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Abstract:
Objective: To determine the prevalence and causes of anemia in high school girls in Nakhon Si Thammarat, Thailand. 

Material and Methods: This cross-sectional study was performed in high school girls aged 15-18 years old. Blood samples 

were collected for hematological parameters, iron profiles and blood smear examination. The recall 24-hour dietary data 

were collected using a questionnaire to determine and calculate daily iron intake. For purposes of the study, anemia was 

defined as hemoglobin (Hb) of <12 g/dL and iron deficiency anemia (IDA) was defined as Hb of <12 g/dL with serum ferritin (SF) 

of <15 µg/L. 

Results: The results show that in 19 of a total of 227 subjects (8.3%) anemia was present. Iron deficiency was the main 

cause of anemia (13 of 19 cases) with a prevalence of 5.7%, while the prevalence of anemia due to other causes was 

3.6% (6 of 19 cases).  Iron deficiency without anemia was found in 36 cases (15.9%). Participants’ daily iron intake was less 

than the recommended 15 mg per day. 

Conclusion: The present study indicates that iron deficiency is the most common cause of anemia in adolescent girls in 

Thailand. Health care programs in the schools should consider dietary behavior in order to reduce the prevalence of IDA 

in young women.
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Introduction
	 Anemia is a common public health problem which 

can occur in people of all ages.1,2 Because iron is the 

main component of hemoglobin, iron deficiency is the most 

common cause of nutrient deficiency anemia. The deple-

tion of iron is correlated with hemoglobin reduction.3 

Iron deficiency can be caused by many factors, including 

insufficient iron consumption and chronic blood loss, 

which may be caused by parasitic infections, menstruation 

or chronic gastritis. In adolescent girls, restriction or improper 

nutrient intake and menstruation are important factors that 

may induce iron deficiency.4-9 Iron deficiency anemia 

(IDA) is usually asymptomatic in the early stages because 

iron is present in physiological stores; when an iron 

deficiency progresses, various symptoms will occur that 

can lead to health problems such as anemia, and cogni-

tive and reproductive impairment.10 

	 In 2005, the World Health Organization (WHO) 

reported that the global prevalence of anemia in non-

pregnant women aged 15-50 years old was 30.2%. The 

prevalence in Asia was 33.0%, which was higher than 

other areas.11 The prevalence of anemia was still high in 

this population in 2011, when prevalence was 29.0% world-

wide, but 41.5% in Southeast Asia and 24.0% in the Thai 

population.2 The most common cause of anemia was IDA, 

especially in developing country. Higher prevalence of IDA 

was reported more often in non-industrialized than in 

industrialized countries. Moreover, IDA is higher in prevalence 

in women than men due to blood loss during menstruation 

and increased iron requirements during pregnancy.4,12

	 This study aims to determine the prevalence of 

anemia and IDA among healthy high school girls in 

Nakhon Si Thammarat, Thailand. Daily dietary iron intake 

from the recall data was calculated using the Nutrisurvey 

Program. Preliminary data from this study will serve as a 

guideline for anemia prevention and treatment programs.

Material and Methods
	 Subjects 

	 The cross-sectional study was conducted from 

August to December 2013. The subjects of the study were 

227 healthy high school girls from a school in Nakhon Si 

Thammarat, Thailand. The inclusion criteria in the study 

were  healthy, female volunteers, aged between 15 and 18 

years old, from all the high school’s classes (total n=450). 

The sample size was calculated using the estimated 

population from the prevalence of anemia in the previous 

report.2 Participants’ demographic data and daily dietary 

data were collected using a questionnaire to determine 

and calculate daily iron intake. The method for dietary 

recall data collection and calculation was published in 

the previous study.13 Briefly, the daily iron intake from 

food was calculated from the 24-hour dietary recall data. 

The tools for dietary recall data included pictures of food. 

Measurement tools such as tablespoons and cups were 

used to indicate size and method of preparation. The 

24-hour iron intake was calculated using the Nutrisurvey 

Program. Students who did not complete the questionnaire 

and those who had a family history of genetic disorders, 

such as thalassemia or chronic diseases, were excluded. 

This study was approved by the Ethics Committee of 

Walailak University, Thailand (Ref no.14/048).   

	 Blood sample collection 

	 A total of 6 mL of venous blood was collected from 

227 subjects, 3 mL for Ethylenediaminetetraacetic acid 

(EDTA) blood and 3 mL of clotted blood for serum prepa-

ration. EDTA blood samples were used for hematological 

parameters analysis. Serum samples were used for iron 

profile evaluation.

	 Hematological parameters

	 EDTA blood samples were tested for hemato-

logical parameters using NIHON KOHDEN MEK8222 
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(Tokyo, Japan). Parameters included red blood cell (RBC) 

count, hemoglobin (Hb), hematocrit (Hct), mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), mean 

corpuscular hemoglobin concentration (MCHC) and red 

cell distribution width (RDW).

	 Iron profile study

	 To determine the iron status of subjects, serum 

samples were tested for serum iron (SI), total iron bind-

ing capacity (TIBC), and % transferrin saturation (%TS) 

was calculated. Serum ferritin (SF) was determined based 

on luminescent immunoassay using VITROS ECi/ECiQ 

Immunodiagnostic Systems (Ortho-Clinical Diagnostics, 

Inc, New York, United States). SI and TIBC were detected 

using the iron liquid color cleaning factor colorimetric agar-

based (CAB) method (Human, Taunusstein, Germany). 

	 Guidelines for anemia interpretation

	 The guidelines for anemia, iron deficiency without 

anemia and IDA were defined as follows: anemia - Hb<12 

g/dL; iron deficiency without anemia - SF<15 µg/L with 

Hb≥12 g/dL; IDA - Hb<12 g/dL with SF<15 µg/L.14

	 Statistical analyses

	 The data were analyzed using the Statistical Pack-

age for Social Science (SPSS) for Windows, version 17.0. 

A Kolmogorov-Smirnov test was used to determine the 

normality of distribution. A Mann-Whitney U test was used 

to compare the differences in parameters between the 

groups. A p-value of <0.05 was considered significant.

Results
	 General subjects data from the questionnaire 

and hematological parameters 

	 Two hundred twenty-seven high school girls aged 

15-18 years participated in the study; 82.4% were Buddhist, 

16.3% Muslim, and 1.3% Christian. The percentage of 

participants who had a menstrual period of more than five 

days was 59.1%, and of less than five days it was 40.9%. 

Iron intake was calculated from food intake per day. Of the 

participants, iron intake in 97.6% was less than the recom-

mended 15 mg/day (Table 1). The hematological para-

meters are shown in means±standard deviation (S.D.) 

RBC count was 4.8±0.4x106/µL, Hb was 13.5±1.3 g/dL, 

Hct was 40.0±4.5%, MCV was 83.0±3.0 fL, MCH was 28.2±

3.1 pg, MCHC was 33.8±0.8 g/dL and RDW was 12.3±1.3% 

(Table 2). 

Table 1 	Demographic data from the questionnaire of total 

	 227 participants
	

Number (%)

	 Age (years)

		  15	 8 (3.6)

		  16	 78 (34.4)

		  17	 102 (45.0)

		  18	 39 (17.0)

	 Religion

		  Buddhist	 187 (82.4)

		  Muslim 	 37 (16.3)

		  Christian	 3 (1.3)

	 Body weight (kg)

		  30-50	 132 (58.3)

		  51-70	 88 (38.9)	

		  71-90	 7 (2.8)

	 Period time of menstruation (days)

		  <5	 134 (59.1)

		  ≥5  	 93 (40.9)

	 Iron intake calculated from food per day (mg)

		  <15	 222 (97.6)

		  ≥15	 5 (2.4)
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Table 2 	Hematological parameters of 227 subjects
		

Hematological parameters Number (cases) Normal value Mean±S.D.

	 RBC count (x106/µL)	 227	 4.1-5.1	 4.8±0.4

	 Hb (g/dL)	 227	 12.0-16.0	 13.5±1.3

	 Hct (%)	 227	 36.0-46.0	 40.0±4.5 

	 MCV (fL)	 227	 80.0-100.0	 83.0±8.0 

	 MCH (pg)	 227	 25.0-35.0	 28.2±3.1

	 MCHC (g/dL)	 227	 31.0-37.0	 33.8±0.8

	 RDW (%)	 227	 11.0-15.0	 12.3±1.3

S.D.=standard deviation, RBC=red blood cell, Hb=hemoglobin, Hct=hematocrit, MCV=mean corpuscular volume, MCH=mean corpuscular 

hemoglobin, MCHC=mean corpuscular hemoglobin concentration, RDW=red cell distribution width

	 Prevalence of anemia, iron deficiency and IDA

	 The prevalence of anemia was found to be 8.3% 
in study subjects. Of the participants, 21.6% had an iron 
deficiency, 15.6% were iron deficient without anemia, 5.7% 
had IDA, and 2.6% had anemia from other causes (Table 3). 
However, iron intake and the period of menstruation of the 
participants who had IDA did not differ significantly from 
the participants who had anemia by the other causes.
	 Differences in blood parameters between IDA and 
iron deficiency without anemia were statistically tested. It 
was found that all hematological parameters in the group 
with iron deficiency without anemia were significantly higher 
than in the IDA group (p-value<0.05). Iron profiles show 
the same pattern: in the group with iron deficiency without 
anemia SI, TS and SF were significantly higher than in 
the IDA group (p-value<0.05). Only the TIBC of the IDA 
group was higher than in the group with iron deficiency 
without anemia (Table 3). Moreover, the SF value was 
significantly correlated with the other iron profiles (p-value< 
0.05). In addition, the iron profiles of the IDA group differed 
significantly from those of the group with anemia from other 
causes (p-value<0.05). The RBC morphology study of the 
IDA group showed that 76.9% of this group had hypochromic 

microcytic RBC and no thalassemic blood picture was 
found.

Discussion	
	 This study reports the prevalence of anemia, iron 
deficiency, IDA and anemia from other causes in 227 
high school girls in Nakhon Si Thammarat, Thailand. The 
prevalence of anemia is consistent with a previous report 
on female students 15-18 years of age.15 Iron deficiency is 
the main cause of anemia in the participants of this study 
with 68.4% having IDA. The prevalence of IDA in this study 
is higher than the findings from other studies reported 
by research groups in northeast Thailand and in female 
adolescents in Laos.6,16,17 The differences in lifestyles, behavior 
and types of diet are posed as possible causes of this 
finding. In addition, thalassemia was found to be a highly 
prevalent cause of anemia in the northeast and Laos.16-19 

Insufficient iron intake and blood loss were reported as the 
factors leading to iron deficiency.5,6,20 This study showed 
that iron intake from food did not differ among the groups 
with IDA and others. However, other possible causes may 
be involved, such as the biological effects of tannic acid 
from drinking coffee and tea after meals, which inhibits iron 
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absorption. The information from the questionnaire indicates 

that most of the participants did not know about the 

inhibitory effect of tea and coffee on iron absorption (data 

not shown).21,22 In addition, menstruation was not significantly 

correlated with IDA. This finding differs from a previous 

study in female Muslim students aged 13-15 years.5 It 

may have resulted from the limitations of the menstruation 

evaluation tool used in this study, which determined only 

the duration but did not include the amount of blood loss. 

	 The red blood cell morphology of cases with IDA 

in this study was shown to be hypochromic microcytic, 

which correlates with MCV and MCHC values. As iron is 

a key component of hemoglobin, insufficient iron content 

affects hemoglobin production, which leads to hypochromic 

microcytic RBC. On the other hand, 2.6% of the subjects 

in the study had anemia from other causes. This group had 

iron profiles in the normal range. Nevertheless, this study 

has some limitations. The screening of thalassemia was 

not performed and blood picture did not indicate severe 

thalassemia. However, the subjects with thalassemia traits 

may have had only mild anemia and no specific signs and 

symptoms. Therefore, thalassemia may be a cause of 

anemia in this group, given its high incidence in the south 

of Thailand.23 Moreover, SF is an acute phase protein, which 

is markedly elevated in inflammations.24,25 The SF in IDA 

persons who had an inflammation may be overestimated. 

Unfortunately, the factors for determining inflammations 

were not detected in this study. Hence, the prevalence of 

IDA may be higher than reported. 

	 The effectiveness of health promotion programs 

used to improve nutritional consumption behavior and IDA 

prevention has been reported in many countries, such as 

Australia, UK and in Thailand also.7,9,14,26,27 Although the 

prevalence of anemia and iron deficiency in this study was 

low, and calculated in only one school, it will serve as 

important feedback for the improvement of health promotion 

programs. Health promotion programs for adolescents 

should be added to the school policy. The leaders of the 

program should set the goals. The program should consist 

of providing knowledge about the causes of anemia and 

healthy food for students and all related persons. The 

nutrition of school lunch menus should be considered. 

Dietary behavior, parasitic infection and personal diseases, 

such as gastrointestinal bleeding, are important factors for 

evaluating the possible causes of IDA. Iron-rich foods, such 

as meat, liver, blood curd, vegetables and other nutrients, 

including vitamin C, which support iron absorption, should 

be provided. Moreover, the consumption of food that inhibits 

iron absorption, such as tea, coffee, milk and cereal, should 

be advised against.21 For IDA cases, an iron supplement 

should be given and followed up. Annual health checks 

that include screening for anemia should be added to the 

program. Importantly, the contribution of students in program 

planning will drive the success of the program.

Conclusion
	 This report shows the prevalence of anemia, mostly 

caused by iron deficiency, in  high school girls, 15-18 years 

of age, in Nakhon Si Thammarat, Thailand. Adolescent girls 

should be urged to consume a diet sufficient in iron in 

order to achieve optimal health. Moreover, a health 

promotion program should be instituted in schools for 

anemia prevention and to improve the quality of life of 

young women in susceptible populations.
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