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Abstract:  
Background: Anaemia is a major public health problem among adolescent girls, particularly in developing 
countries, where poor dietary practices and increased nutritional requirements contribute substantially to its 
burden. Understanding the association between dietary patterns and anaemia is essential for developing effective 
preventive strategies. 
Aim: To determine the prevalence of anaemia and assess its association with dietary patterns among adolescent 
girls. 
Methodology: A hospital-based cross-sectional study was conducted among 194 adolescent girls aged 10–19 
years attending the Department of Community Medicine, Government Medical College and Hospital, Bettiah, 
Bihar, from January 2017 to December 2017. Socio-demographic information, anthropometric measurements, 
haemoglobin estimation, and dietary assessment using a 24-hour dietary recall and Food Frequency Questionnaire 
were obtained. Anaemia was classified according to World Health Organization criteria. Statistical analysis was 
performed using SPSS version 26.0, and associations were evaluated using the Chi-square test, with p<0.05 
considered statistically significant. 
Results: The overall prevalence of anaemia was 52.6%, with mild, moderate, and severe anaemia observed 24.2%, 
23.7%, and 4.6% of participants, respectively. Infrequent consumption of iron-rich foods (65.5%), inadequate 
intake of green leafy vegetables (63.4%), insufficient vitamin C-rich food intake (64.4%), breakfast skipping 
(43.8%), and tea or coffee consumption immediately after meals (49.5%) were common. Significant associations 
were observed between anaemia and inadequate iron-rich food intake (p=0.001), low consumption of green leafy 
vegetables (p=0.001), inadequate vitamin C-rich food intake (p<0.001), irregular breakfast consumption 
(p=0.001), and post-meal tea or coffee intake (p<0.001). 
Conclusion: Anaemia was highly prevalent among adolescent girls and was significantly associated with 
unhealthy dietary practices. Promoting balanced diets, improving iron and vitamin C intake, encouraging regular 
breakfast consumption, reducing tea or coffee intake immediately after meals, and strengthening nutrition 
education, routine haemoglobin screening, and iron–folic acid supplementation programmes are essential to 
reduce the burden of anaemia in this vulnerable population. 
Keywords: Adolescent girls; Anaemia; Dietary patterns; Haemoglobin; Iron deficiency; Nutrition; Cross-
sectional study; Bihar. 
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Introduction 

Anaemia is one of the most prevalent nutritional and 
public health challenges globally and affects all age 
groups including adolescent girls. Anaemia is de-
fined as a decrease in the number of red blood cells 
and/or haemoglobin concentration in the blood, 
leading to a decrease in the oxygen carrying capacity 
of blood to the tissues by the World Health Organi-
zation (WHO). This condition has a negative impact 
on physical growth, cognitive functioning, immune 
system, work capacity, and reproduction. Iron defi-
ciency is acknowledged to be the most important 
factor causing anaemia worldwide, but deficiencies 

of folate, vitamin B12, vitamin A, chronic infec-
tions, parasitic infestations and inherited haemoglo-
bin disorders also play significant roles in causing 
anaemia. With one of the highest prevalence of 
anaemia among developing nations, this is a major 
public health problem that demands constant pre-
ventive and therapeutic efforts in India. [1]  

Adolescence, which refers to the age range from 10 
to 19 years, is a time of rapid physical, hormonal and 
psychosocial growth. In this stage, nutritive needs 
are also greatly heightened due to rapid growth, 
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blood volume expansion and increased muscle mass. 
During adolescence, iron needs increase further in 
girls; they are at a high risk of iron deficiency and 
anaemia. The high prevalence of anaemia in this age 
group is due to inadequate dietary iron, low bioavail-
ability of dietary iron, recurrent infections, worms 
and poor dietary practices. Beyond its current im-
pacts, anaemia at adolescence, has long-term conse-
quences for the health of women and their babies, 
and for the health of future generations, thus creating 
an inter-generational cycle of malnutrition. [2]  

Despite the efforts of various national nutrition pro-
grammes, India has consistently reported high prev-
alence of anaemia among adolescent girls. Socio-
economic disparities, lack of nutritional awareness, 
gender bias in food distribution and unequal access 
to good quality health care services also exacerbate 
the situation, especially in economically disadvan-
taged states. The State of Bihar, one of the most pop-
ulous states of India, is still facing significant issues 
of malnutrition, poverty, food insecurity, and insuf-
ficient dietary diversity. All these make adolescent 
girls more vulnerable to nutritional anaemia. Gov-
ernment efforts have been made with the introduc-
tion of the National Iron Plus Initiative and Weekly 
Iron and Folic Acid Supplementation (WIFS) pro-
gramme to alleviate the burden of anaemia amongst 
adolescents, but prevalence remains unacceptably 
high, and there is a need for ongoing monitoring and 
locally relevant research. [3]  

Dietary patterns play a fundamental role in deter-
mining the nutritional status of adolescents. How-
ever, it is not single nutrient per se, but overall die-
tary patterns that affect nutrient intakes and thus the 
levels of haemoglobin. Dietary diversity and regular 
intake of iron-rich foods (e.g. green leafy vegeta-
bles, pulses, legumes, meat, fish, eggs, fortified ce-
reals) improves the iron stores, while diets based 
mainly on cereals with reduced diversity of food 
items increase the risk of micronutrient deficiencies. 
Additionally, with the changing lifestyles and urban-
ization, the dietary habits among adolescents, in-
cluding skipping breakfast, increasing consumption 
of processed and fast foods, excessive intake of 
sugar-sweetened beverages, and low intake of fruits 
and vegetables have also become common. Such im-
paired feeding habits are linked to inadequate iron 
consumption and lower levels of micronutrient ab-
sorption leading to the higher risk of anaemia [4].  

The bioavailability of dietary iron is influenced not 
only by the quantity of iron consumed but also by 
accompanying dietary components. Fruits, which 
are rich in vitamin C, help the absorption of non-
haem iron, while phytates in cereals and legumes, 
polyphenols in tea and coffee and excess dietary fi-
bre also inhibit iron absorption. So assessing the 
overall food pattern is more informative in determin-
ing the overall risk factors of nutrition related to 
anaemia rather than the individual food. 

Understanding unhealthy dietary behaviours can 
help in designing nutrition education programmes 
and evidence-based dietary interventions for reduc-
ing anaemia burden in adolescent girls.[5]  

The impact of anaemia in adolescence is not just nu-
tritional deficiency. Adolescents with anaemia are 
likely to suffer from fatigue, low physical endur-
ance, poor concentration, low school performance, 
frequent infections and low participation in school 
and extracurricular activities. Long-term anaemia 
can also negatively affect a child's mental health and 
cognitive functioning, which can result in lower ac-
ademic performance and economic productivity in 
adulthood. Adolescent girls form the future repro-
ductive pool, and untreated anaemia at this age puts 
them at risk of poor pregnancy outcome, such as ma-
ternal mortality, low birth weight, preterm delivery 
and neonatal mortality. Consequently, improving 
the nutritional status of adolescent girls has signifi-
cant implications for achieving national goals re-
lated to maternal and child health.[6]  

Bihar is home to some unique demographic and so-
cioeconomic features that justify region-specific ev-
idence on adolescent nutrition. The food habits of 
the state are predominantly affected by the cultural 
practice, income of the family, availability of food, 
educational status of parents and urban-rural differ-
ences. Though anaemia has been identified as a pub-
lic health problem, few community-based studies 
have extensively explored the association between 
diet patterns and anaemia in adolescent girls in Bi-
har. The vast majority of existing literature has been 
on prevalence estimation; and relatively few studies 
have investigated the dietary determinants in a com-
prehensive, cross-sectional approach. Such infor-
mation is essential for designing targeted interven-
tions that address modifiable nutritional risk factors 
within the local context.[7]  

Considering this, the present cross-sectional study 
was conducted in Bihar to determine the prevalence 
of anaemia and its nutritional association with die-
tary habits among adolescent girls. The study will 
assess the haemoglobin status and dietary habits of 
this vulnerable group to determine what factors in 
the diet are responsible for anaemia. The findings 
are expected to provide valuable evidence for 
healthcare professionals, nutritionists, school health 
authorities, and policymakers in strengthening exist-
ing nutrition programmes, promoting healthy die-
tary practices, and implementing effective preven-
tive strategies to reduce the burden of anaemia 
among adolescent girls in Bihar.[8] 

Materials and Methods 

Study Design: This hospital-based cross-sectional 
study was conducted to determine the prevalence of 
anaemia and evaluate its association with dietary 
patterns among adolescent girls. The study was de-
signed to estimate the burden of anaemia and 
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identify dietary factors associated with haemoglobin 
status at a single point in time. 

Study Area: The study was carried out in the De-
partment of Community Medicine, Government 
Medical College and Hospital (GMCH), Bettiah, 
West Champaran, Bihar, India.  

Study Duration: The study was conducted over a 
period of 12 months, from January 2017 to Decem-
ber 2017.  

Sample Size: A total of 194 adolescent girls (N = 
194) were enrolled in the study. The sample size 
comprised eligible participants who fulfilled the in-
clusion criteria and provided informed consent (and 
parental/guardian consent where applicable). 

Study Population: The study population consisted 
of adolescent girls aged 10–19 years residing in the 
catchment area of the Department of Community 
Medicine, Government Medical College and Hospi-
tal, Bettiah. Participants represented different socio-
economic backgrounds and educational levels. Eli-
gible adolescents attending community health pro-
grammes, school health activities, and outpatient 
services during the study period were included. 

Data Collection: Data were collected using a prede-
signed and pretested structured questionnaire ad-
ministered through face-to-face interviews by 
trained investigators. Information regarding socio-
demographic characteristics, educational status, so-
cioeconomic status, menstrual history, personal hy-
giene, previous medical history, and dietary habits 
was obtained from each participant. Haemoglobin 
concentration was measured using Sahli's haemo-
globinometer following standard procedures. Capil-
lary blood was collected by finger-prick under asep-
tic conditions, and anaemia was defined according 
to the World Health Organization (WHO) criteria, 
with haemoglobin levels below 12 g/dL considered 
indicative of anaemia among adolescent girls. The 
severity of anaemia was further classified as mild 
(11.0–11.9 g/dL), moderate (8.0–10.9 g/dL), and se-
vere (<8.0 g/dL). 

Dietary intake was assessed using both a 24-hour di-
etary recall and a semi-quantitative Food Frequency 
Questionnaire (FFQ). Participants were asked to re-
call all foods and beverages consumed during the 
previous 24 hours, including meal timing, prepara-
tion methods, and approximate portion sizes. The 
FFQ was used to evaluate the frequency of con-
sumption of commonly consumed food groups such 
as cereals, pulses, green leafy vegetables, fruits, 
milk and dairy products, eggs, meat, fish, legumes, 
and iron-fortified foods over the preceding month. 
Dietary habits including meal frequency, breakfast 
consumption, intake of junk foods, tea or coffee con-
sumption with meals, and consumption of iron-rich 
and vitamin C-rich foods were also recorded. An-
thropometric measurements including height and 

weight were obtained using standardized tech-
niques, and Body Mass Index (BMI) was calculated 
as weight in kilograms divided by height in metres 
squared (kg/m²). 

Inclusion Criteria 

The study included: 

• Adolescent girls aged 10–19 years.  
• Girls attending community health programmes 

or field practice areas under the Department of 
Community Medicine during the study period.  

• Participants who provided written informed 
consent (and parental/guardian consent for 
those below 18 years).  

• Participants willing to undergo haemoglobin es-
timation and dietary assessment.  

Exclusion Criteria 

The following participants were excluded: 

• Girls with known haemoglobinopathies or 
chronic haematological disorders.  

• Participants suffering from severe acute illness 
at the time of data collection.  

• Girls receiving treatment for anaemia or iron 
supplementation within the previous three 
months.  

• Participants with chronic systemic diseases 
such as chronic kidney disease, malignancy, or 
tuberculosis.  

• Those who declined participation or had incom-
plete questionnaire responses. 

Study Procedure: Eligible adolescent girls were re-
cruited consecutively from the Department of Com-
munity Medicine and its affiliated urban and rural 
field practice areas. Each participant was informed 
about the objectives and procedures of the study, and 
written informed consent was obtained before enrol-
ment. Socio-demographic information and dietary 
history were collected using a structured question-
naire through face-to-face interviews conducted by 
trained investigators. Anthropometric measure-
ments were then recorded according to standard pro-
tocols. Haemoglobin estimation was subsequently 
performed using Sahli's haemoglobinometer under 
aseptic conditions. Dietary assessment was com-
pleted using the 24-hour dietary recall and food fre-
quency questionnaire. All completed questionnaires 
were checked daily for completeness and con-
sistency before data entry to ensure data quality. 

Statistical Analysis: Data collected from all partic-
ipants were entered into Microsoft Excel and ana-
lysed using IBM SPSS Statistics version 26.0 (IBM 
Corp., Armonk, NY, USA). Continuous variables 
were summarized as mean ± standard deviation 
(SD), whereas categorical variables were presented 
as frequencies and percentages. The prevalence of 
anaemia was calculated as the proportion of 
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participants with haemoglobin levels below 12.0 
g/dL. Associations between anaemia and dietary 
variables, anthropometric characteristics, and socio-
demographic factors were evaluated using the Chi-
square test or Fisher's exact test, wherever appropri-
ate. Differences in continuous variables between 
anaemic and non-anaemic participants were ana-
lysed using the independent samples t-test. Varia-
bles showing statistically significant associations in 
univariate analysis were further assessed using bi-
nary logistic regression analysis to identify inde-
pendent predictors of anaemia after adjusting for po-
tential confounding variables such as age, socioeco-
nomic status, BMI, menstrual characteristics, and di-
etary habits. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated, and a p-value less 
than 0.05 was considered statistically significant.” 

Result 

Table 1 summarizes the baseline characteristics of 
the 194 adolescent girls included in the study. The 
largest proportion of participants belonged to the 
14–16 years age group (81, 41.8%), followed by 17–
19 years (61, 31.4%) and 10–13 years (52, 26.8%). 
Most participants were from rural areas (128, 
66.0%), while 66 (34.0%) resided in urban settings. 
Regarding socioeconomic status, lower-middle so-
cioeconomic class constituted the largest group (82, 
42.3%), followed by the lower socioeconomic class 
(74, 38.1%), whereas 38 participants (19.6%) be-
longed to the upper-middle class. Assessment of nu-
tritional status based on BMI showed that the major-
ity of participants had a normal BMI (118, 60.8%), 
while 62 girls (32.0%) were underweight and 14 
(7.2%) were overweight. Overall, the study popula-
tion predominantly comprised mid-adolescent girls 
from rural and lower-middle socioeconomic back-
grounds, with most participants having a normal 
BMI, although nearly one-third were underweight.

 
Table 1: Baseline Characteristics of the Study Participants (N = 194) 

Characteristics Number (n) Percentage (%) 
Age group (years) 
10–13 52 26.8 
14–16 81 41.8 
17–19 61 31.4 
Residence 
Rural 128 66 
Urban 66 34 
Socioeconomic status 
Lower 74 38.1 
Lower-middle 82 42.3 
Upper-middle 38 19.6 
BMI category (kg/m²) 
Underweight (<18.5) 62 32 
Normal (18.5–24.9) 118 60.8 
Overweight (≥25.0) 14 7.2 

 
Table 2 presents the prevalence and severity of anae-
mia among the 194 adolescent girls included in the 
study. Overall, 102 participants (52.6%) were found 
to be anaemic, while 92 (47.4%) had normal haemo-
globin levels. Among the anaemic participants, mild 
anaemia was the most common form, affecting 47 
girls (24.2%), closely followed by moderate anae-
mia, which was observed in 46 girls (23.7%). Severe 

anaemia was comparatively less frequent and was 
identified in 9 participants (4.6%). These findings 
indicate that more than half of the adolescent girls 
were affected by anaemia, with the majority of cases 
being mild to moderate in severity, highlighting 
anaemia as a significant public health concern in the 
study population.

 
Table 2: Prevalence of Anaemia among Adolescent Girls (N = 194) 

Anaemia Status Number (n) Percentage (%) 
Mild anaemia 47 24.2 
Moderate anaemia 46 23.7 
Severe anaemia 9 4.6 
Total anaemic 102 52.6 
No anaemia 92 47.4 
Total Participants 194 100 

 
Table 3 summarizes the dietary patterns of the 194 
adolescent girls included in the study. Infrequent 

consumption of iron-rich foods (<3 times/week) was 
the most common dietary practice, reported by 127 
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participants (65.5%), and was significantly more 
prevalent than frequent consumption (difference: 
31.0%; 95% CI: 17.8–44.2; Z=4.60; p<0.001). Sim-
ilarly, 123 participants (63.4%) had inadequate in-
take of green leafy vegetables (difference: 26.8%; 
95% CI: 13.5–40.1; Z=3.95; p<0.001), while 125 
participants (64.4%) reported inadequate consump-
tion of vitamin C-rich foods (difference: 28.4%; 
95% CI: 15.1–41.7; Z=4.21; p<0.001). Frequent 
breakfast skipping was observed in 85 participants 
(43.8%) and was also statistically significant (differ-
ence: 16.2%; 95% CI: 3.4–29.0; Z=2.47; p=0.013). 

In addition, 96 participants (49.5%) reported con-
suming tea or coffee immediately after meals, a die-
tary habit that was significantly common (differ-
ence: 18.4%; 95% CI: 5.0–31.8; Z=2.71; p=0.007). 
Overall, the findings indicate that suboptimal dietary 
practices, particularly inadequate intake of iron-rich 
foods, green leafy vegetables, and vitamin C-rich 
foods, along with breakfast skipping and post-meal 
tea or coffee consumption, were common among the 
adolescent girls, highlighting nutritional behaviors 
that may contribute to the high burden of anaemia in 
this population.

 
Table 3: Dietary Patterns among Adolescent Girls (N = 194) 

Dietary Patterns Frequency (%) Difference (95% CI) & Z 
value 

P-value 

Infrequent iron-rich food consumption 
(<3 times/week) 

127 (65.5%) 31.0% (17.8–44.2); Z = 4.60 <0.001 

Inadequate intake of green leafy vegeta-
bles 

123 (63.4%) 26.8% (13.5–40.1); Z = 3.95 <0.001 

Inadequate intake of vitamin C-rich foods 125 (64.4%) 28.4% (15.1–41.7); Z = 4.21 <0.001 
Frequent breakfast skipping 85 (43.8%) 16.2% (3.4–29.0); Z = 2.47 0.013 
Tea/Coffee immediately after meals 96 (49.5%) 18.4% (5.0–31.8); Z = 2.71 0.007 

 
Table 4 presents the association between anaemia 
and dietary patterns among the 194 adolescent girls 
included in the study. A significant association was 
observed between anaemia and the frequency of 
iron-rich food intake (χ²=11.58, p=0.001), with a 
greater proportion of anaemic participants consum-
ing iron-rich foods less than three times per week 
(78, 76.5%) compared with non-anaemic partici-
pants (49, 53.3%). Similarly, daily consumption of 
green leafy vegetables was significantly associated 
with lower anaemia prevalence (χ²=11.43, p=0.001), 
as only 26 (25.5%) anaemic girls consumed them 
daily compared with 45 (48.9%) non-anaemic girls. 
Daily intake of vitamin C-rich foods also showed a 
significant protective association (χ²=13.54, 
p<0.001), with fewer anaemic participants reporting 

daily consumption (24, 23.5%) than non-anaemic 
participants (45, 48.9%). Regular breakfast con-
sumption was significantly more common among 
non-anaemic girls (63, 68.5%) than anaemic girls 
(46, 45.1%) (χ²=10.92, p=0.001). In contrast, the 
habit of consuming tea or coffee immediately after 
meals was significantly more frequent among anae-
mic participants (63, 61.8%) than non-anaemic par-
ticipants (33, 35.9%) (χ²=13.02, p<0.001). Overall, 
these findings indicate that inadequate intake of 
iron-rich foods, green leafy vegetables, and vitamin 
C-rich foods, irregular breakfast consumption, and 
post-meal tea or coffee intake were significantly as-
sociated with the presence of anaemia among ado-
lescent girls.

 
Table 4: Association between Anaemia and Dietary Patterns (N = 194) 

Dietary Pattern Anaemic n (%) 
(n=102) 

Non-anaemic n 
(%) (n=92) 

χ² P-value 

Iron-rich food intake 
≥3 times/week 24 (23.5) 43 (46.7) 11.58 0.001 
<3 times/week 78 (76.5) 49 (53.3) 
Green leafy vegetables 
Daily 26 (25.5) 45 (48.9) 11.43 0.001 
Not daily 76 (74.5) 47 (51.1) 
Vitamin C-rich foods 
Daily 24 (23.5) 45 (48.9) 13.54 <0.001 
Not daily 78 (76.5) 47 (51.1) 
Breakfast 
Regular 46 (45.1) 63 (68.5) 10.92 0.001 
Irregular 56 (54.9) 29 (31.5) 
Tea/Coffee after meals 
Yes 63 (61.8) 33 (35.9) 13.02 <0.001 
No 39 (38.2) 59 (64.1) 
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Table 5 presents the anthropometric and hematolog-
ical characteristics of the 194 adolescent girls in-
cluded in the study. The mean age of the participants 
was 15.42 ± 2.11 years. The average height and 
weight were 153.84 ± 6.27 cm and 46.72 ± 8.54 kg, 
respectively. The participants had a mean body mass 
index (BMI) of 19.69 ± 2.81 kg/m², indicating that, 
on average, they were within the normal nutritional 
range. The mean haemoglobin concentration was 

11.58 ± 1.49 g/dL, suggesting that a considerable 
proportion of the participants had haemoglobin lev-
els below the normal threshold for adolescent girls, 
consistent with the burden of anaemia observed in 
this population. Overall, the findings provide an 
overview of the physical and hematological profile 
of the study participants and serve as a basis for as-
sessing the relationship between nutritional status 
and anaemia among adolescent girls.

 
Table 5: Anthropometric Measurements of the Participants (N = 194) 

Participant Characteristics Mean ± SD 
Age (years) 15.42 ± 2.11 
Height (cm) 153.84 ± 6.27 
Weight (kg) 46.72 ± 8.54 
BMI (kg/m²) 19.69 ± 2.81 
Haemoglobin (g/dL) 11.58 1.49 

 
Discussion 

The present study revealed that anaemia is still a ma-
jor nutritional and public health issue in adolescent 
girls, where 24.2% and 23.7% were suffering from 
mild and moderate anaemia respectively, while 
overall prevalence was 52.6%. The prevalence of 
mild and moderate anaemia suggests that iron defi-
ciency remains common among adolescent girls, as 
the time of rapid growth is associated with high iron 
need, and menstruation has started. Our prevalence 
is similar to that reported by Kotecha et al. (2009) 
[9] who found an anaemia prevalence of around 56% 
amongst Indian adolescent girls, indicating that over 
half the adolescent girls in resource poor settings are 
still anaemic despite the availability of nutrition pro-
grammes. In accordance with this, Kaur et al. (2006) 
[10] found anaemia in almost 59% adolescent girls 
of northern India, and it is still highly prevalent in 
this vulnerable age group as seen in our study. On 
the other hand, our prevalence rate was higher than 
that reported by Chaturvedi et al., (2012) [11] (36-
45%) among school going adolescents which could 
be because of differences in socio-economic condi-
tion, dietary habits, rural predominance and nutri-
tional awareness among the study population. 

The age-sex distribution of our study participants 
also can explain the observed burden of anaemia. 
Almost two-thirds (66.0%) of the girls lived in rural 
areas and more than 80% in lower or lower-middle 
socioeconomic classes. These results corroborate 
the findings of Agarwal et al. (2006) [12] who found 
that the adolescent girls of poor socio-economic sta-
tus had significantly higher prevalence of nutritional 
deficiencies due to small food diversity along with 
low consumption of micronutrient rich foods. Simi-
larly, the high prevalence of underweight adoles-
cents (32.0%) in our study indicates chronic nutri-
tional deficiency and is in accordance with the find-
ings of Kaur et al. (2006) [10] who showed a close 
association between undernutrition, low BMI and 

anaemia among adolescent girls in India. These 
findings all highlight the ongoing role of socioeco-
nomic disadvantage and poor nutritional status in the 
aetiology of anaemia. 

Dietary assessment in the present study revealed that 
unhealthy eating habits were highly prevalent. 
About 65.5% ate iron rich foods less than 3 times per 
week, 63.4% ate less than adequate amounts of 
green leafy vegetables and 64.4% ate less than ade-
quate amounts of vitamin C rich foods. The results 
are similar to those of Viteri (1998) [13] who high-
lighted the need to intake sufficient number of foods 
containing iron, as the main cause of iron deficiency 
anaemia in the world, especially adolescents who 
have high physiological demand. In the same way, 
Hallberg et al. (1989) [14] showed that a low vitamin 
C intake results in a significantly lowered non-haem 
iron absorption and thereby an increased risk of iron 
deficiency even when dietary iron intake is ade-
quate. The high prevalence of anaemia found in our 
study can therefore be attributed to the high fre-
quency of poor dietary practices found in the study. 

The present study was interesting in that dietary hab-
its were found to be statistically significant with 
anaemia. Iron rich food intake < 3 times/week was 
significantly associated with anaemia (76.5% vs. 
53.3%, p = 0.001). Similarly, low intake of both 
green leafy vegetables (74.5% vs 51.1%, p = 0.001) 
and vitamin C rich foods (76.5% vs 51.1%, p < 
0.001) was significantly associated with anaemia. 
These results confirm the results of Gibson (2005) 
[15] who concluded that reduced dietary diversity 
and reduced consumption of micronutrient rich 
foods significantly contributes to the burden of ID 
among adolescent girls and women of reproductive 
age. Other observations have been made by World 
Health Organisation (2011) [16] that identified inad-
equate dietary iron intake and poor dietary quality as 
the most important modifiable risk factors anaemia 
among adolescent girls worldwide. That our results 
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are consistent with current evidence adds further 
weight to the importance of dietary deficiency as a 
major factor in anaemia. 

The present study also demonstrated that behav-
ioural dietary practices significantly influenced hae-
moglobin status. In relation to feeding habits, more 
anaemic adolescents (54.9%) than non-anaemic 
girls (31.5%) reported that they often skipped break-
fast and more anaemic (61.8%) than non-anaemic 
(35.9%) said they often drank tea or coffee after eat-
ing. Biological plausibility is provided for these as-
sociations as the omission of breakfast is associated 
with a lower total daily micronutrient intake and pol-
yphenols found in tea and coffee, with a negative ef-
fect on non-haem iron absorption. The same was ob-
served by Hallberg et al. (1989) [14] who showed 
that tannin-rich beverages, when fed close to meals, 
significantly decreased the bioavailability of iron. 
Similarly, Gibson (2005) [15] pointed out that the 
timing of meals, and the presence of inhibitors in the 
diet, are important factors in the absorption of Fe and 
nutritional status, especially for adolescents eating 
mainly plant-based foods. 

The anthropometric findings further support the nu-
tritional vulnerability of the study population. The 
mean BMI (19.69 ± 2.81 kg/m²) was within the nor-
mal range but almost one-third of the participants 
were underweighted, and the mean Hb concentration 
(11.58 ± 1.49 g/dL) was less than the recommended 
value for adolescent girls. These observations sug-
gest that equitable nutrition into the population may 
be hidden behind the average nutritional indicators. 
This has also been observed by Kaur et al. (2006) 
[10] and Agarwal et al. (2006) [12] who reported the 
co-existence of undernutrition and micronutrient de-
ficiency in Indian adolescents from low SES groups. 
Hence, routine nutritional screening needs to in-
volve anthropometric as well as haematological 
evaluation to identify those adolescents at higher 
risk. 

Overall, the findings of the present study reinforce 
previous evidence that anaemia among adolescent 
girls is multifactorial but is strongly influenced by 
modifiable dietary practices. The high prevalence of 
low intake of iron rich foods, green leafy vegetables, 
and vitamin C rich foods, frequent skipping of 
breakfast, and consumption of tea or coffee after 
meals indicate the need for nutrition education, die-
tary counseling, iron folic acid supplementation, 
school-based nutrition programs and community 
awareness raising programs. Enhancing these inter-
ventions, especially in socioeconomically vulnera-
ble and rural groups, could significantly lower the 
burden of anaemia and thus improve the future re-
productive potential, growth and health of adoles-
cent girls. 

Conclusion 

This study concludes that anaemia remains a signif-
icant public health concern among adolescent girls 
and is strongly associated with unhealthy dietary 
practices. Important dietary factors associated with 
anaemia were also found to be inadequate intake of 
iron rich foods, green leafy vegetables, vitamin C 
rich foods, and irregular breakfast intake as well as 
having tea or coffee immediately after meals. The 
findings also found that many adolescents are nutri-
tionally inadequate, especially from rural and lower 
socio-economic status areas, showing how socioec-
onomic and lifestyle factors can have an impact on 
nutritional status. These findings highlight the need 
for comprehensive nutrition education and promo-
tion of balanced nutrition patterns, iron – folic acid 
supplementation, regular screening of Haemoglobin 
and behaviour change interventions among adoles-
cent girls aged 10 – 19 years to reduce the burden of 
anaemia among adolescent girls through improving 
their dietary practices. Furthermore, coordinated 
public health actions can help enhance the health sit-
uation of adolescents in general and their nutrition 
in particular. 

References 

1. World Health Organization. Prevention of iron 
deficiency anaemia in adolescents. WHO Re-
gional Office for South-East Asia; 2011. 

2. Sadler K, Gupta N. Adolescent global health. 
InThe MassGeneral Hospital for Children 
Handbook of Pediatric Global Health 2013 Sep 
2 (pp. 121-137). New York, NY: Springer New 
York. 

3. International Institute for Population Sciences. 
National Family Health Survey (NFHS-3), 
2005-06: India (2 v.+ suppl.). International In-
stitute for Population Sciences; 2007. 

4. Hallberg L, Brune M, Rossander L. Iron absorp-
tion in man: ascorbic acid and dose-dependent 
inhibition by phytate. The American journal of 
clinical nutrition. 1989 Jan 1;49(1):140-4. 

5. Hallberg LE, Brune MA, Rossander LE. The 
role of vitamin C in iron absorption. Interna-
tional journal for vitamin and nutrition research. 
Supplement Internationale Zeitschrift fur 
Vitminund Ernahrungsforschung. Supplement. 
1989 Jan 1;30:103-8. 

6. Bruner AB, Joffe A, Duggan AK, Casella JF, 
Brandt J. Randomised study of cognitive effects 
of iron supplementation in non-anaemic iron-
deficient adolescent girls. The Lancet. 1996 Oct 
12;348(9033):992-6. 

7. McLean E, Cogswell M, Egli I, Wojdyla D, De 
Benoist B. Worldwide prevalence of anaemia, 
WHO vitamin and mineral nutrition infor-
mation system, 1993–2005. Public health nutri-
tion. 2009 Apr;12(4):444-54. 

8. De Benoist B, McLean E, Egli I, Cogswell M. 
Worldwide prevalence of anemia 1993–2005: 



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Kumar                                                                                      International Journal of Pharmaceutical Quality Assurance 

343 

WHO global database on anemia. Geneva: 
World Health Organization. 2008;21. 

9. Kotecha PV, Nirupam S, Karkar PD. Adoles-
cent girls' anaemia control programme, Gujarat, 
India. Indian Journal of Medical Research. 2009 
Nov 1;130(5):584-9. 

10. Kaur S, Deshmukh PR, Garg BS. Epidemiolog-
ical correlates of nutritional anemia in adoles-
cent girls of rural Wardha. Indian journal of 
community medicine. 2006 Oct 1;31(4):255. 

11. Chaturvedi S, Kapil U, Gnanasekaran N, 
Sachdev HP, Pandey RM, Bhanti T. Nutrient in-
take amongst adolescent girls belonging to poor 
socioeconomic group of rural area of Rajasthan. 
Indian pediatrics. 1996 Mar 1;33:197-202. 

12. Agarwal KN, Agarwal DK, Sharma A, Sharma 
K, Prasad K, Kalita MC, Khetarpaul N, Kapoor 
AC, Vijayalekshmi L, Govilla AK, Panda SM. 
Prevalence of anaemia in pregnant & lactating 

women in India. Indian journal of medical re-
search. 2006 Aug 1;124(2):173-84. 

13. Viteri FE. Prevention of iron deficiency. Pre-
vention of micronutrient deficiencies. 1998:45-
102. 

14. Hallberg LE, Brune MA, Rossander LE. The 
role of vitamin C in iron absorption. Interna-
tional journal for vitamin and nutrition research. 
Supplement= Internationale Zeitschrift fur Vit-
amin-und Ernahrungsforschung. Supplement. 
1989 Jan 1;30:103-8. 

15. Gibson RS. Principles of nutritional assess-
ment. Oxford university press; 2005. 

16. Geneva S, World Health Organization. Haemo-
globin concentrations for the diagnosis of anae-
mia and assessment of severity. Vitamin and 
mineral nutrition information system. Docu-
ment Reference WHO. 2011.

 


