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The multifactorial etiology and approach to iron deficiency anemia 
in adolescent girls                                                                   

Iron deficiency anemia (IDA) is a common but underdiagnosed
cause of morbidity in adolescent females. Associated thrombo-
cytopenia is rare, but resolves when the anemia is treated with
iron supplementation. Menorrhagia is an important cause in the
multifactorial etiology and may be familial. This article presents a
case of severe anemia and thrombocytopenia in the presence of
iron deficiency due to menorrhagia. A holistic approach to IDA is
discussed with an approach to the management thereof in ado-
lescent females.
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Introduction 

Iron deficiency anemia (IDA) is a common but 

underdiagnosed cause of morbidity in 

adolescent females 1,2,3. There are several 

factors that increase the risk in this 

subpopulation 3,4,5. Thrombocytopenia is a rare 

and often forgotten complication of iron 

deficiency 6–8 and the pathophysiology thereof is 

not fully understood 8,9,10. Yet here is an 

important association between menorrhagia, 

thrombocytopenia and iron deficiency 6,11.  This 

article presents a case of severe anemia and 

thrombocytopenia in the presence of iron 

deficiency due to menorrhagia. Genetic causes 

of IDA and an approach to the management 

thereof in adolescent females are discussed 12. 

Case: 

A 15-year-old asymptomatic adolescent female 

with an uneventful medical and surgical history 

presented with a coincidental finding of anemia 

and thrombocytopenia during a general 

consultation. On inquiry, the 15-year-old patient 

had no medical history of note, but suffered from 

menorrhagia. She followed a balanced, iron-rich 

diet. 

Clinically she patient was pale with an 

asymptomatic anemia and a normal nutritional 

status. Signs of bleeding were ruled out and 

there were no clinical arguments for malignancy 

such as hepatosplenomegaly or 

lymphadenopathy. 

Her 13-year-old younger sister, already in 

treatment for anemia and menorrhagia, was the 

primary patient during the consultation and 

showed symptoms of fatigue. Their mother had 

received blood transfusions in adolescence due 

to anemia and confirmed high menstrual blood 

volumes. 

A microcytic anemia of 6.7 g/dL, normal 

reticulocytes and thrombocytopenia with 92x109 

platelets/L were confirmed in the 15-year-old 

patient. A low iron status and reserve were 

identified with iron of 12 µg/dL, total iron binding 

capacity (TIBC) of 51 µg/dL, a calculated iron 

saturation of 2% and ferritin of 2 µg/dL. Normal 

liver function, kidney function, thyroid function 

and clotting profile were confirmed. Hemolysis, 

cytomegalovirus, Epstein Barr virus and 

Parvovirus were ruled out. Furthermore, other 

causes of anemia and thrombocytopenia, such 

as auto-immune and oncological diseases, were 

ruled out by screening on blood tests and 

flowcytometry. No abnormalities were found 

upon gynecological consultation. 

Blood values at menarche showed a normal 

blood count with a normal hemoglobin of 12.5 

g/dL and a normal number of platelets of 

208x109/L. 

The diagnosis of IDA with thrombocytopenia due 

to primary menorrhagia was made. There was a 

clear familial component with a younger sister 

and mother having similar medical histories 

without exclusion of Von Willebrand’s disease. 

Oral iron supplementation, optimization of diet 

and oral contraception for menstrual regulation 

were started. At a two-week follow-up, the 

hemoglobin had decreased (see Figure 1). A red 

cell transfusion was administered for 

symptomatic anemia, which included 

tachycardia and fatigue. At 6 weeks after 

diagnosis the anemia, thrombocytopenia and 

iron deficiency had resolved.  

Discussion: 

Iron deficiency anemia is a well-known disease 

with a significant impact on the quality of a 

patient’s life 4. 

Epidemiology 

Worldwide, in children and adolescents, IDA is 

one of the leading causes of “years lived with 

disability” 1.  In 2013 there were 600 million 

cases diagnosed 1. The prevalence is 30% to 

48% in developing countries – in comparison 

with 4.3% to 20%  in developed countries – 

mainly due to malnutrition 2. Prevalence rates in 

adolescents are not well documented, but have 

been reported to be 9% in females 12–15 years 

and 15% in females between 16 and 19 years of 

age 2. 

Risk factors and etiology 
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Adolescent women are at an increased risk of 

developing iron deficiency and subsequent 

anemia 1,2,12,13. The etiological factors are 

interlinked 14. There is an increased iron need 

during adolescence caused by rapid growth and 

muscle development 14. A combined insufficient 

intake of iron due to a change in eating habits, 

eating disorders and increased carbohydrate-

rich diet or fast-food intake, in an age group at 

higher risk for dietary variability, increases the 

deficiency 5,14. The prevalence of obesity 

therefore increases in children and adolescents 
14. Iron deficiency can be associated with a fat-

rich diet and low iron content, compounded by a 

continuous inflammatory state associated with 

obesity 4. 

 

 

Figure 1: The thrombocyte and hemoglobin count during management of the case. The 

evolution of thrombocyte counts (X109/L, left Y-axis) and hemoglobin level (g/dL, right Y-axis) over 

8 weeks (X-axis) after start of iron suppletion and a packed red blood cell transfusion 

 

 

Figure 2: The pathophysiology of thrombocytopenia during menorrhagia 
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Figure 3: An approach to anaemia with IDA and thrombocytopeania in an adolescent female 
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Excessive or severe menstrual blood loss is an 

important cause of iron deficiency 15. It occurs in 

up to 40% of adolescents 15. Of these, up to 20% 

would have an underlying bleeding disorder 16. 

Adolescents participating in endurance sports 

are at an increased risk of developing IDA. 

Insufficient dietary iron intake, physiological 

hemolysis, sweating and mild exercise induced 

inflammation contribute to IDA 3,4.  

Pathophysiology of iron deficiency and 

thrombocytopenia 

IDA is accompanied by a normal or increased 

platelet count 17. In rare cases it can lead to 

thrombocytopenia 6,7,8 . The exact mechanism is 

not completely clear, yet the platelet count 

rapidly improves with iron supplementation, 

confirming that iron is an important component 

in platelet production 6,7,8. 

In cases of IDA where bone marrow aspirates 

were done, no signs of erythroid hyperplasia 

were found, but increased megakaryocytes were 

present 8. This disproves the postulation that 

stem cell competition is responsible for the 

thrombocytopenia. A more plausible explanation 

can be found in the double compartment model 

of an “inhibitor” compartment and an “essential” 

compartment 10. In the “inhibitor” compartment, 

iron acts as an inhibitor so that the platelet count 

does not rise above a certain limit 10. This can 

explain a reactive thrombocytosis in IDA 10. The 

“essential” compartment requires iron for the 

production of platelets 10. When iron deficiency 

occurs, the “inhibitor” compartment is affected 

first 12. This leads to thrombocytosis 10. 

Thrombocytopenia occurs when the iron 

deficiency is severe enough to affect the 

“essential” compartment 10. A second study 

determined the regulating role of iron on the 

platelet number by determining the iron 

concentration in platelets to be approximately 

12.28 µg/g 18. 

The clinical presentation of IDA can be due to 

three main interacting factors (see Figure 2): 

menorrhagia, thrombocytopenia and iron 

deficiency 6,19. Menorrhagia leads to iron loss 

and consumption of platelets. In addition, iron 

deficiency reduces platelet aggregation 20,21. 

Iron produces free oxygen radicals that ensure 

the removal of arachidonic acid and 

thromboxane A2 from the phospholipids of the 

platelets 20. There is also evidence that iron 

chelators would inhibit platelet aggregation, 

production of thromboxane and lipoxygenase 

activity 21. This can in turn worsen the 

menorrhagia. Furthermore, a qualitative and 

quantitative platelet dysfunction can be caused 

by menorrhagia due to inadequate contraction of 

arterioles of the endometrium 22. 

Genetic and inherited factors 

Hereditary iron-refractory iron deficiency anemia 

(IRIDA) is an autosomal recessive anemia 

associated with impaired iron absorption and 

utilization 23,24. The disease is completely 

resistant to oral and partial intravenous iron 

absorption due to a defect in the TMPRSS6 

gene that encodes for Matriptase-2 23,24. To date 

40 different genetic defects have been described 
23, but little is known about the exact 

pathophysiology and the genotype-phenotype 

correlation 24. This protein is a down regulator of 

hepcidin 23,24, an acute phase reactant that 

regulates the iron absorption according to the 

body’s iron status 4. When the amount of iron is 

decreased, the expression of hepcidin will also 

decrease, thereby improving iron uptake and the 

removal of iron from tissue reserves 3. In IRIDA, 

hepcidin will be relatively high compared to the 

iron content 23,24. Due to higher hepcidin, iron 

absorption is less effective via oral iron 

substitution 24,25. There are also differences 

between the degree of responsiveness 

compared to oral iron substitution within the 

same genotype 23. The prevalence is not known, 

as the pathology has only recently been 

described and has possibly been 

underdiagnosed 25. In this case, further genetic 

studies were not indicated because of the 

adequate response to iron supplementation.  

Other genetic diseases associated with 

menorrhagia are Von Willebrand’s disease, 

platelet function disorders, clotting factor 

deficiency and hereditary collagen disorders 
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such as Ehlers-Danlos and Benign Joint 

Hypermobility Syndrome 16. Idiopathic 

menorrhagia in itself has been described to be 

genetically determined 26. 

Screening and guidelines 

Although IDA is a frequent occurrence in 

adolescent girls, only a limited number of 

professional organizations incorporate this risk 

group into standard prevention guidelines 13. A 

2010 report by the  Committee on Nutrition of the 

American Academy of Pediatrics on IDA focused 

on screening males between birth and three 

years 27. It neglected to focus on post-menarche 

adolescent females as a major group at risk for 

IDA 27.  

The American College of Obstetrics and 

Gynecology and the American Academy of 

Family Physicians recommend  hemoglobin 

screening in pregnant women, but provide 

limited guidelines on screening in non-pregnant 

women and girls 28,29. The US Preventive 

Services Task Force (USPSTF) did not find 

enough evidence to screen for anemia in young 

children or pregnant women and do not provide 

any guidelines for other populations 30,31. 

In contrast, the American Academy of Pediatrics 

(AAP) recommends that all adolescents should 

be evaluated for risk factors for developing iron 

deficiency, such as extensive menstrual or other 

blood loss, low iron intake or a previous 

diagnosis of IDA 32. In the case of positive 

screening the AAP suggests biochemical 

analysis to determine the cause 32. 

The Center of Disease Control and Prevention 

(CDC) advocates for screening all non-pregnant 

women from fertile age, starting from 

adolescence, by means of a hemoglobin and 

hematocrit test every five to ten years 33. Annual 

screening is recommended in women at high risk 

for iron deficiency with severe menstrual blood 

loss or bleeding tendencies 33. The National 

Institute for Health and Care Excellence (NICE) 

guidelines recommend a complete blood count 

for the screening of women with a history of 

menorrhagia 34. Even then a number of cases of 

IDA will be missed, as a reduction in hemoglobin 

follows a decrease in ferritin 4. 

Therefore, further discussion is needed to 

provide comprehensive guidelines for screening 

and diagnosing IDA in adolescent girls. 

Management: 

As IDA in female adolescents is multifactorial, 

the approach should also consider multiple 

aspects 4 (see Figure 3).  

Iron deficiency and IDA are chronic conditions 

and can often go undetected for long periods 

due to non-specific symptomatology 4. Diagnosis 

of anemia is therefore often coincidental with 

blood analysis for other reasons. When 

symptoms such as fatigue, poor concentration, 

tachycardia and paleness are present, anemia 

should be high on the differential list of causes 4. 

As recommended by the AAP and CDC, 

standard screening should take place in specific 

age groups and patients at risk 32–33. 

After diagnosis of anemia it is important to rule 

out severe causes of anemia, especially if other 

cell lines are simultaneously affected 35, 36. If an 

iron deficiency is confirmed, an etiology should 

be identified. A thorough medical history with 

attention to nutritional habits, menstrual pattern, 

family and personal medical history as well as 

medication usage must be explored 3. The 

medical examination must focus on identifying 

pathology in organ systems important to the 

production of blood components and acquiring 

the building blocks of blood, such as the 

gastrointestinal and hemopoietic system 3. This 

includes gastrointestinal causes of 

malabsorption and blood loss in, for example, 

celiac disease, gastritis, IBD, hepatic diseases 

and bone marrow pathology 3.   

Often the cause is multifactorial, and therefore 

the management should be as well. First of all a 

distinction should be made between 

symptomatic and asymptomatic anemia to 

evaluate if a red cell transfusion is indicated 3,37. 

Then the iron repletion therapy should be started 
3,37. The three routes include oral iron 

substitution, parenteral iron or red cell 
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transfusion 3,37. The latter is reserved for severe 

anemia with cardiovascular signs and/or 

symptoms 3,37. 

Oral treatment is preferred in stable patients. 

This is an efficient, inexpensive and safe method 
3,37. Intravenous iron administration is indicated 

with failed oral therapy, intolerance to oral iron, 

need for rapid iron repletion, chronic diseases 

with increased need or loss of iron, and in the 

presence of intestinal absorption pathologies 
3,37.  

Consideration of any underlying pathological 

causes is important. For example, in the case of 

suspected severe menstrual blood loss, 

gynecological advice should be sought for 

hormonal intervention and uterine anatomical 

malformations should be ruled out 4. 

All these measures should be taken in 

conjunction with an iron-rich diet to increase the 

dietary intake of iron as well as to optimize body 

composition 5. 

The long-term management depends on the 

severity of the anemia. In mild anemia, a first 

control blood sample is sufficient four weeks 

after the start of treatment 38. Generally 

hemoglobin will rise by 1–2 g/dL during this 

period 17,37. In cases of more severe anemia, 

more vigilant follow-up should be planned to 

confirm the diagnosis and screen for 

complications 37.  The first signs of therapeutic 

success can appear within 48 to 96 hours after 

the start of iron substitution, as reticulocytosis 

will appear 37. Hemoglobin will also start to 

increase at a rate of  0.1–0.4 g/dL per day 17. 

After normalization of blood values, iron 

substitution should be continued for two to three 

months 17,37. 

Failure of oral iron substitution can signal various 

causes, such as non-compliance, erroneous 

dosing, inadequate absorption (for example IBD 

or celiac disease), concurrent infection or 

inflammation, and the presence of a vitamin B12 

or folic acid deficiency 37. Screening should be 

done for continued blood losses in cases with 

occult gastrointestinal losses or untreated 

menorrhagia 37,39. Re-evaluation should always 

be done to confirm the accuracy of the diagnosis 
37. In the absence of these factors and with 

unsatisfactory response to treatment, 

intravenous therapy can be considered 37. 

Conclusion 

A timely diagnosis of IDA in female adolescents 

is important. However, IDA is often an 

unrecognized problem in this population. This 

case demonstrates that iron deficiency can 

cause both anemia and thrombocytopenia and 

highlights the risk factors in this population group 

for the development of IDA. It is advisable to 

consider family history and to rule out more 

severe disorders. Iron substitution is not the only 

management aspect in IDA. Rather, it is 

important to adopt a holistic approach and to 

address the underlying risk factors and causes.   
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