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Introduction 
 
Anemia is a condition with a low number of red 
blood cells. Anemia is a significant public health 
problem throughout the world, both in rich and 

poor countries (1). Based on the 2021 Global 
Nutrition Report, 570.8 million children, girls, 
and women of fertile age suffer from anemia. 

Abstract 
Background: Anemia is a significant public health problem worldwide in rich and poor countries. Anemia 
among teenagers can be seriously almost entirely caused by a lack of substance iron, which is closely related to 
the level of severity of anemia. The most visible effect of anemia is a decline in achievement studying in school. 
This article briefly introduces anemia, etiology, pathophysiology, impact, and preventive measures. 
Methods: Major databases, including Scopus, Pubmed, Proquest, Google Scholar, and Science Direct, were 
researched to obtain articles related to anemia in adolescent girls. The keywords used in the literature search 
were “ anemia and teenage girls "and " anemia prevention. " The time frame of the articles obtained ranged 
from 2012 to 2023. 
Results: Enhancement observed prevalence during several final years will cause prevalence to exceed the 
agreed target level. The most visible impact of anemia is a decline in achievement studying in school. Not only 
that, teenage women who suffer from anemia are at risk of experiencing anemia during pregnancy, which can 
hurt the growth and development of the fetus in Content. Apart from that, there is the potential to experience 
complications during pregnancy and childbirth. 
Conclusion: Identifying and understanding the etiology of anemia is critical to developing effective prevention 
strategies with screening. An integrated approach to early prevention of anemia involves collaboration between 
the health, education, and community sectors. 
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The prevalence of childhood anemia in women 
and women of reproductive age is worrying: not 
only do they not exist to progress in lower prev-
alence, but, on the contrary, in 2025, an increase 
in observed prevalence during the number of fi-
nal years will cause prevalence to more than 
double the agreed target rate (31.2% instead of 
14.3%) (2). According to 2018 Riskesdas data, 
the prevalence of anemia is national, amounting 
to 48.9%, with the proportion of anemia in 
women being 27.2% (3).  
Iron deficiency is the primary cause of anemia in 
teenagers, significantly impacting their overall 
health. This condition reduces immunity, impairs 
physical and mental development, decreases 
physical fitness, and affects academic perfor-
mance (4) (5). Additionally, adolescent females 
with anemia face increased risks during pregnan-
cy, potentially affecting fetal development and 
leading to pregnancy complications (6). These 
studies contribute to understanding the risks, 
impacts, and prevention strategies of anemia, 
supporting interventions such as nutritional edu-
cation, lifestyle modifications, and nutritional 
supplementation to reduce the incidence of 
anemia and improve adolescent health out-
comes. The studies also identify key risk factors, 
including poor dietary patterns characterized by 
low intake of iron, folic acid, and vitamin C, as 
well as the physiological conditions of menstrua-
tion during adolescence 
 

Search Method 
  
This research used various databases such as 
Scopus, Pubmed, Proquest, Google Scholar, and 
Science Direct. The keywords used in the 
literature search were "Etiology, 
Pathophysiology, Impact, and Prevention of 
Anemia. " The time range for accessed articles 
ranges from 2012 to 2023. 
The inclusion criteria cover articles on the 
etiology of anemia, pathophysiology, impact, and 
prevention efforts, published in English and 

available in full-text format. The exclusion 
criteria cover articles in the form of single case 
studies, as well as editorial reviews or 
commentary. The study selection process was 
conducted by screening titles and abstracts. 
 

Results and Discussion 
 
Definition of Anemia 
Anemia is a condition with a decrease in 
Hemoglobin (Hb) levels and the number of red 
blood cells below average values, so they are 
insufficient to meet a person's body's 
physiological needs (7). As a consequence, 
laboratory examinations will show a decrease in 
the amount of Hemoglobin (HGB), hematocrit 
value (HCT), and number of red blood cells 
(RBC) (8). Anemia is often viewed as a disease in 
itself, even though anemia is only a symptom or 
manifestation of another underlying disease (9). 
Hemoglobin levels in the blood are categorized 
to determine anemia status. According to the 
WHO, hemoglobin levels indicating anemia vary 
by age and gender (7). The threshold for anemia 
can be seen in (Table 1). 
 
Etiology of Anemia 
Understanding the different types of anemia 
requires an examination of their causes, 
particularly in relation to blood cell morphology. 
Variations in the size, shape, and color of red 
blood cells can indicate specific underlying 
conditions, aiding in accurate diagnosis and 
treatment. Morphological classifications help 
distinguish between types of anemia, such as 
microcytic, normocytic, and macrocytic anemia, 
each associated with distinct causes, including 
iron deficiency, chronic disease, or vitamin B12 
and folic acid deficiencies. A detailed 
classification of anemia based on blood cell 
morphology, along with its primary causes, is 
presented in (Table 2). 
 

 
 
 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 54, No.3, Mar 2025, pp.509-520  

511                                                                                                       Available at:    http://ijph.tums.ac.ir 

Table 1: Concentration (g/dL) The Threshold of Anemia (7) 

 
Population Anemia Normal 

Heavy Currently Light  

Children aged 
6-59 months 

<7.0 7.0-9.9 10.0-10.9 ≥ 11.0 

Children aged 
5-11 years 

<8.0 8.0-10.9 11.0-11.4 ≥ 11.5 

Children aged 
12-14 years 

<8.0 8.0-10.9 11.0-11.9 ≥ 12.0 

Non-pregnant 
women (aged 
15 years and 
over) 

<8.0 8.0-10.9 11.0-11.9 ≥ 12.0 

Pregnant 
women 

<7.0 7.0-9.9 10.0-10.9 ≥ 11.0 

Male (aged 15 
years and 
over) 

<8.0 8.0-10.9 11.0-12.9 ≥ 13.0 

 
Table 2: Causes of anemia based on blood cell morphology 

 
Types of Anemia Reason 

Aplastic Anemia Damage to the marrow 
bones (10) 

Microcytic anemia Lack of substance iron 
(11) 

Normocytic Anemia anemia caused by dis-
ease chronic, disorder 
production cell blood 

red with marrow bones, 
as well as failure func-
tion kidneys, bleeding I 

(12) 

Hemolytic Anemia 
 

Damage to cells' blood 
red that has not yet 
reached the stage of 

maturity (13) 

Macrocytic anemia ( 
megaloblastic & 
pernicious 

Vitamin B12 deficiency, 
lack of sour folate, and 
disturbance in protein 

synthesis (14) 
autoimmune (15) 

Anemic Hemoglo-
binopathies 

Disturbance genetic 
causes cell blood to red 
own form like sickle and 

thalassemia (16) 

 
The causes of anemia can be classified based on 
red blood cell morphology. Several types of 

anemia according to morphology and their 
causes include aplastic anemia caused by bone 
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marrow damage (10), microcytic anemia due to 
iron deficiency (11), normocytic anemia 
triggered by chronic diseases, disruptions in red 
blood cell production in the bone marrow, 
kidney failure, or bleeding  (12), hemolytic 
anemia that occurs due to damage to red blood 
cells before they reach maturity (13), and 
macrocytic anemia (megaloblastic & pernicious) 
resulting from deficiencies in vitamin B12, folic 
acid, and protein synthesis disorders (14). 
Hemoglobinopathy anemia, a genetic disorder, 
leads to abnormal red blood cell shapes as seen 
in sickle cell anemia and thalassemia (16). 
Healthy red blood cells have a red color and a 
biconcave shape, which means they are shaped 
like a circle with a concave center. Healthy red 
blood cells have an average volume ranging 
from 80-100 femtoliters (fL), with a surface area 
of around 135±15 mm², a diameter of around 
7.8 mm, and a thickness of around 0.81 mm (17) 
(18). Macrocytic means size cell blood red is 
more significant from ordinary, but normo-
chrome occurs because concentration His He-
moglobin was normal ( MCV increased; MCHC 
normal) (19). This thing is caused by interfer-
ence or cessation of the synthesis of sour DNA 
nucleic acid as found in B12 or acid deficiency 
folate (14). 

Microcytic refers to small size, while 
hypochromic refers to hemoglobin content that 
is less than usual (low MCV; low MCHC) (19). 
This usually reflects a lack of heme (iron) 
synthesis, as in iron deficiency anemia, 
sideroblastic conditions, or chronic blood loss. 
In addition, this condition can also be associated 
with impaired globin synthesis, such as 
thalassemia (14). 
On a biological level, anemia develops due to an 
imbalance of erythrocyte loss compared with 
production, which can be caused by ineffective 
or deficient erythropoiesis and excessive 
erythrocyte loss due to hemolysis, blood loss, or 
both. Anemia is often classified based on the 
biological causal mechanism, such as IDA, 
hemolytic anemia, and inflammatory anemia 
(AI). However, in obese teenagers, anemia can 
occur due to a lack of proper nutritional intake, 
such as iron, folate, and vitamin B12, which can 
affect red blood cell production (20). 
Anemia results from direct causes, such as 
nutrient deficiencies and chronic blood loss, and 
indirect causes like socioeconomic factors and 
limited healthcare access. These factors 
influence dietary habits and overall health, 
increasing anemia risk. A detailed classification 
is presented in (Table 3). 

 
Table 3: Causes of anemia 

 
Reason 
Direct 

Deficiency substance iron 
(21) 

Abnormalities Genetic (16) (22) 

Disease infection  (24) (25) 
Menstruation (5) (27) (28) 

Bleeding consequence accident 
(29) 

Indirect 
causes 

Parenting family (23) 

Health facilities, hygiene, and 
sanitation (30,31) 

Knowledge (30) (28) 

Attitude (33) 
Social economics (26) 

Age (11) 

Education (29.31) 
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Anemia etiology identifies how distal factors 
contribute to the determinants of anemia, such 
as food insecurity, clean water, and sanitation, 
and, ultimately, the most direct causes of anemia 
(e.g., nutritional deficiencies, disease, 
inflammation, and Hb disorders) (32–34). Many 
determinants are interrelated. Poverty, for 
example, is a significant determinant of health 
and nutrition, and poor socioeconomic position 
is associated with a greater risk of anemia in 
women and children (38). Likewise, low levels 
of education were also associated with a greater 
risk of anemia. A recent analysis of 53 
demographic and health surveys with Hb data 
found that anemia among PSC (affecting 70% 
of the PSC population studied) was strongly 
associated with maternal anemia, household 
wealth, maternal education, and low birth 
weight (39). 
The most common cause of anemia is a lack of 
substance iron (40). Because of the lack of iron 
in the body, the absorption of insufficient iron 
and the need for a substance increases iron, as 
well as the loss of the substance, increased iron, 
such as moment menstruation (37) (41). Chron-
ic blood loss from digestive disorders (ulcers, 
NSAID use, cancers, diverticulitis, hemorrhoids, 
and hookworms), menstrual bleeding, urinary 
tract bleeding, or respiratory tract bleeding can 
cause iron deficiency. Increased iron needs oc-
cur in premature infants, during growth, and in 
pregnancy. Absorption issues, such as those 
from gastrectomy, tropical disease, or chronic 
colitis, can also contribute. (42). 
Iron bound to protein forms Hemoglobin, 
which transports oxygen throughout the body 
(43). Iron is an essential micronutrient that plays 
a role in various cellular metabolic processes, 
including energy production (44), enzyme 
synthesis, maintenance of neuronal activity, and 
support of the immune system (45). Iron 
deficiency is the main factor causing anemia 
because of its crucial role in the body. Iron 
deficiency can occur due to insufficient food 
intake, failure of the absorption process in the 
duodenum and jejunum even though intake is 

sufficient, infection with microorganisms that 
interfere with the absorption and circulation of 
iron, and excessive need for iron (33). 
 
Pathophysiology of Anemia 
Iron deficiency anemia occurs when the body's 
need for iron exceeds the available supply, so 
the amount of iron is insufficient for optimal 
hemoglobin formation. This condition causes 
the red blood cells formed to have a smaller size 
(microcytic) and a paler color (hypochromic). 
The pathophysiology of iron deficiency anemia 
develops through several stages, from mild 
deficiency to marginal deficiency until finally 
becoming real Iron Deficiency Anemia (IDA) 
(46). 
The pathogenesis of iron deficiency anemia 
develops through several stages, namely mild 
deficiency, marginal (mild functional) deficiency, 
and finally, IDA. In the mild deficiency stage, 
there is a depletion of iron levels in the bone 
marrow or a decrease in iron reserves, 
characterized by low ferritin concentrations. 
Marginal or mild functional deficiency is 
characterized by a reduced erythropoiesis 
process, which results in decreased red blood 
cell production. This condition occurs when 
iron reserves are depleted, the supply of iron to 
erythrocyte-forming cells is reduced, and 
transferrin saturation decreases, even though 
hemoglobin levels are still within the normal 
range. Iron stores have been depleted in the iron 
deficiency anemia stage, and hematocrit values 
and hemoglobin levels decrease. The red blood 
cells formed in this condition are smaller than 
usual (microcytic) and have a low hemoglobin 
concentration (hypochromic) (46). 
 
Impact of Anemia  
Anemia will cause somebody to experience a 
decline in the Power stand body, which quickly 
causes problems and indicates poor nutritional 
status and health (46). The prevalence of anemia 
in women occurs at puberty due to 
menstruation and is experienced in young 
women aged 10-19 years, which is a transition 
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period experienced by somebody with a change 
in physique or psyche (48, 49). Data on high 
levels of anemia in adolescent daughters is also 
supported by the research conducted (20, 22), 
who explain that as many as 78.5% of teenage 
daughters suffer from anemia (51). The research 
aligns with research that explains that 70% of 
teenagers and daughters suffer from anemia 
(52). 
Anemia can give rise to various impacts on 
teenagers, including lowering the body's power 
so that they quickly catch disease and a decline 
in activities and achievements Because of lack of 
concentration (53). Deficiency anemia, problem 
iron, and low nutritional status will be harmful 
during pregnancy later, babies with heavy babies 
born with low pain, even death in mothers and 
babies (54, 55), as well as an impact on decline 
cognitive, decline learning, and performance of 
children at school (4, 56). This is also annoying 
for concentration teenage daughters, lower 
success in education, productivity, and physical 

power, as well as increasing the risk of infection 
(58). 

 
Prevention of Anemia 
Efforts to prevent anemia require a 
comprehensive approach that addresses various 
contributing factors, including diet, nutrition, 
education, and behavioral changes. These 
strategies can be grouped into three main areas: 
improving dietary intake, enhancing educational 
awareness, and promoting behavior 
modification. A well-balanced diet rich in iron, 
folic acid, and other essential nutrients plays a 
crucial role in preventing anemia. Additionally, 
educational interventions help increase 
awareness about the importance of proper 
nutrition and adherence to iron 
supplementation. Behavior modification 
strategies, such as promoting regular 
consumption of iron-rich foods and encouraging 
a healthy lifestyle, further support anemia 
prevention efforts. A detailed overview of these 
preventive measures is presented in (Table 4).

 
Table 4: Efforts to prevent anemia 

 
Through In-
take/consumption of 
food 

Administration of Hemoglobin Level 
Increasing Tablets / additional tab-
lets blood (59) 

Variation in Consumption of Food (60) 

Fortification food to increase Content 
The nutrition (61) 

Supplementation substance iron and acid 
folate (62) 

Fortification to improved micronutrient 
status (59) 

supplement with lipids (64) 

Education Impact education nutrition to 
knowledge, attitudes, and practices re-
garding anemia (62) 

Peer education on anemia prevention (62) 

Nutrition Education (57) 

Change Behavior Change habit pattern Eat (21) 

Change Health behavior (63) 

Anemia Detection (64) 

Enhancement facility Cleanliness and 
sanitation (68) 

 
Efforts to prevent and control anemia in 
adolescents are generally carried out 

through three main programs: iron supple-
mentation, nutrition education, and food 
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fortification (65, 66). These efforts need to 
be made by adapting fun and exciting 
methods for teenagers (70). The 
involvement of teenagers as role models for 
their peers is also one of the things that will 
continue to be developed to promote 
healthy lifestyles for the teenage generation 
(71, 72).  
Taking food supplements rich in vitamins 
and minerals is one of the measures to 
prevent anemia (73). Consume folate from 
green leafy vegetables, citrus fruits, and 
animal protein. Folic acid will undergo 
metabolism to become tetrafolic acid, 
which is needed to synthesize iron nucleic 
acids obtained from meat, which is the iron 
complex absorbed by the duodenum and 
jejunum (69). Iron will then be saved in the 
heart in the form of fibrin (14). Supplemen-
tation, fortification, and diversification pro-
grams are Steps to prevent anemia (73). 
Apart from that, the government gives drug 
worms, prevent as well as treat disease con-
comitant, and folate via enhancement tab-
lets blood (75).  
Implementation of the program for provid-
ing blood supplement tablets to teenagers 
still faces obstacles, especially in matter lev-
el specified compliance low. 2018 Riskesdas 
data shows that only about 32% of teenag-
ers comply with taking Blood Supplement 
Tablets, while the other 68% did not follow 
suit with Blood Supplement Tablets con-
sumption. Reasons for non-compliance: 
teenage daughter covers forget by 20%, less 
interest by 22%, and felt unnecessary, 
amounting to 21.6% (76). With so, neces-
sary steps to improve level compliance, for 
one, involve education health-based peer ed-
ucation with Empowering School Health 
Enterprises. 
 
Why anemia needs to be prevented 

a. Anemia with cognitive decline and 
decreased learning. 

Teenager daughters are vulnerable to ane-
mia due to the need for substance-increased 

iron to support rapid mental growth and 
development as well as replace lost conse-
quence menstruation. Lack of substance 
iron is capable of causing cognitive disturb-
ance in humans, with damage to the mito-
chondria of the brain as the basis for 
change (77).  Disturbance cognitive im-
pairment is caused by deficiencies in the 
substance iron (86), which is related to 
range attention, intelligence, and function 
perception sensory especially quoted, as 
well as related to emotions and behavior. 
Generally, a nuisance is linked with defi-
ciency anemia iron. Juvenile anemia has 
been reported to increase the risk of psy-
chiatric disorders, including mood disor-
ders, autism, spectrum disorders, attention 
deficit hyperactivity disorder, and develop-
mental disorders (78, 79). 

b. Anemia and high maternal, perina-
tal, and fetal mortality 

An anemic teenager will contribute to high 
maternal mortality, increasing incidence of 
birth weight , perinatal death, and fetal 
death (90). Adolescent childbirth can impair 
growth due to malnutrition. Early pregnan-
cy and breastfeeding deplete micronutrients 
like iron, increasing the risk of anemia. 
Poor nutrition during pregnancy further 
worsens the condition (80). 
Teenagers, frail, and pregnant daughters 
tend to give birth to babies with low body 
weight (81). Anemia during adolescence can 
progress to pregnant women with anemia 
who are at risk of giving birth to premature 
and LBW babies. Babies with LBW will 
grow up to be stunted (short) children who 
will then become malnourished teenage 
girls and pregnant women and give birth to 
the next stunted generation who are not 
only short but also have low intelligence 
(IQ), psychological disorders, and at risk of 
developing diabetes, hypertension, and var-
ious other chronic diseases in the future 
(82). 
According to WHO, in 2015, around 29.4% 
of women age fertile suffered from anemia. 
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The majority of South Asian adolescent 
girls are anemic; for example, anemia was 
detected among 70, 51.8 %, and 67.7% of 
adolescents in Bangladesh, India, and Ne-
pal, respectively (65).  

 

Recent Advances 
Anemia research is advancing, focusing on new 
treatments like gene therapy and drugs that boost 
erythropoietin (EPO) and red blood cell 
production (8). This provides new hope for 
patients with chronic anemia, such as kidney 
disease (83). 
In addition, there are also efforts to create iron 
supplements that are easier to absorb and more 
effective in treating iron deficiency anemia (7). 
This way, we can increase iron absorption from 
food and supplements, making it a more efficient 
solution (7). 
In understanding pathophysiology, we have seen 
breakthroughs thanks to advances in genomics 
and proteomics. This research provides insight 
into the molecular mechanisms underlying anemia 
associated with chronic diseases such as cancer 
and colitis (84). We can develop more targeted 
therapies by understanding the cellular signaling 
pathways and transcription factors involved. 
Early detection and screening for anemia is also a 
priority. New DNA-based diagnostic methods 
and biomarkers are being developed to detect 
anemia more accurately and efficiently. There are 
efforts to create portable and affordable screening 
tools for areas with limited resources (67). 
On the other hand, nutritional interventions and 
food fortification have received significant 
attention. Field studies are underway to test the 
effectiveness and safety of various strategies for 
enriching foods with iron, folic acid, and vitamin 
B12 to prevent anemia (63,85). Researchers are 
also working to develop more effective and 
culturally acceptable nutritional supplements for 
at-risk populations (86). 
 

Conclusion 
 
Anemia is caused by infections, bleeding, and 
nutritional deficiencies, with iron deficiency being 

the main cause in adolescent girls. Direct factors 
include behavior, diet, and rest, while indirect 
factors involve knowledge, age, socio-economics, 
and healthcare access. Prevention includes 
fortification, supplementation, and education, 
whose effectiveness can be explored in future 
research. 
 

Journalism Ethical considerations 
The author has paid full attention to ethical 
issues, such as plagiarism, informed consent, 
errors, falsification and fabrication of data, double 
publication and submission, redundancy, etc. 
 

Conflict of Interest 
 
The authors declare that there is no conflict of 
interests. 
 

References  
 

1. Bernardi LA, Ghant MS, Andrade C, et al (2016). 
The association between subjective 
assessment of menstrual bleeding and 
measures of iron deficiency anemia in 
premenopausal African-American women: a 
cross-sectional study. BMC Womens Health, 16 
(1): 50.  

2. Santos JA, Tekle D, Rosewarne E, et al (2021). A 
Systematic Review of Salt Reduction 
Initiatives Around the World: A Midterm 
Evaluation of Progress Towards the 2025 
Global Non-Communicable Diseases Salt 
Reduction Target. Adv Nutr, 12 (5): 1768–
1780.  

3. Juffrie M, Helmyati S, Hakimi M (2020). 
Nutritional anemia in Indonesia children and 
adolescents: Diagnostic reliability for 
appropriate management. Asia Pac J Clin Nutr, 
29(Suppl 1):S18-S31. 

4. Tesfaye M, Yemane T, Adisu W, et al (2015). 
Anemia and iron deficiency among school 
adolescents: burden, severity, and determinant 
factors in southwest Ethiopia. Adolesc Health 
Med Ther, 6: 189-196. 

5. Shaka MF, Wondimagegne YA (2018). Anemia, 
a moderate public health concern among 
adolescents in South Ethiopia. PLoS One, 13 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 54, No.3, Mar 2025, pp.509-520  

517                                                                                                       Available at:    http://ijph.tums.ac.ir 

(7): e0191467. 
6. Srivastava S, Kumar P, Paul R, et al (2022). 

Effect of change in individual and household 
level characteristics on anemia prevalence 
among adolescent boys and girls in India. 
BMC Public Health, 22 (1): 1478. 

7. Chaparro CM, Suchdev PS (2019). Anemia 
epidemiology, pathophysiology, and etiology 

in low‐and middle‐income countries. Ann N 
Y Acad Sci, 1450 (1): 15-31.    

8. Ashok C, Mahto S, Kumari S, et al (2024). 
Impact of Plateletpheresis on the 
Hemoglobin, Hematocrit, and Total Red 
Blood Cell Count: An Updated Meta-
Analysis. Cureus, 16 (6): e61510. 

9. Habyarimana F, Zewotir T, Ramroop S (2020). 
Prevalence and risk factors associated with 
anemia among women of childbearing age in 
Rwanda. Afr J Reprod Health, 24 (2): 141–151. 

10. Harika R, Faber M, Samuel F, et al (2017). 
Micronutrient status and dietary intake of 
iron, vitamin A, iodine, folate and zinc in 
women of reproductive age and pregnant 
women in Ethiopia, Kenya, Nigeria and 
South Africa: A Systematic Review of Data 
from 2005 to 2015. Nutrients, 9 (10): 1096. 

11. Zheng Y, Liu X, He Y, et al (2023). Prevalence 
and morphological subtype distributions of 
anaemia in a Chinese rural population: the 
Henan Rural Cohort study. Public Health Nutr, 
26 (6): 1254-1263.  

12. Sharief SA, Minhajat R, Riu DS, et al (2024). 
Normocytic anemia in pregnant women: A 
scoping review. Med J Malaysia, 79 (5): 646-
657.                                   

13. Alotaibi NE, Mohsin B, Alharbi S, et al (2023). 
Postrenal transplant anemia and its effects on 
patients and graft outcomes: Seven years 
follow-up. Saudi Pharm J, 31 (8): 101696.  

14. Nickens C, Knollmann-Ritschel BE (2019). 
Educational Case: Nutrient Deprivation and 
Anemia. Acad Pathol, 6: 2374289519888733.  

15. Michalak SS, Olewicz-Gawlik A, Rupa-Matysek 
J, et al (2020). Autoimmune hemolytic 
anemia: current knowledge and perspectives. 
Immun Ageing, 17 (1): 38. 

16. Lambrecht NJ, Wilson ML, Jones AD (2019). 
Assessing the impact of animal husbandry 
and capture on anemia among women and 
children in low-and middle-income countries: 
a systematic review. Adv Nutr, 10 (2): 331-344.  

17. Mesarec L, Gozdz W, Iglic A, et al (2019). 
Normal red blood cells’ shape stabilized by 
membrane’s in-plane ordering. Sci Rep, 9 (1): 
19742.  

18. Hoffman JF (2016). Biconcave shape of human 
red-blood-cell ghosts relies on density 
differences between the rim and dimple of 
the ghost’s plasma membrane. Proc Natl Acad 
Sci U S A, 113 (51): 14847–14851.  

19. Zhang Z, Gao S, Dong M, et al (2022). 
Relationship between red blood cell indices 
(MCV, MCH, and MCHC) and major 
adverse cardiovascular events in anemic and 
nonanemic patients with acute coronary 
syndrome. Dis Markers, 2022:2193343. 

20. Brownstein CG, Daguenet E, Guyotat D, et al 
(2020). Chronic fatigue in myelodysplastic 
syndromes: Looking beyond anemia. Crit Rev 
Oncol Hematol, 154: 103067.  

21. Sharif N, Das B, Alam A (2023). Prevalence of 
anemia among reproductive women in 
different social group in India: cross-sectional 
study using nationally representative data. 
PLoS One, 18 (2): e0281015. 

22. Wu B, Choy CC, Rivara AC, et al (2021). 
Persistence of anaemia among Samoan 
preschool age children: a longitudinal study. 
Public Health Nutr, 24 (18): 5995–6006.  

23. Nguyen PH, Gonzalez-Casanova I, Nguyen H, 
et al (2015). Multicausal etiology of anemia 
among women of reproductive age in 
Vietnam. Eur J Clin Nutr, 69 (1): 107–113.  

24. Satrija F, Ridwan Y, Rauf A (2015). Current 
status of schistosomiasis in Indonesia. Acta 
Trop, 141(Pt B): 349–353.  

25. Hess SY, Owais A, Jefferds MED, et al (2023). 
Accelerating action to reduce anemia: Review 
of causes and risk factors and related data 
needs. Ann N Y Acad Sci, 1523 (1): 11-23. 

26. Habtegiorgis SD, Petrucka P (2022). Prevalence 
and associated factors of anemia among 
adolescent girls in Ethiopia: A systematic 
review and meta-analysis. PLoS One, 17 (3): 
e0264063.  

27. Thomas D, Chandra J, Sharma S, et al (2015). 
Determinants of nutritional anemia in 
adolescents. Indian Pediatr, 52 (10): 867-869. 

28. Van Zutphen KG, Kraemer K, Melse-Boonstra 
A (2021). Knowledge gaps in understanding 
the etiology of anemia in Indonesian 
adolescents. Food Nutr Bull, 42(1_suppl):S39-

http://ijph.tums.ac.ir/


Suprapti et al.: Anemia: Etiology, Pathophysiology, Impact, and Prevention … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                        518 

S58. 
29. De Andrade Cairo RC, Silva LR, Carneiro BN, et 

al (2014). Iron deficiency anemia in 
adolescents; a literature review. Nutr Hosp, 29 
(6): 1240-1249. 

30. Gupta A, Sachdev HS, Kapil U, et al (2022). 
Characterisation of anaemia amongst school 
going adolescent girls in rural Haryana, India. 
Public Health Nutr, 25 (12): 1-10. 

31. Gemechu K, Asmerom H, Gedefaw L, et al 
(2023). Anemia prevalence and associated 
factors among school-children of Kersa 
Woreda in eastern Ethiopia: A cross-sectional 
study. PLoS One, 18 (3): e0283421. 

32. Nogueira-de-Almeida CA, Del Ciampo LA, 
Martinez EZ, et al (2023). Clinical evolution 
of preschool picky eater children receiving 
oral nutritional supplementation during six 
months: A prospective controlled clinical trial. 
Children (Basel), 10 (3): 495. 

33. Nogueira-de-Almeida CA, Ued FDV, Del 
Ciampo LA, et al (2021). Prevalence of 
childhood anemia in Brazil: still a serious 
health problem: a systematic review and 
meta-analysis. Public Health Nutr, 24 (18): 
6450-6465. 

34. Lowe C, Sarma H, Kelly M, et al (2021). 
Association of soybean-based food with the 
prevalence of anaemia among reproductive-
aged men and women in rural Central Java, 
Indonesia. Public Health Nutr, 25 (12): 1-9.  

35. Namaste SM, Aaron GJ, Varadhan R, et al 
(2017). Methodologic approach for the 
biomarkers reflecting inflammation and 
nutritional determinants of anemia 
(BRINDA) project. Am J Clin Nutr, 
106(Suppl 1):333S-347S.  

36. Pasricha SR, Drakesmith H, Black J, et al (2013). 
Control of iron deficiency anemia in low-and 
middle-income countries. Blood, 121 (14): 
2607-2617. 

37. Balarajan Y, Ramakrishnan U, Ozaltin E, et al 
(2011). Anaemia in low-income and middle-
income countries. Lancet, 378 (9809): 2123-
2135. 

38. Owais A, Merritt C, Lee C, et al (2021). Anemia 
among women of reproductive age: an 
overview of global burden, trends, 
determinants, and drivers of progress in low-
and middle-income countries. Nutrients, 13 
(8): 2745.  

39. Prieto-Patron A, Van der Horst K, Hutton ZV, 
et al (2018). Association between anaemia in 
children 6 to 23 months old and child, 
mother, household and feeding indicators. 
Nutrients, 10 (9): 1269.  

40. Leung AK, Lam JM, Wong AHC, et al (2024). 
Iron deficiency anemia: An updated review. 
Curr Pediatr Rev, 20 (3): 339-356. 

41. Sari P, Herawati DMD, Dhamayanti M, et al 
(2022). Anemia among adolescent girls in 
West Java, Indonesia: related factors and 
consequences on the quality of life. Nutrients, 
14 (18): 3777. 

42. Husmann FM, Zimmermann MB, Herter-
Aeberli I (2022). The effect of prebiotics on 
human iron absorption: a review. Adv Nutr, 
13 (6): 2296-2304. 

43. Hain D, Bednarski D, Cahill M (2023). Iron-
deficiency anemia in CKD: a narrative review 
for the kidney care team. Kidney Med, 5 (8): 
100677. 

44. Wang M (2016). Iron Deficiency and Other 
Types of Anemia in Infants and Children. Am 
Fam Physician, 93 (4): 270–278. 

45. Abbaspour N, Hurrell R, Kelishadi R (2014). 
Review on iron and its importance for human 
health. J Res Med Sci, 19 (2): 164-174.  

46. Kumar A, Sharma E, Marley A, et al (2022). Iron 
deficiency anaemia: pathophysiology, 
assessment, practical management. BMJ Open 
Gastroenterol, 9 (1): e000759.  

47. Pasricha SR, Low M, Thompson J, et al (2014). 
Iron supplementation benefits physical 
performance in women of reproductive age: a 
systematic review and meta-analysis. J Nutr, 
144 (6): 906-914.  

48. Deivita Y, Syafruddin S, Andi NU, et al (2021). 
Overview of Anemia; risk factors and 
solution offering. Gac Sanit, 35 Suppl 2:S235-
S241. 

49. Subramanian M, Malhotra S, Kant S, et al (2022). 
Prevalence of anemia among adolescent girls 
residing in rural Haryana: A community-
based cross-sectional study. Cureus, 14 (1): 
e21091. 

50. Klein DA, Paradise SL, Reeder RM (2019). 
Amenorrhea: A Systematic Approach to 
Diagnosis and Management. Am Fam 
Physician, 100 (1): 39–48. 

51. Berhe K, Gebrearegay F, Gebreegziabher H, et 
al (2022). Magnitude and associated factors of 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 54, No.3, Mar 2025, pp.509-520  

519                                                                                                       Available at:    http://ijph.tums.ac.ir 

anemia among adolescent girls in Ethiopia: a 
systematic review and meta-analysis. Arch 
Public Health, 80 (1): 189. 

52. Regasa RT, Haidar JA (2019). Anemia and its 
determinant of in-school adolescent girls 
from rural Ethiopia: a school based cross-
sectional study. BMC Womens Health, 19 (1): 
98.  

53. Corrons JLV, Krishnevskaya E (2021). Rare 
anemias in adolescents. Acta Biomed, 92 (1): 
e2021169.  

54. Tangren J, Bathini L, Jeyakumar N, et al (2023). 
Pre-Pregnancy eGFR and the Risk of 
Adverse Maternal and Fetal Outcomes: A 
Population-Based Study. J Am Soc Nephrol, 34 
(4): 656–667.  

55. Shand AW, Kidson-Gerber GL (2023). Anaemia 
in pregnancy: a major global health problem. 
Lancet, 401 (10388): 1550-1551.  

56. Lopez A, Cacoub P, Macdougall IC, et al (2016). 
Iron deficiency anaemia. Lancet, 387 (10021): 
907–916.  

57. Yalcin SS, Tezel B, Yurdakok K, et al (2013). A 
community-based iron supplementation 
program, “Iron-Like Turkey”, and the 
following prevalence of anemia among 
infants aged 12-23 months. Turk J Pediatr, 55 
(1): 16–28.  

58. Khani JA, Hoshyar S, Afzali HP, et al (2021). 
The effect of nutrition education based on 
PRECEDE model on iron deficiency anemia 
among female students. BMC Womens Health, 
21 (1): 256. 

59. Singh M, Rajoura OP, Honnakamble RA (2020). 
Assessment of Weekly Iron-Folic Acid 
Supplementation with and without Health 
Education on Anemia in Adolescent Girls: A 
Comparative Study. Int J Prev Med, 11: 203.  

60. Antony AC, Vora RM, Karmarkar SJ (2022). 
The silent tragic reality of Hidden Hunger, 
anaemia, and neural-tube defects (NTDs) in 
India. Lancet Reg Health Southeast Asia, 6: 
100071.  

61. Kaur N, Agarwal A, Sabharwal M (2022). Food 
fortification strategies to deliver nutrients for 
the management of iron deficiency anaemia. 
Curr Res Food Sci, 5: 2094-2107.  

62. Rimbawan R, Nurdiani R, Rachman PH, et al 
(2023). School lunch programs and nutritional 
education improve knowledge, attitudes, and 
practices and reduce the prevalence of 

anemia: a Pre-Post intervention study in an 
Indonesian Islamic Boarding School. 
Nutrients, 15 (4): 1055.  

63. Keats EC, Neufeld LM, Garrett GS, et al (2019). 
Improved micronutrient status and health 
outcomes in low-and middle-income 
countries following large-scale fortification: 
evidence from a systematic review and meta-
analysis. Am J Clin Nutr, 109 (6): 1696-1708. 

64. Stewart CP, Fernald LC, Weber AM, et al (2020). 
Lipid-based nutrient supplementation reduces 
child anemia and increases micronutrient 
status in Madagascar: a multiarm cluster-
randomized controlled trial. J Nutr, 150 (4): 
958-966.  

65. Kundu S, Alam S, Mia MA, et al (2023). 
Prevalence of anemia among children and 
adolescents of Bangladesh: a systematic 
review and meta-analysis. Int J Environ Res 
Public Health, 20 (3): 1786. 

66. Bogart LM, Elliott MN, Cowgill BO, et al (2016). 
Two-Year BMI Outcomes From a School-
Based Intervention for Nutrition and 
Exercise: A Randomized Trial. Pediatrics, 137 
(5): e20152493.  

67. Appiahene P, Asare JW, Donkoh ET, et al 
(2023). Detection of iron deficiency anemia 
by medical images: a comparative study of 
machine learning algorithms. BioData Min, 16 
(1): 2.  

68. Agustina R, Wirawan F, Sadariskar AA, et al 
(2021). Associations of knowledge, attitude, 
and practices toward anemia with anemia 
prevalence and height-for-age z-score among 
Indonesian adolescent girls. Food Nutr Bull, 
42(1_suppl):S92-S108. 

69. Zheng Y, Cantley LC (2019). Toward a better 
understanding of folate metabolism in health 
and disease. J Exp Med, 216 (2): 253-266. 

70. Shankar P, Sievers D, Sharma R (2020). 
Evaluating the impact of a school-based 
youth-led health education program for 
adolescent females in Mumbai, India. Ann 
Glob Health, 86 (1): 57. 

71. Tabrizi JS, Doshmangir L, Khoshmaram N, et al 
(2024). Key factors affecting health 
promoting behaviors among adolescents: a 
scoping review. BMC Health Serv Res, 24 (1): 
58. 

72. Alonso-Stuyck P (2020). Parenting and healthy 
teenage lifestyles. Int J Environ Res Public 

http://ijph.tums.ac.ir/


Suprapti et al.: Anemia: Etiology, Pathophysiology, Impact, and Prevention … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                        520 

Health, 17 (15): 5428. 
73. Lopez de Romana D, Mildon A, Golan J, et al 

(2023). Review of intervention products for 
use in the prevention and control of anemia. 
Ann N Y Acad Sci, 1529 (1): 42-60.  

74. Wessells KR, Arnold CD, Stewart CP, et al 
(2021). Characteristics that modify the effect 
of small-quantity lipid-based nutrient 
supplementation on child anemia and 
micronutrient status: an individual participant 
data meta-analysis of randomized controlled 
trials. Am J Clin Nutr, 114(Suppl 1):68S-94S. 

75. Zamani M, Rezaiian F, Saadati S, et al (2023). 
The effects of folic acid supplementation on 
endothelial function in adults: a systematic 
review and dose-response meta-analysis of 
randomized controlled trials. Nutr J, 22 (1): 
12. 

76. Gie SM, Nguyen PH, Bergeron G, et al (2023). 
Locally relevant food-based 
recommendations could increase iron and 
calcium intake for adolescent girls in Vietnam. 
Ann N Y Acad Sci, 1527 (1): 97–106. 

77. Gutema BT, Sorrie MB, Megersa ND, et al 
(2023). Effects of iron supplementation on 
cognitive development in school-age children: 
systematic review and meta-analysis. PLoS 
One, 18 (6): e0287703. 

78. Lee HS, Chao HH, Huang WT, et al (2020). 
Psychiatric disorders risk in patients with iron 
deficiency anemia and association with iron 
supplementation medications: a nationwide 
database analysis. BMC Psychiatry, 20 (1): 216. 

79. Chen MH, Su TP, Chen YS, et al (2013). 
Association between psychiatric disorders and 
iron deficiency anemia among children and 
adolescents: a nationwide population-based 

study. BMC Psychiatry, 13: 161. 
80. Tiruneh FN, Tenagashaw MW, Asres DT, et al 

(2021). Associations of early marriage and 
early childbearing with anemia among 
adolescent girls in Ethiopia: a multilevel 
analysis of nationwide survey. Arch Public 
Health, 79 (1): 91. 

81. Sedlander E, Long MW, Mohanty S, et al (2020). 
Moving beyond individual barriers and 
identifying multi-level strategies to reduce 
anemia in Odisha India. BMC Public Health, 20 
(1): 457.  

82. Prado EL, Dewey KG (2014). Nutrition and 
brain development in early life. Nutr Rev, 72 
(4): 267-284. 

83. Agarwal K, Fortune L, Heintzman JC, et al 
(2020). Spiritual experiences of long-term 
meditation practitioners diagnosed with 
breast cancer: An interpretative 
phenomenological analysis pilot study. J Relig 
Health, 59 (5): 2364-2380.  

84. Li Z, Liu F, Han Y, et al (2022). A five-year 
review of prevalence and treatment outcomes 
of pre-extensively drug-resistant plus 
additional drug-resistant tuberculosis in the 
Henan Provincial Tuberculosis Clinical 
Medicine Research Centre. J Glob Antimicrob 
Resist, 31: 328-336. 

85. Gosdin L, Sharma AJ, Tripp K, et al (2021). A 
school-based weekly iron and folic acid 
supplementation program effectively reduces 
anemia in a prospective cohort of Ghanaian 
adolescent girls. J Nutr, 151 (6): 1646-1655. 

86. Sakhi AK, Bastani NE, Ellingjord-Dale M, et al 
(2015). Feasibility of self-sampled dried blood 
spot and saliva samples sent by mail in a 
population-based study. BMC Cancer, 15: 265. 

 
 

 

http://ijph.tums.ac.ir/

