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Abstract: Anemia is the most common hematologic abnormality identified in children and represents a major global health problem. 
A delay in diagnosis and treatment might place patients with anemia at risk for the development of rare but serious complications, 
including chronic and irreversible cognitive impairment. Identified risk factors contributing to the development of anemia in children 
include the presence of nutritional deficiencies, environmental factors, chronic comorbidities, and congenital disorders of hemoglobin 
or red blood cells. Pediatricians, especially those in the primary care setting, serve a particularly critical role in the identification and 
care of those children affected by anemia. Prompt recognition of these risk factors is crucial for developing appropriate and timely 
therapeutic interventions and prevention strategies. 
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Introduction
Anemia is the most common hematologic abnormality identified in children and remains a major global public health 
problem, in both developed and developing countries. In 2019, the World Health Organization (WHO) estimated that the 
global prevalence of anemia in children aged 6 to 59 months was 39.8%, equivalent to 269 million children, with the 
highest prevalence rate (60.2%) observed in children leaving in the African region.1 Published epidemiologic data 
suggest that the prevalence of anemia in the United States (US) is approximately 5.6%.2 Untreated, childhood anemia has 
the potential to cause chronic and irreversible cognitive impairment resulting in poor school performance and decreased 
work capacity in adulthood, impacting the community at large.3

Anemia is defined as a reduced blood hemoglobin level or red blood cell (RBC) mass that is unable to meet the 
oxygen demands of peripheral tissues and organs. The laboratory threshold for defining anemia is a hemoglobin level at 
or below the 2.5th percentile based upon reference data from healthy children. This threshold varies across age, race, and 
gender and may also be influenced by environmental factors.4 Newborns present higher hemoglobin levels than older 
children but then they reach a physiologic nadir, known as anemia of the newborn, between 9 and 12 weeks of life. 
Hemoglobin levels gradually increased throughout childhood until finally leveling-off to adult ranges by adolescence. 
Gender differences are primarily observed after puberty. The onset of menstruation in females leads to recurrent blood 
loss and the increased testosterone in post-pubertal males promotes the synthesis of erythropoietin (EPO). The higher 
EPO synthesis contributes to the higher hemoglobin levels (usually 1 to 1.5 g/dL) observed in adult males, when 
compared with adult females. Population-based studies have reported lower hemoglobin levels, approximately 0.5 to 1 g/ 
dL difference, in African Americans and Hispanics in comparison to Caucasians. Specific hemoglobin curves, taking into 
account a patient’s ethnicity and race, have been developed.4 Hemoglobin curves have also been developed for children 
living at high altitude. High altitude requires higher hemoglobin concentrations to compensate for the decreased oxygen 
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availability. This physiological effect may cause the prevalence of anemia to be underestimated in children living at high 
altitude places.5,6

Anemia can be classified as either congenital or acquired, acute or chronic. Anemia may be secondary to either 
decreased RBC production or increased RBC destruction also known as hemolysis (Figure 1). Clinically, anemia is 
classified by the RBCs’ mean corpuscular volume (MCV): normocytic (when the MCV is within range for age), 
microcytic, or macrocytic. Other red cell indices as well as the reticulocyte count can help to further delineate the 
etiology of anemia (Table 1).

Risk factors that contribute to the development of anemia in children include the presence of nutritional deficiencies, 
environmental factors, chronic comorbidities, and congenital or genetic disorders of hemoglobin or RBCs (Figure 2). 
Proper identification and consideration of these risk factors is of utmost importance for pediatricians in order to 
implement adequate therapeutic interventions and to establish early and timely screening and prevention strategies.

Nutritional Deficiencies
Iron Deficiency
Iron is an integral component of hemoglobin and is also known to regulate RBC production. The ferroportin-hepcidin 
pathway regulates iron homeostasis. Ferroportin is a membrane-iron exporter protein on hepatocytes, duodenal enter-
ocytes, and macrophages. Hepcidin decreases both iron gastrointestinal absorption and iron bioavailability by binding to 
ferroportin and inducing cellular internalization and degradation. In iron deficiency, hepcidin synthesis is decreased, 
resulting in an increase in both ferroportin expression and iron availability.7

Iron deficiency anemia (IDA) affects approximately 2 billion people worldwide.8 Children between 2 and 5 years of 
age and post-menarcheal adolescent females are the two pediatric age-groups at highest risk for developing IDA. In 
developed countries, the prevalence of IDA in children younger than 4 years of age is estimated to be 20.1%. This 
prevalence increases to 39% in developing countries. In the US, it is estimated that approximately 8% of toddlers have 
iron deficiency, with 1–2% of them ultimately progressing to IDA.9 The prevalence of IDA in post-menarcheal 
adolescent females may be as high as 15.6%.7

The most common risk factors for the development of iron deficiency in children include prematurity, nutrient-poor 
diet, consumption of more than 24 ounces of cow’s milk per day, and chronic blood loss.10 In infants, the introduction of 
cow’s milk within the first year of life is the most important dietary risk factor associated with IDA. Cow’s milk is low in 

Anemia

Impaired 
Production

Nutritional 
Deficiency

- Iron Deficiency
- Folate Deficiency
- Vitamin B-12  Deficiency

Bone Marrow 
Failure

- Congenital Red Cell Aplasia (DBA)
- Acquired Red Cell Aplasia (TEC)
- Fanconi Anemia
- Malignancy
- Acquired:

~ Medication or Toxins
- Decreased Erythropoeisis: 

~ Anemia of Inflammation
~ Chronic Kidney Disease

Increased 
Destruction

Membranopathies

- Spherocytosis
- Elliptocytosis

Enzymatic Defects

- G6PD Deficiency
- PK Deficiency

Hemoglobin 
Defects

- SCD
- Thalassemias

Hemolysis

- AIHA
- Medications

Figure 1 Pathophysiologic classification of anemia. 
Abbreviations: DBA, Diamond Blackfan Anemia; G6PD, Glucose-6-Phosphate Dehydrogenase; PK, Pyruvate Kinase; SCD, Sickle Cell Disease; AIHA, Autoimmune 
hemolytic anemia.
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iron, and even the iron within it is poorly absorbed in the GI tract. Cow’s milk also decreases the absorption of iron from 
other dietary sources due to its high casein and calcium content.11 Casein binds iron and prevents the free-form release 
necessary for absorption by the duodenal mucosa. High calcium intake is also known to inhibit the iron transporter 
human divalent metal transporter 1 (hDMT1) at the luminal level.12,13 Strict avoidance of cow’s milk in the first 12 
months of life is essential in preventing IDA.11 World Health Organization (WHO) guidelines recommend universal iron 
supplementation in children whose diet does not include iron-fortified foods or for those living in high (>40%) iron- 
deficiency prevalence regions. For older children in a high iron deficiency prevalence region, the WHO recommends 10– 
12.5mg of elemental iron daily for children between 6 and 23 months of age, 30mg daily for preschool age children, and 
30–60mg daily for school age children (5–12 years) daily for 3 consecutive months per year.14

Post-menarcheal adolescent females are at increased risk for IDA due to inadequate nutritional habits, rapid growth, 
and recurrent blood loss secondary to menstrual periods that often exceed their iron intake.15 Consumption of foods or 
medications that interfere with iron absorption (tea, fiber, excessive use of antacids, phosphates, and calcium) might also 
play a role in the development of IDA in this age group.

The clinical presentation of IDA is variable, ranging from asymptomatic to excessive fatigue, irritability, and the 
presence of pica. In the US, the American Academy of Pediatrics Bright Futures initiative for health promotion and 

Table 1 Red Cell Indices and Peripheral Blood Smear Findings in Children with Anemia

MCV RDW MCHC Reticulocyte 
Count

Peripheral Blood Smear Findings

Nutritional Deficiencies

● Iron Deficiency 
Anemia

↓ ↑ ↓ ↓ Small and hypochromic RBCs, target cells

● B12/Folate Deficiency ↑ ↑ ↑ ↓ Hypersegmented neutrophils, macro-ovalocytes and Howell 

Jolly Bodies

Environmental Factors

● Lead Intoxication ↓/Normal Normal ↓ Normal/ ↓ Basophilic stippling

● Acute Infections Normal Normal/ 

↑
Normal ↓ Toxic granulation, atypical lymphocytes or bandemia

Congenital Disorders

● Diamond–Blackfan 

Anemia
↑ Normal Normal ↓ Normal platelet and leukocytes

● Fanconi Anemia ↑ Normal Normal/ 

↑
Normal/ ↓ Decreased platelets and leukocytes

● Sickle Cell Disease Normal ↑ ↑ ↑ Crescent shaped RBCs

● Thalassemias ↓ Normal ↓/Normal ↑ Target cells, hypochromic cells, tear drop

● Hereditary 

Spherocytosis
Normal ↑ ↑ ↑ Spherocytes, Howell Jolly bodies

● Hereditary 

Elliptocytosis
Normal ↑ ↑ ↑ Elongated, oval or elliptical- shaped RBCs

● G6PD Deficiency Normal ↑ ↑ ↑ Heinz Bodies, schistocytes, spherocytes

● Pyruvate Kinase 
Deficiency

Normal ↑ ↑ ↑ Burr Cells

Abbreviations: MCV, Mean Corpuscular Volume; RDW, Red Cell Distribution Width; MCHC, Mean Corpuscular Hemoglobin Concentration; G6PD, Glucose-6-Phosphate 
Dehydrogenase.
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prevention establishes periodic universal screening protocols for IDA in children and adolescents.16 It is also important to 
screen adolescent females for heavy menstrual bleeding (HMB), which is defined as excessive or prolonged menstruation 
for longer than 7 days or blood loss greater than 80 mL per menstrual cycle.17 There are two main causes for HMB in 
adolescent girls: hormonal imbalances (anovulation) and congenital bleeding disorders including von Willebrand disease 
(VWD), other clotting factor deficiencies (coagulation factors VII, XI, XIII, and others), and platelet function defects. 
Congenital bleeding disorders, primarily VWD, are found in approximately 20% to 40% of adolescent girls who present 
for evaluation of HMB with or without anemia and in up to 33% of adolescent girls hospitalized for HMB.18,19 Aside 
from VWD, congenital factor VII deficiency has also been reported to be an important cause of HMB and IDA.20 Severe 
iron-deficiency anemia associated with HMB may result in the need for acute hospitalizations, IV iron infusions, and 
packet red blood cells (PRBCs) transfusions.21

When clinically suspected, laboratory evaluation should be performed to confirm the presence of IDA. A complete 
blood count (CBC) will not only serve to identify anemia but can also be used for follow-up purposes. In addition to 
a decreased hemoglobin level associated with a decreased MCV, a decreased mean corpuscular hemoglobin (MCH) and 
decreased RBC count with an increased red cell distribution width (RDW) are highly suggestive of IDA. The Mentzer 
index, which results from dividing the MCV by the RBC count, is useful in differentiating between thalassemias (<13) 
and IDA (>13) when evaluating patients with microcytic anemia. An elevated platelet count and, in severe cases, 
decreased white blood cell count, have also been associated with IDA.

Risk Factors for 
Anemia

Nutritional Deficiencies

- Iron Deficiency
- Vitamin B12 Defciency
- Folate Deficiency

Environmental Factors

- Psycosocial Determinants
- Lead Intoxication
- Acute Infections
- Medications or Toxins

Chronic Comorbidities

- Anemia of Inflammation
- Chronic Kidney Disease
- Inflammatory Bowel Disease
- Prematurity

- Autoimmune Anemia

Congenital Disorders

- Pure Red Cell Aplasia
- Fanconi Anemia
- Sickle Cell Disease
- Thalassemias
- Hereditary Spherocytosis
- Hereditary Elliptocytosis
- G6PD Deficiency
- Pyruvate Kinase Deficiency

Figure 2 Risk factors for anemia. 
Abbreviations: G6PD, Glucose-6-Phosphate Dehydrogenase.
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An iron profile, including serum iron, transferrin, total iron-binding capacity (TIBC), and ferritin should also be requested. 
Transferrin is a protein that binds and transports serum iron. Along with transferrin, the TIBC reflects the ability to transport 
iron. Ferritin is the protein that stores intracellular iron, and its level reflects an individual’s iron stores. While a ferritin level of 
12 to 15 ng/mL has been traditionally considered the cutoff to diagnose iron deficiency, a ferritin level of <30 ng/mL is 
associated with a higher sensitivity and specificity (92% and 98%, respectively) for identifying people with iron deficiency, 
particularly for post-menarcheal females. The American Gastroenterological Association guidelines even use a cutoff of <45 
ng/mL to define iron deficiency in patients with anemia.22,23 However, ferritin is an acute phase reactant and may be within 
normal range or even elevated in those patients with coexisting iron deficiency and inflammatory states such as acute 
infections.7,24 In these cases, ferritin should be repeated when the patient returns to baseline or a free-soluble transferrin 
receptor can be added to the diagnostic panel. The reticulocyte hemoglobin content (CHr) is another valuable tool for the 
diagnosis of IDA as it is a good indicator of iron availability and an early marker of iron deficient erythropoiesis.25

Iron deficiency may go underrecognized until the patient reaches severely low hemoglobin levels. This delay in 
diagnosis might place patients at risk for rare but serious complications including thrombosis, stroke, congestive heart 
failure, and even death.9,26 Iron deficiency has also been associated with long-lasting consequences on neurodevelop-
mental outcomes. Standard test scores of 11- to 14-year-olds who had iron deficiency as infants demonstrate poorer 
performance on 6 different tests, including Full-Scale IQ and Wide Range Achievement Test Arithmetic and Reading.27

Once a diagnosis of IDA is established, it is important to identify and correct the causes of the iron deficiency at the same 
time that iron supplementation therapy is started. Once therapy is initiated, close interval follow-up is warranted. First-line 
therapy for IDA includes oral ferrous iron salts. A substantial proportion of patients suffer gastrointestinal side effects (70%), 
such as nausea and gastroesophageal reflux, which may result in non-adherence to treatment. GI toxicity is the most common 
cause of nonadherence and therapy failure.28,29 Intravenous (IV) iron therapy is instituted if there is unresponsiveness to or 
intolerance of oral iron replacement. Intravenous iron is recognized as an appropriate first-line therapy in patients with 
inflammatory bowel disease, chronic kidney disease, chemotherapy-induced anemia, and those undergoing bariatric surgery. It 
is important to be aware that severe hypersensitivity reactions, including anaphylaxis, have been described with certain IV iron 
preparations. High-molecular-weight (HMW) iron dextran formulations and ferumoxytol have been associated with higher 
incidence of severe immediate hypersensitivity reactions. Iron sucrose, ferric gluconate, and low-molecular-weight (LMW) 
iron dextran have rarely been associated with any serious adverse events.30,31

Vitamin B12 and Folate Deficiencies
Vitamin B12 deficiency is rare in pediatric patients as this vitamin can be found in most animal-based foods. In the US, 
the incidence of nutritional vitamin B12 deficiency from 2003 to 2007 was reported to be 0.88 in 100,000 births (1 in 
113,636). Another study reported that the incidence of vitamin B12 deficiency in infants was 1 in 5,355.32 Children at 
risk for B12 deficiency include those with severe dietary restrictions such as strict vegans or vegetarians, as well as those 
newborns and breast-fed infants of vitamin B12-deficient mothers. Autoimmune vitamin B12 deficiency, known as 
pernicious anemia, is rare in children. Excessive use of certain medications including histamine receptor agonists or 
proton pump inhibitors have also been associated with this deficiency.33,34

Folate is found in fresh fruits, leafy vegetables, meat, and milk. Several countries have implemented routine folic acid 
supplementation in grains, bread, cereal, pasta, and rice, resulting in a low prevalence of folate deficiency in children.35 

Folate deficiency may still occur in those children unable to tolerate a normal diet or those severely malnourished, as well 
as infants exclusively drinking goat milk. Children undergoing hemodialysis and those with chronic hemolytic states 
(sickle cell anemia and other hemoglobinopathies) are a high-risk population for folate deficiency. It is for this reason, 
that these patients are routinely supplemented with folic acid and other multivitamins.36

The primary role of folate is to donate methyl groups to promote DNA synthesis. Vitamin B12 is a cofactor in the 
reaction that recycles 5-methyl-tetrahydrofolate back to tetrahydrofolate (THF). Lack of vitamin B12 causes folate to 
become trapped in the 5-methyl-THF form, which leads to methionine deficiency. With altered DNA synthesis, 
hematopoiesis is disrupted as the hematopoietic precursor cells are rapidly dividing cells. 37

In addition to the typical symptoms associated with anemia, the presence of neuropsychiatric manifestations 
(including symmetric paresthesia, numbness, and gait problems), although more common in B12 deficiency, are 
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characteristic of both B12 and folate deficiencies. Vitamin B12 and folate deficiencies cause macrocytic anemia, defined 
as MCV higher than 100 fL in adults. In the pediatric population, the normal MCV cutoff values vary by age (85 fL, 86 
fL, 90 fL and 96 fL for infants 6 months to 2 years of age, 2 to 6 years of age, 6 to 12 years of age, and 12 to less than 18 
years of age, respectively). The CBC in these patients can also reflect mild leukopenia with the characteristic presence of 
hypersegmented neutrophils. An MCV higher than 115 fL is more specific to vitamin B12 or folate deficiencies than to 
other macrocytic conditions such as hypothyroidism or myelodysplastic syndromes.34,38,39

Patients with folate or vitamin B12 deficiency should receive appropriate supplementation in the setting of improved dietary 
intake. Folate deficiency with concomitant vitamin B12 deficiency should receive both supplementations. Folate treatment by 
itself will not improve neurological symptoms caused by vitamin B12 deficiency, which can progress to permanent damage.34,40

Environmental Factors
Psychosocial Determinants
Certain psychosocial determinants have been clearly associated with an increased risk for anemia development. Poor 
socioeconomic status and inadequate access to health-care services constitute important risk factors for anemia as they 
are linked to poor living conditions, inadequate housing infrastructure, poor nutrition, and limited access to nutritional 
supplements.14 Studies have shown that a child living in a household within the lowest wealth quintile is 21% more likely 
to develop anemia.41 Education level is another psychosocial determinant linked to anemia. Low maternal educational 
level may affect awareness or understanding of the importance of adequate dietary habits in children. Dietary habits can 
also be influenced by patient’s culture, traditions, or religious backgrounds.14

Lead Intoxication
Approximately 29 million households in the US contain lead hazards. It is estimated that 400,000 children aged 1–11 
years, have blood lead levels (BLL) above 5 μg/dL, which was established by the CDC as the maximum blood lead 
reference value (BLRV) from 2012 to 2021. In 2021, and based on blood lead data from children aged 1–5 years old, 
sampled in the 2015–2018 National Health and Nutrition Examination Survey (NHANES), the CDC lowered the 
maximum BLRV in children to 3.5 μg/dL.42–44

Over the past 30 years, BLLs have decreased in children. Elevated BLLs disproportionately impact vulnerable groups, 
including immigrant children, low-income families, and young children from ethnic and racial minorities.45 Non-Hispanic 
Black children, living in low-income households and refugees are more likely to live in communities where lead-based paint is 
pervasive as the housing units were often built before 1978.44 Developmentally impaired children who have persistent pica 
behaviors are also at increased risk for lead toxicity.45

Most children in developed countries are exposed to lead through the ingestion of lead-contaminated dust and paint chips 
from interior surfaces of older houses containing deteriorating lead-based paint. Other risk factors include contaminated 
drinking water, imported canned food, imported candy, and ceramic pots. Iron deficiency has also been associated with an 
increased susceptibility to lead poisoning as children with severe IDA can present with pica-like symptoms.42,45,46

Lead poisoning does not manifest specific signs or symptoms. Nonspecific findings, such as abdominal pain, 
constipation, nausea, vomiting, decreased growth, delayed sexual maturation, frequent dental caries, and impaired 
neurologic development, can be found in those children with high basal lead levels.46 Studies in children with higher 
BLLs have also demonstrated lower IQ scores, language difficulties, learning disorders and behavioral issues.45

Lead is taken up by the iron absorption machinery and secondarily blocks iron through competitive inhibition. Lead 
interferes with a number of important iron dependent metabolic steps such as heme biosynthesis, resulting in anemia.47 

Examination of blood smears can help distinguish the etiology of anemia, as one of the hallmarks of lead poisoning 
anemia is red blood cells with basophilic stippling.48

The CDC and the American Academy of Pediatrics (AAP) recommend targeted screening for lead poisoning in those 
children living in high prevalence areas, those with increased risk factors and those who were born outside of the US. 
The current Bright Futures/AAP Periodicity Schedule recommends risk assessment on well-child visits from 6 months to 
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6 years of age. An important factor in preventing lead toxicity in children is the early identification and elimination of all 
major sources of exposure.49–51

Acute Infections
Acute infections may lead to transient bone marrow suppression and/or hemolysis. Anemia secondary to suppression of 
RBCs production has been associated with several viral infections, including human parvovirus B19, human immuno-
deficiency virus (HIV), Epstein–Barr virus (EBV), cytomegalovirus (CMV), and hepatitis viruses. Streptococcal infec-
tions, tuberculosis, and bacterial infections causing overwhelming sepsis, have also been associated with transient bone 
marrow suppression. Autoimmune extrinsic hemolytic anemia has been associated with acute hepatitis infections, CMV, 
EBV, as well as with typhoid fever, and Escherichia coli or streptococcal infections.52

Clinical studies have shown that 60% of hospitalized febrile children with positive blood or urine cultures had 
anemia. In one study, 83% of children requiring hospitalization for acute management of pneumonia had hemoglobin 
levels below 11g/dL at admission.53 Parvovirus B19 infections are estimated to occur in 2–10% of children younger than 
5 years of age and have been shown to be a significant cause of acute anemia in those patients with chronic hemolytic 
conditions associated with a shortened erythrocyte life span, such as sickle cell anemia. This virus selectively infects 
erythroid precursors, inhibiting their growth, which leads to an acute decrease in hemoglobin and reticulocytes.46,54,55

Transient erythroblastopenia of childhood (TEC), which usually occurs after an acute viral infection, has a reported 
incidence of 4.3 cases per 100,000 children. This condition is a rare selective RBC aplasia that can sometimes be 
accompanied by neutropenia and thrombocytosis. An immune-mediated mechanism is implicated in the pathophysiology 
of TEC, where both IgG and T-cell mediated mechanisms appear to play a role. It occurs mostly in early childhood, 
between 6 months and 6 years of age.56 TEC is considered self-limited, and most children require only supportive 
treatment. PRBC transfusions rapidly increase hemoglobin in severely ill patients.57 It is believed that the incidence of 
TEC could be higher than reported, as not all cases are diagnosed because of spontaneous resolution of the anemia prior 
to identification.

Medications or Toxins
The administration of numerous medications, including antimicrobials, chemotherapeutic agents, anticonvulsants, and 
immunosuppressants has been associated with transient bone marrow suppression (Table 2). Some pesticides, insecticides, 

Table 2 Medications Associated with Development of Anemia in Children

Transient Bone Marrow Suppression Hemolytic Anemia

Antimicrobials ● Chloramphenicol
● Zidovudine
● Mebendazole
● Nitrofurantoin
● Linezolid

● Penicillins
● Cephalosporins
● Sulfas
● Pentaquine
● Primaquine

NSAIDs and Analgesic ● Indomethacin
● Diclofenac
● Sulfasalazine

● Acetaminophen
● Diclofenac
● Sulfasalazine

Antiepileptics ● Phenytoin
● Carbamazepine

–

Miscellaneous ● Acetazolamide
● Methimazole
● Thiouracils
● Methyldopa
● Antineoplastics

● Fludarabine
● Chlorpromazine
● Furosemide
● Methadone
● Methyldopa

Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.
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and other toxic chemicals found in contaminated groundwater (arsenic, benzene) have also been associated with aplastic 
anemia.46,58 Other medications, such as penicillins, antimalarial medications, sulfas, or acetaminophen, can cause autoim-
mune hemolytic anemia (Table 2).58,59

Autoimmune Hemolytic Anemia
Autoimmune hemolytic anemia (AIHA) is an acquired anemia in which autoantibodies target RBCs’ membrane antigens 
inducing cell lysis. Based on the temperature at which these antibodies present reactivity, AIHA can be classified as 
either warm AIHA (wAIHA) or cold AIHA (cAIHA). AIHA may also be classified as primary or secondary, based on the 
presence of an underlying cause such as immunodeficiencies, autoimmune conditions, malignancy, medications, or 
infections.59,60 The estimated annual incidence of AIHA is approximately 0.8 per 10,000 in individuals younger than 
18 years of age.61

The most common form of AIHA in children is secondary wAIHA. Most common underlying disorders linked to this 
type of hemolytic anemia include common variable immunodeficiency (CVID), SLE, and viral infections. Other causes 
include malignancies, history of previous PRBC transfusions, history of bone marrow transplantation and use of certain 
medications (cephalosporin and piperacillin).59

Cold AIHA, including cold agglutinin syndrome (CAS) and paroxysmal cold hemoglobinuria, is less frequent in 
children.61 Mycoplasma pneumoniae or EBV infections are characteristically associated with the development of CAS.61–63

Chronic Comorbidities
Many chronic diseases are associated with anemia through multiple mechanisms, including blood loss secondary to 
a specific disease, hemolysis, or the effects of inflammation on erythropoiesis or on iron metabolism.64

Anemia of Inflammation
The global prevalence of anemia of inflammation, also known as anemia of chronic disease, is difficult to estimate. It is 
often considered the most common cause of anemia after IDA. Data from the BRINDA project demonstrated that in 
preschool children, inflammation assessed through the measurement of C-reactive protein (CRP) is often associated with 
the presence of anemia.64,65

Chronic inflammatory conditions and malignancies characteristically present with elevated levels of circulating pro- 
inflammatory cytokines such as interleukin 6 (IL-6), transforming growth factor-β (TGF-β), tumor necrosis factor (TNF), 
and interferon-γ (IFN-γ). The overexpression of these inflammatory markers alters iron hemostasis as they induce 
hepcidin overexpression resulting in reduced iron bioavailability and erythropoiesis.66

Inflammatory states are also known to reduce the biological activity of erythropoietin (EPO), the primary hormone 
regulator of RBC production. This phenomenon is caused by direct EPO synthesis inhibition by TNF and interleukin-1 (IL-1) 
as well as reduced expression of EPO receptors on the erythroid progenitors.66–68 Managing the anemia of chronic disease 
focuses on improving the oxygen-carrying capacity of blood while detecting and treating the ultimate underlying cause.69

Chronic Kidney Disease
Kidneys are the primary source of EPO. Anemia, secondary to abnormal synthesis of EPO, may be observed in up to 
73% of children with stage 3 chronic kidney disease (CKD) and 93% in patients with stage 4 and 5 CKD.70 The presence 
of anemia in children with CKD is associated with a much poorer prognosis in this population. Many other factors, 
including a shortened RBC life span and/or concomitant iron deficiency, contribute to the anemia observed in this 
population.

Hemoglobin levels below 8 g/dL in CKD patients undergoing hemodialysis are associated with significantly increased 
mortality when compared with patients with hemoglobin levels of 10–11g/dL.69 Routine administration of EPO- 
stimulating agents remains the mainstem therapy for CKD-associated anemia.
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Inflammatory Bowel Disease
Anemia is the most common extra-intestinal manifestation in inflammatory bowel disease (IBD) patients and is known to 
adversely affect their quality of life. Patients with IBD are at risk for developing IDA with or without an associated 
anemia of inflammation.71

The prevalence of anemia in IBD patients is estimated to range between 44% and 74% at diagnosis and between 25% 
and 58% at 1-year follow-up.72 Other risk factors including low albumin levels, high CRP or ESR values, low body mass 
index, severe disease at presentation, and presence of extensive colitis, have been associated with the development and 
persistence of anemia in pediatric IBD patients.72

Prematurity
Soon after birth, newborns experience a physiological decrease in their hemoglobin levels, known as physiologic anemia 
of the newborn. Premature newborns are more vulnerable to this process.73 Prematures can reach a hemoglobin nadir 
concentration as low as 7–8 g/dL only 4–6 weeks after birth in comparison to the nadir observed in full-term newborns, 
which does not occur until 9–12 weeks after birth when the hemoglobin concentration only decreases to levels between 
9.5 and 11 g/dL. This early-onset anemia in prematures is known as “anemia of prematurity” or AOP.74 In the US, 
approximately 10,000 infants are born prematurely (<36 weeks gestational age) with 6% of them classified as having 
extremely low birth weight (ELBW: defined as a birth weight of less than 1 kg). It is estimated that approximately 90% 
of these ELBW infants will require at least one PRBC transfusion due to AOP development.74,75

Anemia of prematurity is multifactorial in etiology. Physiologic factors include impaired intrauterine iron transporta-
tion, low EPO production, and a much shortened RBC life-span.74,75 Common maternal conditions such as obesity, 
gestational diabetes, hypertension, and placental insufficiency may also limit iron transfer from mother to fetus, 
contributing to the 17% prevalence of iron deficiency observed in preterm infants.74 Iatrogenic blood losses are also 
important contributors to the development of AOP. Premature infants are often critically ill, requiring close laboratory 
monitoring and frequent blood sampling.75 Other important contributing factors for AOP include inadequate nutritional 
intake, concomitant infections, and other non-laboratory blood losses.73

Congenital Disorders
Pure Red Cell Aplasia
Pure red cell aplasia (PRCA), defined as the presence of a normocytic normochromic anemia associated with severe 
reticulocytopenia and marked reduction, or absence, of erythroid precursors in the bone marrow,is a rare disorder with no 
definitive estimate of incidence or prevalence in the pediatric population. If other cell lines are also affected, then other 
diagnoses, such as aplastic anemia or Fanconi anemia, should be considered.54

Congenital PRCA, primarily represented by Diamond–Blackfan anemia (DBA), is an intrinsic erythroid hypoplasia 
that results from different mutations in the genes for ribosomal proteins (RPS19 and others RP genes), causing defective 
ribosomal RNA maturation, which leads to cell-cycle arrest and apoptosis of RBCs.54 The incidence of DBA is estimated 
to be five to seven cases per 1 million live births. More than 90% of cases are diagnosed by 1 year of age. Results 
obtained from the DBA Registry of North America show that 50% of patients are diagnosed by 3 months of age, 75% by 
6 months, and 92% within the first year of life.76 No difference in gender-specific prevalence is observed.55,77

Clinically, DBA is characterized by the presence of macrocytic anemia with reticulocytopenia, often associated with 
different congenital anomalies, mostly localized in the cephalic area (50%) and extremities (38%) including thumb 
anomalies with the pathognomonic triphalangeal thumb. The urogenital tract (39%) and heart (30%) are also frequently 
affected. Laboratory findings in DBA patients include elevated fetal hemoglobin levels, high MCV, and elevated 
erythropoietin and erythrocyte adenosine deaminase (eADA) levels.78 Bone marrow studies will reveal a decrease or 
complete absence of erythroid precursors. The use of molecular diagnostic tools allows for the diagnosis of DBA in 
patients with unusual clinical presentations, such as unexplained anemia during fetal life, hydrops fetalis, or adults with 
persistent mild and chronic anemia. Patients with DBA have an increased cancer risk. Leukemia and solid tumor 
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including osteogenic sarcoma, soft tissue sarcoma, lymphoma, breast, hepatocellular, gastric, and colon cancers have 
been reported in patients with a history of DBA.79

Treatment of DBA may include corticosteroids, chronic RBC transfusions, and, in some cases, hematopoietic stem 
cell transplantation. Approximately 80% of patients will initially respond to a corticosteroid-based therapy, whereas the 
remaining 20% will require chronic RBC transfusion therapy.79

Fanconi Anemia
Fanconi anemia (FA) is a rare autosomal recessive or X-linked disorder. It is characterized by the presence of 
chromosomal instability after exposure to crosslinking agents. It is the most common cause of inherited bone marrow 
failure. Around 15 FA genes have been identified to date. Mutations of the FANCA, FANCC, FANCD2, and FANCG 
genes are most common.80 The incidence of FA is estimated to be 1 in 136,000 live newborns.81 Higher incidence rates 
have been reported in South African and sub-Saharan black populations and Spanish Gitanos; with rates that can reach up 
to 1 in 40,000 live births.81–83

Up to 75% of patients with FA will present with birth defects. Findings can include short stature, structural 
abnormalities of the extremities (short or hypoplastic thumb, absent radii, or dysplastic ulna), and skin pigmentation 
(café-au-lait spots in more than 50% of patients). Less common physical exam findings include abnormal epicanthal 
folds, proptosis, ear anomalies (absent eardrums, atresia ear canal), GI abnormalities (imperforated anus, Meckel’s 
diverticulum, megacolon, and umbilical hernia). The presence of unexplained pancytopenia can be another finding in FA 
patients and should warrant further investigation.81

Children with FA carry a poor prognosis. Development of severe anemia is the primary cause of death in children 
with FA younger than 10 years of age. Concomitant pancytopenia can lead to the development of recurrent infections and 
excessive bleeding. Survival rates have improved in developed countries due to a reduction in mortality by bleeding or 
infectious complications.46,81 Treatment is variable and is based on disease severity. Hematopoietic stem cell transplant is 
the only curative therapeutic strategy.46

Sickle Cell Disease
Globally, 330,000 children are estimated to be born each year with an inherited hemoglobinopathy. Sickle cell disease 
(SCD) is the most common genetic hemoglobin disorder, and it is considered the fifth and seventh most common cause of 
anemia among females and males, respectively.64,84 In SCD, defects in the β-globin chain of hemoglobin cause the 
production of sickle-shaped RBCs that have a shortened life span. The rigid sickle cells can cause blockage of small 
blood vessels and damage to large blood vessels, leading to chronic hemolysis. Vasculature damage can trigger the 
characteristic severe pain episodes observed in patients and will ultimately cause organ damage. Children with SCD have 
an increased risk of infections and malnutrition.

Thalassemias
Thalassemias are a group of inherited conditions characterized by defects in the synthesis of one or more of the globin 
chains that constitute hemoglobin. Approximately 1.7% of the world’s population is estimated to carry either an α- or β- 
thalassemia trait. Alpha-thalassemia is most commonly encountered in African and Southeast Asian populations, while β- 
thalassemias are most often found in individuals of Mediterranean, African, and Southeast Asia descent with prevalence 
rates that can range between 5% and 30%. Thalassemias were estimated to be the sixth and ninth most prevalent causes 
of anemia globally among females and males, respectively.85

Other Congenital Red Blood Cell Abnormalities
Other congenital red cell production or metabolism abnormalities include membranopathies (hereditary spherocytosis, 
hereditary elliptocytosis) and enzymopathies (glucose-6-phosphate dehydrogenase deficiency, pyruvate kinase deficiency).

Hereditary spherocytosis (HS) is the most common cause of hemolytic anemia in children. This disorder is clinically, 
biochemically, and genetically heterogeneous. Defects in membrane and cytoskeletal proteins (ankyrin-1 band 3, β-spectrin, 
α-spectrin, or protein 4.2) cause the erythrocytes to be unable to maintain their physiological normal concave shape that 
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provides morphological stability. Hereditary spherocytosis can affect all populations, although it is more common in children 
of Northern European and North American ancestry. Its estimated prevalence is 0.02% to 0.05% of the global population, 
affecting as many as 1 in every 2000 individuals. A substantial number of asymptomatic patients or those with mild symptoms 
may remain undiagnosed for years. It is estimated that 50% of HS patients present with mild or moderate hemolytic anemia, 
whereas those with severe hemolysis (10–15%) might develop additional complications including splenomegaly, hyperbilir-
ubinemia, or jaundice.86,87 Long-term complications include potential development of pigmented gallstones. Management is 
centered on improving quality of life by preventing complications of chronic hemolysis. Supportive measures include the use 
of blood transfusions directed to maintain proper hemoglobin values, folic acid supplementation and, in some severe cases, 
splenectomy.86 Those individuals requiring cholecystectomy due to symptomatic gallstone disease should be evaluated for 
potential simultaneous splenectomy.

Hereditary elliptocytosis (HE) is characterized by the presence of elongated, oval, or elliptical-shaped RBCs on the 
peripheral blood smear.88 Inherited mutations in genes encoding for α-spectrin, β-spectrin, and protein 4.1 are responsible 
for the abnormalities on the RBC elastic recoil that result in their characteristic elliptical shape.89 These elliptocytes can 
become trapped and removed by the spleen resulting in hemolytic anemia. The prevalence of HE is estimated to be 1 in 
2000 to 4000 children. Affected children with mild forms of HE can remain undiagnosed for years, implying that the true 
prevalence of this condition might be underestimated. In West Africa, HE prevalence can be as high as 1–2% of the total 
population.88

Since most HE patients can be asymptomatic, diagnosis is usually made incidentally during an anemia workup or 
after the development of an infection causing acute anemia. Neonates with HE can present with jaundice secondary to 
hemolytic anemia.

Most HE cases do not require treatment. Symptomatic HE patients can be managed with PRBCs transfusion and/or 
splenectomy. Neonates with severe jaundice may require PRBCs transfusion and/or phototherapy. Splenectomy is 
reserved for those patients with severe life-threatening anemia or those requiring frequent transfusions.88–90

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common red cell enzyme defect. It is estimated to 
affect approximately 400 million people worldwide. This enzyme found in the cytoplasm of RBCs helps prevent cellular 
damage from reactive oxygen species (ROS). Its deficiency results in the development of acute hemolytic crises during 
episodes of increased ROS production, which may be secondary to stress due to acute infections or exposure to certain 
foods (fava beans) or oxidant medications including but not limited to sulfamethoxazole, trimethoprim, dapsone, 
rasburicase, and methylene blue. The gene for G6PD is located on the X chromosome and is more commonly expressed 
in males. Heterozygous females are usually clinically unaffected.91 This disorder is more commonly found in certain 
ethnicities, including people of African, Mediterranean, or Asian descent. There is evidence that specific G6PD 
deficiency variants may have a protective role against mild malaria cases.91,92 Management can range from providing 
supportive care during acute hemolytic crisis and avoidance of potential offending agents. Severe cases might require 
blood transfusions. Neonates with G6PD deficiency are at increased risk for developing neonatal jaundice and kernic-
terus; in such cases, aggressive treatment is required.

Pyruvate kinase (PK) deficiency is the second most common RBC enzyme deficiency. This autosomal recessive 
disorder affects the RBC glycolytic pathway, due to a mutation in the PKLR gene located on chromosome 1 (1q21).93 

Erythrocytes lacking PK are not able to catalyze phosphoenolpyruvate to pyruvate, which results in low adenosine 
triphosphate (ATP) generation and reduced reticulocyte and RBC survival. PK-deficient RBCs also have increased 
accumulation of 2,3-bisphosphoglycerate, which shifts the oxygen dissociation curve to the right and decreases the 
affinity of hemoglobin for oxygen.93,94

Pyruvate kinase deficiency manifests with enzyme levels of <25%.94 It is estimated that a PK deficiency mutation 
occurs in about 51 cases per million in the Caucasian population. There is an increased prevalence in certain populations 
such as the Amish communities in Pennsylvania in the US and Romani communities.93,94

Manifestations of PK deficiency in neonates include hyperbilirubinemia, anemia, poor suckling, lethargy, extrame-
dullary hematopoiesis (blueberry muffin rashes), and hydrops that may develop in utero. In older children, it can be 
manifested as poor growth, jaundice hemolytic crisis secondary to stress, splenomegaly, and frontal bossing secondary to 
extramedullary hematopoiesis.94 Diagnostic molecular testing (direct DNA sequencing) is increasingly being utilized as 
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this can be performed in transfused patients. This can be used for prenatal diagnosis and is less complicated in terms of 
preparation and shipping of sample than direct enzyme assay.95

Supportive therapy is important in management, including folic acid supplementation, transfusions to ameliorate 
anemia, iron chelation if necessary and splenectomy in the setting of massive splenomegaly.94 Disease modifying 
therapies been investigated include stem cell transplant and gene therapy.96

Conclusion
Anemia remains a significant burden for the pediatric population. The differential diagnosis of anemia is extensive. An 
understanding of hematopoiesis as well as the prevalence and risk factors that contribute to the development of anemia 
allows the clinician to assess for underlying nutritional deficiencies, predisposing enviromental factors, chronic disease 
states, and congenital red cell or hemoglobin disorders. With the prompt recognition of anemia through laboratory 
evaluation, expeditious and appropriate therapeutic interventions can be initiated. Pediatricians, especially those in the 
primary care setting, invariably play a critical role in the identification of anemia and the care of affected children.
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