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Abstract 

Background: Iron deficiency anemia disrupts the concentration of adolescent girls; reduces their academic achieve-
ment, productivity, and physical strength, and increases the risk of infection. This research aim was to evaluate the 
effectiveness of the PRECEDE model nutrition education on iron deficiency anemia among female students of Fasa 
City, Fars Province, Iran.

Methods: This quasi-experimental study was done on 160 students (80 experimental and 80 control groups) who 
were selected using a random sampling method in Fasa City, Fars Province, Iran, in 2018–2019. The educational 
intervention included six sessions based PRECEDE model for 45 or 50 min. A scale of this study consisted of two parts; 
demographic information, and PRECEDE constructs were used to determine the nutritional behaviors status con-
cluding preventing iron deficiency anemia and hemoglobin, hematocrit, and ferritin blood level in two (before and 
4 months after intervention) times.

Results: In the experimental group of the students the mean age was 13.85 + 1.72 years and in the controlled group 
was 13.60 + 1.81 years. Moreover, there was no significant difference in the PRECEDE constructs, and nutritional 
behaviors preventing iron deficiency anemia before the intervention in two groups of study. However, the experimen-
tal group showed a significant increase 4 months after the intervention. Also, there was no significant difference in 
the mean score of hemoglobin, hematocrit, and ferritin blood level between the two groups before the intervention. 
However, in ferritin level, a significant increase was shown in 4 months after the intervention in the experiential group.

Conclusions: Based on results, the nutrition intervention education base on PRECEDE model has a positive effect to 
improve iron deficiency anemia preventive behaviors in female students.
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Background
Iron deficiency anemia is communal health disruptive in 
wholly countries, with a prevalence in developing coun-
tries approximately 3 to 4 times higher [1]. Prevalence 
of iron deficiency anemia (IDA) among females after 
puberty because of menstrual bleeding increases [2]. 

After marriage, they suffer from severe iron deficiency 
during pregnancy. In these mothers, not only the risk 
of death due to bleeding during labor increase but also 
infants born are underweight and have low iron stores 
[3]. Iron deficiency anemia during pregnancy and the 
first two years of life have irreversible effects on infants’ 
brain growth, which reduces their IQ [4, 5].

Iron deficiency is the most important cause of anemia 
[6] that about 50% of anemia is due to iron deficiency 
[6]. Iron deficiency anemia in pregnancy is associated 
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with consequences such as the increased risk of mater-
nal mortality, preterm birth, low birth weight, infants 
with low iron stores, cognitive decline, decreased learn-
ing, and performance of children in school [7–9]. It 
also disrupts the concentration of adolescent girls, 
decreases their educational success, productivity, and 
physical strength, and increases the risk of infection 
[7]. Iron deficiency anemia reduces the capacity of 
red blood cells delivering oxygen to the tissues of the 
body, with clinical symptoms such as conjunctival pal-
lor, shortness of breath, dizziness, and weakness [10]. 
According to the World Health Organization, 25% of 
students have iron deficiency anemia and the preva-
lence of IDA among the student and adolescent pop-
ulation is reported to be 29.2 to 79.6% [11]. Karkar 
examined the prevalence of anemia among nursing stu-
dents, which showed that 60% of adolescent girls had 
anemia [12].

In a study conducted on the staff of Vali-Asr hospital 
of Fasa in the first 4  months of 2016, the prevalence of 
iron deficiency anemia was reported to be 5.8%. Quality 
of life in patients with iron deficiency anemia is signifi-
cantly lower than healthy individuals in terms of physical, 
mental, and social health [13]. Adolescence is a critical 
period in which important changes occur for humans. 
Deficiency of specific nutrients reduces energy supplies, 
decreases muscle strength, and causes disorders such as 
anemia and immune deficiency [14]. Adolescents have a 
limited ability to make informed choices and are depend-
ent on external factors [15]. Many health challenges 
among adolescents begin with their behavioral choices, 
and schools have a unique opportunity to use Health 
education programs to influence behavioral choices 
[16]. Iron deficiency anemia disrupts the concentration 
of adolescent girls; reduces their academic success, pro-
ductivity, and physical strength, and increases the risk of 
infection [17]. The economic and social burden of anemia 
has made it a major challenge in Iran [18–20]. Therefore, 
given the increase of anemia in the country and promot-
ing anemia control behaviors, intervention through the 
implementation of behavior change patterns is essential. 
Also, the need to educate people about the preventive 
behaviors and lifestyle changes associated with anemia is 
strongly felt [21, 22].

Evidence shows that nutrition education reduces 
the prevalence of certain diseases, including anemia in 
many European, North American, Asian, and Australian 
countries. Therefore, as appropriate, nutritional recom-
mendations and implementation of nutrition education 
programs seem necessary. Considering the important 
role of schools in education, implementing a nutrition 
education program in schools was suggested as an appro-
priate intervention to increase nutritional awareness [23].

Shahnazi et  al. found that in the experimental group, 
the mean score of the PRECEDE constructs, and preven-
tive behaviors of iron deficiency anemia improved signifi-
cantly after intervention [24].

Shakouri et al. showed a positive effect of intervention 
in the case group which influenced students’ knowledge 
and attitude about iron deficiency anemia [25]. Latifi and 
Dehdari showed that 0.2% of students had poor eating 
habits, 59% had moderate eating habits, and 40.8% had 
appropriate eating habits to prevent iron deficiency ane-
mia [26].

Considering the framework of PRECEDE model, its 
constructs; the role of students’ knowledge, attitude 
and self-efficacy, reinforcing factors (family and school 
authorities), and enabling factors (access to information 
and educational resources in eating behaviors prevent-
ing IDA), we used the PRECEDE model, which has been 
introduced as a successful model in many clinical and 
field trials [21, 25]. This model provides a framework by 
which factors affecting behavior such as predisposing fac-
tors (knowledge, attitude, etc.), reinforcing factors (fam-
ily, peers, etc.), and enabling factors (access to resources, 
skills, etc.) in the diagnosis of education are identi-
fied [27]. The PRECEDE–PROCEED model systemati-
cally plans, implements, and evaluates health education 
activities. It is designed with an ecological approach in 
interconnected stages and a logical process [21]. PRE-
CEDE–PROCEED consists of nine phases, including 
four planning phases, one implementation phase, and 
three evaluation phases. Its main approach is to identify 
the desired outcome, determine the causes of the desired 
outcome, and intervene to achieve the desired outcome 
[21].

Various studies have been conducted based on educa-
tional models in the prevention of iron deficiency anemia 
among students, including Abalkhail et al. [28], Abedini 
et al. [29], Shahnazi et al. [24], Shakouri et al. [25], Fathi-
zadeh et al. [30], Falahi et al. [31] and Mirzaei et al. [32].

Given the importance of prevention of iron deficiency 
anemia, the necessity of nutrition education for girls, and 
the lack of study on female students of Fasa, the present 
study aimed to determine the effectiveness of nutrition 
education based on the PRECEDE model on iron defi-
ciency anemia among female students of Fasa.

Methods
This quasi-experimental study was performed on 160 
seventh and eighth grades female students of Fasa. The 
sample size was determined 120, with 95% confidence 
and 80% power based on similar texts [30, 32]. Due to the 
probability of sample loss, 160 patients were included in 
the study and divided into two groups of 80 experiential 
and controlled groups.
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Out of twenty-four girls’ public high schools, four 
schools were randomly selected (two as the experiential 
group and two as the controlled group), with forty stu-
dents from each school. Samples were to be volunteers 
and study at one of the public high schools.

Inclusion criteria were 7th and 8th-grade high school 
students, written informed consent, and not having iron 
deficiency anemia.

Exclusion criteria included unwillingness and absence 
of more than two in the sessions.

The data gathering tool was based on Eftekhar Ardebili 
et  al. [33], Shahnazi et  al. [24], and Shakouri et  al. [25] 
study that validity and reliability of the questionnaire 
were confirmed.

This tool was including demographic information and a 
questionnaire based on the PRECEDE model. A 15-item 
multiple-choice questionnaire (scoring between 0 and 
15) was designed to measure the knowledge. The attitude 
was measured by a 10-item questionnaire, based on the 
Likert scale ranging from ‘completely disagree’ (score 1) 
to ‘completely agree’ (score 5). Self-efficacy was meas-
ured by a 10-item questionnaire (scoring between 0 and 
40); for example, ‘Can you take iron supplements once a 
week?’ The answers ranged from ‘not at all (score 0) to 
‘very much (score 4). The reinforcing factors were meas-
ured by 8 items (scoring between 0 and 32). The answers 
based on the Likert scale ranging from ‘not at all (score 
0) to ‘very much (score 4). Enabling factors were meas-
ured using 6 items (scoring between 0 and 24); for exam-
ple, ‘To what extent does one have access to iron-rich 
foods?’ The answers based on the Likert scale ranging 
from ‘absolutely no’ (score 0) to ‘completely yes’ (score 0). 
Nutritional behaviors to prevent iron deficiency anemia 
were measured by 10 questions (scoring between 0 and 
20). The answers were ‘yes’ (score 2), ‘somewhat’ (score 
1), and ‘no’ (score 0).

The item effect size higher than 0.5 and content valid-
ity ratio more than 0.79 were considered to evaluate the 
validity of the questionnaire. Also, the face validity, a list 
of items was checked by middle school female students. 
The content validity was consulted by 12 specialists and 
professionals in health education and promotion (n = 10) 
and nutritionists (n = 2) (outside the research team). 
based on Lawshe’s table, items with CVR > 0.56 for 12 
specialists were considered acceptable; Which, for most 
of the item values were > 0.70. The whole reliability of 
the scales was 0.89 using Cronbach’s alpha. Reliability of 
construct of the model was the knowledge: 0.84, attitude: 
0.88, self-efficacy: 0.82, reinforcing factors: 0.79, enabling 
factors: 0.85, and nutritional behaviors: 0.90 preventing 
iron deficiency anemia respectively.

The questionnaire was completed by two groups before 
the intervention.

With the written consent of the parents and coordina-
tion with the school authorities, 2 ccs of fasting blood 
(1 cc for the Ferritin test and 1 cc for the CBC test) were 
drawn from each student. The blood samples were trans-
ferred to the laboratory immediately and all experiments 
were performed in a laboratory with pre-set devices.

The intervention for the experimental group consisted 
of materials such as small group discussions, Q&A, prac-
tical demonstration, videos, PowerPoint, and booklet in 
45–50 min of six sessions.

Participants of the experimental group were divided 
into groups with 8 members for reinforcing factors con-
struct (friend group-small group) and the educational 
program was performed for 10 groups with 8 members 
(80 subjects of experimental group).

The program was administered by health education—
promotion and nutrition professionals, also, two nutri-
tion and adolescent health experts from the Center of 
Health in Fasa were of assistance. In these sessions, the 
importance of nutrition, the prevalence of anemia and 
its risk factors, and nutritional behaviors preventing iron 
deficiency anemia were discussed. A session was held 
once a week with teachers, school officials, a member 
of the family, and staff of centers of health as subjective 
norms and social supporters.

Summary of education sessions

Session 1: Understanding the role of red blood cells 
and iron in the body, the symptoms of iron deficiency 
anemia and its prevalence in adolescent girls, the rea-
sons for the need for iron in girls, and different types 
of iron in food
Session 2: Understanding the prevalence of iron 
deficiency anemia in adolescents, predisposing fac-
tors of iron deficiency and its consequences
Session 3: Good diet, the importance of a good diet, 
the impact of iron-rich diet on relieving fatigue, 
happy life, and introducing the students to iron tab-
lets
Session 4: The reinforcing role of supporters in the 
provision of proper nutrition, proper cooking, low-
cost iron-rich food substitution for high-cost iron-
rich foods, solutions to eliminate wrong habits of 
taking iron pills in schools, forming a WhatsApp 
group to exchange information, and holding the ses-
sion with parents, school officials, and health care, 
staff
Session 5: Accessing the resources and searching 
nutritional information, the importance of student 
diet, lecture by a patient with iron deficiency anemia 
on the complications and burden of the diseases
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Session 6: Reviewing past sessions, providing a book-
let, dividing participants into 10-men groups, nutri-
tional behaviors

 To follow the activities, an education session, for the 
students was thought almost once a month, and a What-
sApp group was formed to exchange information for 
the parents, with at least five educational and encourag-
ing messages sent to the parents per week. For ethical 
concerns, at the end of the study for the control group 
was held an education session. Four months after the 
intervention, blood sampling and questionnaires were 
completed. Analyzing data was done by SPSS software 
through paired or independent t-test, and χ2 test, and a 
significant level was considered p < 0.05.

Findings
In the present study, 160 7th and 8th-grade high school 
female students participated. The mean age of the stu-
dents was 13.85 + 1.72  years in the experiential group 
and 13.60 + 1.81 years in the controlled group, respec-
tively. There wasn’t any significant difference between 
the two groups based on the independent t-test 
(p = 0.204). Regarding the education level (p = 0.144), 
household monthly income (p = 0.202), father’s educa-
tion (p = 0.198), mother’s education (p = 0.186), moth-
er’s occupation (0.331), fathers’ occupation (p = 0.221), 
there was no statistically significant difference between 
the two groups (Table 1). The results also showed that 
there was no significant difference between the two 
groups in terms of knowledge, attitude, self-efficacy, 
reinforcing factors, enabling factors, and nutritional 
behaviors preventing iron deficiency anemia before 
the intervention; however, after the intervention, the 
experimental group presented a significant increase in 
the 4 months later (Table 2).

Table 1 Comparison of the frequency distribution of demographic variables in the experimental and control groups

Variables Experimental group Control group p value

Number Percentage Number Percentage

Educational stage

7th grade 46 57.50 48 60 0.145

8th grade 34 42.50 32 40

Household monthly income

Less than 2 million tomans 26 32.50 22 27.50 0.210

2–5 million toman 34 42.50 35 43.75

More than 5 million tomans 20 25 23 28.75

Mother’s occupation

Employed 22 27.70 19 23.75 0.331

Housewife 58 72.50 61 76.25

Father’s occupation

Employed 22 27.50 24 30 0.212

Self-employed 28 35 26 32.50

Laboror 17 21.25 15 18.75

Unemployed 13 16.25 15 18.75

Mother’s education

Illiterate 3 3.75 2 2.50 0.186

Primary school 14 17.50 18 22.50

Secondary school 17 21.25 16 20

High school 36 45 32 40

College 10 12.50 12 15

Father’s education

Illiterate 2 2.50 1 1.25 0.198

Primary school 12 15 10 12.50

Secondary school 18 22.50 24 30

High school 34 42.50 30 37.50

College 14 17.50 15 18.75
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Based on results, before the intervention between 
the two groups, there was no significant difference in 
the mean score of hemoglobin, hematocrit, and ferritin 
blood. However, 4 months after the intervention, a sig-
nificant increase in ferritin level showed in the experi-
mental group (Table 3).

Discussion
Given the increase of anemia in the country and promot-
ing anemia control behaviors, intervention through the 
implementation of behavior change patterns is essential. 
Also, the need to educate people about the preventive 
behaviors and lifestyle changes associated with anemia 
is strongly felt [24, 30]. The present study was aimed to 
evaluate the effectiveness of the model-based of nutri-
tion education on iron deficiency anemia among the 7th 
and 8th-grade high school female students of Fasa. In 
the present study, there wasn’t any significant difference 
between groups of study in demographic status, mean 
score of PRECEDE constructs, preventive behaviors of 
iron deficiency anemia, hemoglobin, hematocrit, and 
ferritin before the educational intervention. The results 
also showed that the mean score of knowledge and atti-
tude increased significantly in the experiential group 4 
months after the intervention, indicating the influence of 
the PRECEDE model on increasing knowledge and posi-
tive attitudes toward eating behaviors preventing anemia. 
Education sessions through videos, small group discus-
sions, booklets, and a lecture by a patient with iron defi-
ciency anemia for the experimental group increased the 
students’ knowledge and positive attitude toward eating 
behaviors preventing anemia.

In a quasi-experimental study by Mansourian et  al., 
nutrition education increased the knowledge, attitude, 
and performance of the experimental regarding eating 

Table 2 Comparison of mean score of PRECEDE model constructs in the experimental and control groups before and after the 
intervention

Variable Group Before intervention M ± SD 4 months after the intervention 
M ± SD

p value

Knowledge Experimental 7.34 ± 1.26 12.98 ± 1.35 < 0.001

Control 7.78 ± 1.81 8.14 ± 1.70 0.327

p value 0.164 p < 0.001

Attitude Experimental 20.34 ± 4.11 42.25 ± 4.55 < 0.001

Control 21.62 ± 4.08 22.53 ± 4.26 0.258

p value 0.173 p < 0.001

Self-efficacy Experimental 11.32 ± 3.62 33.39 ± 3.74 < 0.001

Control 11.96 ± 3.87 12.70 ± 3.89 0.147

p value 0.347 p < 0.001

Reinforcing factors Experimental 14.40 ± 2.65 28.11 ± 2.09 < 0.001

Control 14.12 ± 2.80 15.22 ± 2.46 0.169

p value 0.228 p < 0.001

Enabling factors Experimental 9.42 ± 1.16 20.35 ± 1.29 < 0.001

Control 8.84 ± 1.72 9.16 ± 1.79 0.164

p value 0.256 p < 0.001

Preventive behaviors Experimental 6.51 ± 1.25 17.65 ± 1.09 < 0.001

Control 6.86 ± 1.12 7.50 ± 1.18 0.192

p value 0.317 p < 0.001

Table 3 Comparison of mean score of hemoglobin, hematocrit, 
and ferritin in blood samples of the experimental and control 
groups before and after the intervention

Variable Group Before 
intervention 
M ± SD

4 months 
after the 
intervention 
M ± SD

p value

Hemoglobin Experimental 12.34 ± 0.86 12.56 ± 0.85 < 0.065

Control 12.58 ± 0.82 12.46 ± 0.79 0.188

p value 0.084 p < 0.069

Hematocrit Experimental 35.76 ± 2.53 35.65 ± 2.55 < 0.154

Control 35.22 ± 2.58 34.84 ± 2.50 0.162

p value 0.093 p < 0.084

Ferritin Experimental 30.32 ± 18.62 37.29 ± 19.44 < 0.001

Control 31.26 ± 19.38 30.73 ± 19.80 0.159

p value 0.425 p < 0.001
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behaviors preventing IDA 6  weeks after the interven-
tion [34]. Vaezi et al. investigated the impact of a mul-
timedia educational package preventing iron deficiency 
anemia on the health literacy of female students. The 
results showed that the mean score of knowledge, atti-
tude, and performance of students in the experimental 
group immediately and 1 month after the interven-
tion showed a significant increase. The most important 
sources of information about iron deficiency anemia 
were teachers, medical and health teams, and friends 
[35]. In the studies of Otoo, Robertson, Abd Elhameed, 
and Ayub et  al. [36–39], the educational intervention 
increased women’s knowledge of iron deficiency ane-
mia. Also, in the studies by Heidarnia, Hazavehei, and 
Mehrabian et  al. [40–42], the educational interven-
tion increased the knowledge and attitude of patients 
toward anemia, which was consistent with the results 
of the present study.

The educational intervention increased the perceived 
self-efficacy of the experimental group. The perceived 
self-efficacy is a powerful source of motivation and, in 
fact, judging people’s organizing ability to achieve certain 
goals. People with high perceived self-efficacy are more 
determined during times of challenge and spend more 
time and effort. Such individuals, even after failure, are 
more likely to maintain healthy behaviors and have a 
stronger motivation to set and achieve goals [43].

In an educational intervention study by Ghoreishi et al., 
which was two 90-min sessions for the experimental 
group; the educational intervention increased the mean 
score of self-efficacy, knowledge, and iron supplementa-
tion behavior in the experimental group [44]. In the study 
of Roshan et al., self-efficacy improved in the experiential 
group after the educational intervention [45].

In Ghaderi et  al. study, the educational intervention 
increased knowledge, self-efficacy, and preventive behav-
iors of anemia [46]. In the study of Mohammadzadeh 
Larijani et  al., Self-efficacy predicted behaviors prevent-
ing iron deficiency anemia [47]. In a quasi-experimental 
study by Mirzaei et al., the mean score of self-efficacy and 
students’ performance regarding preventive behaviors 
increased 3  months after the intervention [32]. In line 
with the enabling factors showed a significant difference 
between the experiential and controlled groups after 
the intervention. Also, education sessions through vid-
eos, small group discussions, booklets, and a lecture by 
a patient with iron deficiency anemia for the experimen-
tal group increased the students’ knowledge and positive 
attitude toward eating behaviors preventing anemia.

In a study by Ardebili et al., the mean score of enabling 
factors in the experimental group showed a significant 
increase in 3 months after the intervention [33]. In Shah-
nazi et  al. study, the intervention for the experimental 

group which, consisted of three 60-min educational ses-
sions, the mean score of enabling factors and preventive 
behaviors of iron deficiency anemia increased signifi-
cantly in the experimental group in 3  months after the 
intervention [24]. The results of other studies were along 
with the results of the current study [30, 48–51].

The results showed that there was a significant dif-
ference between the two study groups regarding the 
reinforcing factors 4 months after the educational inter-
vention, indicating the positive impact of the reinforcing 
factors based on PRECEDE model. Education sessions for 
parents, teachers and school officials, and staff of health 
care as subjective norms and social supporters through 
group discussions and forming a WhatsApp group for 
parents improved the mean score of reinforcing factors 
in the experimental group. In the study of Rai et al., social 
support was a determinant of iron and folic acid supple-
mentation in pregnant women [52].

In a study by Zarei et al., the educational intervention 
increased the mean score of enabling factors, predispos-
ing factors, and iron intake from 68 to 95% 3  months 
after the intervention [53]. In a study by Mehrabian 
et  al., the mean score of subjective norms and enabling 
factors in the experimental group increased significantly 
three and a half months after the intervention [42]. In a 
quasi-experimental study by Jalambadani et al., the mean 
score of knowledge, attitude, perceived behavioral con-
trol, intention, and use of iron tablets were significantly 
increased in the experimental group 3 months after the 
intervention [54]. The results of the other studies were 
consistent with the results of the present study [55–57].

The present study showed that in the experimental 
group, the mean score of dietary behaviors preventing 
iron deficiency anemia showed a significant increase 4 
months after the educational intervention, while in the 
other group of participants there was no significant vari-
ation. The results also showed that the level of ferritin 
in the experimental group was significantly higher than 
that of the control group 4  months after the interven-
tion. There was no significant increase in hemoglobin 
and hematocrit levels after the intervention. An increase 
in behavior score and ferritin level in the experimental 
group indicated the effect of knowledge, attitude, self-
efficacy, reinforcing factors, and enabling factors on pro-
moting nutritional behaviors to prevent iron deficiency 
anemia. In a study by Sharifi Rad et al., the mean score 
of PRECEDE model constructs and preventive behaviors 
were significantly increased in the experimental group 
3 months after the intervention. However, there was no 
significant difference between the hemoglobin and hema-
tocrit of the two groups [58]. In a quasi-experimental 
study by Falahi et  al., hemoglobin, ferritin, and zinc 
increased after the intervention [31]. In a study by Amer 
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AL-tell et  al., dietary behaviors and hemoglobin levels 
increased in the experimental group [59]. In the study of 
Mehrabian et  al., the BASNEF model educational inter-
vention improved the nutritional behavior preventing 
iron deficiency anemia and increased ferritin level in the 
experiential group [42].

In a study by Jalambadani et al., the theory of planned 
behavior educational intervention improved iron supple-
mentation behavior and increased ferritin level [54]. In a 
study by ALaofe et al., the mean score of knowledge, iron 
intake, hemoglobin, and Ferritin showed a significant rise 
after the intervention in the experimental group [60]. A 
study by Araban et al. also showed that nutritional edu-
cation based on Health Belief Model increased iron and 
folic acid intake in pregnant women [61]. The results of 
the present study were consistent with the results of the 
other studies [30, 44, 62–66].

Conclusion
The results of the present study showed that the PRE-
CEDE model could increase the ferritin level in adoles-
cent girls by improving the mean score of knowledge, 
attitude, self-efficacy, reinforcing factors, enabling fac-
tors, and nutritional behaviors. This reduces iron defi-
ciency anemia and its consequences and prevention of 
the grave problem with anemia during pregnancy. There-
fore, to improve the health of adolescent girls, especially 
in the prevention of iron deficiency anemia, educational 
programs should be implemented using appropriate 
models of health education along with the active partici-
pation of girls and mothers in the education process in 
schools.

Abbreviation
IDA: Iron deficiency anemia.

Acknowledgements
This study is part of an MD thesis (code approved: 97388-ethical code: 
IR.FUMS.REC.1398.111) approved by the Fasa University of Medical Sciences. 
Our warm thanks go to the Research and Technology Dept. of Fasa University 
of Medical Sciences, as well as female students of Fasa City for their participa-
tion in the study.

Authors’ contributions
AKHJ, SH, PAH, and TR assisted in the conceptualization and design of the 
study, oversaw data collection, conducted data analysis, and drafted the 
manuscript. PAH conceptualized and designed the study, assisted in data 
analysis, and reviewed the manuscript. AKHJ, SH, PAH, and TR assisted in 
study conceptualization and reviewed the manuscript. All authors read and 
approved the final manuscript.

Funding
Research reported in this article was jointly supported by Fasa university of 
medical sciences.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethical approval and consent to participate
Ethical approval was obtained from the Human Research Ethics Committee 
at the Fasa University of Medical Sciences. All study participants provided 
written informed consent. Permission was also obtained to digitally record all 
interviews. Confidentiality and anonymity were ensured.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Public Health, School of Health, Shiraz University of Medi-
cal Sciences, Shiraz, Iran. 2 Department of Public Health, School of Health, 
Fasa University of Medical Sciences, Fasa, Iran. 3 Department of Public Health, 
School of Health, Kermanshah University of Medical Sciences, Kermanshah, 
Iran. 

Received: 12 December 2020   Accepted: 8 June 2021

References
 1. WHO. Regional office for the Eastern Mediterranean region: Guidelines 

for the control of iron deficiency, vol. 11. Washington, DC: WHO; 2006. p. 
25–7.

 2. Kumari R, Bharti RK, Singh K, Sinha A, Kumar S, Saran A, Kumar U. Preva-
lence of iron deficiency and iron deficiency anaemia in adolescent girls in 
a tertiary care hospital. J Clin Diagn Res. 2017;11(8):BC04–6.

 3. Khalafallah AA, Dennis AE. Iron deficiency anaemia in pregnancy and 
postpartum: pathophysiology and effect of oral versus intravenous iron 
therapy. J Pregnancy. 2012;2012:10.

 4. Hassan AE, Kamal MM, Fetohy EM, Turky GM. Health education program 
for mothers of children suffering from iron deficiency anemia in United 
Arab Emirates. J Egypt Public Health Assoc. 2005;80(5–6):525–45.

 5. Rai R, Fawzi W, Barik A, Chowdhury A. The burden of iron-deficiency anae-
mia among women in India: how have iron and folic acid interventions 
fared? WHO South-East Asia J Public Health. 2018;7(1):18–23.

 6. McLean E, Cogswell M. Worldwide prevalence of anaemia, WHO vitamin 
and mineral nutrition information system, 1993–2005. Public Health Nutr. 
2009;12(4):444–54.

 7. Olude O. Impact of nutrition education and counseling on anemia 
prevalence and iron status in women of reproductive age (MA thesis). 
Oklahoma Panhandle State University; 2011. p. 2–7.

 8. Sant-Rayn P, Beverley-Ann B, Prashanth NS, Sudarshan H, Moodie R, Shet 
A, et al. Factors influencing receipt of iron supplementation by young 
children and their mothers in rural India. Local Natl Cross Sect Studie 
BMC Public Health. 2011;11:617.

 9. Yalcın S, Tezel B, Yurdakok K, Pekcan G, Ozbas S, Koksal E, et al. A 
community-based iron supplementation program, “Ironlike Turkey”, and 
the following prevalence of anemia among infants aged 12–23 months. 
Turk J Pediatr. 2013;55:16–28.

 10. Chen M, Su T, Chen Y, Hsu J, Huang KL, Chang WH, et al. Association 
between psychiatric disorders and iron deficiency anemia among 
children and adolescents: a nationwide population-based study. BMC 
Psychiatry. 2013;13:161.

 11. Benoist B, McLean E, Cogswell M, Egli I, Wojdyla D. Worldwide prevalence 
of anemia 1993–2005, WHO global database on anemia. Geneva: World 
Health Organization; 2008. p. 1–4.

 12. Karkar PD, Kotecha PV. Prevalence of anemia among students of Nursing 
School of Vadodara. Nurs J India. 2004;95(11):257–8.

 13. http:// resea rch. fums. ac. ir.
 14. Oner N, Vatansever U, Garipagaoglu M, Karasalihoglu S. Dietary intakes 

among Turkish adolescent girls. Nutr Res. 2005;25:377–86.
 15. Nyberg G, Sundblom E, Norman A, Elinder S. A healthy school start-

Parental support to promote healthy dietary habits and physical activity 

http://research.fums.ac.ir


Page 8 of 9Khani Jeihooni et al. BMC Women’s Health          (2021) 21:256 

in children: design and evaluation of a cluster-randomised intervention. 
BMC Public Health. 2011;11:185.

 16. Justine LT. Empowering our youth. Using school-based programs to 
increase knowledge and self-efficacy among youth to make positive 
behavior choices (MA thesis). University of Pittsburgh; 2009. p. 9: 04-13.

 17. Olude O. Impact of nutrition education and counseling on anemia preva-
lence and iron status in women of reproductive age: a systematic review 
(Doctoral dissertation, Emory University).

 18. Evaluation of micronutrients in Iran, Ministry of Health and Medical 
Education, UNICEF, Food Institute, 2006 summer.

 19. Kapur D, Sharma S, Agarwal KN. Effectiveness of nutrition education, 
iron supplementation or both on iron status in children. Indian Pediatr. 
2003;40(12):1131–44.

 20. Latifi A, Dehdari T. Eating habits of female students residing in a university 
dormitory focusing on prevention of iron deficiency anemia 2009. Nurs 
Midwifery Care J. 2012;2(1):45–52.

 21. Glanz K, Rimer BK, Viswanath K, editors. Health behavior and health 
education: theory, research, and practice. New York: Wiley; 2008.

 22. Ahmad MM, Dardas LA, Ahmad H. Cancer prevention and care: a national 
sample from Jordan. J Cancer Educ. 2015;30(2):301–11.

 23. Zare H. The effect of education on high school girls’ knowledge on 
healthy nutrition and iron deficiency anemia in Mehrize region (Doctoral 
dissertation, Thesis for graduating of MSC of health education); 2002.

 24. Shahnazi H, Isfahani MT, Azarbin S, Hassanzadeh A, Charkazi A, Moodi 
M. Impact of education based on PRECEDE model on knowledge, 
attitude and behavior of grade two guidance school girls regarding 
iron deficiency anemia (IDA) in Isfahan, Iran. Health Syst Research. 
2012;8(5):773–81.

 25. Shakouri S, Sharifi Rad GR, Hassanzade A, Golshiri P, Shakouri MS. Effeat of 
health education program base on PRECEDE model for controlling iron-
deficiency anemia among high school girl students in Talesh. Arak Med 
Univ J (Rahavard Danesh). 2009;12(3):41–50.

 26. Latifi A, Dehdari T. Eating habits of female students residing in a university 
dormitory focusing on prevention of iron deficiency anemia, 2009. Nurs 
Midwifery Care J. 2009;2(1):45–52.

 27. Jeihooni AK, Moradi M. The effect of educational intervention based on 
PRECEDE model on promoting skin cancer preventive behaviors in high 
school students. J Cancer Educ. 2018;34(4):796–802.

 28. Abalkhail B, Shawky S. Prevalence of daily breakfast intake, iron deficiency 
anaemia and awareness of being anaemic among Saudi school students. 
Int J Food Sci Nutr. 2002;53(6):519–28.

 29. Abedini Z, Lotfi MM, Parvizi F. Prevalence of iron deficiency anemia and its 
related factors in school age children. Pajoohan J. 2010;15(5):208–12.

 30. Fathizadeh SH, Shojaeizadeh D, Mahmoodi M, Garmarodi GH, Amirsardari 
M, Azadbakht M, et al. The impact of health education based on PRECEDE 
model on knowledge, attitude and behavior of grade nine female stu-
dents about iron deficiency anemia in Qazvin. J Health. 2016;7(3):321–30.

 31. Falahi E, Rashidi M, Ebrahimzadeh F, Karbasi S, Shokrollahi N. Effect of 
nutritional education on iron-deficiency anemia in high schools girls. J 
Shahrekord Univ Med Sci. 2010;12(1):37–45.

 32. Mirzaei H, Shojaeizadeh D, Tol A, Ghasemi Ghale Ghasemi S, Shirzad 
M. Application of Health Belief Model (HBM) to promote preventive 
behaviors against iron-deficiency anemia among female students of 
high school Fereydan City: a quasi-experimental study. Iran J Health Educ 
Health Promot. 2018;5(4):260–9.

 33. Eftekhar Ardebili H, Bagheri F, Shahnazi H. The effect of PRECEDE model in 
preventing iron deficiency anemia in high school students. J Res Health. 
2018;8(4):339–45.

 34. Mansourian M, Shafieyan Z, Qorbani M, Rahimzadeh Bazraki H, Charkazi 
A, Asayesh H, et al. Effect of nutritional education based on HBM model 
on anemia in Golestan girl guidance school students. Iran J Health Educ 
Health Promot. 2013;1(2):51–6.

 35. Vaezi M, Niknami Sh, Hidarnia A, Goodarzi A. Visual media education for 
prevention of iron deficiency anemia among high school girls in Chaba-
har City. Mil Care Sci. 2018;5(2):156–62.

 36. Otoo G, Adam Y. Effect of nutrition education with an emphasis on con-
sumption of iron-rich foods on hemoglobin levels of pregnant women 
in Ghana. FASEB J. 2016;30(1):410–2. https:// doi. org/ 10. 1096/ fasebj. 30.1_ 
suppl ement. 410.2.

 37. Robertson N, Ladlow B. Effect of individual dietetic intervention on 
gestational weight gain and associated complications in obese pregnant 

women. Aust N Z J Obstet Gynaecol. 2017. https:// doi. org/ 10. 1111/ ajo. 
12711.

 38. Abd ElHameed H, Mohammed A, Abd ElHameed L. Effect of nutritional 
educational guideline among pregnant women with iron deficiency 
anemia at rural area in Kalyobia Governorate. Life Sci J. 2012;9(2):1212–7.

 39. Ayub RA, Jaffery T, Aziz F, Rahmat M. Improving health literacy of women 
about iron deficiency anemia and civic responsibility of students through 
service learning. Educ Health (Abingdon). 2015;28(2):130–7. https:// doi. 
org/ 10. 4103/ 1357- 6283. 170122.

 40. Heidarnia AR, Amiri P, Parvin M, Kimiagar M. Designe and evaluation 
educational program for decreasing of iron deficiency anemia among 
adolescent girls. Med Educat Modares. 2002;1(5):33–40.

 41. Hazavehei SM, Jalili Z, Heydarnia AR, Faghihzadeh S. Application of the 
PRECEDE model for controlling iron-deficiency anemia among children 
aged 1–5, Kerman, Iran. Promot Educ. 2006;13(3):173–7.

 42. Mehrabian F, Valipour R, Kasmaei P, Atrkar Rohan Z, Mahdavi RM. The 
effect of education based on BASNEF model on promoting of nutritional 
behavior to prevent iron deficiency anemia. J Holist Nurs Midwifery. 
2016;26(1):89–98.

 43. Bandura A. Guide for constructing self-efficacy scales. In: Urdan T, Pajares 
F, editors. Self-efficacy beliefs of adolescents, vol. 5. Mumbai: IAP; 2006. p. 
307–37.

 44. Ghoreishi MS, Abusalehi A, Peyman N, Tehrani H. The effect of preventive 
educational intervention for promoting iron supplement use in high 
school female’s students: an application of Health Belief Model. RJMS. 
2018;25(171):31–42.

 45. Seyed Nematollah Roshan F, Navipor H, Alhani F. The effect of education-
based intervention using small group discussion in empowering adoles-
cent girls to prevent iron deficiency anemia. J Patient Saf Qual Improv. 
2014;2(4):151–5. https:// doi. org/ 10. 22038/ psj. 2014. 3399.

 46. Ghaderi N, Ahmadpour M, Saniee N, Karimi F, Ghaderi C, Mirzaei H. Effect 
of education based on the Health Belief Model (HBM) on anemia preven-
tive behaviors among Iranian girl students. Int J Pediatr. 2017;5(6):5043–
52. https:// doi. org/ 10. 22038/ ijp. 2017. 22051. 1844.

 47. Mohammadzadeh Larijani N, Khorsandi M, Shamsi M, Ranjbaran M, Nakh-
javani N. Prediction of iron deficiency anemia preventive behaviors of 
children by rural women city of Babol: application of Health Belief Model. 
psj. 2016;14(4):48–58.

 48. Kashfi SM, Khani Jeihooni A, Rezaianzadeh A, Karimi S. The effect of 
mothers education program based on the precede model on the mean 
weight in children (6–12 months) at health centers in Shiraz, Fars Prov-
ince. Med J Islam Repub Iran. 2014;28:95 (eCollection 2014).

 49. Jeihooni AK, Kashfi SM, Hatami M, Avand A, Bazrafshan MR. The effect 
of educational program based on PRECEDE model in promoting 
prostate cancer screening in a sample of Iranian men. J Cancer Educ. 
2019;34(1):161–72. https:// doi. org/ 10. 1007/ s13187- 017- 1282-8.

 50. Askari A, Jeihooni AK, Kashfi SM, Marzban A, Khiyali Z. The Effect of educa-
tional program based on belief, attitude, subjective norm, and enabling 
factors model on changing the metabolic indices in elderly patients with 
type II diabetes. Int J Prev Med. 2018;30(9):74. https:// doi. org/ 10. 4103/ 
ijpvm. IJPVM_ 308_ 16 (eCollection2018).

 51. Khani Jeihooni A, Afzali Harsini P. The effect of an educational inter-
vention based on PRECEDE model on oral cancer prevention behav-
iors in Hookah Users. J Cancer Educ. 2019. https:// doi. org/ 10. 1007/ 
s13187- 019- 01591-6.

 52. Rai SS, Ratanasiri T, Arkaravichien T, Thapa P, Koju R. Compliance and 
its determinants regarding iron and folic acid supplementation dur-
ing pregnancy in Kathmandu, Nepal. Kathmandu Univ Med J (KUMJ). 
2016;14(56):311–7.

 53. Zarei A, Karimi J, Gharibi F. Effect of PRECEDE model on iron supplement 
intake of 6–12-month-old infants. Iran J Neonatol. 2014;5(3):7.

 54. Jalambadani Z, Shojaei Zadeh D, Hoseini M, Sadeghi R. The effect of edu-
cation for iron consumption based on the theory of planned behavior in 
pregnant women in Mashhad. J Clin Nurs Midwifery. 2015;4(2):59–68.

 55. Jeihooni AK, Heidari MS, Harsini PA, Azizinia S. Application of PRECEDE 
model in education of nutrition and physical activities in obesity and 
overweight female high school students. Obesity Med. 2019;14:100092.

 56. Khani Jeihooni A, Darvishi N, Harsini PA. The effect of educational inter-
vention based on the theory of planned behavior on mammography 
screening in Iranian women. J Cancer Educ. 2019. https:// doi. org/ 10. 
1007/ s13187- 018- 1460-3.

https://doi.org/10.1096/fasebj.30.1_supplement.410.2
https://doi.org/10.1096/fasebj.30.1_supplement.410.2
https://doi.org/10.1111/ajo.12711
https://doi.org/10.1111/ajo.12711
https://doi.org/10.4103/1357-6283.170122
https://doi.org/10.4103/1357-6283.170122
https://doi.org/10.22038/psj.2014.3399
https://doi.org/10.22038/ijp.2017.22051.1844
https://doi.org/10.1007/s13187-017-1282-8
https://doi.org/10.4103/ijpvm.IJPVM_308_16
https://doi.org/10.4103/ijpvm.IJPVM_308_16
https://doi.org/10.1007/s13187-019-01591-6
https://doi.org/10.1007/s13187-019-01591-6
https://doi.org/10.1007/s13187-018-1460-3
https://doi.org/10.1007/s13187-018-1460-3


Page 9 of 9Khani Jeihooni et al. BMC Women’s Health          (2021) 21:256  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 57. Jeihooni AK, Rakhshani T. The effect of educational intervention based 
on Health Belief Model and social support on promoting skin cancer 
preventive behaviors in a sample of Iranian farmers. J Cancer Educ. 
2019;34(2):392–401. https:// doi. org/ 10. 1007/ s13187- 017- 1317-1.

 58. Sharifirad G, Golshiri P, Shahnazi H, Shakouri S, Hassanzadeh A. PRECEDE 
educational model for controlling iron-deficiency anaemia in Talesh, Iran. 
J Pak Med Assoc. 2011;61(9):862–5.

 59. Al-Tell MA, El-Guindi FK, Soliman NM, El-Nana H. Effect of nutritional inter-
ventions on anemic pregnant women’s health using health promotion 
model. Med J Cairo Univ. 2010;78(2):109–18.

 60. Alaofè H, Zee J, Dossa R, O’Brien HT. Education and improved iron intakes 
for treatment of mild iron-deficiency anemia in adolescent girls in south-
ern Benin. Food Nutr Bull. 2009;30(1):24–36.

 61. Araban M, Baharzadeh K, Karimy M. Nutrition modification aimed at 
enhancing dietary iron and folic acid intake: an application of Health 
Belief Model in practice. Eur J Public Health. 2017;27(2):287–92. https:// 
doi. org/ 10. 1093/ eurpub/ ckw238.

 62. Sunuwar DR, Sangroula RK, Shakya NS, Yadav R, Chaudhary NK, Pradhan 
PMS. Effect of nutrition education on hemoglobin level in pregnant 
women: a quasi-experimental study. PLoS ONE. 2019;14(3):e0213982. 
https:// doi. org/ 10. 1371/ journ al. pone. 02139 82.

 63. Adhikari K, Liabsuetrakul T, Pradhan N. Effect of education and pill count 
on hemoglobin status during prenatal care in Nepalese women: a rand-
omized controlled trial. J Obstet Gynaecol Res. 2009;35(3):459–66. https:// 
doi. org/ 10. 1111/j. 1447- 0756. 2008. 00970.x.

 64. Garg A, Kashyap S. Effect of counseling on nutritional status during 
pregnancy. Indian J Pediatr. 2006;73(8):687–92.

 65. Jeihooni AK, Kashfi SM, Kooshkghazi SZ, Kashfi SH. Effectiveness of a 
training program based in PRECEDE model on fruit and vegetable con-
sumption among female students. Int J Pediatr. 2017;5(10):5935–44.

 66. Jeihooni AK, Askari A, Kashfi SM, Khiyali Z, Kashfi SH, Safari O, Rastega-
rimehr B, Mansourian M. Application of Health Belief Model in preven-
tion of osteoporosis among primary school girl students. Int J Pediatr. 
2017;5(11):6017–29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s13187-017-1317-1
https://doi.org/10.1093/eurpub/ckw238
https://doi.org/10.1093/eurpub/ckw238
https://doi.org/10.1371/journal.pone.0213982
https://doi.org/10.1111/j.1447-0756.2008.00970.x
https://doi.org/10.1111/j.1447-0756.2008.00970.x

	The effect of nutrition education based on PRECEDE model on iron deficiency anemia among female students
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Summary of education sessions
	Findings
	Discussion
	Conclusion
	Acknowledgements
	References


