent obesity (BMI for age >95"percentile) was

observed in age group of 14.

Majority of the subjects (above 80%) falling in the age group of 16 and 17
belonged to normal category. Only 16.7 per cent of the subjects in the age group of
16 were overweight (BMI for age >85™-<95™ percentile). None of the subjects in
this age group were underweight (BMI for age <5™ percentile), whereas in the age
group of 17, 18.8 per cent were underweight. There were no obese or overweight

subjects in the same.

The age groups of 18 and 19 showed that above 80 per cent of the subjects
had normal BMI. And above 10 per cent were underweight (BMI for age <5"
percentile). While in the age group of 18, both overweight with BMI for age >85"-
<95™ percentile and obese with BMI for age >95"percentile subjects were present in
the percentage of 2.9 per cent and 1 per cent respectively. In the age group of 19,

only 7.5 per cent of subjects were found to be overweight.

From the above discussion a conclusion could be drawn that majority of the
study population between the age group of 12-19 years were normal (75 to 87.5%).
This shows a better status of nutrition among the study respondents, compared to

other states of India.

4.4.7 Waist hip ratio of adolescent girls

Waist hip ratio or waist-to-hip ratio (WHR) is the ratio of the circumference
of the waist to that of the hips. The WHR has been utilized as a pointer of excess fat
in the abdominal region poses a greater health risk of developing serious health

conditions. Furthermore, it is utilized as a measurement of obesity, which thus is a
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possible indicator of other more serious health conditions. According to NIN, (2005)
waist to hip ratio > 0.80 will be identified as obesity. The mean waist-hip ratio of

adolescent girls is presented in the table shown below.

Table 14
Waist hip ratio of adolescent girls
(N=500)
Age Mean
(years) Waist hip ratio
12 0.75+0.03
13 0.75+0.03
14 0.75+0.03
15 0.75+0.03
16 0.7 5+ 0.03
17 0.75+0.03
18 0.75+0.03
19 0.73+0.02

Waist-to-hip ratio of the adolescent girls under the study ranged from 0.73 to
0.75. Subjects, 19 years of age possessed lowest waist-to-hip ratio of 0.73, which
indicated that any of the girls under study were not having any risk of abdominal

obesity with waist to hip ratio less than 0.80.

Mungreiphy et al., (2012) observed that general body fat deposition,
assessed by BMI, GMT (Grand Mean Thickness) and fat percentage, was discovered
to be highest among Delhi females and males. Overweight/obesity was most
prevalent among Delhi subjects and underweight among Kerala subjects.
Nonetheless, central adiposity as evaluated from waist hip ratio (WHR), weight

height ratio (WHtR), and conicity index (CI) was discovered to be altogether higher
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among the Manipur females signifying a relatively more androidal pattern of fat

deposition, whereas male subjects from Delhi had higher central adiposity.

4.5 Nutrition Education

“Nutrition education is defined as ‘any set of learning experiences designed
to facilitate voluntary adoption of eating and other nutrition related behaviour
conducive to health and well-being’. It is recognized as an important component in
programs and interventions related to health promotion and disease prevention. For
school-age children, nutrition education have not only been shown to improve
knowledge and skills, but also eating and physical activity behaviours, as well as
health status” (Shariff et al., 2008).

Educational institutions are effective and efficient medium to impart
nutrition education programmes as it reaches considerable number of adolescents at
a time and provides an excellent learning atmosphere. In the present study nutrition
education was given to all the selected adolescent girls with attractive and
informative PowerPoint slides as a teaching tool. Nutritional knowledge of
adolescent girls, common misconceptions and beliefs among adolescent qgirls,
effectiveness of the nutrition education programme, knowledge attributes and
practice attributes before and after one week of the education programme are
discussed in the following headings.

4.5.1 Nutritional knowledge of adolescent girls

Knowledge on nutrition of the subjects was checked using a set of questions

covering various aspects of the basic nutrition and presented in the table shown

below.
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Table 15
Age vs. nutritional knowledge

(N=500)
Age classification Number Mean score Df p-value
Early adolescence
(<16years) 300 4.97+1.416
Late adolescence 498 0.000""
200 7.68+£1.274 '
(>16years)

**Significant at one per cent level

The overall dietary knowledge was found to be low. Majority could not name
the main food sources of nutrients and were not aware of the importance of taking
extra nutrients during adolescence for a growth spurt. It is concluded that early
adolescent (<16 years) scored a mean score of 4.97 while girls in the late adolescent
stage scored much higher mean score of 7.68. Independent sample t-test was applied
to evaluate the difference of scores obtained by early adolescent and late adolescent
girls. This clearly showed that as age increased knowledge on nutrition also
increased significantly at one per cent level with a p-value of 0.000.

As these adolescent girls are the future mothers, knowledge of nutrition and
health plays a key role in their lives. The results obtained show that there was a
lacunae in general nutrition knowledge among early adolescence. This could be
corrected by incorporating various nutrition programmes at the school level itself,
because nutrition awareness should be stressed as early as late-childhood. As
indicated by Shariff et al., (2008), for children and adolescents to receive and keep
up health-enhancing behaviours, they have to have satisfactory knowledge of the
health concern, attain the right attitudes to deal with the concern and have the
important aptitudes and be self-efficacious to expect the health-enhancing

behaviour.
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4.5.2 Common misconceptions and beliefs among adolescent girls
Common misconceptions and beliefs of adolescent girls regarding adolescent

nutrition are expressed below.

Table 16
Common misconceptions and beliefs among adolescent girls
(N=500)
) ) ) Opinion*®
Misconceptions and beliefs
Yes No
Dieting is good for all 361 (72.2%) | 139 (27.8%)
Men need more nutrients in all the 427 (85.4%) 73 (14.6%)
life stages than women
Knew about folic acid, its 22 (4.4%) 478 (95.6%)

importance and sources

Knew about Neural Tube Defects

7 (1.4%)

493 (98.6%)

Early pregnancy leads to birth
defects

81 (16.2%)

419 (83.8%)

Suffering gender discrimination in 246 (81.4%) 56 (18.5%)
terms of food (N=302)

Discouraged by family to eat certain 274 (54.8%) 226(45.2%)
foods

Washing vegetables before and after 477 (95.4%) 23 (4.6%)
cutting is good

Discarding cooking water leads to 417 (83.4%) 83 (16.6%)
nutrient loss

Cooking in open pan is good 299 (59.8%) | 201 (40.2%)
Sprouting increases nutrient quality 494 (98.8%) 6 (1.2%)
Interested to learn nutrition 481 (96.2%) 19 (3.8%)
Would like to include nutrition in 478 (95.6%) 22 (4.4%)

curriculum

* Number in parenthesis indicates percentage of subjects

The above table depicts the common misconceptions and beliefs of the
adolescent girls under study. It is noted that 72.2 per cent of the subjects believed
that dieting is good for all, which indicates lack of proper knowledge about dieting.
Majority i.e. 85.4 per cent of the adolescent girls reported that men need more

nutrients than women in all the stages of life. Almost 95 per cent of the subjects
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were not aware about folic acid and neural tube defects. It is surprising to note that
83.8 per cent of adolescent girls had an opinion that early pregnancy does not cause
birth defects. Out of the 500 adolescent girls, 302 subjects had brothers at home and
among them 81.4 per cent suffered from gender discrimination in terms of food.
This can be considered as a sign of deep rooted male domination which still exists in
this civilized world. About half of the adolescent girls (54.8%) were discouraged to
eat certain foods like pickles, tamarind and other citrus foods by the family. The
reason behind this was a misunderstanding that citrus foods cause abnormal vaginal
discharge. Majority (95.4%) believed that washing vegetables before and after
cutting and cooking in an open pan also is good which clearly indicates the
insufficient knowledge regarding cooking practices. But the importance of sprouting
was known to 98.8 per cent of the subjects. Around 95 per cent of the subjects were

interested in Nutrition Science and willing to include the same in their curriculum.

4.5.3 Content of the computer aided teaching tool
The contents of the tool used for imparting nutrition education programme
are presented in the following table.

Table 17

Concepts included in computer aided teaching tool

Concepts included in the tool

Importance of adolescence

Balanced diet

Nutrition in adolescence

Importance of iron, folic acid and vitamin Bi2

Nutrition related problems among adolescence

Consequences of adolescent malnutrition

Dietary guidelines and tips
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The computer aided teaching tool (power point slides) included topics like
importance of adolescence, balanced diet, nutrition in adolescence, importance of
iron, folic acid, and vitamin Bj,, nutrition related problems among adolescence,

consequences of adolescent malnutrition and dietary guidelines and tips.

Yusoff et al., (2013) conducted a multimedia nutrition education program led
at school setting and discovered practical and effective in enhancing awareness on
iron deficiency among anemic adolescents. The topics covered were “Iron
Deficiency Anaemia: An Introduction”, “Iron Deficiency Anaemia: Symptoms and
Risk Factors”, “Iron Deficiency Anaemia: Prevention and Treatment” and ‘“Prevent

Iron Deficiency Anaemia Nutritionally”.

4.5.4 Effectiveness of nutrition education programme
Adolescent girls are "mother to be"; this period of life is a golden time for
nutritional knowledge promotion. The effect of nutritional education on knowledge
of adolescent girls is depicted in the following table.

Table 18

Effectiveness of nutrition education programme

Score Mean score df value p-value
BNE 6.05+1.90 499 0.000
ANE 10+0.000

BNE-Before nutrition education
ﬁNE-After nutrition education
Significant at one per cent level

It was observed that their knowledge in certain areas was limited. Mean
score obtained before education programme was 6.05. It was significantly increased

to 10.0, after the nutrition education programme. It can be found that the nutrition
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education programme was highly significant at one percentage level (P<0.01) with

p-value of 0.000.

Similar findings were reported in a study conducted by Yazdani et al., (2010)
among 315 adolescent girls in nine schools in different districts of Isfahan. Before
the first step of education and ten days after the second step, information about
knowledge and attitude were evaluated by a questionnaire. Education was performed
as oral presentation, notes and pamphlet. After the education programme, knowledge

score was significantly higher among case group (P < 0.0001).

Knowledge education, with appropriate efficiency is accounted as an
important factor for nutritional knowledge promotion. This study showed that

nutritional knowledge can be improved by educational programmes.

4.5.5 Attributes of knowledge of adolescent girls before and after nutrition
education programme

As the preliminary evaluation of nutrition knowledge was not satisfactory, a
detailed analysis of nutritional knowledge with five different sets of knowledge
attributes were tested before and after one week of nutrition education programme

and the results are shown below.

Table 19
Score of knowledge attributes before and after nutrition education programme
Knowledge Phase
_ Df p-value
attributes BNE ANE SD | Difference
K1 1.77 4.98 0.68 -3.20 499 0.000**
K2 2.70 4.95 0.58 -2.25 499 0.000**
K3 0.52 4.95 0.53 -4.42 499 0.000**
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Knowledge Phase
_ . Df p-value
attributes BNE ANE SD Difference
K4 0.54 4.90 0.60 -4.36 499 0.000**
K5 151 491 1.16 -3.39 499 0.000**

BNE-Before nutrition education
ANE-After nutrition education
**Significant at one per cent level

W Score before nutrition
education programme

Score

Score after nutrition
education progranune

KI K2 K3 K4 K5

Knowledge attributes

Figure 9 - Attributes of knowledge before and after nutrition education

programme

The knowledge attributes were divided into five categories viz. K1, K2, K3,
K4 and K5. In each category, five questions from specific areas were included.
Paired t-test was performed to understand the change in knowledge attributes after
imparting nutrition education programme. The category K1 included questions
regarding nutrients and their sources. Initially the score was 1.77. A marked increase
in score was observed, i.e. 4.98 with a difference of -3.20. When compared to other
knowledge attributes, K2 ranked the highest score of 2.70 before nutrition education

programme, as it included topics like balanced diet and general health which were
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very familiar to the study population. Because of previous knowledge the difference
of the scores -2.25 was least when compared to other attributes and the final score
was 4.95. K3 and K4 had a very low score of 0.5. After the education programme in
both K3 and K4 knowledge levels increased to >4.5. Both categories had a
difference of around -4. The areas covered in K3 and K4 were anaemia and other
deficiencies and importance of nutrition in adolescence respectively. K5 category
included questions regarding interventions and Government aids for adolescent girls.
The scores before and after the programme were 1.51 and 4.91 respectively. There

was a significant variation of -3.39.

From the above table it is clear that education programme had a significant
impact on their nutritional knowledge. Paired t-test showed that all the five groups
of knowledge attributes were significantly improved after nutrition education.
Changes in all the five knowledge attributes were highly significant at one per cent

level (P<0.01) with p-value of 0.000.

4.5.6 Attributes of practices of adolescent girls before and after nutrition

education programme

A detailed analysis of nutrition related practices with five different sets of
practice attributes was tested before and after one week of nutrition education

programme and results are given in the table below:
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Table 20
Score of practice attributes before and after nutrition education programme

a':trﬁgﬂiss BNE Ak ANE SD | Difference | Df | p-value
P1 1.48 4.96 0.54 -3.48 499 | 0.000**
P2 2.40 4.92 0.76 -2.52 499 | 0.000**
P3 2.23 4.93 0.98 -2.70 499 | 0.000**
P4 1.74 491 1.05 -3.17 499 | 0.000**
P5 1.78 4.97 1.07 -3.18 499 | 0.000**

BNE-Before nutrition education
ANE-After nutrition education
**Significant at one per cent level

@ Score before nutrition
education programime

Scores

® Score after nutrition
education programme

Practice attributes

Figure 10 - Attributes of practice before and after nutrition education

programme

Knowledge of nutrition, along with good eating habits is very important to
create a healthy generation. To assess the nutrition-related practices of adolescent
girls a set of questions regarding their preferences in selection of food items, their
contribution in meal planning within the family, preferences in buying food items,
cooking practices etc. were included.

From the above table it is seen that practical application of nutritional

knowledge was way below average before nutrition education programme. The
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awareness through the nutrition education programme brought out dramatic changes
in the score. This indicates that the nutrition education programme was very
effective. The scores obtained for P1 was only 1.48, which includes practices like
consumption of fast foods and junk foods. This change in practice towards
consumption of fast foods and junk foods could be seen through a difference of -3.48
which was found to be most effective among all the various practice attributes and
statistically significant at one per cent level (P<0.01). The scores obtained before
education programme for P2 and P3 were 2.4 and 2.2 respectively. Both increased to
4.93 and 4.91 respectively, with a difference of -2.52 and -2.70. These differences

were statistically significant at one per cent level (P<0.01) with p-value of 0.000.

Practices regarding meal pattern and consumption of dietary supplements
were poor among adolescent girls before nutrition education programme. This was
probably due to the lack of awareness of the importance of good nutrition and
health. The scores recorded in P4 and P5 before education programme were only
1.74 and 1.78 respectively. But after the effective education programme, the value
increased to 4.91 and 4.97 which are remarkable. The scores reached high with a
difference of -3.17 and -3.18 respectively. Self-reported attributes of practice related
to nutrition were evaluated before and after one week of nutrition education
programme and paired t test shown a highly significant impact i.e. one per cent level

significance with a p-value of 0.000.

4.6 Biochemical parameters
Haemoglobin levels were assessed in a sub-sample of 202 adolescent girls

using Cyanmethimoglobin method. The results indicated that 57 per cent of the
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respondents were anaemic. They were further analysed for serum iron and serum

folic acid levels.

4.6.1 Categorization of subjects based on haemoglobin levels
Haemoglobin is a protein contained in red blood cells that conveys oxygen to
and carbon dioxide far from, the body's cells. The haemoglobin test is primarily used
to detect various types of anaemia. Following table shows the categorization of
subjects based on haemoglobin levels.
Table 21

Categorization of subjects based on haemoglobin levels

(N=202)

Anaemia classification* Number Per cent
Normal (>12 g/dl) 87 43.06
Mild anaemia (10-11.9 g/dl) 111 55
Moderate anaemia (7-9.9g/dl) 4 1.9
Severe anaemia (<7g/dl) 0 0

Total 115 S7
Mean haemoglobin level 11.7g/dl

*WHO (1989)

m Normal
mMild Anaemia
Moderate Anaemia

m Severe Anaemia

Figure 11 - Categorization of subjects based on haemoglobin levels
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Anaemia was grouped into three categories as per WHO: mild, moderate and
severe. Haemoglobin cut-off values of anaemia were 10.0-11.9 g/dl (mild), 7-9.9

g/dl (moderate) and < 7.0 g/dl (severe).

From the above table it is evident that the total percentage of anaemia of
adolescent girls under study was 57 and it is significantly higher percentage with a
mean haemoglobin level of 11.7g/dl. Only 43.06 per cent of the subjects had normal
haemoglobin levels. Mild anaemia was seen among 55 per cent of the subjects,
whereas, only 1.9 per cent of the subjects had moderate anaemia. Severe anaemia

was not observed among the study respondents.

These results support the UNICEF (2011°) data in which it is given as, “In
India - home to nearly 113 million adolescent girls-the prevalence of anaemia in
adolescent girls is estimated at 56 per cent”. Anaemia during adolescence affects the
growth and development of girls, reduces their focus in everyday tasks, restricts
their learning ability, increases their vulnerability to dropping out of school, reasons
loss of appetite, bringing about reduced food intake and irregular menstrual cycles,

and lessens physical fitness and future work efficiency.

Additionally, anaemia during adolescence impacts women’s entire life cycle,
since anaemic girls will have lower pre-pregnancy iron stores. As pregnancy is too
short a period to construct the iron stores needed to address the needs of the growing
foetus, women who enter pregnancy anaemic are at an expanded danger of giving
birth to children with a low birth weight (below 2,500 grams), delivering pre-term
newborns, and/or dying while giving birth. Furthermore, children born to anaemic

women are more prone to die before the age of one year and be sick, undernourished
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and anaemic, thus perpetuating the intergenerational cycle of maternal and child

undernutrition (UNICEF, 2011P).

4.6.2 Symptoms of anaemia
The common symptoms of anaemia experienced by the respondent

adolescent girls are briefed in the following table.

Table 22
Symptoms of anaemia experienced by the adolescent girls
(N=500)
Symptoms Number | Per cent*

Headache 378 75.6
Fatigue 188 37.6
Dyspnoea 50 10

Blurring vision 43 8.6
Paraesthesia 19 3.8
Syncopal attacks 26 5.2

*Multiple response

In the present study, intermittent headache was experienced by 75.6 per cent
of the subjects. Fatigue was another symptom found among 37.6 per cent of the
subjects. Dyspnoea or shortness of breath was experienced by 50 (10%) subjects.
Paraesthesia is a sensation of tickling, tingling, burning, pricking, and/or numbness
of a person's skin with no apparent long-term physical effect. It is known as the
feeling of "pins and needles”. The manifestation of paraesthesia was reported by 3.8
per cent adolescent girls under study. Syncopal attack was common among 5.2 per

cent of the adolescent girls under the study.

120



Goel and Gupta (2007) also reported that signs and symptoms like headache,
fatigue, dyspnoea, paraesthesia and syncopal attacks were significantly more among

the anaemic senior secondary school students (10-19 years) of Shimla.

4.6.3 Haemoglobin, serum iron, serum folic acid and vitamin Bj, levels of
adolescent girls

Haemoglobin, serum iron, serum folic acid and vitamin B, levels were
analysed in a sub-sample of 115 anaemic adolescent girls and is presented in the
following table.

Table 23

Haemoglobin, serum iron, serum folic acid and vitamin B, levels of adolescent

girls
Parameters

(N=115) PS Normal range
Haemoglobin (g/dl) 11.7+0.88 >12g/dlI**
Serum iron (ug/dl) 25.69 + 4.82 35-150pg/dl*
Serum folic acid 254 +0.45 3-17ng/ml*
levels (ng/ml)
Vitamin B1, (pg/ml) 359.2+106.6 200-960 pg/ml”

PS —Present study
*Ashraf et al., (2008)
*Monson et al.., (2002)
« WHO (1968)
**\WHO (2001°)

According to WHO (2001°), the population is anaemic if haemoglobin
concentration is less than 12 g/dl for the 12-14 years age group. The test results of
this study shown in the above table indicate that the respondents under this present
study had an average Hb level of 11.7 g/dl, a little below the normal range. Serum
iron level was found to be well below (25.69 pg/dl) the normal range (35-150 pg/dl)
indicated by Monson et al., (2002). Also the serum folic acid level was found to be

well below (2.5 ng/ml) the normal range (3-17 ng/ml) prescribed by Ashraf et al.,
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(2008), whereas vitamin B, status of the subjects found satisfactory with a mean of
359.2 pg/ml. Hence, it has been concluded that haemoglobin, serum iron and serum
folic acid levels measured for the anaemic girls in the study were below the

respective average levels indicated.

4.7 Dietary pattern of adolescent girls

Meal pattern, dieting and meal skipping practices, individual and
environmental factors influencing diet pattern, frequency of consumption of
nutritious foods, actual nutrient consumption assessed using 24-hour recall and food
frequency questionnaire and snacking pattern of a sub-sample of 150 adolescent

girls are discussed under this section.

4.7.1 Meal pattern
Type of diet and its frequency among adolescent girls were ascertained and
the results are presented in the following table:

Table 24
Meal pattern of adolescent girls

Type of meal Number of meals per day
Non-
vegetarian
subjets | o0 | e | e 2 3]s | e
0, 0 0, 0 0
(%) (%) | vegetarian (%) | (%) | (%) | (%) | (%)
foods
(%)
Adolescent
girls 64.2 4.8 31 24 | 64 | 87 4 |02
(N=500)

Majority of the adolescent girls were non vegetarians (64.2%) and had

almost 3-4 meals per day. The four meals pattern found by the 24-hour recall
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method and it was composed of four main meals (Breakfast, lunch, a light evening
meal and dinner) and a healthy mid-time snacks were missing in majority of the

respondents’ diet pattern.

Choudhary et al., (2010) observed dietary nature of the adolescent girls of
Chiraigaon block of Varanasi and reported that “28.89 per cent, 41.85 per cent and
14.80 per cent subjects were vegetarian, non-vegetarian and eggetarian, respectively.
Frequency of meals 2-3 times/day and 3-4 times/day were practiced by 207
(76.67%) and 62 (22.96%) respondents, respectively. About half (50.37%) of the

adolescent girls used to take their meals in fixed times”.

4.7.2 Dieting and meal-skipping pattern of adolescent girls

Dieting is the act of eating food in a regulated manner to accomplish or keep
up a controlled weight. Lack of scientific knowledge on dieting, psychological
problems, peer group pressure, lack of confidence on physical stature or appearance
were probably the most common reasons for unscientific dieting and meal-skipping.
The table shows dieting and meal-skipping practices of adolescent girls under study.

Table 25
Dieting and meal skipping practices of adolescent girls

Dieting and meals Number of p
o : - er cent

skipping practices subjects
Dieting practices (N=500) 52 10.4
Meal skipping (N=500) 204 40.8
Breakfast (N=204) 127 62.2*
Lunch (N=204) 10 4.9*
Tea time snack (N=204) 8 3.9*
Dinner (N=204) 79 38.7*

“Multiple response
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Dieting was followed by 10 per cent of the subjects under the study. For
dieting adolescent girls reduced the amount of food or skipped their meals without
considering that they are normal in weight. Dissatisfaction about their body and
image and a desire to be thinner was found to be the motivating factor behind the
majority of adolescent girls who followed dieting. Findlay (2004) pointed out that
teenagers with lower self-esteem are more likely to diet, often in an attempt to feel
better about themselves if weight loss is successful. The process of dieting, it has
been proved, may make the situation worse and results further negative impact on

the young person’s self-esteem

From the above table it is observed that 40.8 per cent adolescent girls
skipped at least one meal of a day. Majority i.e. 62.2 per cent skipped their breakfast
which is the most important meal of the day. Breakfast is suggested as a major
aspect of a healthy diet as it is associated with healthier macro and micronutrient
intakes, BMI and lifestyle. Breakfast is also promoted to enhance cognitive
functions and scholastic performance (Hoyland et al., 2009). Therefore skipping of
breakfast among adolescent girls under study will have a negative impact on their
scholastic performance. Reasons for skipping breakfast could be lack of time, hurry,
lack of appetite, too early to take a meal, dislike for certain foods and working

mothers.

Among the study respondents, only 5 per cent adolescent girls were in the
habit of skipping lunch. The practice of bringing and eating rice-based packed
lunches was common among adolescent girls under study because lunch was
considered as a main meal that contributed to a whole day’s food intake. There is a

strong belief that eating rice-based lunch provides adequate energy and feeling of
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satiety. The skipping of tea and tea time snack was observed among 3.9 per cent of
the respondents. The practice of having a light snack on returning from school or
college was observed among majority of the subjects. The preferred items for this

light snack were chips, mixtures, fried foods and crackers.

4.7.3 Individual and environmental factors influencing diet pattern
Influence of individual and environmental factors like friends, peers, media,
advertisements and psychological statuses on the diet pattern of adolescent girls is

explained below:

Table 26
Individual and environmental factors influencing diet pattern
(N=500)
Influencing factors | Number | Per cent*
Family 451 90
Friends/peers 443 89
Media/advertisements 436 87
Psychological status 276 55

*Multiple response

From the above table it is clear that majority of the adolescent girls were
influenced by family, friends/peers and media/advertisements. Among these, family
was found to be the major (90%) influencing factor. Friends/peers influenced 88.6
per cent of the adolescent girls under study, followed by media/advertisement
(87.2%). Whereas diet pattern of 55.2 per cent of the subjects were influenced by

psychological status like happiness, anger, frustration and exam tensions.

Parents and friends provide two of the most important social influences on
youths' eating behaviour (Salvy et al., 2011). Families could influence adolescents’

eating behaviour in two ways: (i) food preferences, willingness to try new foods and
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food availability are influenced by parental attitudes and (ii) family meal patterns,
such as eating meals together can positively influence fruits and vegetables
consumption and negatively impact soft drink consumption (Gillman et al., 2000;

Benton, 2004; Eliassen, 2011).

4.7.4 Frequency of consumption of foods
The consumption pattern of certain common nutritious foods by the

adolescent girls as assessed by food frequency questionnaire is presented in the table

below:
Table 27
Frequency of consumption of foods
Frequency of consumption, days per week
(% of subjects)
Food groups
1-3 4-5 6-7
Never Mean
days | days | days
Cereals 0 0 0 100 7
Pulses 0 3.3 50 46.6 54
Green leafy vegetables 24.6 75.3 0 0 1.4
Roots and tubers 0 50.6 42.6 6.6 35
Other vegetables 0 0 34 66 6.0
Fruits 0 76.6 23.3 0 2.8
Fish and meat 0 0 32 68 5.97
Milk and milk products 2 0 0 98 6.86
Sugars 0 0 0 100 7
Fats and oils 0 0 0 100 7

It was observed that nutritious foods like green leafy vegetables and fruits
were consumed less frequently by the adolescent girls with mean days of 1.4 and 2.8
per week. Only occasional consumption of green leafy vegetables was observed

among 24.6 per cent of the subjects. Average frequency of intake of green leafy
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vegetables was between one to three days. Intake of cereals, milk and milk products,
sugars and fats were satisfactory with an average of 7, 6.8, 7 and 7 days per week
respectively. Consumption frequencies of fruits were also around 1-3 days per week
with mean day of only 2.8. Average frequency of consumption of pulses was 4-5
days with an average of 5.4 days. Green gram, Bengal gram, black gram were the
most commonly used pulses. Thus the intake of nutritious foods by the respondent

adolescent girls was far from being satisfactory.

These findings were parallel to the results of a study conducted by
Choudhary et al., (2010) which states that daily consumption of body building (viz.
pulses and milk) and protective (viz. fruits, green vegetables and other vegetables)
foods by an adolescent was practically non-existent in the study area . Consumption
of green vegetables once or twice per week was to the degree of 69.26 per cent. Root
vegetables, fruits and Sharbat were consumed maximally either occasionally or
demonstrated an occasional pattern. As a matter of fact, pulses, vegetables and milk
products were dodged by 4.07 per cent, 13.70 per cent and 7.41 per cent of study

subjects, separately.

4.7.5 Nutrient consumption of adolescent girls

The actual intake of nutrients was ascertained using 24-hour recall technique.
Energy, protein, fat, calcium, iron, vitamin C and folic acid intakes per day were
computed. Comparison of these with RDA values (ICMR, 2004) prevailing during
the study period is presented in the following table and illustrated in figure no 12

and 13.
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Table 28

Nutrient consumption of adolescent girls

(N=150)
0]
Actual o0l su/: ?IIS t
Age Nutrients . RDA | RDA P p-value
intake met or value
deficit
Energy 156710 | o060 | 76.07 | -23.92 | 20.65 | 0.000**
(Kcal) (£257.07)
17-18 64.57
years | Protein (gm) : 63 | 10249 | +2.49 | 1.38 | 0.844"°
(N=116) (£12.24)
- 50.08
) +127. ) .000**
Fat (gm) (£11.39) 22 | 227.63 | +127.63 | 26.69 | 0.000
607.29
H . + . . . % Sk
Calcium(mg) (£308.41) 500 | 121.45 21.45 | 3.75 | 0.0001
Iron (mgQ) 19.01 30 63.36 -36.64 | 20.30 | 0.0001**
g (£5.83) ' ' Sl e
Vitamin C 22.24
4 . 44 4 19. ) 1**
(mg) (+9.65) 0 55.6 9.80 | 0.000
Folic acid 73.22
100 73.22 -26.78 | 30.37 | 0.0001**
(H9) ( 9.50)
Energy 1566.25 s
(Kcal) (£251.40) 1875 | 83.54 16.46 7.16 | 0.0001
Protein (gm) 67.00 50 134 +34 8.65 | 0.0001**
9M) 1 (+11.46) | |
Fat (gm) 49.25 20 246.25 | +146.25 | 15.72 | 0.0001**
g (+ 10.85) ' ' Sl e
Calcium 677.57
. + . . . * sk
(mg) (£287.08) 400 | 169.39 69.39 | 5.64 | 0.0001
Age 15.13 %
19 years Iron (mg) (+2.30) 30 50.43 | -49.57 | 37.73 | 0.0001
(N=34) | Vitamin C 16.51 .
(mg) (7.12) 40 41.2 -58.8 19.22 | 0.0001
Folic acid 63.91
100 63.91 -36.09 | 19.87 | 0.0001**
(L9) (+10.59)

**Significant at one per cent level
NS-Not significant
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The results indicated that intake of all the nutrients except protein, fat and
calcium was significantly lower (P<0.01) than RDA among the adolescent girls. It
was found that the consumption of energy, iron, vitamin C and folic acid did not
meet the Recommended Dietary Allowance (RDA). However, protein, fat and
calcium intakes exceeded the RDA levels. The intake of protein and calcium were at
par with RDA and that of fat was significantly higher (P<0.01) than RDA for the
ages 17, 18 and 19, that may be because of the frequent intake of fried foods and
excessive use of coconut. Iron intake of adolescent girls between the age group of 17
to 19 was remarkably low with percentage around 55. This may be related to the
intake of particular food groups as green leafy vegetable intake was very poor.
Vitamin C intake reported the least percentages, i.e. 55.6 per cent for age 17 and 18
and 41.2 per cent for age 19. This can be a result of low intake of fruits and

vegetable consumption reflected in food frequency questionnaire.

These findings were coinciding with the study conducted by Parimalavalli
and Sangeetha (2011). Mean nutrient intake of the selected Government school girls
was remarkably lower than compared to Recommended Dietary Allowance of
Indians. The mean energy intake of the government (1905 kcal) and the
matriculation (2034 kcal) school girls were significantly lower than RDA. Intake of
nutrients such as proteins (48.9 g), fat (19.3 g), calcium (400.7 mg), iron (17.8 mg)

and vitamin C (29.1 mg) were found to be significantly far below the RDA.

Varsha et al., (2008) stated that the rural adolescent girls of Marathwada
region were consuming all nutrients below the recommended, revealed gross
deficiency of nutrients. Compared to other nutrients, fat intake was found to be

slightly satisfactory as the intake was almost one-third of the requirement.
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4.7.6 Snacking pattern of adolescent girls
Snack is a food or drink eaten between main meals. Snacking patterns might
also reflect unhealthy eating habits. Weekly pattern of consumption of various

snacks by the adolescent girls were depicted in the following table.

Table 29
Snacking pattern of adolescent girls
(N=150)
Category Frequency per week (% of subjects)
sngf:ks Never Once Twice Thrice M(t)r:(re'itcgan
Fast foods - 25.4 38.6 36 -
Fried snacks - - - 20.7 79.3
Sweet snacks 2.6 31.3 36 26.6 3.3
Other sweets - 26 28 254 20.6
Soft drinks 22.6 37.3 21.3 8.6 10.6

The frequency of consuming different categories of snhacks, was basically
once to thrice a week. It is surprising to note that 79.3 per cent of the adolescent girls
consumed fried snacks more than thrice in a week. Banana fritters, vada, cutlets,
samosa, bajis, etc. were the fried snacks consumed more frequently by the
adolescent girls. Other sweets like ice cream, chocolates, cookies, toffees and soft
drinks were also consumed very frequently. Almost all the subjects had strong liking
for fried foods (79.3%), sweets (26.6%) and soft drinks (10.6%). Maggi noodles,
vada, samosa, cutlets, ice-cream, chocolate and soft drinks formed the mainstream

nibble things among adolescent girls.
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Shrivastav and Thomas (2010) conducted school-based cross-sectional study
to evaluate the snack ingestion pattern of 702 adolescent girls of Delhi. The
outcomes showed a higher inclination for snacks. Different categories of snacks
were consumed mostly once to thrice a week. Fast foods, fried foods and sweet
snacks were most preferred by the children. Chowmein, maggi, samosa, ice-cream
(mainly ice candies), chocolate and toffee were additionally the prevalent nibble

things.

4.8 Multiple correlates of family income
Correlation of family income with age at menarche, BMI, nutritional

knowledge and incidence of anaemia was studied and discussed under this section.

4.8.1 Correlation between family income and age at menarche
Correlation between family income and age at menarche was worked out and

the result is presented in table 30 and figure 14.

Table 30
Correlation between family income and age at menarche

Income category
SOEEl Total Result
menarche EWS LIG MIG HIG
34 80 42 34 190
Up to 12 years
37.4% | 435% | 36.5% | 44.2% | 40.7%
Above 12 vears 57 104 73 43 277 | r=.041
y 62.6% | 56.5% | 63.5% | 55.8% | 59.3% |p=.378
98 91 184 115 467
Total
100.0% | 100.0% | 100.0% | 100.0% | 100.0%

EWS-Economically weaker section
LIG-Low income group
MIG-Middle income group
HIG-High income group
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Figure 14 - Correlation between income and age at menarche

The above table presents the income category and age at menarche. The
respondents were grouped into two categories by their age at menarche i.e. those
who attained menarche at the age of 12 years and earlier and those whose age of
menarche was above 12 years. From the data presented, it can be inferred that, 80
(43.5%) adolescents of the low income group respondents attained their menarche at
the age of 12 or earlier, followed by 42 (36.5%) of the middle income group. A
majority (104, 56.5%) of low income group respondents attained their menarche
after 12 years of age. To sum up, a majority (277, 59.3%) of the respondent

adolescents’ age of menarche were above 12 years.

To examine the relationship between family income level and age of
menarche Pearson’s r-correlation test was applied. From the correlation table, it can
be seen that the correlation coefficient (r) equals .041, indicating a very positive
relationship with an associated p = .378, which is greater than the critical value .05,

indicates that the coefficient does not significantly differ from 0. The square of the
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coefficient (r?) is .0017, which means that only 0.17 per cent of the variation is
related, which is very insignificant. Hence, it has been concluded that there was no
statistically significant relationship between family income and age at menarche of

the respondents.

Study by Rokade and Mane (2008) supported the association between age of
menarche and socio-economic status, but not associated with type of diet and day-to-
day physical activity. Whereas Todd et al., (2010) suggests that lower socio-
economic status at 7 years and reductions in socio-economic status in early
childhood are both associated with an earlier age at menarche.

4.8.2 BMI in relation to family income

Family income was found to be a significant factor of BMI in many of the
studies. The relationship of family income of the adolescent girls and BMI is
discussed in the following table.

Table 31

BMI in relation to family income

— BMI category
category* | Under- | \ormal | over weight | Obesity Total | Result
weight
25 73 0 0 98
EWS
16.9% 22.0% 0% 0% | 19.6%
LIG 58 129 8 2 197
39.2% 38.9% 50.0% 50.0% | 39.4% |r=.015
MIG 37 80 4 2 123 |p=.742
25.0% 24.1% 25.0% 50.0% | 24.6%
HIG 28 50 4 0 82
18.9% 15.1% 25.0% 0% 16.4%
Total 148 332 16 4 500
100.0% | 100.0% 100.0% 100.0% | 100.0%

*HUDCO (2007)
EWS-Economically weaker section MIG-Middle income group
LIG-Low income group HIG-High income group
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Figure 15 - BMI in relation to family income

The cross table above shows the income and BMI. BMI was grouped into
four categories viz. Underweight, Normal, Overweight, and Obesity. The
respondents’ monthly income was grouped into four levels based on the HUDCO
(2007) scale, viz. Economically Weaker Section (< Rs. 3,300), Low Income Group
(Rs.3, 301-7,300), Middle Income Group (Rs.7, 300-14,500) and High Income
Group (> Rs.14, 500). Cross table data shows that out of the total respondents, the
low income group (LIG) had the largest share of “underweight” (58, 39.2%),
“normal” (129, 38.9%) and “overweight” adolescents (8, 50.0%). The economically
weaker section (EWS) had the lowest share (25, 16.9%) of underweight adolescents.
To sum up, majority of the respondents (332, 66.4%) had normal BMI and only 0.8

per cent respondents were found to be obese.
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Correlation between income and BMI was examined by using Pearson’s r-
correlation test. From the correlation statistic table, it can be seen that the correlation
coefficient (r = .015) indicates a very weak positive relationship and the associated
probability (p = .742) is greater than the critical value .05, indicates that the
coefficient is not significantly different from 0. The square of the coefficient (r* =
.0002) shows that only .02 per cent of the variation is related, which is very
negligible. Hence, it has been concluded that household income was not an indicator

to predict the adolescent’s BMI.

Sinha and Pankaj (2009) studied 1,530 adolescent girls from backward
districts of 12 different Indian states selected under Rashtriya SamvikasYojana and
quoted that out of the total samples, 44.3 per cent are underweight excluding 41
overweight cases. District wise picture showed that the problem of underweight
among adolescent girls is very serious and omnipresent, irrespective of income

status of the family.

4.8.3 Correlation between family income and nutritional knowledge
Relationship between family income and nutritional knowledge is discussed

under the following table.

Table 32

Correlation between family income and nutritional knowledge

Variables Number Mean Results
Monthly family
) 500 8343.40 £ 7703.895 r=0.072
income (Rs)
p =0.108
Knowledge score 500 6.06 = 1.902
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Figure 16 - Correlation between family income and nutritional knowledge

To examine the relationship between family income level and the
respondent’s knowledge about nutrition, Pearson’s r-correlation test was applied.
From the correlation table, it can be seen that the coefficient (r = .072) indicates a
very weak positive relationship with an associated p = .108, which is greater than the
critical value .05, indicates that the coefficient does not significantly differ from 0.
The square of the coefficient (r’= .0052) shows that only 0.52 per cent of the
variation is related, which is very insignificant. Hence, it has been concluded that the

respondents’ knowledge on nutrition was not associated with the household income.

Alam et al., (2010) studied 4,993 unmarried adolescent girls, aged 13-18
years in rural Bangladesh and reported a positive association of nutritional
knowledge with their age, education, access to mass media, and the household

assets.
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4.8.4 Correlation between family income and incidence of anaemia
Correlation between family income and incidence of anaemia is discussed

under the following table.

Table 33
Correlation between family income and incidence of anaemia
Hb Level
Income
category aig\;r:‘isa I\:r?g:rﬁ;e Mild anaemia| Normal | Total Result
<7g/dl) | (7-9.9g/dl) (10-11.9 g/dl) | (=12g/dl)
0 0 16 9 25
EWS
0% .0% 14.4% 10.3% | 12.4%
LIG 0 1 44 34 79
0% 25.0% 39.6% 39.1% | 39.1%
0 0 33 22 55 r =-0.059
MIG =0 .408
% .0% 29.7% 25.3% | 27.2% | P=Y.
0 3 18 22 43
HIG
0% 75.0% 16.2% 25.3% | 21.3%
0 4 111 87 202
Total
0% 100.0% | 100.0% | 100.0% | 100.0%
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Figure 17 - Correlation between family income and incidence of anaemia
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The above table presents the income category and haemoglobin levels. The
haemoglobin level was grouped under four categories viz. Normal (> 12g/dl), Mild
Anaemia (10-11.9 g/dl), Moderate Anaemia (7-9.9 g/dl) and Severe Anaemia
(<7g/dl). From the data presented, it can be inferred that, a majority (75.0%) of the
moderate anaemic girls were from the high income group. Largest number (39.6%)
of mild anaemic children was from the low income group followed by middle
income group (29.7%). Severe anaemic condition was not found among the
respondents. Out of the total 202 haemoglobin measured samples, nearly half (111,

54.95%) of the respondents was found to be ‘mild anaemic’.

Correlation between income and Hb level was examined by applying
Pearson’s r-correlation test. From the correlation table, it can be seen that the
correlation coefficient (r) equals -.059, indicating a very weak and negative
relationship with an associated p = .408, which is greater than the critical value .05,
indicates that the coefficient is not significantly different from 0. The negative sign
associated with the calculated ‘r’ denotes that higher the income, lower the Hb level
and vice-versa. The square of the coefficient (r?) is .0035, which means that only
0.35 per cent of the variation is related, which is very insignificant. Hence, it has
been concluded that household income did not have any significant influence on the

respondents’ haemoglobin level.

But Karaoglu et al., (2010) identified income level as a predictor of anaemia

among the family members, especially children.
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4.9 Selected variables vs. Body Mass Index
Relationship of variables like age, age at menarche, nutritional knowledge

and incidence of anaemia of adolescent girls with their BMI is presented below.

4.9.1 Body Mass Index vs. age

Relationship of age with BMI was studied and represented below.

Table 34
Age classification vs. BMI
(N=500)
Under Over-
Age - Normal . Obese
category Number weight (%) Wei)l/ght (%) Df | p-value
(%) )
Early
adolescence 300 11.3 82.3 5.3 1
(<16 years) 3 | 0.798 NS
Late
adolescence 200 13.5 81.5 4.5 0.5
(17-19 years)

NS-Not significant

Out of the 500 adolescent girl respondents, majority, i.e. 82.3 per cent and
81.5 per cent from both early and late adolescent phases were normal, whereas
underweight subjects were more in late adolescent stage i.e. 13.5 per cent when
compared to early adolescent stage (11.3%). Overweight subjects were more in early
adolescent phase, i.e. 5.3 per cent than late adolescent age i.e. 4.5 per cent. Obese
subjects were found in both early and late adolescent phases with 1 per cent and 0.5
per cent. From the above table it is clear that there is no significant relation between

age and BMI (P >0.05 i.e. 0.79).
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4.9.2 Correlation between Body Mass Index and age at menarche

“World Health Organization recommended BMI-for-age as the best indicator
for use in adolescence as it incorporates the required information on age; it has been
validated as an indicator of total body fat at the upper percentiles and it provides
continuity with recommended adults’ indicator” (Rao, 2001). The test was

conducted to examine the correlation between age of the respondents and the BMI

measured.
Table 35
Correlation between Body Mass Index and age at menarche
BMI
Age of
Number
menarche Un.der Normal Oyer Obesity Result
weight weight
190 139 139 11 1
Up to 12 years

40.7% 8.4% | 29.8% 2.4% 0.2%

r=-

277 85 184 5 3 0.255

Above 12 years

0 9 0 0 9
59.3% | 18.2% | 39.4% 1.1% 0.6% 0 = 0.000

467 124 323 16 4
Total
100.0% | 26.6% | 69.2% 3.4% 0.9%
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Figure 18 - Correlation between age at menarche and BMI

The respondents were grouped under two categories of age groups viz. those
whose age at menarche 12 years and below and those whose age at menarche was
above 12 years, as shown in the above table. Out of the 467 respondents, a majority,
i.e. 277 (59.3%) had age at menarche above 12 years and the remaining 190 (40.7%)
had 12 years and below. The test results show that the Pearson’s correlation
coefficient, r = -0.255 (< .5), which means a negative correlation and at the same
time weak correlation. This shows that girls with higher age at menarche had lower
BMI levels and those with lower age at menarche had higher BMI values. Even
though weak, the significance value p = 0.000, is less than the significance a level
0.05. This indicates that the correlation is statistically highly significant and not by

chance.

A number of studies have also shown an inverse relationship between age at
menarche and BMI. Age at menarche was conversely and essentially associated with

likelihood of overweight and obesity (p = 0.001) (Al-Awadhi et al., 2013). Adesina
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and Peterside (2013) found significantly higher BMI at 10, 12 and 13 years
respectively among subjects who had attained menarche during their early

adolescence period.

Based on the above results of Pearson’s correlation test, it has been
concluded that there is a statistically significant negative correlation between the age

at menarche and the level of BMI.

4.9.3 Correlation between Body Mass Index and nutritional knowledge of
adolescent girls
Correlation between nutritional knowledge of adolescent girls with their BMI

is presented under the following table with figure.

Table 36
Correlation between nutritional knowledge and Body Mass Index
(N=500)
Variables Mean p-value
BM I_(_Kg/mz) 19.36 + 3.054 0.010*
Nutritional knowledge score 6.06 £ 1.902

*Correlation is significant at the 0.05 level
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Figure 19 - Correlation between BMI and nutritional knowledge
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The cross tabulation above shows the nutritional knowledge score and the
corresponding BMI studied grouped into four categories, viz. (i) under-weight; (ii)
normal; (iii) overweight; and (iv) obesity. It was found that out of the 500
respondents, larger number (332, 66.4%) were having normal BMI; 148 respondents
(29.6%) were underweight and only 16 (3.2%) and 4 (0.8%) respondent adolescents

were found to be overweight and obese respectively.

Pearson’s correlation test results between nutritional knowledge score and
the corresponding BMI value shows r = 0.105, which means a positive correlation
between nutritional knowledge score and BMI. The corresponding probability score
p = 0.019, which is less than a level 0.05, indicates a statistically significant

correlation between nutritional knowledge score and BMI.

Based on the Pearson’s r-correlation coefficient test results discussed
above, it has been concluded that there is a statistically significant correlation

between nutritional knowledge and BMI — the two scores are quite independent.

4.9.4 Correlation between Body Mass Index and incidence of anaemia

Haemoglobin concentration, body weight, structure and Body Mass Index
(BMI) are some of the most popularly used parameters for the evaluation of human
health. The association between incidence of anaemia and BMI was analysed for this

study.
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Table 37

Correlation between Body Mass Index and incidence of anaemia

Percentage of incidence

BMI Mild Moderate
Number Mottt anaemia | anaemia Severe
category 12 anaemia | Result
" dl) (10-11.9 (7-9.9 (<7g/dl)
g g/dl) g/dl)
43 20 22 1 0
Underweight
21.3% 9.9% 10.9% 0.5% 0%
149 61 86 2 0
Normal
73.8% 30.2% 42.6% 1.0% 0%
9 5 3 1 0 r=-.031
Overweight
4.5% 2.5% 1.5% 0.5% 0% p =.658
1 1 0 0 0
Obesity
0.5% 0.5% 0.0% 0.0% 0%
202 87 111 4 0
Total
100% 43.1% 55.0% 2.0% 0%
3 5
é 12.0

T
10.00

T T T
15.00 20.00 25.00 30.00 35.00
BMI(Kg/m?)

Figure 20 - Correlation between Body Mass Index and incidence of anaemia

145




Out of the 202 respondents, majority (149, 73.8%) were found to have
normal BMI, followed by 43 (21.3%) respondents, who were found to be
underweight and 9 (4.5%) and only one (0.5%) respondents were found to be
overweight and obese respectively. Mild anaemia was found to be more among
normal BMI group respondents (86, 42.6% of 149) and again in overall, more than

half (111, 55%) were found to have mild anaemia and none had severe anaemia.

The correlation value was found as r = -.031 from the Pearson’s r-
Correlation. This means, a negative or inverse relationship between BMI and level
of haemoglobin but the relationship was weak. This implies that higher the BMI,
lower the haemoglobin level and vice-versa. The probability score 0.658 is higher
than the critical value 0.05. This indicates the marginal inverse correlation is not

statistically significant.

Saxena et al., (2011) found a negative association of haemoglobin with
nutritional status (BMI) (r = -0.59; p = 0.24). Singh and Mangang (2012) found a

negative association (r = -0.060) and the value was found insignificant (t = 0.566).

Based on the Pearson’s r-correlation test, it has been concluded that a
negative correlation was found between the BMI and level of haemoglobin but it

was not statistically significant.

4.10 Health and family related parameters vs. anaemia
Relationships of anaemia with health and family related parameters are

discussed below.

146



4.10.1 Incidence of anaemia among different religious groups
Incidence of anaemia among the different religious groups is presented in the

following table.

Table 38
Difference in the level of anaemia incidence between the three religious groups
Percentage of incidence
Mild
Religion | Number | Normal | anaemia Modera}te Sever(_a
anaemia | anaemia Result
@12g/dD) | (10119 7 99 ity | (<7g /dl)
g/dl)
_ 112 46 64 2 0
Hindu 29 80
55.4% 070 31.7% 1.0% 0%
68.0 32 34 2 0
Christian XZ =0.464
33.7% 15.8% 16.8% 1.0% 0%
p=0.793
22.0 9 13 0 0
Muslim df=2
10.9% 4.5% 6.4% 0% 0%
202 87 111 4 0
Total
100% 43.1% 55.0% 2.0% 0%

The percentage of incidence of anaemia was studied under four groups, viz.
Normal (>12g/dl); Mild anaemia (10-11.9 g/dl); Moderate anaemia (7-9.9g/dl) and
Severe anaemia (<7g/dl). The distribution of respondents shows that 112 (55.4%)
respondents were Hindus; 68 (33.7%) belonged to Christian religion and 22 (10.9%)
respondents were of Muslims. Out of this, adolescents of Hindu religion constituted
the highest number (64, 31.7%) with mild anaemia, followed by adolescents of
Christian religion (34, 16.8%) and Muslim adolescents registered the lowest of all

(13, 6.4%). Incidence of severe anaemia was not at all found.
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The output of Kruskal-Wallis test shows that the calculated chi-squared
value as y* = 0.464, which is lower than the table value (5.991) at df = 1 and the
associated p-value 0.793, is higher than the critical a value (0.05) to prove any
significance. This indicates that the difference between the means compared is not

statistically significant.

The same result has been found in other studies too. A higher prevalence of
anaemia (91.2%) was found among Hindu adolescent girls, as compared to Muslims
and other faiths (Ahmad et al., 2010). But no significant difference in anaemia
prevalence was found by Dutt et al., (2009) between Hindu and Muslim faith

adolescent girls in rural area of Raigad district, Maharashtra.

Based on the results output of Kruskal-Wallis test, it has been concluded
that there has been no statistically significant difference in the level of incidence of
anaemia between respondents belonged to Hindu, Christian or Muslim religious

groups.

4.10.2 Anaemia incidence and mother’s educational level

Children and adolescents depend on their parents for right nutrition and
mothers play a crucial role in ensuring appropriate nutrition to their children. Hence
mother’s education and knowledge about nutrition plays a crucial role in children’s
health. The following table shows the association between mother’s educational

status and incidents of anaemia.
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Table 39

Association between mother’s educational attainment and the adolescent’s

anaemia

Percentage of incidence

Educational Mild Moderate
Normal . ) Severe
level of Number anaemia | anaemia anaemia
mothers 12 (10-11.9 (7:99 p-value
= . = . <
g/dl) o/dl) o/dl) (<7 g/dl)
17 8 9 0 0
Up to 10" Std
8.4% 4.0% 4.5% 0% 0%
79 32 46 1 0
10" Passed
39.1% 15.8% 22.8% 0.5% 0%
v’ =0.334
70 31 37 2 0
12" Passed P =.953
34.7% 15.3% 18.3% 1.0% 0%
df=3
Graduation and 36 16 19 1 0
above 17.8% | 7.9% 9.4% 0.5% 0%
202 87 111 4 0
Total
100% 43.1% 55.0% 2.0% 0%

Mother’s educational level and her adolescent’s anaemia incidents are shown

above. The incidence of anaemia was studied under four categories viz. Normal

(>12 g/dl); Mild anaemia (10-11.9 g/dl); Moderate anaemia (7-9.9 g/dl) and Severe

anaemia (<7 g/dl) and the mother’s educational level was studied under four groups

as shown above. Out of the 202 respondents, the majority (79, 39.1%) of mothers

has passed class 10, followed by 70 (34.7%) respondent mothers have studied up to

12", Thirty six respondent mothers (17.8%) were graduates or above and the

remaining 17 respondent mothers (8.4%) have studied up to 10" standard only.
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The calculated ¥ value, according to the result of Kruskal-Wallis test was
found to be 0.334, which is less than the table value (7.8147) at df = 7. The
associated probability value p = 0.953, is higher than the critical a value 0.05, which
indicates no statistical association between the compared means, i.e. the educational

groups.

According to Abuya et al., (2012), maternal education has been connected
with nutrition outcomes among children in studies in different settings. Economists
agree that there is a positive association between parents’ education and child health
(Rosenzweig and Schultz, 1982; Behrman and Deolalikar, 1988). However, the
empirical studies provide a different picture. Some (Appoh and Krekling, 2005)
have established significance of effect of maternal education on child health status,

while others (Martorell et al., 1984) argue that there is little or no evidence.

According to the results of Kruskal-Wallis test results, it has been concluded
that there has been no significant association between the different educational level

of the mothers and the incidence of anaemia among their adolescent female children.

4.10.3 Incidence of anaemia and type of family
Relationship of type of family and incidence of anaemia is presented under

the following table.
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Table 40

Incidence of anaemia and type of family

Percentage of incidence
Type Mild Moderate
) ) Severe
of Number | Normal anaemia | anaemia .
famil Cl2gidl) | (10-119 | (7-99 | anaemia | Result
y =1%¢ : ' (<7 g/dI)
g/dl) g/dl)
Joint 28 13 14 1 0
family 13.9% 6.4% 6.9% 0.5% 0% U
Nuclear 174 74 97 3 0 =2368.5
family 86.1% 36.6% 48.0% 1.5% 0% Z=-271
Total 202 87 111 4 0 p=0.787
100% 43.1% 55.0% 2.0% 100%

The above cross-tabulation enables comparison of family type with incidence
of anaemia. Among the 202 respondents, the majority (174, 86.1%) were from
nuclear families. A high incidence (97, 48.0%) of mild anaemia was found to be
present among adolescent respondents from nuclear families. Overall, more than
half (111, 55.0%) of the adolescent female respondents had mild anaemia. Incidence

of severe anaemia was not at all found.

The results of Mann-Whitney U-test shows the calculated U value as 2368.5
and Z value as -.271. The associated probability score was found to be (p = 0.787)
greater than the critical a level (0.05). This shows that the difference between the

two means compared are by chance only and have no statistical significance.

More studies have proved that family structure is a substitute for the process
variables that specifically impact children’s well-being and health (Emery et al.,

1985; Block et al., 1988; Kurdek, 1981).
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Based on the results of the Mann-Whitney U-test, it has been concluded that

there is no statistically significant difference in the incidence of anaemia between

the joint and nuclear family adolescent girls.

4.10.4 Correlation between age of menarche and incidence of anaemia

Correlation between age of menarche and incidence of anaemia is presented

and discussed below.

Table 41

Relationship between age at menarche and incidence of anaemia

Percentage of incidence

Age Normal Mild Moderate
of Number anaemia | anaemia | Severe
12 anaemia | Result
menarche o/dl) (10-11.9 (7-9.9 (<7 g/dl)
g/dl) g/dl)
Up to 12 57 25 28 4 0
years 28.2% | 12.4% | 13.9% 2.0% 0%
Above 12 | 145 62 83 0 0 r=0.138
years 71.8% | 30.7% | 41.1% 0.0% 0% p =0.050
202 87 111 4 0
Total
100% 43% 55.0% 2.0% 0%
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Figure 21 - Correlation between age of menarche and incidence of anaemia

From the above table, it can be inferred that respondents who attained
menarche after 12 years constituted the most part of mild-anaemia segment. Overall,
out of the 202 respondents, nearly more than half (111, 55.0%) of the adolescents

had mild anaemia. Severe anaemia was not found among the respondents.

To examine the correlation between age at menarche and incidence of
anaemia, Pearson’s r-correlation test was used and found a very weak correlation (r
= 0.138) with an associated probability level of 0.050, which is exactly equal to the
critical value oo = 0.05. This indicates that there exists a moderately significant

relationship.

Bano (2012) in her study found that age at menarche was significantly

correlated with anaemia. Another study by Shekhar (2005) showed prevalence of
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anaemia as high as 54.6 per cent and also showed higher mean menarcheal age.
Vasanthi et al., (1994) also found that prevalence of anaemia, among urban girls,
increased with the increase in age. But on the contrary, Kulkarni et al., (2012) did

not find any association between menstrual factors and anaemia.

Based on the findings of Pearson’s r-correlation test, it has been concluded
that there is a moderately significant, but very weak positive correlation between the

age at menarche and the incidence of anaemia.

4.10.5 Incidence of anaemia and dietary habit
Relationship between incidence of anaemia and dietary habit of adolescent
girls were studied and presented here.

Table 42
Difference in incidence of anaemia between the three different dietary groups

Percentage of incidence
Dietar Mild Moderate S
\ry Number Normal | anaemia | anaemia DA
habit anaemia | Result
(>12 g/dl) | (10-11.9 (7-9.9 (<7g/ dI)
g/dl) g/dl)
11 6 5 0 0
Vegetarian
5.4% 3.0% 2.5% 0% 0%
Non- 65 29 32 4 0
vegetarian | 35000 | 14.4% | 15.8% 2.0% 0% 1=
0.706
Non-
vegetarian =
but often 126 52 74 0 0 0.703
take 62.4% 25.7% 36.6% 0% 0% df =2
vegetarian
food
202 87 111 4 0
Total
100% 43.0% 55.0% 2.0% 100%

154




The respondents’ dietary habits was studied by grouping into three
categories, viz. vegetarian, non-vegetarian and non-vegetarian, but most often take
vegetarian food. Out of the 202 respondents, the majority (126, 62.4%) belonged to
third category i.e. non-vegetarian but often take vegetarian food. Followed by 65
(32.2%) non-vegetarians and 11 (5.4%) were vegetarians. Overall, a high level of
mild anaemia was found among 74 (36.6%) respondents belonged to third category.

No respondents were found to have severe anaemia.

The non-parametric test Kruskal-Wallis results shows x* value as 0.706,
which is lower the corresponding expected value (5.9915, df = 2). The probability
score p = 0.703 is quite higher than the significant critical value 0.05. This proves

that the difference between the three compared means is not statistically significant.

In a study by Basu et al., (2005) prevalence of anaemia in adolescent girls
was found to be related to nutritional status and food habits. Sharma et al., (2003) in
their study concluded the high prevalence of anaemia probably due to very low
frequency of meat eating in India, but different types of dietary habits were found to

have no effect on the prevalence of anaemia.

Based on the Kruskal-Wallis test results, it has been concluded that there is
no statistically significant difference in the incidence of anaemia between the three

dietary groups compared.

155



4.10.6 Incidence of anaemia among worm infested and non-infested adolescents

Worm infestation is probably a more significant reason of anaemia than
specific vitamin and mineral deficiencies in developing countries like India. It is
more common in India due to bad hygiene, poor awareness and poverty (Kumar et
al., 2003). The relation of worm infestation and haemoglobin levels was examined

and presented below.

Table 43

Difference in level of anaemia between worm infested and non-infested groups

Percentage of incidence
History of Normal Mild Moderate
worm Number anaemia | anaemia Severg
infestation 12 anaemia | Result
97 dl) (10-11.9 (7-9.9 (<7 g/dl)
g/dl) g/dl)
150 61 86 3 0
Infested =
74.3% 30.2% 42.6% 1.5% 0% 35415
Non- 52 26 25 1 0 -
infested | 25705 | 12.9% | 12.4% 5% 0% 1136
202 87 111 4 0 P=
Total 0.256
100% 43.1% 55.0% 2.0% 0%

The above table shows the level of anaemia incidence among worm infested
and non-infested groups of respondents. It was found that the highest (86, 42.6%)
number of respondents who were infested had mild anaemia. Severe anaemia was
not found among the respondents. Overall, out of the 202 respondents, more than

half (111, 55.0%) had mild anaemia.

As per the test results of Mann-Whitney U-test, U = 3541.5 and Z = 1.136,

and the associated probability value p = .256, which is greater than the critical o
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value 0.05. This indicates that there is no significance. From the Ranks statistics
result, mean rank of worm infested group (99.11) was found to be greater than the

mean rank of not infested (108.39).

Kumar et al., (2003) in their study among school going children found that
out of 435 anaemic girls, 76.8 per cent demonstrated evidence of worms in their
stool. Chakma et al., (2000) and Curtale et al., (1998) also demonstrated the

association between infestation and anaemic condition.

Based on the Mann-Whitney U-test, it has been concluded that there is no
statistically significant difference in the level of incidence of anaemia between worm

infested and non-infested group of adolescent girl respondents.

4.10.7 Correlation between incidence of anaemia and iron intake

“The major cause of anaemia is low dietary iron intake. Strategies for
reducing anaemia include supplementation, fortification and improving the diet”
(Creed-Kanashiro et al., 2000). In this study, the effect of iron intake on the
haemoglobin level was examined.

Table 44
Relationship between iron intake and haemoglobin level

Category Mean | Std. Deviation N Result
Iron Intake (mg) 18.011 5.3585 150 r= 413
Haemoglobin level (g/dl) | 11.669 8752 150 p=.000
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Figure 22 - Correlation between incidence of anaemia and iron intake

The descriptive statistics results are shown in the above table. The
correlation coefficient (r = .413) indicated a strong positive correlation between iron
intake and level of haemoglobin. The probability value (p = .000) is less than the
critical value a (0.005). This shows that the positive correlation was highly

significant.

Based on the Pearson’s r-correlation test results, it has been concluded that
there is a strong, positive and statistically significant correlation between iron intake

and haemoglobin level, i.e. iron intake improves haemoglobin level.

The same result has been established by a number of studies. Ahmed et al.,
(2006); Siddharam et al., (2011); Ramzi et al., (2011) in their study found that after
weekly supplementation with iron-folic acid tablets, the prevalence was diminished

by 20.5 per cent.
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4.10.8 Correlation between folic acid intake and incidence of anaemia

Correlation between folic acid intake and incidence of anaemia was analysed

and depicted below.

Table 45

Relationship between folic acid intake and haemoglobin level

Category Mean Std. Deviation Number Result
Folic acid intake 70.977 10.4004 150
(H9) r=.754
Haemoglobin level 11.669 8752 150 p =.000
(g/dl)
18.01
£
12.0 £55)

8.0

600 700
Folic Acid Intake (ng)

Figure 23 - Correlation between folic acid intake and incidence of anaemia

The descriptive statistics results are shown in the above table. The

correlation coefficient (r =.754) indicated a very strong positive correlation between

folic acid intake and level of haemoglobin. The probability value (p = .000) is less
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than the critical value a (0.005). This shows that the positive correlation was highly

significant.

The findings of Sen and Kanmani (2012) Chaudhary and Dhage (2008) also

confirmed that IFA supplementation significantly improved haemoglobin.

Based on the Pearson’s r-correlation test results, it has been concluded that
there is a very strong, positive and statistically significant correlation between folic

acid intake and haemoglobin level, i.e. folic acid intake improves haemoglobin level.

4.11 Impact of different intervention methods on haematological parameters
The haemoglobin analysis revealed that 57 per cent of subjects were
anaemic. The selected 202 respondents were further divided into four groups of 25
subjects each, the first group received the synthetic supplement (Livogen, a
micronutrient fortified tablet) and they consumed one tablet per day for a period of
three months. One dose of Albendazole (anti-worm drug) was also provided to the
selected subjects of supplementation group. Anaemic adolescent girls in the second
group received 100g iron-folic acid rich food supplement per day in the form of
biscuits, weighing 20gm each for a period of three months. These biscuits formed a
part of their daily diet and were advised to take in mid-morning and in mid-evening.
The members of the third group received individual diet counselling. The last group
was the control group and they did not receive any kind of intervention.
Haemoglobin, serum iron and folic acid levels of all the subjects, were recorded

before and after the intervention.
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4.11.1 Impact of supplementation of micronutrient tablet on haematological

parameters

Composition of the micronutrient tablet, effect of supplementation on
haemoglobin, serum iron and serum folic acid levels were analysed and presented

below.

4.11.1.1 Composition of the micronutrient tablet
The nutrient composition of the micronutrient tablet used in the

supplementation study is presented in table 46 below.

Table 46
Composition of the micronutrient tablet
Name of the tablet Contents
Livogen-Cap-tab Ferrous fumerate- 152 mg
(Ferrous fumerate and folic acid tablet) Folic acid-1500 mcg

Synthetic supplement selected for the study was Livogen, a micronutrient
fortified tablet, which contained 152 mg of ferrous fumerate and 1500 mcg of folic
acid, a product of Merck Ltd. Aurangabad. The cost of the tablet supplement worked
out to be Rs.1.8 per subject per day. An anti-worm drug (Albendazole) was also
given to the subjects before the supplementation study to note the accurate changes

in the parameters.

Since it is hard to influence dietary behaviour because of social reasons and
poverty, it is proposed mutually by UNICEF/UNU/WHO/MI (1998) that in nations
where anaemia prevalence surpasses 40 per cent in pregnant women, procurement of

widespread iron supplements for adolescent girls (at a minimum for those aged 12 to
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16 years) and women of childbearing age is important. Iron-folic acid supplements
are cost-effective and positive results are apparent in a brief time of a couple of
months. Since menarche often sets in by 12 years of age, it is basic to guarantee that
adolescents consistently consume iron-folic acid tablets to avert iron deficiency

anaemia (WHO, 2011°).

4.11.1.2 Effect of supplementation on haemoglobin levels

The effect of supplementation on the respondents’ haemoglobin level
compared with the control group is presented below. The haemoglobin levels, before
and after supplementation, was examined by applying paired t-test and differences in
the haemoglobin levels between control and supplementation groups, was studied

by one-way ANOVA test.

Table 47
Effect of supplementation on haemoglobin levels
Groups Mz Inls el (g ) Difference t-test ANOVA
Before After
Supplementation 11.08 + 12.19+ t :-_11.742

group 0.779 0.47 1.11 p =.000

(N=25) ' df =24 — 000
11.38+ t=-2687 | P
Control group 112+ _
_ 0.59 0.18 p=.013
(N=25) 0.63 df = 24
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Figure 24 - Effect of supplementation on haemoglobin levels

Paired t-test result for the supplementation group shows that t (24) = 11.742
and p = .000, indicates significance (as P < .05) and for the control group t (24) =
2.687 and the associated p = .013, indicates significance (as P < .05). One-way
ANOVA test result shows p = .000, that is less than the critical value (a = .05),
shows a statistically significant difference between the compared means of

experimental and control groups.

Based on the above test results, it has been concluded that a significant
increase in the Hb level was found due to supplementation among the experimental
group respondents. Interestingly the Hb level of the control group too showed a
significant increase. But a higher level of increase in the Hb level was found (t =
11.742) in the supplementation group than in the control group (t = 2.687). Also the
increase in the post-haemoglobin level of supplementation group significantly

differed from the control group.
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As per the supplementation study conducted by Trivedi and Palta (2007) in
Raipur City, 360 anaemic adolescent girls of high school were categorized into
experimental and control group. The first group was given supplementation with
iron and folic acid tablets, while the second group which was the control group was
provided only with nutrition education. The study revealed that role of iron and folic
acid supplementation is important in improving the haemoglobin level of anaemic
adolescent girls. Twice a week supplementation has turned out to be more successful

and economical.

4.11.1.3 Effect of supplementation on serum iron levels

Paired t-test was run on supplementation group and control group
respondents to study the effect of supplementation on the serum iron level and the
difference in the level of increase in the serum iron levels between control and
experimental groups was assessed by one-way ANOVA test. The test results are

tabulated below.

Table 48

Effect of supplementation on serum iron levels

Serum iron levels
Groups (ng/dl) Difference t-test ANOVA

Before After
Supplementatio 2643+ | 3511+ t=-5.961
ngrou i S -
grotp 4476 | 6304 8.68 p=.000
(N=25) df = 24
p =.000
Control - 25 36 t=-1.038
6+ .36 + a
group 4.94 4.85 0.16 p=.310
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Figure 25 - Effect of supplementation on serum iron levels

Paired t-test result (before and after) for the supplementation group shows
that t (24) = 5.961 and p = .000, indicates significance (as P < .05) and for the
control group t (24) = 1.038 and the associated p = .310, indicates no significance
(as P > .05). One-way ANOVA test result shows p = .000, that is less than the
critical value (a = .05), shows a statistically significant difference in the compared

means of serum iron levels between experimental and control groups.

Based on the above test results, it has been concluded that a significant
increase in the serum iron level was found due to supplementation in the
experimental group. There was no significant increase in the serum iron level
among the control group, before and after the supplementation. Also the increase in
the post-serum iron level of supplementation group significantly differed from the

control group.
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4.11.1.4 Effect of supplementation on serum folic acid levels

The effect of supplementation on the respondents’ serum folic acid level

compared with the control group is presented below. The serum folic acid level,

before and after supplementation was examined by paired t-test and the difference in

the increase in the serum folic acid levels between control and experimental groups

was studied by one-way ANOVA test.

Table 49
Effect of supplementation on serum folic acid levels

Serum folic acid

Groups levels (ng/ml) Difference t-test ANOVA
Before After
) t=-13.431
Supplementation 2.40% 4.15+
1.75 p =.000
group (N=25) 0.547 0.995
df =24
p =.000
t=-0.464
Control group 2.32+ 2.33%
0.02 p=.647
(N=25) 0.379 0.4019
df =24

% a4
5
= 3
T E
E ?g, 2 ® Before supplementation
‘E 1 m After supplementation
g 0
Q
N
Supplementation
group Control group
Study Groups
Figure 26 - Effect of supplementation on serum folic acid levels
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Paired t-test result (before and after) for the supplementation group shows
that t (24) = 13.431 and p = .000, indicates significance (as P < .05) and for the
control group t (24) = 0.464 and the associated p = .647, indicates no significance
(as P >.05). One-way ANOVA test result between the two groups shows p = .000,
that is less than the critical value (o = .05), shows a statistically significant
difference in the compared means of serum folic acid levels between experimental

and control groups.

Based on the above test results, it has been concluded that a significant
increase in the serum folic acid level was found due to supplementation in the
experimental group respondents. There was no significant improvement in the serum
folic acid level among the control group. Also the increase in the post-serum folic

acid level of supplementation group significantly differed from the control group.

A study was conducted in urban areas of Vadodara among adolescent girls in
10-18 years showed that there was an increase of 17.3 g/L haemoglobin in the group
of girls getting IFA supplements. A remarkable weight gain of 0.83 kg was seen in
the intervention group, while girls in the control group demonstrated little weight
gain. IFA supplementation is prescribed for growth promotion among teenage girls

who are underweight (Kanani and Poojara, 2000).

4.11.2 Effect of supplementation of micronutrient fortified biscuits
Food And Agriculture Organization and World Health Organization define
food fortification as the addition of one or more essential nutrients to a food,

whether or not it is normally contained in the food, for the purpose of preventing or
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correcting a demonstrated deficiency of one or more nutrients in the population or

specific population groups (FAO/WHO 1994).

Dietary diversity has been associated with better growth and micronutrient
status. Food-based approaches to meet micronutrient intakes have been successfully
proven in many studies. In the present study an iron and folic acid rich biscuits were
developed and which were supplemented among anaemic adolescent girls. The
composition and method of preparation of the biscuit are outlined in Appendix XVI.
Plate 2 shows the ingredients and the iron and folic acid rich foods used in the
preparation of the supplement. And the effectiveness was studied in terms of

haemoglobin, serum iron and serum folic acid levels.

4.11.2.1 Information regarding the recipe of iron - folic acid rich biscuits
Snacks play an important role in supplying energy between meals and to
meet nutrient requirements. Baked snacks are increasingly popular because of their
convenience and taste. Biscuits top the list of favourite snacks by the adolescent
girls under study. Details regarding biscuit like form, source of recipe, equipments

used, time of preparation etc. has been tabulated under the following table.

Table 50

Information regarding the recipe

Information Details

Form Biscuit

) Cookery book with self
Source of recipe o
made modifications.

Weight/serving 209
Equipments used Squeezer, Oven
Time of preparation 30 (minute)
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Recipe of the biscuit was collected from cookery book (Varughese, 1996)
and final recipe was derived with self made modifications. Each biscuits weigh
about 20 gm. The biscuit was prepared by using labour saving equipments like

squeezer and oven. And the preparation time was 30 min.

“Biscuit can be used as a vehicle for fortification because it is seen as a snack
rather than a meal and therefore, unlikely to replace meals given to the child at
home. Additional advantages of using biscuits are that it needs no preparation, is
easy to distribute and has long shelf life. It is also easy to monitor and therefore, less

open to misuse and corruption” (Goyle, 2012).

4.11.2.2 Evaluation of organoleptic qualities of the standardized recipe
Organoleptic quality includes the typical sensory properties of a food like

taste, appearance, colour, flavour and mouth feel. Sensory evaluation is an

invaluable tool in product development. Results of the sensory evaluation of the

iron-folic acid rich biscuit is given in the following table.

Table 51
Sensory attributes of the standardized recipe
Panel members’ score
Sensory attributes Mean score
112 |3 |4 |5 ]6 |7
Appearance S| 514 |5 |5]|]5]5 4.86
Flavour 5 5141|444 ]5 4.43
Taste 51553 |5]|5]|5 4.71
Colour 514 |5 |5 |4]| 4|4 4.43
Consistency/Crispness | 5 | 5 | 5 | 4 | 4 | 4 | 5 4.57
Total 25 |24 |23 |21 |22 |22 |24 23.00
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Customers see item quality with their senses, and therefore, organoleptic
assessments are a vital part of any food products. All of the technical, chemical and
microbiological parameters of a product may well be inside the satisfactory level,
but if the product fails to meet sensory expectations, the utilization rate will be poor
particularly in the case of children and teenagers.

The acceptability on the basis of organoleptic parameters such as appearance,
flavour, taste, colour, consistency was rated by selected panel members using the
scoring procedure. The iron- folic acid rich biscuit was highly acceptable with a total
mean score of 23 out of the maximum score of 25. Appearance was one of the
sensory attribute of the biscuit, scored a high mean score of 4.86 followed by taste
(4.1). Consistency/Crispness of the biscuit got a good score of 4.57. Colour and

flavour rated the same mean score of 4.43.

4.11.2.3 Sensory attributes over a period of 12 weeks
Table 52 shows the mean acceptability score of the iron-folic acid rich

biscuit over a period of 4, 8 and 12 weeks of storage.

Table 52
Mean acceptability score of the iron- folic acid rich biscuit over a period of 12
weeks
Mean score
Sensory attributes
4 Weeks | 8 Weeks | 12 Weeks
Appearance 4.86 4.57 4.28
Flavour 4.29 4.14 3.85
Taste 4.71 4.57 4.42
Colour 4.42 4.42 4.42
Consistency/Crispness 4.42 4.2 4.14
Total 22.7 21.9 21.14
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Results of sensory evaluation of products provide important information for
several functions like quality control, process variation assessment, cost reduction,

improvement of product, shelf life, and new product development.

The total acceptability scores of the iron-folic acid rich biscuit over twelve
weeks of storage at 37°C shows that the mean score for different sensory attributes
were decreasing with increasing the number of weeks. It can be noted from the
above table that there were no colour changes up to 12" week. And at the end of the
12" week flavour and the crispness came down to 3.85 and 4.12 respectively. The
mean value of the total acceptability score was more than 21 even after the 12"

week.

It is obvious that the iron-folic acid rich biscuit developed had acceptable
keeping quality in terms of shelf life for at least three months. So the formulated
iron-folic acid rich biscuits can be considered as an ideal product for the adolescent

girls under study.

2.11.2.4 Evaluation of shelf life of iron-folic acid rich biscuits

Shelf life determines the period of time for which an item can be stored,
within specified conditions, and stay in ideal condition and appropriate for
consumption. A product's shelf life is influenced by various variables, including key
parameters, which incorporate as pH and moisture content, and extraneous

parameters, such as environmental factors.

In the present study, the shelf life of the product was evaluated by six

parameters. They are: Moisture, total microbial count, reducing sugar, peroxide
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value, total ash and acid insoluble ash. The results are presented in the following

table.
Table 53
Evaluation of shelf life of iron- folic acid rich biscuits
Parameters Fresh sample AT A2 EES Difference
sample
Moisture content (%) 31 4.9 1.8
* Total microbial count 3 3 3
(cell/g) at 370 C 16x10 23x10 7x10
Reducing sugar (%) 0.02 0.1 0.08
Peroxide value (m.Eg/Kg) 12 13.7 1.7
Total ash (%) 2.9 2.9 0
**Acid insoluble ash (%) 0.1 0.1 0

" Acceptable upto 5 per cent, as per Bureau of Indian Standards (BIS, 2009)
* Acceptable upto 50x10°, as per The Prevention of Food Adulteration Act (PFA, 1954)
** Acceptable upto 0.1 per cent, as per Food Safety and Standard Authority of India (FSSAI, 2012)

“The principal mechanisms involved in the worsening of processed foods are
microbiological spoilage, chemical changes and moisture migration. Microbiological
spoilage sometimes accompanied by pathogen development, whereas chemical and
enzymatic activity results in lipid breakdown, colour, odour, flavour, and texture
changes. Moisture and/or other vapour migration induce changes in texture, water

activity and flavour” (Sewald and DeVries, 2003).

Moisture lowers shelf-life and crispness and lead to microbial spoilage.
Moisture content of the fresh and 12 weeks old biscuits (3.1% and 4.9%) were

within the BIS specification limit i.e. 5 per cent.
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The difference of total microbial count of the freshly prepared biscuit and 12
weeks old biscuits was 7x10° cell/g. Total microbial count of both fresh and 12

weeks old biscuits were lower than the acceptable limit of 50x10° cell/g.

Detection of Peroxide gives the beginning confirmation of rancidity in
unsaturated fats and oils. Despite the fact that different strategies are accessible,
peroxide value is basically utilized as this technique gives a measure of the degree to
which an oil sample has undergone primary oxidation. Peroxide value of the fresh
and 12 weeks old iron-folic acid rich biscuits showed a difference of 1.7mEq/kg.
Arogba (2002) also reported an increase in peroxide value during 90 days of storage

of cookies made from mango (Mangiferaindica) kernel flour.

Level of reducing sugar also gets increased by 0.08 mg. Since standards for
the biscuits were not available, comparison of the latter parameters is made with the

values obtained for the fresh sample.

Total ash is the inorganic residual remaining on incineration in a muffle
furnace. This reflects the quantity of mineral matter present in the flour. Total ash
present in the biscuit was 2.9 per cent. And there was no difference in the ash

content after 12 weeks storage.

“Acid insoluble ash reflects added mineral matter in milled products such as
dirt, sand, etc.” (Sivasankaran et al., 2014). Acid insoluble ash percentage was 0.1
per cent for both fresh and 12 weeks old sample. As per FSSAI (2012) maximum

acceptable limit of acid insoluble ash is 0.1 per cent.
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4.11.2.5 Nutrient content of the iron-folic acid rich biscuits

The existing nutrient deficits in the diets of the adolescent girls were arrived

through 24-hour recall method coupled with ‘Food Frequency’ approach. An iron-

folic acid rich biscuit was formulated with the following items to supplement their

daily intake and to meet their nutrient requirements.

Table 54
Nutrient content of the iron-folic acid rich biscuits

. Amount | Energy | Protein | Fat | Calcium | Iron FO!IC
Ingredients acid
(@m) | (Keal) | (@m) |(gm) | (mg) | (mg) (1)
Fortified wheat | 4 | 1354 | 484 |o068| 192 2 | 60
flour
Rice Bran 13 51.00 | 175 |210| 871 | 455 | -
Flour
Soy bean flour 10 43.2 4.32 1.9 24 1.04 0.8
Gingelly seeds 20 112.6 3.66 8.6 290 1.86 10.2
Peanut butter 7 33.33 1.33 2.66 - 2.85 2.85
Egg 30 52 4 4 18 0.63 | 21.09
Sugar 18 71.04 0.02 0 2.14 0.02 -
Total 499.6 19.9 20.0 | 362.05 | 12.95 | 94.94
Total amount of folic acid in biscuit after baking 50
% of baking loss of folic acid 47

The mean deficit of iron and folic acid in the diets of adolescent girls were

found to be 13mg and 32g respectively. To bridge these existing deficits, a biscuit

rich in iron and folic acid was formulated with fortified wheat flour 40gm, a rich

source of folic acid and iron. Gingelly seeds, peanut butter and egg are good sources

of iron and folic acid. An ideal composition was arrived through standardization.

Forty seven per cent of baking loss was occurred in the actual folic acid content of
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the biscuit. The formulated biscuit provided 50 pg of folic acid and 12.95 mg of iron

per 100 gms.

Johansson et al., (2002) reported 20-25 per cent loss of fortified folic acid in
the wheat breakfast rolls used for intervention. Gujska et al., (2005) also reported

12-21 per cent baking loss during bread making of wheat and rye.

4.11.2.6 Cost of the iron-folic acid rich biscuits
The cost of the iron-folic acid rich biscuits was calculated as per the market

prices of 2011 is tabulated under the following table.

Table 55
Cost of the 100 gm iron-folic acid rich biscuits
Ingredients Amount (gm) | Cost (Rs.)

Fortified wheat flour 40 0.88
Soy bean flour 10 0.31
Rice bran flour 13 0.007
Gingelly seeds 20 0.79
Peanut butter 7 1.70
Egg 30 1.50
Sugar 18 0.32
Baking powder 1 0.01
Total cost Rs 5.52/-

The ingredients for the preparation of the iron-folic acid biscuits were
fortified wheat flour, soy bean flour, gingelly seeds, peanut butter, egg, sugar and
baking soda. The total cost of 100 gms of biscuits was Rs.5.52. Among them rice

bran and gingelly seeds were the low cost iron rich items. And gingelly seeds and
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eggs were the low cost folic acid rich items. This richness of nutrients is an

advantage to correct iron and folic acid deficiency among adolescent girls.

Hundred grams constitutes five biscuits of 20 gms each. The
standardized recipe was highly acceptable with a total mean score of 23 out of the
maximum score of 25. Apart from being nutritionally superior the biscuits were
highly acceptable for the adolescents. The cost of the biscuits was affordable and the
preparation required very little effort, but facilitated easier administration for the

adolescent girls under study.

4.11.2.7 Effect of fortification on haemoglobin levels

The effect of fortification on the respondents’ haemoglobin level compared
with the control group is presented below. The haemoglobin level, before and after
fortification was examined by paired t-test and difference in the haemoglobin levels

between control and fortification groups was studied by one-way ANOVA test.

Table 56
Effect of fortification on haemoglobin levels

Mean haemoglobin levels
Groups (g/dh) Difference t-test | ANOVA
P Before After
fortification | fortification
. . t = -
Fortification 22085
group 11.28 +0.510 | 11.91+0.512 0.63 _
N p =.000
(N=25) df =24
— p =.007
Control 2 687
group 11.21+0.63 11.38+0.599 0.17 B
(N=25) p=.013
- df = 24
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Figure 27 - Effect of fortification on haemoglobin levels
Paired t-test result (before and after) for the experimental group shows that t
(24) = 22.085 and p = .000, indicates significance (as P < .05) and for the control
group t (24) = 2.687 and the associated p = .013, indicates significance (as P < .05).
One-way ANOVA test result between the two groups shows p = .007, that is less
than the critical value (a = .05), shows a statistically significant difference in the

compared means of haemoglobin levels between experimental and control groups.

Based on the above test results, it has been concluded that a significant
increase in the haemoglobin level was found due to fortification in the experimental
group respondents. There was also significant improvement in the post-haemoglobin
level among the control group respondents. Further, the increase in the haemoglobin

level of fortification group significantly differed from the control group.
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4.11.2.8 Effect of fortification on serum iron levels

The effect of fortification on the respondents’ serum iron level compared

with the control group is presented below. The serum iron level, before and after

fortification was examined by paired t-test and difference in the serum iron levels

between control and fortification groups was studied by one-way ANOVA test.

Table 57

Effect of fortification on serum iron levels

Serum iron levels (ug/dl)

Groups Before After Difference t-test ANOVA
fortification | fortification
t=-
Fortification 28,94+ 9.332
group 25.56+ 4.507 3.8100 3.38 p=
(N=25) ' .000
d‘; 2?4 p = .065
Control 25 24 25 36+ 1.028
group 494 485 0.16 p=
(N=25) ' ’ .310
df =24

Serum iron levels

m Before Fortification

m After Fortification

Fortification group

Study Groups

Control group

Figure 28 - Effect of fortification on serum iron levels
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Paired t-test results (before and after) for the fortification group show t (24)
= 9.332 and p = .000, which indicates significance (as P< .05) and for the control
group t (24) = 1.038 and its associated p = .310, indicates no significance (as P>
.05). One-way ANOVA test result between the two groups shows p = .065, which is
greater than the critical value (o = .05), proves that there was no statistically
significant difference in the compared means of serum iron levels between the

experimental and control groups.

Based on the above test results, it has been concluded that a significant
increase in the serum iron level was found due to fortification in the experimental
group respondents. No significant increase in the serum iron level was found in the
control group respondents. Also the increase in the post serum iron level of

fortification group significantly differed from the control group.

4.11.2.9 Effect of fortification on serum folic acid levels

The effect of fortification on the respondents’ serum folic acid level
compared with the control group is presented below. The serum folic acid level,
before and after fortification was examined by paired t-test and difference in the
increase of serum folic acid levels between control and fortification groups was

studied by one-way ANOVA test.
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Table 58
Effect of fortification on serum folic acid levels

Mean serum folic acid levels
(ng/ml) . i
Groups Before After Difference t-test ANOVA
fortification | fortification
Fortification 1t7?35-0
group 2.74+0.349 3.42+0.358 0.68 o
_ p =.000
(N=25) df = 24
— p =.000
Control 0.464
group (N=25) 2.32+0.379 2.3340.4019 0.01 0= 647
df =24
M Before fortification

i After fortification

(ng/ml)

= e e
=N W b
1

o
&

Serum folic acid levels
(o]
]

Fortification group Control group
Study Groups

Figure 29 - Effect of fortification on serum folic acid levels

Paired t-test results (before and after) for the fortification group show t (24)
= 17.850 and p = .000, which indicates significance (as P< .05) and for the control
group t (24) = 0.464 and its associated p = .647, indicates no significance (as P>
.05). One-way ANOVA test result between the two groups shows p = .000, which is

less than the critical value (a0 = .05), proves that there was statistically significant
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difference between the compared means of serum folic acid levels of experimental

and control groups.

Based on the above test results, it has been concluded that a
significant increase in the serum folic acid level was found due to fortification in the
experimental group respondents. Again a significant increase in the serum folic acid
level was found in the control group respondents. Also the increase in the post-

serum folic acid level of fortification group significantly differed from the control

group.

Adolescence is a critical time in the life course to target for folic acid intake
because adolescents’ nutritional needs tend to increase and overwhelmingly their
pregnancies are unplanned and may not occur in the most optimal of circumstances.
Additionally, habits that are formed during the adolescent period may continue
throughout their reproductive years (California Nutrition and Physical Activity

Guidelines for Adolescents, 2012).

4.11.3 Impact of diet counselling on haematological parameters of adolescent
girls
Nutrition counselling is a persistent process. Health professional, works with

an individual to evaluate his or her typical dietary intake and recognize regions
where change is required. Nutrition counsellor provides information, instruction
materials, support, and follow-up to help the person to make and keep up the

required dietary changes.

Individual diet counselling is an effective strategy to combat anaemia among

adolescent age groups and that have been proven in previously conducted studies all
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over India. Individual dietary counselling was tailored to meet the unique needs of
each adolescent girl. A diet chart was prepared as a dietary counselling tool for
anaemic adolescent girls. By considering the likes, dislikes, and food allergies,
individual diet chart were prepared and distributed during the counselling. Follow up

was carried out regularly at an interval of one month.

4.11.3.1 Effect of diet counselling on haemoglobin levels

The effect of diet counselling on the respondents’ haemoglobin levels
compared with the control group is presented below. The haemoglobin level, before
and after diet counselling was examined by paired t-test and the difference in the
increase of haemoglobin levels between control and counselling groups was

examined by one-way ANOVA test.

Table 59

Effect of diet counselling on haemoglobin levels

Mean haemoglobin levels
(g/dl) : _
Groups Before diet | After diet Difference t-test ANOVA
counselling | counselling
Counselling t=-
group | 11.34+0.676 101£§f 0.58 1?%%%
(N=25) ' p=-
df=24 | p=.006
Control t=-2.687
group 11.2+0.63 13'231 0.18 0= 013
(N=25) ' df =24
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Figure 30 - Effect of diet counselling on haemoglobin levels

Paired t-test results (before and after) for the counselling group show t (24) =
18.655 and p = .000, which indicates significance (as P< .05) and for the control
group t (24) = 2.687 and its associated p = .013, indicates significance (as P< .05).
One-way ANOVA test result between the two groups shows p = .006, which is less
than the critical value (a = .05), proves that there was statistically significant
difference between the compared means of haemoglobin levels in the experimental

and control groups.

Based on the above test results, it has been concluded that a significant
increase in the haemoglobin level was found due to counselling in the experimental
group respondents. Also a significant increase in the haemoglobin level was found in
the control group respondents. The increase in the post- haemoglobin level of

counselling group significantly differed from the control group.
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4.11.3.2 Effect of diet counselling on serum iron levels

The effect of diet counselling on the respondents’ serum iron level,

compared with the control group is presented below. The serum iron level, before

and after counselling was examined by paired t-test and difference in the increase in

serum iron levels between control and counselling groups was studied by one-way

ANOVA test.
Table 60
Effect of diet counselling on serum iron levels
Serum iron levels (ug/dl)
Groups Before After Difference t-test ANOVA
diet diet
counselling | counselling
Counselling t=0.111
25.75% 26.15+
group 5176 5 182 04 p=.913
(N=25) ' ' df =24 _
t=-1.038 | P=9%
Control group 25.2+ 25.36+ 0.16 - 310
(N=25) 4.94 4.85 ' %f‘:' ”

Serum iron levels

Before Counselling

B After Counselling

Counselling group

-

Study Groups

Control group

Figure 31 - Effect of diet counselling on serum iron levels
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Paired t-test results (before and after) for the counselling group show t (24) =
0.111 and p = .913, which indicates no significance (as P> .05) and for the control
group, t (24) = 1.038 and its associated p = .310, indicates also no significance (as
P> .05). One-way ANOVA test result between the two groups shows p = .999,
which is greater than the critical value (oo = .05), proves that there was no
statistically significant difference in the compared means of serum iron levels

between the experimental and control groups.

Based on the above test results, it has been concluded that no significant
increase in the serum iron level was found due to counselling in the experimental
group respondents, as well as no significant increase in the serum iron level was
found in the control group respondents. Also the increase in the post serum iron

level of counselling group did not significantly differ from the control group.

4.11.3.3 Effect of diet counselling on serum folic acid levels

The effect of diet counselling on the respondents’ serum folic acid level
compared with the control group is presented below. The serum folic acid level,
before and after, was examined by paired t-test and difference of increase in the
serum folic acid levels between control and diet counselling groups was studied by

one-way ANOVA test.
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Table 61
Effect of diet counselling on serum folic acid levels

Serum folic acid levels
(ng/ml)
Groups Before After Difference t-test ANOVA
diet diet
counselling | counselling
Counselling t=-7.530

group 2.81+0.284 | 3.1+0.248 0.29 p =.000

(N=25) df =24 _
Control 9 3340.401 t=-0464 | P~ 000

group 2.32+0.379 ' ‘9 ' 0.01 p =.647

(N=25) df =24

m Before Counselling

4 st it Aty u“"l
- - {499 bery? LB 23 {23 .
Sk & i .;’1 o ti:
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ot ] 15
2 2 ]
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Counselling Control group
group
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Figure 32 - Effect of diet counselling on serum folic acid levels

Paired t-test results (before and after) for the diet counselling group show t
(24) = 7.530 and p = .000, which indicates significance (as P < .05) and for the
control group t (24) = 0.464 and its associated p = .647, indicates no significance (as
P > .05). One-way ANOVA test result between the two groups shows p = .000,

which is less than the critical value (o = .05), proves that there was statistically
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significant difference between the compared means of serum folic acid levels of the

experimental and control groups.

Based on the above test results, it has been concluded that a significant
increase in the serum folic acid level was found due to counselling in the
experimental group respondents. No significant increase in the serum folic acid level
was found in the control group respondents. Also the increase in the post-serum folic

acid level of fortification group significantly differed from the control group.

4.12 Comparison of impact of different interventions on haematological
parameters
Comparison of impact of different interventions on haematological

parameters of the subjects were analysed and presented below.

4.12.1Comparison of impact of different interventions on haemoglobin levels
Impact of different interventions on the haemoglobin levels of adolescent

girls were depicted below.
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Table 62
Comparison of impact of different interventions on haemoglobin levels

Dependent )
_ Groups Mean difference p-value
variable
Control vs. Supplementation -0.8032* 0.000
Control vs. Fortification -0.5272* 0.007
Control vs. Counselling -0.5392* 0.006
| Supplementation vs.
Haemoglobin o 0.2760 0.317
Fortification
Supplementation vs.
_ 0.2640 0.356
Counselling
Fortification vs. Counselling -0.0120 1.000

*Significant at five per cent level

As the One-way ANOVA test indicated that a significant difference in the
haemoglobin level existed between groups, Post Hoc test of multiple comparisons
was performed and it indicated that the mean difference observed among three
groups i.e. Control vs. Supplementation, Control vs. Fortification, and Control vs.
Counselling. On the basis of the results, it has been concluded that in all the
intervention groups haemoglobin levels significantly improved when compared to
the control group. The mean difference observed between control group and
supplementation group was -0.8032 and it was significant at five per cent level with
a p-value of 0.000. While considering the fortification and counselling group control
vs. fortification reported mean difference -0.5272 with an associated p-value of
0.007. Mean difference of the pair Control vs. Counselling was -0.5392 and, the p-

value was 0.006 — also significant.
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4.12.2 Comparison of impact of different interventions on serum iron levels
Impact of different interventions on serum iron levels of adolescent girls

were depicted below.

Table 63
Comparison of impact of different interventions on serum iron levels
Dependent _
) Groups Mean difference p-value
variable

Control vs. Supplementation -9.7520* 0.000
Control vs. Fortification -3.5800 0.065
Control vs. Counselling -0.1760 0.999

) Supplementation vs.
Serum iron o 6.1720* 0.000
Fortification

Supplementation vs.
_ 9.5760* 0.000
Counselling

Fortification vs. Counselling 3.4040 0.087

*Significant at five per cent level

Statistically significant difference in serum iron levels between groups was
found in One-way ANOVA test and a Post Hoc Test, which indicated that when
compared with control group supplementation group showed a significant
improvement in the serum iron levels i.e. -9.7520 with a p-value 0.000. When
examining the pair Supplementation vs. Fortification, mean difference was 6.1720
and p-value of the same was 0.000. Supplementation vs. Counselling also showed a
significant mean difference of 9.5760 with a significant value of 0.000. Hence it has
been concluded that there was a significant difference in the level of serum iron

levels between the groups.
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4.12.3 Comparison of impact of different interventions on serum folic acid
levels

Impact of different interventions on serum folic acid levels of adolescent

girls were depicted below.

Table 64

Comparison of impact of different interventions on serum folic acid levels

Dependent Groups Mean difference p-value
variable
Control vs. Supplementation -1.8200* 0.000
Control vs. Fortification -1.0840* 0.000
Control vs. Counselling -0.7640* 0.000
Serum folic | Supplementation vs. 0.7360* 0.000
acid Fortification
Supplementation vs. 1.0560* 0.000
Counselling
Fortification vs. Counselling 0.3200 0.214

*Significant at five per cent level

Post Hoc test indicated that mean difference in serum folic acid levels of the
five pairs, i.e. Control vs. Supplementation, Control vs. Fortification, Control vs.
Counselling, Supplementation vs. Fortification and Supplementation vs. Counselling
were significant with a p-value 0.000 (P<.05). Mean differences in serum folic acid
levels of Control vs. Supplementation and Control vs. Fortification were -1.8200 and
-1.0840 respectively. Similarly, mean difference indicated between Control vs.
Counselling and Supplementation vs. fortification was -0.7640 and 0.7360
respectively. Supplementation vs. Counselling pair reflected a mean difference of
1.0560, whereas Fortification vs. Counselling pair did not show any significant

difference in serum folic acid levels.
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V. SUMMARY AND CONCLUSION

During adolescence good nutrition and dietary behaviours are essential to
achieve full growth potential and appropriate body composition, to endorse health
and well being, and to decrease the risk of chronic diseases in adulthood. Anaemia
during adolescence is a serious health problem in India, which affects the mental and
physical development, as well as health maintenance and work performance. Iron

deficiency is by far the most common cause of anaemia worldwide.

The present study entitled “NUTRITIONAL STATUS OF ADOLESCENT
GIRLS (12-19 years) AND IMPACT OF INTERVENTION PROGRAMMES?” is an
experimental study involving three types of interventions. The primary objectives of
the study are to assess adolescent girls’ nutritional status, including their
haemoglobin, iron, folic acid and vitamin B, status; to examine their dietary pattern
and to identify significant factors that affect nutrient consumption among the
respondent adolescent girls and to evaluate their knowledge on nutrition related
aspects; to evaluate the effectiveness of computer-aided tool and three different
nutrition intervention methods. The results of this study are summarized in this

chapter.

The study was conducted in Kottayam Taluk with a total sample size of 500
adolescent girls in the age group of 12-19 years were selected through multistage
random sampling from two schools and two colleges and a sub-sample of 202
subjects in the age group of 17-19 years were selected for the detailed intervention
study. Data were collected through a semi-structured interview schedule which

included socio-economic background, anthropometric details, details regarding
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menstruation, general health details, intake of nutritional supplements, dietary
pattern, intrinsic and extrinsic factors influencing nutrient intake and awareness

about nutrition in adolescence.

Three types of interventions were applied in this study, viz. (i)
supplementation, (ii) fortification and (iii) diet counselling for the experimental
groups and no intervention for the control group. Consumption of nutritional
supplements, anticonvulsant drugs and other medicines and gynaecological
problems were the exclusion criteria considered for selecting subjects for
interventions. Three biochemical parameters were measured before and after the

intervention: (1) haemoglobin level (2) serum iron and (3) serum folic acid.

Major findings of the study can be summarised as follows

The demographic status of the respondents showed that the majority (78.4%)
of the respondents were from nuclear family and only 19.6 per cent belonged to the
economically weaker section having less than Rs.3,300 as their average monthly
income. Income groups were classified based on HUDCO (2007) economic status

and scale.

All the respondents’ mothers were educated and about half (51.8%) belonged
to Hindu religion. More respondents (34.6%) were of Christian origin than from

Muslim religion (13.6%).

Nuclear family system was predominant among the respondents (86.1%).
More than half (56.2%) of the adolescent girls under this study were first born

female child followed by 36.0 per cent and 7.8 per cent were second and later-born.
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The health problems of the respondents were examined with reference to
three problems, i.e. intestinal problems, ENT problems, heart problems and other

problems.

A large number (236, 47.2%) of the respondents were found to have a
history of worm infection. Other ailments reported were acidity and peptic ulcer

(5.8%), allergic to certain eatables (1.4%), appendicitis (1%) and piles (0.4%).

Under ENT category asthma (5.2%), migraine and sinusitis (3.8%)
Tonsillitis/fever/infection (1.2%) and hypothyroidism and goitre (0.4%) were
reported. Other problems reported were polycystic ovarian disease (0.4%), urinary

calculi (0.2%), skin diseases (0.2%) and muscle pain (0.2%).

Academic or exam related stress was reported by a majority (82.2%) and

social stress and parental expectations were just 1 per cent of the adolescent girls.

The respondent adolescent girls were of the habit of taking dietary
supplements and medicines. Consumption of iron tablets and multivitamin tablets

was very common among the study respondents compared to other supplements.

The popular health drink among the study respondents was Bournvita
(1.2%); followed by Boost, Horlicks, Annatone and Winsmart. Only 2.2 per cent of
the respondents were of the habit of consuming iron tablets and 1.4 per cent took
multivitamin tablets. Apart from this Vitamin A, B-Complex, Iron folic acid tablet
and Riboflavin tablets were also consumed by very negligible percentage of the

respondents. Interestingly 2.0 per cent were used to take an Ayurvedic supplement
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“Chavanaprasha”. Consumption of Eptoin was reported by only 0.2 per cent of the

study samples.

Majority (59.3%) of the adolescent girls attained menarche after 12 years of
age. The mean age of menarche of this study group was 12.5 years. An absolute

majority (93%) of the respondent girls were in postmenarcheal stage.

Of these postmenarcheal stage respondents, menstruation-related problems
were reported, such as gynaecological problems; dysmenorrhea complex,
gastrointestinal symptoms; psychological symptoms and some other physical

symptoms.

Symptoms of gynaecological problems included irregular cycle (31.4%) and
amenorrhea (41.7%). Dysmenorrhea complex included abdominal pain (63.8%) and
back ache (28.0%). Gastrointestinal symptoms included abdominal blotting (9.2%),

loss of appetite (33.8%) and vomiting/nausea/constipation (2.1%).

Psychological symptoms included irritability (50.5%), aggressiveness
(36.6%) and depression (24.4%). Other physical symptoms included, fatigue
(41.3%), breast heaviness (3.4%), increased weight (1.2%), headache (20.3%) and

skin disorders (7.2%).

These menstrual-related problems were found to have impact on their daily
activities. Missed social activities (52.8%) and prolonged rest (44.9%) were
commonly reported. Academic and exam-related stress such as pressure on home-
works, teachers’ attitude etc. was commonly experienced by most of the adolescent

girls (82.2%).
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Height and weight of the respondent adolescent girls were measured based
on standard indexes. The mean height of the study group between 12 and 19 years
of age ranged from 145.7 cm to 157.8 cm and their mean weight ranged from 35.6

kg to 53.5 Kg. Similarly Body Mass Index also ranged from16.8 to 21.3 Kg/m*

Till the age of 16 years the mean weight, mean height and the mean BMI
recorded a gradual increase and skewed downward after 16 years of age and again
improved at 18 and 19 years of age. The mean heights of adolescent girls of all age
groups under study were not achieved NCHS standards with a p-value <0.01 and p-
value <0.05 for age 16. The mean weight of adolescent girls of all age groups under

study except 16 years were not achieved NCHS standards with a p-value <0.01.

Mean heights and weights of the respondents were also compared with
ICMR standards, which revealed that the mean height of adolescent girls of all age
groups under study were significantly higher than ICMR standards with a p-
value<0.01 and p-value <0.05 for age 17. Similarly the mean weight of adolescent
girls of all age group under study except 17 years achieved ICMR standards with a

p-value <0.01.

Majority of the study population (75 to 87.5%) between age group of 12-19
were having normal Body Mass Index (>5"-<85" percentile). Only 3.1 per cent
obesity (BMI for age >95"percentile) observed in age group of 14, whereas in the

age group of 17, 18.8 per cent were underweight.

Waist-to-hip ratio of the respondent adolescent girls ranged from 0.73 to

0.75. Waist hip ratio was observed to be lowest (0.73) for girls aged 19 years.
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The overall nutrition knowledge of adolescent girls was found to be low.
Majority of the respondents could not name the main food sources of nutrients and
were not aware of the importance of taking extra nutrients during adolescence for
growth spurt. It is concluded that early adolescent (<16years) scored a mean score of

4.97 while girls in the late adolescent stage scored much higher mean score of 7.68.

Majority of the respondents (72.2%) believed that dieting is good for all;
85.4 per cent were of the opinion that men need more nutrients than women in all
stages of life; 95 per cent were not aware about folic acid and neural tube defects;
83.8 per cent were of the opinion that early pregnancy does not cause birth defects;
81.4 per cent reported girl-child discrimination at home; 54.8 per cent reported that

they were discouraged eating pickles, tamarind and other citrus foods.

An absolute majority (98.8%) believed washing vegetables before and after
cutting, cooking in open pan were good but 98.8 per cent were aware of the benefits
of sprouting and 95 per cent of the respondents were of the opinion that nutrition

science should be included in their curriculum.

All the 500 adolescent girls attended the computer aided educational
programme on nutrition. The topics of this educational programme were definition,
classification and importance of adolescence, importance of nutrition in adolescence,
balanced diet, nutrient rich sources, common deficiency diseases among adolescents,

its causes, consequences and prevention and health tips for adolescents.

It was found that the nutrition education programme was highly significant

at one percentage level with p-value of 0.000 (P<0.01). Mean knowledge score
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obtained before education programme was 6.0580 and it was significantly increased

to 10.0 after the nutrition education programme.

The nutritional knowledge was examined before and after the education,
under five attributes. They were: K1 included questions regarding nutrients and
sources; K2 dealt with balanced diet and general health; K3 included anaemia and
other deficiencies; K4 comprised of importance of nutrition during adolescence and

K5 was about government aids and interventions.

Almost all (95%) of the respondents expressed their interest in including
nutritional science in their regular curriculum. A significant (p=0.000) increase in
the level of knowledge was observed after attending the nutritional education. Also
a significant improvement, after the nutrition education was found in all the five
(K1, K2, K3, K4, and K5) knowledge attributes. The practice of practical application
of nutritional knowledge was observed using five attributes: P1, P2, P3, P4 and P5.
A significant difference (p=0.000) was found in practice attributes between before
and after the nutrition education. Each of the five practice attributes showed

significance (p=0.000).

Out of the 202 sub-samples, nearly half (57.7%) were found to be anaemic
with a mean haemoglobin level of 11.7 g/dl. More number (111, 55.0%) of the study
respondents were found to have mild anaemia (10-11.9 g/dl), followed by 43.1 per
cent were normal subjects (> 12 g/dl) and severe anaemia condition was not

observed among the study respondents.

While examining the type of symptoms of anaemia (headache, fatigue,

dyspnoea, blurring vision, paraesthesia and syncopal attack), the results indicated
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that a majority (75.6%) had headache. Paraesthesia was found to be the symptom
with very few (3.8%) of the respondents. Haemoglobin level of the sub-sample
varied from 9-11.9 g/dl and serum iron between 17-34 ug/dl and the serum folic acid
levels from 1.7 ng/ml to 3.5 ng/ml, whereas vitamin B, status of the subjects found

satisfactory with a mean of 359.2 pg/ml.

Majority (64.2%) of the respondents girls were non- vegetarians and used to
take 3-4 meals per day. Meal-skipping was observed among 40.8 per cent of the

respondents and mostly (62.2%) skipped breakfast.

The dietary pattern was influenced by predominantly (90%) by family

followed by friends (89%), media and adds (87%) and psychological status (55%).

The frequency of intake of leafy vegetables and fruits was very less (1.4-2.8
mean days/week). Cereals were the most frequently consumed (7 mean days/week),
followed by milk/milk products (6.86 mean days/week) and fish and meat (5.97
mean days/week). Most of the adolescent girls (79.3%) were in the habit of

consuming fried snacks once to thrice a week.

Intake of protein, fat and calcium were at par with Recommended Dietary
Allowance (RDA) and particularly, intake of fat was significantly higher (P<0.01)
for the ages 17, 18 and 19, whereas, consumption of energy, iron, vitamin C and

folic acid was significantly (P<0.01) lower than the RDA.

For studying the relationship between family income and study attributes

monthly family income was grouped into four categories based on the HUDCO
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(2007) scale viz. economically weaker section (<Rs.3,300); low income (Rs.3,301-

7,300); middle income (Rs.7,300-14,500) and high income group (> Rs.14,500).

Nearly half (59.3%) of the respondent adolescent girls’ age at menarche was
12 years and above. However, more than half (56.5%) of the low income group
respondents attained their menarche after 12 years of age. Family income and age of
menarche did not have significant (p=.378) relationship. No significant correlation

(p=.108) between family income and nutritional knowledge was found.

Relationship of BMI with study factors revealed that the majority of
respondents (332, 66.4%) were found to have normal BMI. Highest share (39.2%)
of the underweight adolescents belonged to low income group, but interestingly,
economically weaker section had the lowest (25, 16.9%) share of underweight

adolescent girls.

BMI was not significantly correlated (p=.742) with the income status.
Underweight adolescents were found to be more (13.5%) in the late adolescent (17-
19 years) groups and obesity was observed among both late and early adolescent

groups (1% and 0.5%).

Age of menarche was significantly (p=.000) negatively associated with BMI,
i.e. girls who attained menarche early had higher BMI and vice versa. Adolescent
girls with lower level of nutritional knowledge had a higher BMI and vice versa
(p=.019). Haemoglobin level was not found to be an indicator of BMI, but a

marginal and inverse correlation was observed among the respondents.
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Relationship between haemoglobin levels and study factors were also
studied. No respondent was found to be severe anaemic (<7g/dl). Among the
respondents, the majority (75.0%) of mild anaemic girls were from high income
group and the largest number (39.6%) of mild anaemic adolescents was from low

income group. Income was not correlated (p=.408) with the anaemic condition.

Religion was not associated with the respondents’ anaemic condition
(p=.793). Out of the 111 mild anaemic cases, within the three religious groups
(Hindu, Christian and Muslim); more (31.7%) mild anaemic (10-11.9 g/dl) girls
belonged to Hindu religious group. Moderate anaemic condition was observed

equally (1.0%) among the Hindu and Christian groups.

Mother’s education was not an influencing factor of the girl child’s anaemic
condition (p=.953). Majority of the respondents’ mothers have passed 10™Std and a
greater number (37, 18.3%) of the mild anaemic symptoms were found among this

group than in other educational level groups.

More number of mild anaemic (48.0%) and moderate anaemic (1.5%)

conditions were observed among the respondents from nuclear family system.

Haemoglobin level was related to age of menarche (p=.050) among the study
respondent, i.e. more (41.1%) of the respondents who have late age of menarche
were mild anaemic. Among the girls who achieved menarche at age 12 and earlier,

2.0 per cent were found to be moderately anaemic.

No significant (p=.703) relationship was found between food habits and

anaemic condition. Within the three categories of dietary habit groups (vegetarian,
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non-vegetarian, non-vegetarian but often take vegetarian food), a higher ratio
(36.6%) of the mild anaemic condition was prevalent among the “non-vegetarian,
but often take vegetarian food” category and moderate anaemia was observed only

among the “non-vegetarian” group.

Within the 111 mild anaemic girls, a greater number (86, 42.6%) were worm
infested. But no significant association (p=.256) was observed between infestation
status and anaemic condition. The results proved that intake of iron and folic acid

improves haemoglobin level (p=.000) independently.

Supplementation, fortification and diet counselling are the three intervention

methods applied in the present study.

Livogen-cap-tab (ferrous fumerate 152 mg and folic acid-1500 mcg) tablet,
one per day for a period of three months and one Albendazole were consumed by the
25 anaemic adolescent girls of supplementation group. All the three parameters viz.
haemoglobin, serum iron and serum folic acid levels significantly (p=.000)

improved among the intervention group compared to the control group.

Iron-folic acid rich food supplement was given to the 25 anaemic adolescent
girls of fortification group in the form of biscuits, each weighing about 20 gms,
comprised of fortified wheat flour, rice bran flour, soy bean flour, gingelly seeds,

peanut butter, egg and sugar.

The fresh and after-12 weeks (storage at 37°C) mean score of the five

sensory attributes of the fortified biscuits were (i) appearance (4.86, 4.28), (ii)
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flavour (4.43, 3.85), (iii) taste (4.71, 4.42), (iv) colour (4.3, 4.42) and

consistency/crispness (4.57, 4.14) respectively.

The total microbial count (cells/g at 37°C) registered a difference of 7x10°
cells/g (fresh = 16 x 10° cells /g and after 12 weeks = 23 x 10° cells/g), well within

the acceptable level of 50 x 10° (PFA, 1954).

Moisture content of the fresh and 12 weeks old biscuits (3.1% and 4.9%)

were within the BIS specification limit i.e. 5 per cent.

About 0.08 mg per cent of difference (increase) in reducing sugar percentage

was found between fresh (0.02 mg%) and after 12-week sample (0.1 mg%).

Peroxide value measured a difference of 1.7 m.eqO./kg between fresh

sample (12 meqO,/kg) and after 12-week sample (13.7 meqO./kg).

Total ash present in the biscuit was 2.9 per cent. Acid insoluble ash

percentage was 0.1 per cent for both fresh and 12 weeks old sample.

The ANOVA test revealed that haemoglobin and serum folic acid levels
improved significantly (p=.007, p=.000 respectively) among the intervention groups
viz. after fortification i.e. consumption of iron-folic acid rich biscuits by the 25
fortification experiment group respondents. But serum iron level has not

significantly improved (p=.065) even after consuming the fortified biscuits.

For the adolescent girls of counselling group, individual diet charts were
prepared by considering the likes, dislikes, and food allergies and distributed during
the counselling section. Follow up was carried out regularly at an interval of one

month.
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After three months, diet counselling showed a significant increase on
haemoglobin level and serum folic acid levels (p=.006 and p=.000 respectively). But

counselling did not result in a significant increase in serum iron levels (p=.999).

The inter-relationship of improvement in the three test parameters, i.e.
haemoglobin level vs. serum iron level vs. serum folic acid level showed

significance predominantly.

No significant increase in the haemoglobin level was found (i) between
supplementation and fortification (p=0.317); supplementation and counselling

(p=0.356) and fortification and counselling (p=1.000) groups.

A highly significant increase in the serum iron level was found between
supplementation and fortification (p=0.000) and supplementation and counselling
(p=0.000) groups. But the difference in the level of increase in serum iron level was

not significant (p=0.087) between fortification and counselling groups.

High level of significance (p=0.000) in the improvement of serum folic acid
level was resulted between supplementation and fortification and supplementation
and counselling groups. But the difference between fortification and counselling

groups in the level of increase was not statistically significant (p=0.214).

Prevalence of anaemia in India is among the highest in the world. This study
has shown that anaemia is prevalent even among higher income and educated
segments of the population. The study substantiates the results of previous studies
that irrespective of socio-economic and educational background, diet and nutrition

play a crucial role in maintaining good health for adolescent girls. The study will be
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a contribution to the existing literature on adolescent nutrition related health

problems in Kerala, particularly in Kottayam district. Further, longitudinal studies

are needed to identify the reasons for poor growth throughout the period of

adolescence. As the three intervention methods studied in this present investigation

were found to be effective among the adolescent population, those in modified forms

may have scope for the development of appropriate policies and programmes to

address anaemia and thereby bridging the gap of undernutrition.

Recommendations for future research

1.

Studies contributing information on the health statistics like nutritional

status, anaemia and obesity of adolescents in Kerala.

Awareness about the importance of nutrition in adolescence and health of

girl child need to be popularised among the parents and the children.

Inclusion of mothers in nutrition education programmes will be beneficial as

the mothers are involved in making food for the family members.

Relationship of nutritional status to cognitive and academic performance of

adolescents in Kerala.

Effectiveness of participation of Government agencies and Non-

Governmental organisations in improving health of adolescent girls.
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LIST OF SCHOOLS AND COLLEGES IN KOTTAYAM TALUK

Schools (UP, HS and HSS)

C.M.S. H.S. Olassa

Parippu H.S

St. Mary's U.P.S, Kudamaloor
P.J.M. U.P.S, Aymanam
Govt. H.S, Kudamaloor

Govt. H.S. L.P.S, Kudamaloor
Blind School, Olassa

Govt. U.P.S. Kummanam
,Aymanam

Govt. W. U.P.S Karimadom

. Govt. H.S, Karipputhitta

,/Arpookara

Medical College H.S, Arpookara
St. Mary's G.H.S. Athirampuzha
St. Alosious H.S, Athirampuzha
St.Ephrem's H.S.

Kuriakose Elias E.M.S HS
Govt. U.P.S. Kottackapuram

St. Paul'sGHS

St. Sebastian's U.P.S, Peroor
Town U.P.S. Ettumanoor

Holy Cross H S, Thellakom
Sree Vidyadhiraja EMHS
Mangalam EM H S
M.G.Public School

Govt. Girls H.S Ettumanoor
Govt. Boys V.H.S. Ettumanoor
Govt. U.P.S Punnathura
St.George H.S, Kaipuzha.

St. Margaret's U.P.S, Kaipuzha
S.K.V. Govt. H.S, Neendoor

St. John's U.P.S, Kumarakom
S.K.M. H.S, Kumarakom

Govt. V.H.S. Kumarakom
A.B.M. Govt. U.P.S,
Kumarakom

Govt. U.P.S. Kumarakom
N.S.S. H.S. Chingavanam
N.S.S U.P.S, Panachickad

St. Mary's U.P.S, Kollad

38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
ol.
52.
53.
54,
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

Govt. U.P.S Pathammuttam
St. Thomas U.P.S, Eravinelloor
St. Thomas H.S.

V.J.O.M. U.P.S

Don Bosco High School
St.George E.M.

Govt. H.S, Puthuppally
St.George Govt.H.S,Puthuppally
Govt. U.P.S, Ericud

Govt. U.P.S, Pariyaram
S.V.G.V.P. H.S, Kiliroor
S.N.D.P. H.S, Kiliroor

Govt. H.S, Chengalam

Govt. U.P.S, Thiruvarppu
Girideepam Bethani HS
Govt. U.P.S, Nattassery
Govt. U.P.S, Vadavathur
Infant Jesus H.S. Manarcad
St. Mary's H.S, Manarcad
Govt. H.S, Areeparamp

Govt. U.P.S, Malam

Govt. U.P.S, Manarkad

L.F. G.H.S, Kanjiramattam
St. Alosius H.S. Manalumkal
St. Joseph's G.H.S. Moozhoor
St.Antony's H.S. Chengalam
St. Antony's U.P.S, Paduva
Mattakkara H.S

S.H. G.H.S. Pangada

N.S.S. H.S,

M.G.M. N.S.S H.S.S Lakkattor
Govt. H.S, Kothala

St. Thomas H.S, Anicad
N.S.S. H.S, Anicad

Govt. U.P.S Elampally

Govt. U.P.S, Anicad

M.G.M. H.S. Pampady

St. Thomas H.S.

Govt. H.S, Pampady

P.T.M. Govt. H.S, Velloor



78.
79.
80.
81.
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T.M.U. U.P.S, Meenadom
St. Mary's U.P.S, Meenadam
Govt. H.S. Meenadom

Govt. U.P.S, Cheeramkulam

Colleges

Govt. College, Nattakam, Kottayam

Sree Sankaracharya University of Sanskrit, Ettumanoor
B.K. College for Women, Kottayam

Baselius College, Kottayam

C.M.S. College, Kottayam

College of Applied Science (IHRD), Puthuppally
Ettumanoorappan College, Choorakulangara, Ettumanoor
K.E. College, Thalayolapramba

Kuriakose Gregrios College, Mannarcaud

. St. Mary's College, Manarcadu
. Government Dental College, Gandhi Nagar
. Govt. College of Engineering Rajiv Gandhi Institute of Technology (R.I.T),

Nedumkuzhy

. Mangalam College of Engineering, College Road, Mangalam Hills
. Mar Gregorious College of Engineering and Technology

. Government Medical College, Kottayam

. College of Nursing, Cheliyozhukkam Road

. Caritas College of Nursing, Kottayam

. School of medical education , Arpookkara



APPENDIX 11

INTERVIEW SCHEDULE USED TO COLLECT THE INFORMATION OF
THE SUBJECTS

Name of school/college:
Class/batch : Date:
Code number:

Socio-economic back ground
1) Name
2) Age and date of birth

3) Address and phone No

4) Religion
5) Type and composition of the family - Joint/nuclear
: Monthl
Educational . _ont y
No. Members Sex | Age e . Occupation | income
Qualifications (Rs)

6) Annual family income (Rs)
7) Ordinal position (Birth order)
Anthropometric data

8) Height (cm)



9) Weight (Kg)

10) BMI (Kg/m?)

11) Waist circumference (cm)
12) Hip circumference (cm)
13) Waist to hip ratio

Details on menstruation

14) Have you attained menarche? : Yes/No
15) If yes, do you experience any menstrual : Yes/No
problems?

If yes, specify

a) Dysmenorrhea b) Breast heaviness c) Increased weight
d) Back ache e) Abdominal bloating  f) Irregular cycle
g) Fatigue h) Head ache i) Skin disorders

j) Abnormal duration of k) Irritability I) Aggressiveness

menstruation
m) Missed cycle n) Gl symptoms 0) Depression

p) Loss of appetite

16) Dose menstrual problems affect daily . Yes/No
routine?

If yes, specify
a) Prolonged rest b)Missed work c) Sleep disturbances
d)Anything else

17) Do you limit or avoid any food or food : Yes/No
groups during menstruation?
If yes specify



General health details

18) Are you experiencing the following?

a) Head ache b) Fatigue c)Dyspnoea
d) Missed social activities e) Missed class d)Blurring vision
e) Paresthesia f) Syncopal attacks

19) Do you have a history of worm infestation? : Yes/No

20) Did you suffer from any intestinal : Yes/No
problems?

21) Do you take any anticonvulsant drugs like : Yes/No
Eptoin, Valproate, Carbazepine,
Clonazepam, etc.
If yes specify

22) Did you suffer from any other health . Yes/No
problems?

If yes,

i) Name of the illness

a) Allergy b) Asthma c) Migraine

d) Sinusitis e) Tonsillitis f) Fever/infection
g) Hypothyroidism h) Goiter 1) Heart problems
j) PCOD k) Urinary calculi 1) Skin diseases

m) Muscle pain
ii) Specify frequency of the illness
23) Do you suffer from stress X Yes/No

If yes, specify the cause of stress



Dietary pattern

24) Basic Dietary Habit

a) Vegetarian b) Non-Vegetarian c) Non-Vegetarian, but
often takes Vegetarian
food

25) Common daily meal pattern . 3/4/5/6/>6 meals/day
26) Do you skip any meals? . Yes/No

If yes, specify
27) Are you allergic to any food? . Yes/No
If yes specify
28) Do you take vitamins, minerals, herbal, or : Yes/No
other dietary supplements ?
If yes

a. Name of the supplement: P

b. Category of the supplement . Ayurveda / Allopathy /
Homeopathy / Others (Specify)

c. If you know the type of nutrient present ...,
in it specify the nutrient and the amount

29) How often do you take a multivitamin or a) Never b) 1-2 days

folic acid supplement in a week?
c) 3-5days d) 6-7 days

30) Do you follow dieting? : Yes/No

If yes, what are the changes made in your
diet and why?



31) How often do you eat food away from
home?
(Never/ Rarely/ Very often/ Occasionally
/ Daily)

32) Are you Hosteller or day scholar?

33) Has the folic acid required in your age
group?

If yes, why it is needed?

34) Do you know the sources of folic Acid?

Yes/No/Don’t know



APPENDIX 111

NCHS STANDARDS

50™ percentile values of heights and weights: Adolescent girls

Age Height Weight
(years) (cm) (Kg)
12 154.6 43.8
13 159.0 48.3
14 161.2 52.1
15 162.1 55.0
16 162.7 56.4
17 163.4 56.7
18 163.3 59.9
19 163.3 59.9

Ref: NIN (2005)



APPENDIX IV

STANDARD OF BMI

Percentiles of BMI-for—age: Adolescent girls

Age Percentiles
(years) 5th 1 5th 50th 85th 9 5th
12 14.98 15.98 18.35 22.17 25.95
13 15.36 16.43 18.95 23.08 27.07
14 15.67 16.79 19.32 23.88 27.97
15 16.01 17.16 19.69 24.29 28.51
16 16.37 17.54 20.09 24.74 29.10
17 16.59 17.81 20.36 25.23 29.72
18 16.71 17.99 20.57 25.56 30.22
19 16.87 18.20 20.80 25.85 30.72

BMI Age/Sex centiles

Nutritional grade

<5" centile

Undernutrition

>5™M - <85™ centile Normal
>85™ - <95" centile Over weight
>95™ centile Obesity

Ref: NIN (2005)




APPENDIX V

ICMR STANDARD OF HEIGHT AND WEIGHT OF ADOLESCENT GIRLS

Age Height Weight
(years) (cm) (Kg)
12 139.8 30.5
13 144.5 34.3
14 148 37.7
15 150.2 40.1
16 151.3 41.9
17 151.8 43.0
18 152.2 43.1
19 152.1 43.1

Ref: ICMR (1989)



APPENDIX VI

CYANMETHEMOGLOBIN METHOD
PRINCIPLE

In solution the ferrous ion (Fe**) of the hemoglobins (Hb) are oxidised to the
ferric state (Fe** ) by potassium ferric cyanide to form methemoglobin. In turn,
methemoglobin reacts with the cyanide ions (CN") provided by potassium cyanide to
form cyanmethemoglobin, which has the absorbance at 540nm.

REAGENTS

a. Cyanmethemoglobin solution (Drabkin’s solution): Dissolve 0.05 g
potassium cyanide, 0.200g potassium ferric cyanide, and 0.140 g dihydrogen
potassium phosphate in 1 L of distilled water. Add 1 ml of Triton X-100 and
mix. Stable for at least 6 months.

b. Hemoglobin solution : lyophilised human methemoglobin. Each vial is
equivalent to hemoglobin concentration of 18 g/dl whole blood when
reconstituted in 50 ml of Drapkin’s solution stable for 6 months when
refrigerated at 2-6 °C.

PROCEDURE

Transfer 0.02 ml of blood using a calibrated hemoglobin pipette, into a tube
containing 5.0 ml of Drapkin’s reagent. Rinse the pipette several times with the
reagent. Allow diluted haemoglobin solution to stand for at least 5 min to achieve
full colour development. Measure the absorbance at 530-550 nm of the unknown
sample (Aunk) and that of a standard of known hemoglobin content (Astd) against a
reagent blank.

CALCULATION

Haemoglobin unknown (g/dl) = Aunk x con. Of Hb standard (g/dl)
Astd




APPENDIX VII

ESTIMATION OF SERUM IRON CONCENTRATION

Iron is carried in the plasma bound to the protein transferrin (molecular mass
78,000). This molecule binds two atoms of iron as Fe** and delivers iron to cells by
interaction with the membrane transferrin receptor. This method is based on the
development of a coloured complex when ferrous iron is treated with a chromogen
solution

REAGENTS
Preparation of Glassware.

It is essential to avoid contamination by iron. If Wash glasswares in a
detergent solution, soak in 2 mol/l HCI for 12 hours, and finally rinse in iron-free
water.

Protein precipitant
100 g/l trichloracetic acid (0.61 M) and 30 ml/I thioglycollic acid in 1 mol/I HCI.

This solution may be stored in the dark for 2 months. Ascorbic acid is an
alternative reducing agent, although there may be more interference from copper.
However, any benefit from reduced copper interference is usually outweighed by the
associated health and safety problems of working with thioglycollic acid. To 45 ml 1
mol/l HCI in a 50 ml screwcap tube add 5 ml 6.1 mol/l trichloracetic acid solution
(Sigma 490-10). Add 200 mg ascorbic acid and mix. Make a fresh solution when
required and discard after 4 hours.

Chromogen Solution

In 100 ml 1.5 mol/l sodium acetate dissolve 25 mg of ferrozine
[monosodium 3-(2-pyridyl)-5, 6-bis (4-phenylsulphonic acid)-1, 2, 4-triazine]. Store
the solution in the dark for up to 4 weeks.
Iron standard 80 pmol/l

Add 22.1 ml of deionized water to a universal container (the easiest way is
by weight). Add 200 pl of 2 mol/l HCl and mix. Add 100 pl of iron standard
solution (1000 pg Fe/ml in 1% HCI, Aldrich No. 30, 595-2) and mix. Store the
solution for up to 2 months at room temperature.

Iron-free water

Use deionized water for the preparation of all solutions.



PROCEEDURE

=

Place 0.5 ml of serum (free of haemolysis)

0.5 ml of working iron standard

0.5 ml of iron-free water (as a blank), respectively, in each of three 1.5 ml plastic

Eppendorf tubes with lids.

Add 0.5 ml of protein precipitant to each and replace the lid

Mix the contents vigorously and allow to stand for 5 min

Centrifuge the tube containing the serum at 13,000 g for 4 min (in a microfuge) to

obtain an optically clear supernatant.

7. To 0.5 ml of this supernatant, and to 0.5 ml of each of the other mixtures, add 0.5
ml of the chromogen solution with thorough mixing.

8. After standing for 10 min, measure the absorbance in a spectrophotometer against

water at 562 nm.

wmn

o oA

CALCULATION

Absof Test x 80

Abs of STD



APPENDIX VIII

ESTIMATION OF SERUM FOLIC ACID

REAGENTS

1. 0.2M phosphate buffer, pH7.2

2. 4% ascorbic acid solution

3. 0.2M sodium phosphate buffer, pH6.1

4. folic acid standard (stock): 10mg folic acid in 100ml 0.8% sodium bicarbonate
solution to obtain 100ug/ml.

5. Folic Acid working standard : 0.1 ng/ml for assay with L.casei 1 ng/ml for
assay with S.faecalis

6. Folic Acid Assay Medium (Difco).

PROCEDURE
Preparation of serum for the assay:

Take 0.5 ml of serum in a 30 ml screw capped tube, add 8.5 ml of 0.05M
sodium phosphate buffer (pH6.1) and add 1 ml of 1% ascorbic acid, mix it and
autoclaved for 10 min at 15 Ibs pressure. Take out, cool it to room temperature and
make up to known volume and filter through whatman No. 1 filter paper, collect the
filtrate in a bottle or test tube. Store it and use different concentrated sample levels
for folic acid assay.

Folic Acid Assay Protocol:

Total volume: 10 ml

. Distilled Basal
FA Working Std Water Medium

Blank Nil 5ml 5ml
0.05ng (0.5 ml) 25 m 5l C(_)ver_the test tube rack
with lint cloth and cotton
0.1/ng (1.0 ml) 4.0 Smi followed by brown paper

0.15ng (1.5 ml) 35 5ml with clips both sides.

Autoclave it for 12 min. at

0.2/ 2.0ml 3.0 5ml
ng (2.0 ml) m 12 Ibs. take out, cool to
0.25ng (2.5 ml) 2.5 5ml room temp. add L.casei




. Distilled Basal
FA Working Std Water Medium

0.3/ng (3.0ml) 2.0 5ml organism suspension.

0.35ng 3.5 ml 15 5l (Already cell Washgd with
0.9% normal saline) 4

0.4/ng (4.0 ml) 10 Sml drops in each tube and

0.5/ng (5.0 ml) NIL 5ml incubate at 37°C for 72 hrs.
Turbidity measured at 660
nm.

L.Casei Cell Washing:

Keep inoculum one day before the assay set up in an inoculum broth inside an

incubator at 37°C for overnight. Thirty ml screw capped tube, 80 ml of 0.9% normal

saline in 100ml conical flask with cotton plug, syringe with needle packed with

cotton and brown paper, these are autoclaved along with assay rack at 12 Ibs for 12

min

Step:

1. The inoculum transferred into 30 ml screw capped tube under asceptic

condition using burner/(ultra violet radiation) and centrifuged for 5 min at

3000 RPM.

2. Inoculum supernatant discarded and 10 ml sterilized normal saline added and

centrifuged for 5 min at 3000 RPM.

3. Repeat same step 2 once again.

4. Prepare cell suspension in conical flask and use for inoculation of organism in

test tubes of folic acid assay.




APPENDIX IX

DETERMINATION OF CYANOCOBALAMIN BY MICROBIOLOGICAL
METHOD
PRINCIPLE:

Microbiological methods are based on the observation that certain
microorganisms require specific nutrients for growth. Using a basal medium
complete in all respects except for the nutrient under test (cyanocobalamin), growth
responses of the organism are compared quantitatively in standard and unknown test
solutions. Either the acid or the turbidity extends of growth and thereby the amount
of nutrient in the test solution measured at 660nm wavelength or 66 filter or red
filter in photoelectric colorimeter.

Materials required:

Equipments:

Autoclave pH meter

Incubator Laminar hood

Vortex mixer Bunsen burner

Water bath Photoelectric colorimeter (Klett
Centrifuge Summerson)

Glassware and other accessories:

Conical flasks, beakers, test tubes, racks, funnels, filtration stand, pipettes, reagent
bottles, aluminum foil, cotton, brown paper, lint or muslin cloth, clips, rubber bands,
inoculating needle made of nichrome wire, measuring jars, calculator, graph paper,
Whatman no.1 filterpaper, labels, pencil, paper, pens etc.,

REAGENTS

Standard
Cyanocobalamin (Vit-B-12) (Sigma)

Microorganism
Euglena Gracilis

Glass distilled water or deionised water
Samples for analysis



PROCEDURE:
Preparation of standards:

Stock standard: Cyanocobalamin (Sigma)
» 10mg of cyanocobalamin is dissolved in 100 ml of millipore water in a
standard volumetric flask.
» The solution gives a stock standard of 100 pg/ml

Working standard
Dilution 1

» 2 ml of stock cyanocobalamin standard is diluted to 10ml in a volumetric
flask.

» This dilution gives a standard of 20 pg/ml

» Working standard ranges (0-40 pg/ml)

Basal medium:
Readymade cyanocobalamin basal medium is available with Difco chemicals.

About 5.13 g of the dry basal medium is dissolved in 80 ml of glass distilled water.
Heat to dissolve and make up the volume to 100ml.
Maintenance of stock culture:

Preparation of culture medium
» Add 400 mg of tryptone and 1 ml of vitamin B-12 (containing 10mg vitamin
B-12 per ml) to 100 ml double strength basal medium and make up the
volume to 200ml.
About 8-10 ml of the medium is dispensed into test tubes.
Plug the tubes with cotton.
Autoclave at 10 Ibs for 10 minutes.
The tubes can be kept for a month.

Y VYV

Culturing the organism

» Three or four drops of a suspension of the organism is added to the tubes
under aseptic conditions.

» Incubate the tubes in an illuminated water bath kept at 25-30°C.

> Full growth takes place within 6- 8 days.

» The organism is sub cultured every week.

Preparation of inoculums
It is similar to the preparation of stock culture medium except that tryptone is not
added in the preparation of these tubes.



Protocol:

Volume of Glass distilled | Double strength
Test tube td/ | t
std/sample water basal medium

Un inoculated i oml oml
blank
Inoculated blank - 2mi 2ml
Standard 4pg 0.2ml 1.8mi 2ml
Standard 8pg 0.4ml 1.6ml 2ml
Standard 12ug 0.6ml 1.4ml 2ml
Standard 16ug 0.8ml 1.2mi 2ml
Standard 20ug 1.0ml 1.0ml 2ml
Standard 30ug 1.5ml 0.5ml 2ml
Standard 40ug 2.0ml - 2ml
Sample 0.5ml 1.5mi 2ml
Sample 1.0ml 1.0ml 2ml
Sample 1.5ml 0.5ml 2ml
Sample 2.0ml - 2ml

Procedure:

> Place tubes in the rack and label them as un inoculated and inoculated blank,

standards (ranging from 0-40ug) and samples (0.5-2.0ml)

» Tubes to be taken in duplicates for standards and samples.

> Blank tube will contain glass distilled water and double strength basal medium.

» Add standards 0.2ml to2.0ml (ranging 0-40ug) in duplicates.

» Add samples 0.5-2.0 ml in duplicates.

» Make up the volume to 2ml in each tube (Blank, Standards and samples). VVortex

the solution.

» Add 2ml of double strength basal medium in all the tubes and mix well.

» Cover the tubes with aluminum caps

» Autoclave at 10lbs for 10 minutes in an autoclave

» Cool test tubes to room temperature and keep in the laminar hood under aseptic

conditions




Cell washings:

VVVY VYV VYV ¥V V¥V VYVYYV

Prepare normal saline in a 100ml conical flask.

0.99 NaCl dissolved in 100ml glass distilled water.

Plug the neck of the centrifuge tube (CF) with cotton and cover it with brown
paper and rubber band.

Then take a syringe and 20-gauge needle. Plug the back of the syringe with
cotton cover it with brown paper and rubber band along with the needle.
Sterilize at 15 Ibs for 15 min at 121°C (can be autoclaved along with the
standards and samples test tubes rack).

Cool to room temperature and place in the laminar hood.

Remove the inoculums with Euglena Gracilis from the incubator and place in a
laminar hood.

Wash the organisms with sterile normal saline under asceptic conditions using a
bunsen burner flame.

Centrifuge the solution.

Remove the solution leaving the pellet of organisms under asceptic conditions.
Again add few ml of normal saline and repeat the same.

Make a suspension of the pellet after the 2™ centrifugation using about 30ml of
saline.

Now

Use the sterilized syringe and needle 'o seed the washed suspension of Euglena
Gracilis into the test tube containing Blank, Standards and samples under aseptic
conditions except for the un inoculated blank.

Incubate in an illuminated water bath at 25-30°C for 6 days.

The tubes are taken out after 6 days, steamed for 3 minutes & diluted with
distilled water.

Turbidity is measured in Klett Summerson or photoelectric colorimeter using
660nm filter (red filter).

Instrument readings: Klett

YVVV VVVVVVY

The instrument is switched for 10 min for stabilization.

Red filter is used which gives a wavelength of 660nm.

The instrument is set to zero using the galvanometer knob.

Take the uninoculated blanks into the Klett tube and place in the instrument.
Set to zero.

Then read the other solutions including inoculated blank, standards and samples.
Draw the standard graph by plotting the turbidity against concentration of
VitaminB;; in the standard tubes.

Note the concentration of the sample using the graph.

Calculate per ml and note the concentration.

Calculate cyanocobalamin in the sample mg/100g using the formula.

Amount of vitaminB;, = Average vitaminB;, content per ml of test solution x total
dilution



APPENDIX X

24-HOUR RECALL FORM

Respondent No.

Name of student : Age
School/College

Class/Course

Date : Day
Please indicate allergic foods :

Do you consume nutritional supplements? Yes/No

If yes list type

Type of diet

: Vegetarian/Non vegetarian/Ovo vegetaria

Meal

Time

Menu

Quantity

Method of
preparation

Weight of raw
ingredients
(gm/ml)

Break fast

Morning
snack

Lunch

Afternoon
snack

Dinner

Bed time
milk
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APPENDIX XI

FOOD FREQUENCY QUESTIONNAIRE

Respondent No.

Name of student : 3. Age:
School/College

Class/Course

Date : 7. Day:

Frequency of use

Name of food 1-3 Once

stuff Daily N times | ina

. Occasionally
times/week week | month

Never

Cereals and
millets

Raw rice

Rice
(Parboiled)

Wheat

Wheat flour

Wheat bread

Semolina

Vermicelli

Ragi

Pulses, dal and legumes

Bengal gram

Black gram
dal

Green gram

Green gram
dal

Green peas

Horse gram

Rajma

Red gram dal

Soy beans

Leafy
vegetables

Amaranth
(green
variety)

Amaranth
(Red variety)

Cabbage




Name of food

Frequency of use

45 1-3 | Once
stuff Daily | .. times | ina | Occasionally | Never
times/week
/week | month
Cauliflower

Celery leaves

Chekkurmanis

Drum stick
leaves

Lettuce

Spinach

Other
vegetables

Ash gourd

Beans

Bitter gourd

Brinjal

Broad beans

Cauliflower

Cluster beans

Cucumber

Drum stick

Ladies finger

Pumpkin

Snake gourd

Tomato

Roots and tubers

Beetroot

Carrot

Colacasia

Onion big

Onion small

Potato

Radish

Sweet potato

Tapioca

Yam

Fruits

Apple

Banana

Custard apple

Dates

Gooseberry

Grapes

Jack fruit

Lime

Mango




Name of food
stuff

Frequency of use

4-5

Daily times/week

1-3
times
/week

Once
ina
month

Occasionally

Never

Musambi

Orange

Pappaya

Pear

Pine apple

Plantain

Pomegranate

Tomato ripe

Water melon

Nuts and oil se

eds

Almond

Cashew nuts

Coconut

Gingelly
seeds

Gingelly
seeds

Ground nut

Milk and milk

products

Butter

Butter milk

Cheese

Cow’s milk

Curd

Ghee

Paneer

Animal foods

Beef

Chicken

Egg

Fish

Mutton

Organ meats

Sugars

Jaggery

Palm jaggery

Refined sugar

Fats and oils

Coconut oil

Sunflower oil

Vanaspathi




APPENDIX XilI

COMPUTER AIDED TEACHING TOOL



APPENDIX X111

QUESTIONS TO ASSESS BASIC NUTRITIONAL KNOWLEDGE
1. Citrus fruits contain more amount of ......
Vitamin C/Vitamin A/Calcium
2. Which one of the following has a vital role in bones and tooth development?
Iron/Calcium/vitamin E
3. Yellow and orange colour fruits and vegetables are rich in......?
Vitamin A/lron/Fat
4. Vitamin D is also known as
Antisterility vitamin/sunshine vitamin / clotting factor
5. Low haemoglobin indicates......?
Acidity/ diabetes/anaemia
6. Which one of the following is a fibre rich food?
Apple/ice cream/chicken
7. Your weight should be maintained by ........
Dieting/excercise and balanced diet/fasting
8. Which part of the foetus is affected by folic acid deficiency?
Lungs/stomach/brain and spinal cord
9. Folic acid deficiency causes anaemia
True/false
10. To ensure a balanced diet

Increase quantity/include milk/include all food groups



APPENDIX IVX

LEAFLET
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APPENDIX XV

SCHEDULE TO ELICIT NUTRITION KNOWLEDGE AND PRACTICE

Knowledge attributes

K-1:Nutrients and sources

1) Which one of the following is the functions
of vitamins and minerals

a) Increases muscle mass b) To lose body fat
b) Catalyse biochemical reactions  ¢) To provide energy

2) Are cereals rich sources of protein ?
3) Milk is a rich source of calcium

4) Which of the following is a good source of
iron?

a) Rice b) Dates

5) Which of the following contains more folic
acid?

a) Amaranth b) Milk

K-2:General health and balanced diet

1) According to you, what is a balanced diet?

a) Diet without fat b) Diet rich in protein

2) Do you think that adolescence is
nutritionally vulnerable period?

3) Is nutrient requirement different for different :

age groups?

4) Is iron requirement high in adolescence?

: Yes/No /Don’t know

: Yes/No /Don’t know

c) Orange

c) Green gram

c) A diet containing all
nutrients in proper
guantities

Yes/No /Don’t know

Yes/No /Don’t know

Yes/No /Don’t know



5) Which of the following is a rich source of

Vitamin B

a) Peanut butter c) Green leafy vegetables

b) Orange d) Organ meat
K-3:_Deficiency diseases
1) Iron deficiency causes Anaemia  Yes/No /Don’t know
2) Have you heard of folic acid? . Yes/No

3) Which vitamin deficiency in pregnancy
causes left palate and neural tube defects

a) Vitamin A b) Calcium ¢) Folic acid

4) Is it needed to begin folic acid intake from : Yes/No /Don’t know
adolescence to guarantee effective
pregnancy outcome in future?

5) Which of the following can also cause
anaemia other than iron

a) Vitamin By, b) Vitamin C
c) All the above d) Folic acid

K-4: Adolescent nutrition

1) The second, most rapid growth period in

human life is....
a) Infancy b) Adulthood c) Adolescence
2) Will early marriage and childbearing  Yes/No/Don’t know

affects the health of a girl?

3) All nutrients needed for an adolescent boy : Agree/Disagree/Don’t know
are higher than that of an adolescent girl

4) Nutritional status in adolescence is not . Agree/Disagree/Don’t know
connected to pregnancy outcome

5) Do you agree that adolescents are more . Agree/Disagree/Don’t know
prone to bad food habits?



K-5: Nutrition interventions

1) Do you know the source of supply of
folifer tablets?

2) Do you know what fortification is?
3) Did your age group is include in
Govt’s nutrition intervention programmes?

4) Did you ever try to learn about nutrition?

5) What is your opinion about the inclusion of
nutrition in your curriculum?

Practice attributes
P-1: Unhealthy food habits

1) Do you skip your breakfast?

2) How often do you eat from outside in a
week?

3) Which one you prefer from the following
when you have to eat from outside?
a) Fast foods b) Fried snacks
d) Fruit e) Vegetable juice
4) Did your friends /advertisements /media
ever influence your food selection?
If yes, explain how?
5) Do you spend more than 2 hours per day

watching television and DVDs or playing
computer games?

P-2: Common cooking practices

1) Washing vegetables after cutting will not
decrease the nutritive value.

2) Discarding water after cooking leads to
nutrient loss.

3) Cooking in open pan is a good practice.

4) Sprouting increases nutritive value of
pulses

Yes/No

Yes/No
Yes/No

Yes/No

Strongly agree/Agree/Disagree

Never/rarely/sometimes/very often

Never/once/>3times

c) Sweet snacks

Yes/no

Yes/No

Agree/Disagree/Don’t know

Agree/Disagree/Don’t know

Agree/Disagree/Don’t know

. Agree/Disagree/Don’t know



5) Using same surface for keeping cooked . Agree/Disagree/Don’t know
food and raw foods is a good practice.

P-3: Meal pattern

1) Is your food habit is influenced by your : Yes/No

family?
2) Do you try to have your food in time? Yes/No/Sometimes
3) Do you purposefully select different : Yes/No

variety foods for daily diet

4) Do you bring packed lunches to college  : Yes/No

If yes, common food items included for
packed lunch

If yes, the common snack food consumed

5) Do you help or participate in menu :Yes/Sometimes/No
planning of your family?

P-4: Misconceptions

1) According to you, which is the healthiest
cooking method

a) Frying /braising b) Boiling
c) Cooking with fat in a pan d) Steaming
2) Men need more nutrients in all the life . Agree/Disagree/Don’t know

stages than women

3) Do you discouraged by your family to eat : Yes/No
particular foods during menstruation?

If yes, specify the items
4) Dieting is good for all : Yes/No/Don’t know
5) Skipping meals can help to lose weight ~ : Agree/Disagree/Don’t know

P-5: Food choices

1) What will you prefer from the following? :
a) Fortified wheat flour b) Ordinary wheat flour

2) Do you consider the nutritional value of
the food while selecting?



3) Do you have a habit of taking sweets or
desserts after meals?

4) List the factors of foods according to your :

preference?
a) Taste b) Satiety given by the food
c¢) Nutritional value d) Cost of food

5) What is your food choice during exams

a) Very rich food b) Easily eatable foods c) Balanced diet



APPENDIX XVI

RECIPE OF IRON FOLIC ACID RICH BISCUITS

Cooking time- 30 minutes

Yield- 5 nos

INGREDIENTS

Wheat flour (Fortified) -40gm Peanut butter -7 gm

Rice bran flour-13 gm Egg-30gm

Soybean flour -10 gm Sugar (powdered) - 18gm

Gingelly seeds (Powdered)-20 gm

METHOD OF PREPARATION

1) Mix wheat flour, soybean flour, rice bran flour and gingelly seed powder in a
bowl.

2) To this mixture add cold peanut butter and beated egg , mash it with hand.

3) Once the flour and butter are mixed thoroughly add powdered sugar and baking
powder to it.

4) Roll out on a floured board and cut it into rounds using biscuit cutter.

5) Place on greased tins and bake at 180°C in an Oven for 10 minutes



APPENDIX XVII

ESTIMATION OF FOLIC ACID IN FOOD SAMPLE

PRINCIPLE

Folic Acid is extracted from food samples using mild alkaline buffer,

oxidized with permanganate, and the resulting amine is diazotized. The diazotized

compound is coupled with N-(1-naphthyl) ethylenediamine, and the colour

developed is determined at 550 nm.

REAGENTS

1. Dibasic potassium phosphate solution: Dissolve 60.61 g K;HPO, in water and
make up to 2 litre.

2. Potassium permanganate solution: Take 0.4 g of KMnQO, in a 100-ml volumetric
flask, and dilute to volume with water.

3. Sodium nitrite solution: Take 2 g of NaNO; in a 100-ml volumetric flask, and
make up to volume with water.

4. 5NHCIL

5.  Ammonium sulphamate solution: Dissolve 5 g (NH;) NH,SOg3 in water, and
make up the volume to 100ml.

6. N-(1-naphthyl) ethylenediamine dihydrochloride solution: Place 0.1 g of the
substance in a 100-ml volumetric flask, and dilute to volume with water.

7. Sodium chloride

8. iso-Butyl alcohol

9. Stock folic acid standard solution: Dissolve 50 mg of folic acid in water with
the help of 2 ml of NH3, and make up the volume to 100 ml with water (1
mI=500mg).

10. Working folic acid standard solution: Dilute an aliquot of the stock standard
solution with KoHPQO, solution (Reagent 1) to give a concentration of 10 mg/ml.

PROCEDURE

Place a known amount of the sample containing about 100mg of folic acid in

a 100-ml flask. Add about 50 ml of K,HPO, solution, and heat the mixture to a

temperature not above 60° C with swirling until the sample is properly dispersed.



Cool to room temperature, and make up the volume to 100ml with K,;HPO, solution.
Filter or centrifuge the solution. Transfer an aliquot of the clear solution containing
about 1mg of folic acid to a 100-ml volumetric flask. Dilute to volume with K;HPQO,
solution. Use this solution for colour development and estimation.

Prepare duplicate assay tubes as follows:

Workin Potassium
Tube No. | Sample (ml) g Water (ml) | permanganate
standard (ml) 2
solution (ml)
1 5.0 - - 1.0
2 5.0 2.0 - 1.0
3 5.0 - 1.0 -
4 5.0 2.0 1.0 -

Add 1ml sodium nitrite solution and 1 ml of 5 N HCI to all the tubes. Mix
and allow to stand for 2 min. Add 1 ml of ammonium sulphamate solution, and mix
with swirling. Now, add 1 ml of N-(1-naphthyl) ethylenediamine dihydrochloride
solution, mix, and allow to stand for 10 min. Add 1 g of sodium chloride and 10 ml
of iso-butyl alcohol. Shake vigorously for 2-3min. Separate the iso-butyl alcohol
layer by centrifugation, and remove about 9 ml of the clear supernatant layer. Read
the colour of the iso-butyl alcohol at 550 nm within 25 min using iso-butyl alcohol

as the blank.

CALCULATION
Calculate the quantity of folic acid in the sample preparation in mg/ml using
the expression:
04C=  Ai-As
AotAz-(ArtAg)
Where C = concentration of the working standard of folic acid in mg/ml, and A;, Ay,

Az, and A, are the absorbance of tubes 1, 2, 3 and 4 respectively.



APPENDIX XVIII

SENSORY EVALUATION TABLE

4™ week 8™ week 12" week
Sensory

Mean
Mean

Mean

attributes 1T >7374[5[6[7 1]2[3]4]5

Appearance

Flavour

Taste

Colour

Crispiness

Total




APPENDIX XIX

DETERMINATION OF MOISTURE CONTENT

AIM

To determine the percentage of water in a sample by drying the sample to a
constant weight. The water content is expressed as the percentage, by weight, of the
dry sample.

APPARATUS

Drying equipment

An oven, hot plate, field stove or the like suitable for drying moisture
samples at a uniform temperature not exceeding 239° F (115° C).

Balance

A balance or scale sensitive to 0.1 percent of the minimum weight of the
sample to be weighed and with a capacity equal to the maximum wet weight of the
samples to be weighed.

PROCEDURE

e Weigh moisture sample immediately and record as “wet weight of sample” .

e Dry the wet sample to a constant weight, at a temperature not exceeding 239°
F (115° C) using the suitable drying equipment.

e Allow the sample to cool. 4.4 Weigh the cooled sample again, and record as
the “dry weight of sample”

CALCULATION

The moisture content of the sample is calculated using the following
equation:

%W=A-Bx100

B
Where: %W = Percentage of moisture in the sample,
A = Weight of wet sample (grams), and

B = Weight of dry sample (grams)



APPENDIX XX

MICROBIOLOGICAL PLATE COUNT

Enumeration (counting) of bacteria by plate count or serial dilution —agar
plating technique

The plate count technique is one of the most routinely used procedures
because of the enumeration of viable cells by this method. This method is based on
the principle that when material containing bacteria is cultured, every viable
bacterium develops into a visible colony on a nutrient agar medium. The number of
colonies therefore is the same as the number of organisms contained in the sample.
In this procedure a small measured volume (or weight) is mixed with a large volume
of sterile water or saline called the diluents or dilution blank. Dilutions are usually

made in multiples of ten. A single dilution is calculated as follows:

Dilution = Volume of the sample

Total Volume of the sample and the diluents

Serial dilutions are later prepared by transferring a known volume of the
dilution to second dilution blank and so on. Once diluted the specified volume of the
dilution sample from various dilutions is added to sterile Petri plates (in triplicate for
each dilution) to which molten and cooled (45-50°C) suitable agar medium is added.
The colonies are counted on a Quebec colony counter. The number of organism
developed on the plates after an incubation period of 24-48 hours per ml in obtained
by multiplying the number of colonies obtained per plate by the dilution factor,
which is the reciprocal of the dilution. To facilitate calculations, the dilution is
written in exponential notation. For example 1:1000 dilutions would be written as
10°,

Number of cells/ml = Number of colonies

Amount plated x dilution



Requirements

Sample or Bacterial suspension
9 ml dilution blanks (7)

Sterile Petri dishes (12)
Nutrient agar medium (200 ml)
Colony counter

PROCEDURE

1. Label the dilution blanks as 10, 10%,10°, 10, 10°,10°,107.

2. Prepare the initial dilution by adding 1ml or 1g of the sample into a 3 ml
dilution blank labeled 10 thus dilution the original sample 10 times
(1/1+9=1/10 and is written 1:10 or 10™).

3. Mix the contents by rolling the tube back and forth between your hands to
obtain uniform distribution of organisms (cells).

4. From the first dilution transfer 1 ml of the suspension while in motion, to the
dilution blank 107 with a sterile and fresh 1 ml pipette diluting the original
specimen / suspension to 100 times (1/10 x 1/10 = 1/100 or 107%).

5. From the 10 suspension, transfer 1 ml of suspension to 10 dilution blank
with a fresh sterile pipette, thus diluting the original sample to 1000 times
(1:1000 or 10°%).

6. Repeat this procedure till the original sample has been diluted
10,000,000,(10°) times (Fig. 4.2) using every time a fresh sterile pipette.

7. From the appropriate dilutions (10™ to 107) transfer 1 ml or 0.1 ml of
suspension while in motion, with the respective pipettes, to sterile Petri
dishes. Three Petri dishes are to be used for each dilution (if 0.1 ml is plated,
the dilution is increased 10 times).

8. Add approximately 15 ml of the nutrient medium, melted and cooled to
45°C, to each Petri dish containing the diluted sample. Mix the contents of
each dish by rotating gently to distribute the cells throughout the medium.

9. Allow the medium.

10. Incubate these plates in an inverted position for 24-48 hours at 37°C.

Observations :

1.
2.

Observe all the plates for the appearance of bacterial colonies.

Count the number of colonies in the plates, that have colonies in the 30-300
range, by placing the plate on the platform of a Quebec colony counter.



CALCULATION

Calculate the number of bacteria per ml of the original suspension / sample as
follows :

Organisms per millimeter / Number of colonies

gram of the sample = (average of 3 replicates)

Amount plated x dilution

For example, if 60 colonies were counted on a 1:10° dilution

60 colonies 6000000

iml x 10°

6 x 10° bacteria / ml or gram of sample.



APPENDIX XXI

ESTIMATION OF REDUCING SUGAR BY
DINITROSALICYLIC ACID METHOD

For sugar estimation an alternative to Nelson-Somogyi method is the
dinitrosalicylic acid method—simple, sensitive and adoptable during handling of a
large number of samples at a time.

MATERIALS
Dinitrosalicylic Acid Reagent (DNS Reagent)

Dissolve by stirring 1 g dinitrosalicylic acid, 200 mg crystalline phenol and 50 mg
sodium sulphite in 100 mL 1% NaOH. Store at 4°C. Since the reagent deteriorates
due to sodium sulphite, if long storage is required, sodium sulphite may be added at
the time of use.

40% Rochelle salt solution (Potassium sodium tartrate).
PROCEDURE

1. Weigh 100 mg of the sample and extract the sugars with hot 80% ethanol twice (
5 mL each time).

2. Collect the supernatant and evaporate it by keeping it on a water bath at 80°C.
3. Add 10 mL water and dissolve the sugars.

4. Pipette out 0.5 to 3 mL of the extract in test tubes and equalize the volume to 3
mL with water in all the tubes.

5. Add 3 mL of DNS reagent.
6. Heat the contents in a boiling water bath for 5 min.

7. When the contents of the tubes are still warm, add 1 mL of 40% Rochelle salt
solution.

8. Cool and read the intensity of dark red colour at 510 nm.

9. Run a series of standards using glucose (0-500 pg) and plot a graph.



APPENDIX XXII

PROCEDURE FOR MEASURING PEROXIDE VALUE

AIM

To determine the peroxide value of the given sample.
PRINCIPLE

Peroxide value is an indicator of the extent of deterioration of lipids during
storage. It is determined by iodometric titration method. It is an intermediary
product formed during autoxidation of lipids.

REAGENTS

1. Chloroform, acetic acid (AR grade)

2. Saturated potassium iodide solution:-To about 10 ml of water in attest tube,
add crystals of potassium iodide .When dissolved, add excess till the solid
remains at the bottom.

3 Sodium thiosulphate solution (0.02N):- Dissolve 5 gm of thiosulphate in one
litre distilled water and standardize against potassium dichromate solution.

4. Starch solution:- Keep water for boiling (80 ml) .Weigh one gram starch to
boiling water, disperse in about 20ml water. Add this to boiling water allow
it to boil then cool.

PROCEDURE

Weigh 4-5 g of sample 250ml iodine flask .Add 20ml chloroform followed
by 30ml acetic acid. Then add 1 ml saturated potassium iodide solution and keep in
dark. After 30 minutes, remove the flask and add 50ml distilled water .Titrate the
contents of the flask against sodium thiosulphate solution using starch as an
indicator.

CALCULATION

Normality of sodium thiosuphate= volume of dichromate x Normality of
dichromate/volume of thiosulphate

Peroxide value of the given sample=Titre value x Normality of thiosulphate x
1000/weight of sample= X meq O,/Kg



APPENDIX XXIII

DETERMINATION OF TOTAL ASH CONTENT

AIM

The Ash Limit Tests are designed to measure the amount of the residual
substances when a sample is ignited under the conditions specified in the individual
monograph.

PROCEDURE

Ignite a crucible of platinum, quartz, or porcelain at 500°C to 550 °C for 1
hour, allow to cool in a desiccators, and weigh it accurately Unless otherwise
specified, place 2 to 4 g of the sample in the crucible and weigh it accurately. Take
off or slide the lid of the crucible if necessary, heat the crucible gently first, then
raise the temperature gradually, ignite at 500°C to 550°C for not less than 4 hours to
incinerate until it is free from charred matter, cool in a desiccator, and weigh
accurately. Incinerate the residue to constant weight, cool in a desiccator, and weigh
accurately. If charred matter still remains and a constant weight cannot be obtained
with the above procedure, add hot water to the matter, filter it through a filter paper
for quantitative analysis, and ignite the insoluble residue on the filter paper together
with the filter paper at 500°C to 550°C until it is free from charred matter. Add the
filtrate to the residue, evaporate to dryness, and ignite at 500°C to 550°C, cool in a
desiccator, and weigh accurately. If charred matter still remains, add small amount
of ethanol, break up the ash with a glass rod, wash the glass rod with small amount
of ethanol, and evaporate carefully the ethanol. Then, proceed as directed previously

and weigh accurately.



APPENDIX XXIV

ESTIMATION OF ACID-INSOLUBLE ASH

To the ash in the dish, add 25 ml of dilute hydrochloric acid (10% wt/wt),
cover with a watch glass and boil gently over a low flame for 5 min. Filter using an
ash less filter paper. Wash the filter paper thoroughly with hot water. Return the
paper to the original dish, ignite, cool and weigh the insoluble ash.



APPENDIX XXV

DIET CHART
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