
Children’s National 

and the 

Pediatric Health Network 

Recognizing and Managing Iron 

Deficiency in Children and Adolescents

October 10, 2024



Introduction and Welcome

Claire Boogaard, M.D., M.P.H. 

Pronouns: she/her
Medical Director
Pediatric Health Network



Notes About Today’s Town Hall:

• All lines are muted throughout the presentation.

• Please use the Q&A to ask questions or make 

comments.

• We will be recording the session.
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Children’s National website and the Pediatric Health 

Network website following the presentation.
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 --PediatricHealthNetwork.org
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Learning Objectives

• Define Iron Deficiency (ID)

• Discuss the causes of ID and the importance of correcting 
the problem

• Discuss iron therapy options and appropriate dosing

• Describe changes in hematological parameters seen after 
initiating iron therapy

• Determine when to consider Hematology referral for IV 
Iron therapy 



For Today’s Presentation…

• Currently there is no standardized guidelines on 
diagnosis and treatment of iron deficiency 

• Share Hematologist approach to diagnosing Iron 
Deficiency/Iron Deficiency Anemia

• Share Hematologist approach to treating Iron 
Deficiency/Iron Deficiency Anemia
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Most common 
nutritional 

deficiency in the 
US & Worldwide



Definition of Iron Deficiency Anemia (IDA)

• Low hemoglobin + Low Iron storage 

• Iron storage measurement

– Bone Marrow (gold standard): absent iron staining

– Serum Ferritin: Low



Definition of Iron Deficiency (ID)

• Low iron storage without anemia

– Bone marrow: absent iron staining 

– Ferritin: Low



Definition of Iron Deficiency (ID)

• Low iron storage without anemia

– Bone marrow: absent iron staining 

– Ferritin: Low

What is the definition of “low ferritin”? 



Ferritin Reference Range

Age Male Female

4-14 days 100-717 ng/ml

15 days-5 
mo

14-647 ng/ml

6-11 mo 8-182 ng/ml

1-4 y 5-100 ng/ml

5-13 y 14-79 ng/ml

14-15 y 13-83 ng/ml 6-67 ng/ml

16-18 y 11-172 
ng/ml

6-67 ng/ml

Age Male Female

0-5 mo 13-273 
ng/ml

12-219 
ng/ml

6-12 mo 12-95 ng/ml 12-110 
ng/ml

1-5 y 12-64 ng/ml 12-71 ng/ml

6-11 y 16-77 ng/ml 15-79 ng/ml

12-19 y 16-124 
ng/ml

15-77 ng/ml

Table 2: Lab Corp Diagnostics Table 1: Quest Diagnostics



Establishing Reference Range

• Reference ranges made from values seen in 95% of individuals 
within a sample population 

Deficient



Limitation of Reference Ranges

• Assumes normal distribution (Gaussian distribution)

• Assume only 2.5% of values are abnormal



Limitation of Reference Ranges

• From healthy females, ~30-50% of women found to have 
absent iron stores in their marrow (Martens et al. 2023)

• Current reference range  
underdiagnose ID



Proposed Ferritin Thresholds by Hematology



Proposed Ferritin Thresholds by Hematology

1. Ferritin <20 ng/ml

2. Ferritin <50 ng/ml 



Why Ferritin <20ng/ml? 



Why Ferritin <20ng/ml? 

Mei et al. (2021)
• Cross-section study 
• Study population:

– Children: 12-59 months old

• Enrolled: 
– 2569 children

• Soluble transferrin 
receptor (sTfR)
– Extracellular fragment of 

transferrin receptor
– ID → ↑ sTfR

• Determine ferritin at 
which:
– Median hemoglobin (Hb) 

begins to ↓
– Median sTfR begins to ↑



Why Ferritin <20ng/ml? 
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Why Ferritin <50 ng/ml?

Tarancon-Diez et al. (2022)

• Healthy adult females 
(18-65 years)

• Measure hepcidin, sTfR 
and transferrin saturation 
index (TfSI) 
– Low iron storage: 

↓Hepcidin, ↓ TfSI, ↑sTfR

Galatti et al. (2021)

• Healthy adult females 
(18-50 years)

• Measure isotope labeled 
iron absorption into RBC 
– Low iron storage: ↑ dietary 

iron absorption 



Why Ferritin <50 ng/ml?

Tarancon-Diez et al. (2022)

• Healthy adult females 
(18-65 years)

• Measure hepcidin, sTfR 
and transferrin saturation 
index (TfSI) 
– Low iron storage: 

↓Hepcidin, ↓ TfSI, ↑sTfR

At what ferritin level do hepcidin, 
TfSI, sTfR and Hb start to change?



Tarancon-Diez et al. (2022)
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Ferritin of 50 ng/mL was the cut-off limit with 
significantly different levels of sTfR/Hepcidin ratio, 

sTfR and hemoglobin



Why Ferritin <50 ng/ml?

Tarancon-Diez et al. (2022)

• Healthy adult females 
(18-65 years)

• Measure hepcidin, sTfR 
and transferrin saturation 
index (TfSI) 
– Low iron storage: 

↓Hepcidin, ↓ TfSI, ↑sTfR

Galatti et al. (2021)

• Healthy adult females 
(18-50 years)

• Measure isotope labeled 
iron absorption into RBC 
– Low iron storage: ↑ dietary 

iron absorption 

At what ferritin level does fractional 
iron absorption decrease?



Galatti et al. (2021)
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Proposed Ferritin Thresholds by Hematology

• Ferritin <20 ng/mL

• Ferritin <50 ng/mL

– 2023 American Society of Hematology Annual Meeting 



Ferritin Threshold—Current practice

• Ferritin <20-30 ng/mL

– Usually, ferritin <20 ng/mL

• Ferritin <50 ng/mL

– If children experience symptoms of ID with ferritin 
between 20-50 ng/mL 



Symptoms

Iron Deficiency Anemia (IDA)

• Fatigue

• Weakness

• ↓ Physical performance

• Cognitive impairment

• Cold intolerance

• Headache

• Dizziness

Iron Deficiency (ID)

• Fatigue

• Weakness

• ↓ Physical performance

• Cognitive impairment

• Cold intolerance

• Alopecia

• Restless legs



Symptoms

Iron Deficiency Anemia (IDA)

• Fatigue

• Weakness

• ↓ Physical performance

• Cognitive impairment

• Cold intolerance

• Headache

• Dizziness

Iron Deficiency (ID)

• Fatigue

• Weakness

• ↓ Physical performance

• Cognitive impairment

• Cold intolerance

• Alopecia

• Restless legs

ID & IDA lower quality of life
BUT

ID & IDA are CORRECTABLE Conditions



Why is Iron Important???



Why is Iron Important???

• RBC Production

– Iron is essential component of hemoglobin



Did you know, IRON is essential in:



Did you know, IRON is essential in:

- Brain development
- Myelination
- Neurotransmitter biochemistry

- Muscle generation 
(myoglobin)
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Did you know, IRON is essential in:

- Brain development
- Myelination
- Neurotransmitter biochemistry

- Muscle generation 
(myoglobin)

- DNA Synthesis
- Gene regulation
- Cellular growth and 

differentiation

Mitochondrial energy 
generation

- Cellular enzymatic 
functions



Screening for ID & IDA

AAP:
• Recommends screening for anemia by measuring Hb between 

9-12 months 
CDC:
• Recommends assessing infants & young children for risk 

factors for anemia at 9-12 months and 6 months later
• Check Hb for those at risk 
USPSTF:
• NO recommendation provided for IDA screening in children



Screening for ID & IDA

AAP:
• Recommends universal screening for anemia by measuring 

hemoglobin (Hb) at 1 year 
CDC:
• Recommends assessing infants & young children for risk 

factors for IDA at 9-12 months and 6 months later
• Screen Hb for those at risk 
USPSTF:
• NO recommendation provided for IDA screening in children



Limitation of Current ID/IDA Screening Recommendation

• No mention of screening for ID

• Screening hemoglobin (Hb) alone: 

– Miss diagnosing ID 

– Miss opportunity for treatment before development of anemia

• AAP (Baker et al. Pediatrics 2010)

– Screening Hb alone → miss children with ID & not specific in 
identifying IDA

– Ferritin should be measured with Hb 



Why Check Both Ferritin & Hb? 



Why Check Both Ferritin & Hb? 

• Symptoms of ID (low ferritin):

– Fatigue, weakness, immune deficiency, attention deficit, 
cognitive impairment, impaired muscular performance

– 1.2 times higher depressive symptoms (Ciulei et al. 2023)

– Overall, LOW quality of life 

• ↑ sensitivity & specificity of ID/IDA diagnosis
• CORRECTABLE condition!!!



Hematology perspective: Screening for ID/IDA  

• Check CBC (w/ retic) and Ferritin:

– Children referred for anemia

– Children with high risk of ID/IDA—excessive milk intake, 
inadequate nutritional intake, poor GI absorption

– Adolescent females 

– Symptoms of ID 



Treatment of ID/IDA



Treatment of ID/IDA

Iron Supplementation



Treatment of ID/IDA

Iron Supplementation

Diet alone is insufficient to correct ID/IDA
Multivitamin with Iron is insufficient to correct ID/IDA



Treatment of ID/IDA

Iron Supplementation

+

Treat the Underlying Cause(s)



Common Causes or Risk Factors for ID/IDA



Common Causes or Risk Factors for ID/IDA

1. Infants, toddlers, adolescents

2. Adolescent athletes

3. Girls and young women of reproductive age

4. Inadequate nutrition



Risk Factors for ID/IDA

Infants, Toddlers, Adolescents

• Rapid growth & 
development
– Mental, physical, and social

• High iron demands
– ↑ Muscle mass, blood volume

– ↑ DNA synthesis, cellular 
growth and differentiation



Risk Factors for ID/IDA

Infants, Toddlers, Adolescents

• Rapid growth & 
development
– Mental, physical, and social

• High iron demands
– ↑ Muscle mass, blood volume

– ↑ DNA synthesis, cellular 
growth and differentiation

Adolescent Athletes

• Require ~30-70% more iron
– ↑ Muscle mass

– Foot strike hemolysis

– GI loss (exercise induced 
ischemia)

– Loss through sweats 

– Training-associated 
inflammation → ↓ iron 
absorption



Girls and young women of reproductive age

• Menstrual blood loss

– On average, lose ~35ml of blood  (16mg of iron) per cycle 

– Heavy menstrual bleed: lose ≥80ml of blood (>40mg of 
iron) per cycle

• Recorded daily iron intake ~12.6-13.5mg/day 

– Recommended iron intake: 18mg/day  



Girls and young women of reproductive age

• Menstrual blood loss

– On average, lose ~35ml of blood  (16mg of iron) per cycle 

– Heavy menstrual bleed: lose ≥80ml of blood (>40mg of 
iron) per cycle

• Recorded daily iron intake ~12.6-13.5mg/day 

– Recommended iron intake: 18mg/day  

Iron loss chronically outpace iron intake 



Inadequate Nutrition

• Low socioeconomic status/Food insecurity

• Excessive dairy intake

• Poor dietary habit
– Food choices (coffee, tea, chocolate, high carbs)

– Skipping meals 

• Restrictive diet
– Vegetarian or vegan diets 

– Eating disorder 



Dietary Sources of Iron

Heme Iron Nonheme iron Iron absorption 
Inhibitors

Iron absorption 
Enhancers 

Meat, poultry Beans, lentils Calcium Ascorbic acid

Liver Fortified breakfast 
cereals

Polyphenols (tea & 
coffee)

Citric acid 

Mollusks Iron-enriched 
bread

High phytates 
(grains, legumes)

Heme iron 

Oysters Nuts Oxalic acid 
(chocolate)

Seafoods Green leafy 
vegetables

Egg protein
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Dietary Sources of Iron

Heme Iron Nonheme iron Iron absorption 
Inhibitors

Iron absorption 
Enhancers 

Meat, poultry Beans, lentils Calcium Ascorbic acid

Liver Fortified breakfast 
cereals

Polyphenols (tea & 
coffee)

Citric acid 

Mollusks Iron-enriched 
bread

High phytates 
(grains, legumes)

Heme iron 

Oysters Nuts Oxalic acid 
(chocolate)

Seafoods Green leafy 
vegetables

Egg protein

Better Iron 
absorption

Poor Iron 
absorption

Fe3+ → Fe2+



Iron Supplementation



Iron Supplementation

• PO Iron (first choice)

– Iron Salts

– Iron polysaccharide complex 

• IV Iron 

– Iron sucrose

– Ferric Carboxymaltose 



PO Iron Supplementation

Iron Salts Iron polysaccharide complex 



Iron Salts

• Ferrous sulfate, ferrous fumarate, ferrous gluconate 

• Inexpensive, safe and proven effective

• ↑Absorption: ascorbic acid, empty stomach
• ↓Absorption: Food, enteric-coated or slow-

release formula 
• Side effects: nausea, vomiting, dyspepsia, 

abdominal pain, constipation, taste (metallic)

Fe2+



Iron Polysaccharide Complex 

• NovaFerrum, Ferrex 150, Poly-Iron 150

• Better taste profile 

• Still effective BUT longer duration of therapy 

– ↓ Bioavailability compared to Iron Salts

• Side effects: nausea, vomiting, dyspepsia, 
abdominal pain, constipation

Fe3+



Iron Dosing

• 3mg/kg/day elemental Iron (max 65-150 mg)

• Dosing Frequency:
– Multiple daily doses

– Daily 

– QOD [Stoffel et al (2017), Moretti et al (2015)]
• Higher iron absorption with QOD compared to Daily 

• Higher serum hepcidin in Daily group 

• Limitation: short study duration (3-14 days) & did not study 
population with moderate to severe anemia 

▪ Ferrous sulfate 1 tab = 65 mg elemental iron
▪ FerrexTM 150 1 tab = 150 mg elemental iron

▪ **Iron Dosing and Frequency studies have been done ONLY on 
iron salts  



Iron Dosing

• 3mg/kg/day elemental Iron (max 65-150 mg)

• Dosing Frequency:
– Multiple daily doses

– Daily 

– QOD [Stoffel et al (2017), Moretti et al (2015)]
• Higher iron absorption with QOD compared to Daily 

• Higher serum hepcidin in Daily group 

• Limitation: short study duration (3-14 days) & did not study 
population with moderate to severe anemia 

▪ Ferrous sulfate 1 tab = 65 mg elemental iron
▪ FerrexTM 150 1 tab = 150 mg elemental iron

▪ **Iron Dosing and Frequency studies have been done ONLY on 
iron salts

▪ AM dose of Ferrous sulfate ≥ 60 mg caused ↑ hepcidin for ≤24 h
▪ Best iron absorption at lower doses (40-80mg elemental iron 

daily) [Moretti et al. (2015)]



Iron Dosing Frequency

• Multiple daily doses

• Daily 

• QOD [Stoffel et al (2017), Moretti et al (2015)]

– Higher iron absorption with QOD compared to Daily 

– Higher serum hepcidin in Daily group 

– Limitation: short study duration (3-14 days) & did not 
study population with moderate to severe IDA



Ideal Iron Supplementation

• 3mg/kg/day of elemental Iron (max 65mg)

• QOD

• Taken with orange juice

• Taken in the morning, separate from meals



Ideal Iron Supplementation→ Real Life Practice

• 3mg/kg/day of elemental Iron (max 65mg)

• QOD → Daily 

• Taken with orange juice → water or orange juice

• Taken in the morning, separate from meals

• Taken in a time that is easy to remember 

(Consistency is the Key!)



Hematologic Responses

IDA

• Reticulocytosis within 7-10 
days

• ↑ Hb ~1-2 g/dL within 4 wk 
• Take ~6 wk – 3 mo to 

correct anemia

ID

• Take ~2-6 mo to replenish 
iron stores 

• Ensure ferritin has reached 
goal thresholds before 
stopping Iron 



Follow up

IDA

Follow up in ~4-6 weeks

• Check labs (CBC, ferritin) 
– Adequate response? 

• Assess compliance and side 
effect

• Ensure cause(s) of ID is 
being addressed

ID

Follow up in ~3-6 months

• Check labs (CBC, ferritin)
– Adequate response?

• Assess compliance and side 
effect 

• Ensure cause(s) of ID is 
corrected



IV Iron Therapy 



IV Iron Therapy 

Failure of PO Iron:

• Nonadherence 

• Intolerance 

• Inadequate response

• Severe IDA 

• Ongoing uncontrolled 
blood loss 

• Poor absorption (celiac 
disease, short gut 
syndrome)

• Chronic inflammatory 
disorders (CKD, CHD, IBD)Attempted PO Iron therapy 

for ~3-6 mo without success



IV Iron Formulation for Children

• Iron Sucrose, Ferric Carboxymaltose 

• Safe and effective 

• Rapid correction of ID/IDA (~4-6 weeks)

• No GI side effects 



IV Iron Formulation at CNH: Iron Sucrose

• Requires IV access

• Requires weekly infusion for total 1-4 doses to 
replenish iron

• Infusion reaction:

– Pruritus, urticaria, flushing, joint pain

– Anaphylaxis 

• Risk for Iron extravasation (“Tattooing”)

Image from Shi et al. (2023)



IV Iron Therapy 

Failure of PO Iron
• Nonadherence 
• Intolerance 
• Inadequate response

• Refer to Hematology
• Start/Continue PO Iron 

until seen by Hematology

• Severe IDA 
• Ongoing uncontrolled 

blood loss 
• Poor absorption (celiac 

disease, short gut 
syndrome)

• Chronic inflammatory 
disorders (CKD, CHD, IBD)



IV Iron Therapy 

Failure of PO Iron
• Nonadherence 
• Intolerance 
• Inadequate response

• Refer to Hematology
• Continue PO Iron until 

seen by Hematology

• Severe IDA 
• Ongoing uncontrolled 

blood loss 
• Poor absorption (celiac 

disease, short gut 
syndrome)

• Chronic inflammatory 
disorders (CKD, CHD, IBD)



Conclusion

• Iron is essential in children for growth and development

• Symptoms of ID is similar to IDA
– Important to diagnose and treat ID to prevent progression to 

anemia

• Treatment of ID & IDA is iron supplementation (PO or IV) 
and addressing the underlying cause(s)

• IV Iron is used for treatment of ID & IDA 
– Indications for IV Iron is expanding
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2. Visit cme.inova.org/code to enter today’s session 

code “VUNTUH” on the website. 

As a reminder, CME credit must be claimed within 30 days 

of the presentation date. 
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We welcome your questions, feedback, suggestions:

 phn@childrensnational.org

THANK YOU!

mailto:phn@childrensnational.org
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