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IMPORTANCE Absolute iron deficiency, defined as low iron stores with or without anemia,

affects approximately 2 billion people worldwide and 14% of adults in the US. Iron-deficiency

anemia, defined as low hemoglobin due to low iron stores, affects approximately 1.2 billion

people worldwide, including 10million in the US.

OBSERVATIONS Absolute iron deficiency progresses from low iron stores to iron-deficiency

anemia. Individuals with nonanemic iron deficiency or iron-deficiency anemia may be

asymptomatic or experience fatigue, irritability, depression, difficulty concentrating, restless

legs syndrome (32%-40%), pica (40%-50%), dyspnea, lightheadedness, exercise

intolerance, and worsening heart failure (HF). Symptom prevalences vary depending on age,

comorbidities (eg, chronic kidney disease [CKD], HF), and severity and rate of development

of iron deficiency. Themost common causes of iron deficiency are bleeding (menstrual,

gastrointestinal), impaired iron absorption (atrophic gastritis, celiac disease, bariatric surgical

procedures), inadequate dietary iron intake, and pregnancy. In high-income countries,

approximately 38% of nonpregnant, reproductive-age women have iron deficiency without

anemia and about 13% have iron-deficiency anemia. During the third trimester of pregnancy,

iron deficiency affects up to 84% of pregnant women, based on data from high-income

countries. Additional risk factors include use of nonsteroidal anti-inflammatory drugs,

inflammatory bowel disease (IBD [13%-90%]), and other chronic inflammatory conditions,

such as CKD (24%-85%), HF (37%-61%), and cancer (18%-82%). Testing for iron deficiency is

indicated for patients with anemia and/or symptoms of iron deficiency (fatigue, pica, or

restless legs syndrome) and should be considered for those with risk factors such as heavy

menstrual bleeding, pregnancy, or IBD. Iron deficiency is diagnosed by low serum ferritin

(typically <30 ng/mL) in individuals without inflammatory conditions or by transferrin

saturation (iron/total iron binding capacity × 100) less than 20%. Causes of iron deficiency

should be identified and treated. Oral iron (ferrous sulfate 325mg/d or on alternate days) is

typically first-line therapy. Intravenous iron is indicated for patients with oral iron intolerance,

poor absorption (celiac disease, post–bariatric surgical procedure), chronic inflammatory

conditions (CKD, HF, IBD, cancer), ongoing blood loss, and during the second and third

trimesters of pregnancy.

CONCLUSIONS AND RELEVANCE Iron deficiency and iron-deficiency anemia are common

conditions that may cause symptoms such as fatigue, exercise intolerance, and difficulty

concentrating. Ferritin and/or transferrin saturation are required for diagnosis and screening.

Oral iron is first-line therapy for most patients. Intravenous iron is used for individuals who do

not tolerate or have impaired absorption of oral iron, those with ongoing blood loss, certain

chronic inflammatory conditions (IBD, CKD, HF, cancer), and during the second and third

trimesters of pregnancy.
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I
ron is an important component of hemoglobin andmyoglobin

and isused inneurotransmitter synthesisandmitochondrialen-

ergy generation. Absolute iron deficiency, typically defined as

ferritin less than30ng/mLor transferrin saturation (TSAT) less than

20% (calculated as iron/total iron binding capacity × 100), affects

nearly 2 billion people worldwide.1 Based on data from the Na-

tional Health andNutrition Examination Survey (NHANES) 2017 to

2020,which included8021USadults, approximately 14%(95%CI,

13%-15%) had absolute iron deficiency.2 Another study using

NHANESdata from2003 to2020 reported that among3490non-

pregnant females aged 12 to 21 years, the percentage of iron defi-

ciency was 38.6% (95% CI, 35.8%-40.9%), using a 25-ng/mL fer-

ritin cutoff to diagnose iron deficiency.3 In a study of 644 066

reproductive-age nonpregnant women in Canada, 38.3% had iron

deficiency without anemia and 13% had iron-deficiency anemia.4

Absolute irondeficiencymaybeassociatedwith cognitivedys-

function (“brain fog” [decreased concentration/attention]), mood

changes (irritability,depression), fatigue,exercise intolerance,wors-

eningheart failure (HF), restless legssyndrome(RLS), andpica (crav-

ing nonfood substances, such as ice). If the cause of iron deficiency

isnotdiagnosedand treated, iron-deficiencyanemiamaydevelop.5

Iron-deficiency anemia, typically defined as ferritin less than

30 ng/mL or TSAT less than 20%, and hemoglobin below the ref-

erence range (<12g/dL inwomenand<13g/dL inmen), affectsmore

than 1.2 billion people worldwide and approximately 10 million

people in theUS.1,6 Individualswith iron-deficiencyanemiamayhave

more severe symptoms than those who have iron deficiency with-

out anemia, especially if anemia develops quickly (days to weeks

rather than months). The World Health Organization Global Bur-

den of Disease study lists iron-deficiency anemia as 1 of the top 5

causes of years lived with disability.6

This Review focuses on the screening, diagnosis, and treatment

ofabsolute irondeficiencywithorwithoutanemia.Functional ironde-

ficiency, identifiedbynormalorelevated ferritin levelswith lowTSAT

(<20%),7which can result in functional iron-deficiency anemia, also

knownasanemiaofchronicdisease,anemiaof inflammation,or iron-

restricted erythropoiesis, is brieflymentioned.

Methods

PubMed was searched for English-language studies of iron defi-

ciencyand its treatment inadultspublishedbetweenJanuary 1,2014,

and November 1, 2024. Guidelines not indexed in PubMed were

added.Weprioritizedsystematicreviewsandrandomizedclinical trials

(RCTs) and reviewed 350 articles. Of these, 86 were included, con-

sisting of 33 RCTs, 20 interventional trials, 16 observational studies,

10systematicreviews,6guidelinedocuments,and1review.Studypar-

ticipants in this Review are described as reported in the original re-

search.Forcharacterizationsofsexandgender, termssuchaswomen,

females, andmothers follow the primary source.

Discussion and Observations

Pathophysiology

Iron is necessary for the production and function of hemoglobin

(which binds oxygen) and myoglobin as well as other cellular pro-

cesses, includingmitochondrial energyproductionandneurotrans-

mitter synthesis.8Without treatment, absolute irondeficiencymay

progress to severe, symptomatic anemia.

Iron is absorbed from the diet. The most efficiently absorbed

form is heme iron, derived from red meat, poultry, and seafood.

Nonheme iron is available from legumes and vegetables (eg, dried

beans, dark leafy greens) and supplemented cereals. Both forms of

iron are absorbed by intestinal enterocytes and transported via the

iron exporter ferroportin to circulating transferrin in the blood.

Transferrin transports iron to the liver and spleen for storage as fer-

ritin, the primary form of stored iron, and hemosiderin in the bone

marrow.9 Iron is primarily stored in the reticuloendothelial system

and salvaged from senescent red blood cells (RBCs) by macro-

phages. Approximately 1 to 2 mg of iron is lost in sweat and stool

daily (Figure 1).

Hepcidin, a hormone synthesized predominantly in the liver,

regulates iron absorption and storage. Hepcidin blocks ferroportin

and promotes its degradation,10 thereby preventing iron absorp-

tion and the release of stored iron from reticuloendothelial cells of

the liver, spleen, and bone marrow. Hepcidin decreases when iron

stores are low, increasing iron absorption and the release of stored

iron. Conversely, hepcidin increases with recent iron intake, ad-

equate iron stores, and inflammation, suppressing iron absorption

and ferritin release fromstorage.Whenhepcidin is elevated, stored

iron is inaccessible for hemoglobin synthesis,6 and prolonged hep-

cidin elevation can lead to functional iron deficiency and associ-

ated anemia.

Epidemiology and Risk Factors

Absolute iron deficiency results from blood loss, inadequate di-

etary intake, or impaired iron absorption (Box 1). The most com-

mon causes of absolute iron deficiency, with or without anemia, in

high-incomecountriesarebleeding(menstrual,gastrointestinal [GI])

and pregnancy.11

Most diets in high-resource countries contain iron sufficient to

prevent iron deficiency, although vegetarian and vegan diets and

food insecurity may reduce iron intake below the level needed to

maintain iron stores, especially in individuals who are menstruat-

ingorpregnant.12The recommendeddaily intakeof iron forwomen

is 18mg/d, ofwhichapproximately 10%(1.8mg/d), is absorbed; the

average intake in the US is approximately 13 mg/d for women.13

Menstruation increases iron requirements to about 2mg/d.

Pregnancy increases iron requirements by 1000 to 1100mg.14

Iron deficiency is common among pregnant individuals. A retro-

spectivestudyreportedabsolute irondeficiency(ferritin<30ng/mL)

in 53% of 26 469 pregnant individuals.15 In 629 primiparous indi-

viduals from Irelandwho had iron parametersmeasured longitudi-

nally at 15, 20, and 33weeks, iron deficiency (ferritin <30 ng/mL or

soluble transferrin receptor >4.4 mg/L) was documented in 21%,

44%, and 84% of participants, respectively.16

Potential GI sources of blood loss include inflammatory bowel

disease (IBD), colorectal or gastric cancer, duodenal or gastric ul-

cers, esophagitis, gastritis, and colonic vascular ectasia. A study of

1036 individuals with IBD reported 27% had iron deficiency and

14% had iron-deficiency anemia.17 In 2000 outpatients with IBD,

43%hadabsolute irondeficiency and 12%had iron-deficiency ane-

mia; in these patients, iron deficiency was more common in those

with active IBD (71%) vs quiescent disease (24%).18
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Aspirinorothernonsteroidal anti-inflammatorydrugscancause

irondeficiencydue toGI blood loss (occult or overt).19Chronic pro-

ton pump inhibitor (PPI) use reduces iron absorption by increasing

gastric pH (low pH is necessary for iron absorption). In a meta-

analysis that included 14 case-control and cohort studies (76089

patients taking a PPI), the relative risk of iron deficiency among

people takingaPPIcomparedwithcontrolsnot takingaPPIwas2.56

(P < .001).20

Figure 1. Iron Absorption, Storage, and Conservation in the Body
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In some low-resource countries, intestinal parasites (Strongy-

loides species, other soil-transmitted helminths, and Schistosoma

species) cause absolute iron deficiency due to GI blood loss.

Depending on their geographic origin, 8% to 86% of refugees to

North America have parasitic infections that may cause iron

deficiency.21

Iron deficiency may also result from decreased absorption of

dietary iron due to intestinal conditions, such as atrophic gastritis,

celiac disease, or a bariatric surgical procedure. In a meta-analysis

of high-quality observational studies and RCTs comparing

individuals infected with Helicobacter pylori (which causes achlor-

hydria, ulcers, and gastritis) with uninfected people, infection

was associated with a higher rate of iron-deficiency anemia

(odds ratio [OR], 1.72 [95% CI, 1.23-2.42]; 14 studies) and iron

deficiency without anemia (pooled OR, 1.33 [95% CI, 1.15-1.54];

30 studies).22

Celiac disease can cause occult blood loss from intestinal

inflammation, decreased iron absorption through intestinal villus

atrophy, and inflammation-induced hepcidin upregulation.23,24

In a study including 382 adults with celiac disease, 145 (46%)

had iron-deficiency anemia.25 A systematic review that included

2998 patients with iron-deficiency anemia reported 3.2% had

celiac disease.26

Iron deficiency is common in chronic diseases, such as

chronic kidney disease (CKD [24%-85%]), IBD (13%-90%), HF

(37%-61%), and cancer (18%-82%).5 Obesity is associated with

decreased iron absorption because adipose tissue produces hep-

cidin and induces inflammation, which further stimulates hepci-

din production.27 Three studies of 582 patients referred for a bar-

iatric surgical procedure reported absolute iron deficiency with or

without anemia in 6% to 22% of patients vs 6% to 7% of patients

in the general population.28

Bariatric surgical procedures (Roux-en-Y, biliopancreatic diver-

sions)may further impair iron absorption by bypassing small intes-

tinal absorptive surfaces.29 In 58 premenopausal women who un-

derwent sleeve gastrectomy (n = 26) or Roux-en-Y gastric bypass

(n = 32), heme iron (meat-based) absorption (measuredby 59Feab-

sorption) decreased from 24% preprocedure to 6% postproce-

dure and nonheme (plant-based) iron absorption decreased from

11% preprocedure to 5% postprocedure.30

Even in the absence of known risk factors, iron deficiency is

highlyprevalent. In thecross-sectional2017 to2020NHANESstudy

of8021USadults, 11%(95%CI, 10%-11%)without anemia,HF,CKD,

or current pregnancy had absolute iron deficiency.2

Signs and Symptoms of Absolute Iron Deficiency

Individualswithabsolute irondeficiencywithorwithoutanemiacan

be asymptomatic or may have 1 or more of the following signs or

symptoms: fatigue; decreasedexercise tolerance;RLS; pica, includ-

ing pagophagia (ice craving); depression; and decreased attention

and concentration (brain fog). Symptoms are oftenmore severe in

individuals with iron-deficiency anemia compared with those who

have iron deficiency without anemia.31-34

Pica, especially pagophagia, is common (up to 50%) in indi-

viduals with absolute iron deficiency.33 In 987 consecutive pa-

tients with absolute iron deficiency and iron-deficiency anemia

(meanhemoglobin, 10.4g/dL),40%hadpagophagia,40%hadRLS,

and 22% had both.33

Physical signs of iron deficiencymay include tongue depapilla-

tion, cheilosis, koilonychia (spoon nails), and diffuse nonscarring

scalp alopecia. With more severe deficiency, including iron-

deficiency anemia, patientsmayhave pallor, pale conjunctiva, and,

with severe anemia, tachycardia or a cardiac flowmurmur.

RLS, which causes unpleasant sensations, cramps, and a sensa-

tion of needing to move the legs,35 is associated with decreased

brain iron (measured by magnetic resonance imaging) and with

absolute iron deficiency with or without anemia. Two studies (1248

individuals with absolute iron deficiency with or without anemia)

reported RLS in 32% and 40% of participants, respectively.33,36

Two studies that included 335 patients with RLS reported absolute

iron deficiency in 25% and 42% of patients, respectively.37,38 In a

meta-analysis of 10 RCTs (455 patients with RLS with or without

anemia), both oral iron (2 trials) and intravenous (IV) iron (8 trials)

supplementation significantly reduced leg discomfort and sleep

disturbance symptoms relative to placebo (International Restless

Legs Syndrome [IRLS] score decreased by 3.55 points).39

Iron Deficiency in Pregnancy

Irondeficiencymaybeassociatedwith adverse fetal, neonatal, and

maternal outcomes. In a study from Sweden of 532 232 pregnan-

cies, adjusted for socioeconomic status, genetic background, and

Box 1. Causes of Iron Deficiency

Increased Blood Loss

• Menstruation

• Pregnancy and delivery

• Gastrointestinal cancer

• Gastritis

• Ulcers, including Cameron ulcers (linear ulcers associated with

hiatal hernia)

• Inflammatory bowel disease

• Chronic use of aspirin or nonsteroidal anti-inflammatory drugs

• Regular blood donation

• Intense athletic activity

• Hereditary hemorrhagic telangiectasia or other cause of nasal or

gastrointestinal arteriovenous malformation

• Hookworm or other parasites

• Meckel diverticulum

• Gross hematuria

ReducedAbsorption

• Helicobacter pylori infection

• Autoimmune or atrophic gastritis

• Inflammatory bowel disease

• Bariatric surgical procedure

• Long-term use of a proton pump inhibitor

• Celiac disease

• Rare hereditary conditions, such as atransferrinemia and iron

refractory iron-deficiency anemia

Chronic Inflammation

• Cancer

• Rheumatologic disease (rheumatoid arthritis, systemic lupus

erythematosus)

• Inflammatory bowel disease

• Chronic kidney disease

• Heart failure

• Endocrine disease (hypothyroidism)
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pregnancy complications, children of mothers with anemia diag-

nosed prior to 30 weeks’ gestation, compared with children of

motherswithoutanemiaprior to30weeks’ gestation,had increased

rates of autism spectrum disorders (4.9% vs 3.5%; OR, 1.44 [95%

CI, 1.13-1.84]), attentiondeficit hyperactivitydisorder (9.3%vs7.1%;

OR, 1.37 [95%CI, 1.14-1.64]), and intellectual disability (3.1%vs 1.1%;

OR, 2.20 [95% CI, 1.61-3.01]).40 In a study of 18 948443 pregnan-

cies in China, postpartum hemorrhage (PPH) occurred in 2.07% of

participantswith prepartumanemia vs 0.81%of participantswith-

out anemia; the risk of PPH correlated with the severity of anemia

(adjusted odds ratio [aOR] for mild anemia, 1.45 [95% CI, 1.43-

1.47]; aOR for moderate anemia, 3.53 [95% CI, 3.47-3.60]; aOR for

severe anemia, 15.65 [95% CI, 15.10-16.22]).41 In a study involving

515 270pregnant individuals fromCanada,65906ofwhomhadane-

mia,prepartumanemiawasassociatedwith increasedneedforblood

transfusions (5.1 per 1000amongwomenwithout anemia; aOR for

mildanemia,2.45[95%CI, 1.74-3.45];aORformoderateanemia,21.3

[95% CI, 12.2-37.3]), longer hospital stays, and higher rates of pre-

eclampsia, placentaprevia, and cesareandelivery.42 In 166 566de-

liveries in the US, in univariable analysis, antenatal anemia was sig-

nificantly associated with maternal death (0.04% vs 0.01%;

P < .001), transfusion during labor (2.9%vs 1%;P < .001), postpar-

tumtransfusion (6.7%vs3.7%;P < .001), andPPH (13.8%vs6.9%;

P < .001). With multivariable logistic regression, anemia remained

independently associated with severe maternal morbidity (a com-

posite of maternal death, eclampsia, thrombosis, transfusion, hys-

terectomy, and intensive care unit admission), with an aOR of 2.44

(95%CI, 1.86-2.23).43Although irondeficiencyaccounts for 75%of

all anemias during pregnancy, the cause of anemia was not always

identified in the above studies, and associations between iron-

deficiency anemia and adverse pregnancy outcomes may not re-

flect causation.

Diagnosis

Testing for Iron Deficiency

All patients with symptoms of iron deficiency or with anemia (he-

moglobin below the reference limit) or unexplained microcytosis

(mean corpuscular volume [MCV] <80 fL) should undergo testing

with ferritin and/or TSAT (Figure 2), alongwith complete blood cell

count if not done previously.

Serum ferritin is the first-line initial test for iron deficiency

because iron deficiency is the only cause of low ferritin.44,45 Based

on expert consensus, the ferritin level to define absolute iron defi-

ciency is typically less than 30 ng/mL,1,46which has 98% specificity

and 92% sensitivity for absent bone marrow iron stores,47 the

standard for absolute iron deficiency. The sensitivity of ferritin for

diagnosing iron deficiency is reduced in inflammatory conditions

(IBD, HF, CKD, cancer) because ferritin, which is an acute phase

reactant, increases with inflammation. In patients with absolute

iron deficiency and a concurrent inflammatory condition, ferritin

levels rarely exceed 100 ng/mL.44 International and professional

society guidelines vary in ferritin cutoffs for different conditions

and populations (IBD, CKD, RLS, individuals who are menstruating,

adults 65 years or older); therefore, if concern for iron deficiency

exists despite ferritin of greater than 50 ng/mL, TSAT should

bemeasured.11

TSAT quantifies the percentage of transferrin that is saturated

with iron, and lowTSAT (<16%-20%) indicates lack of bioavailable,

circulating iron. Low TSAT is helpful to diagnose iron deficiency in

individuals with IBD, CKD, cancer, and HF, in whom serum ferritin

levels may be elevated due to inflammation.48,49 TSAT should not

be testedwithin 5 to 9 hours of ingesting iron-containing foods, vi-

tamins, or supplements because serum iron increases with recent

iron ingestion; fasting isnot required if these ingestionsareavoided.

Reticulocytosis (reticulocyte count >100000/microL) follow-

ing iron therapy is considereddiagnostic of irondeficiencybecause

it demonstrates that previously low levels of iron limited RBC pro-

duction.Absenceof reticulocytosiswithin approximately 1weekaf-

ter iron therapy suggests alternateor concomitantdiagnosesother

than iron deficiency. Bone marrow aspiration with iron staining is

rarely required to diagnose iron deficiency.

Hemoglobin and MCV are poor surrogates for iron deficiency

and inadequate for diagnosis because anemia andmicrocytosis are

late-stage findings. In a study that included 345 pregnant individu-

als who had complete blood cell count and ferritin level data, he-

moglobin less than 11 g/dL andMCV less than80 fL each only had a

sensitivityof30%fordiagnosing irondeficiency (ferritin<30ng/mL)

during the first trimester.50Of 1749 individuals diagnosedwith iron

deficiency during any trimester of pregnancy, 50.5% did not have

anemia or microcytosis.50

Screening

Recommendations for routine screeningof asymptomatic, nonane-

mic, at-risk individuals for iron deficiency vary by professional or-

ganization.TheAmericanSocietyofHematology,whichhasnotpre-

viously issued screening recommendations for iron deficiency, is

currentlydevelopingaguidelineon this topic. TheEuropeanHema-

tologyAssociation (EHA) recommends screeningpatients at risk for

developing iron deficiency, including athletes; vegetarians; regular

blood donors; individuals who are menstruating; adults older than

65 years; people with certain chronic diseases (HF, CKD) or im-

paired absorption (celiac disease, short bowel syndrome, post–

bariatric surgical procedure); individuals with bleeding disorders

(von Willebrand disease, hemophilia); patients taking anticoagu-

lants, anti-inflammatory or antiplatelet drugs, or PPIs; those with

chronic or parasitic infections (hookworm); and socioeconomically

disadvantaged individuals.11

For pregnant individuals, guidelines on screening for iron defi-

ciency vary. The 2024US Preventive Services Task Force guideline

found insufficient evidence to recommend for or against screening

pregnant individuals for iron deficiency in the absence of anemia.51

The American College of Obstetricians and Gynecologists recom-

mendsscreeningpregnant individuals foranemiaandtesting for iron

deficiency only if anemia is present.52 In contrast, the International

FederationofGynecology andObstetrics and theEHA recommend

screeningall pregnant individuals and reproductive-age females for

iron deficiency.11,53

Etiology of Iron Deficiency

The etiology of iron deficiency should be assessed in all patients

(Figure2).Heavymenstrualbleedingmaybedeterminedby the fre-

quency of changing sanitary pads and/or tampons (>3/hour or dur-

ing nighttime) and passage of clots (>1 in).54 If menstrual bleeding

is heavy, testing is indicated for anatomic lesions, such as uterine
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fibroids or polyps (ultrasound, hysteroscopy), and for bleeding dis-

orders, such as vonWillebrand disease.11

Inadequate dietary iron intake or malabsorption due to auto-

immunegastritisorceliacdiseasecantypicallybe identifiedbyhistory

and laboratory testing. Iron-poor diet, PPI use, or a bariatric surgi-

cal procedure canbedetermined fromthehistory. Forpersonswith

iron deficiency and upper GI symptoms (dyspepsia, nausea, an-

orexia, epigastric pain), the AmericanGastroenterological Associa-

tion (AGA)practiceguidelines45 recommendtesting forHpyloriand

celiac disease.55

Patientswith anuncertain causeof absolute irondeficiency af-

ter initial evaluation should typically undergo esophagogastroduo-

denoscopyandcolonoscopy, even if asymptomatic.45AnAGAtech-

nical review evaluating 18 studies (12 040 asymptomatic men and

postmenopausalwomenwith iron-deficiencyanemia) reportedthat

upper endoscopy detected upper GI cancer (gastric and esopha-

geal) in 2.0% of patients and colonoscopy detected lower GI can-

cer in 8.9% of patients.56 These rates were approximately 100-

fold higher than those seenwith general population screening. For

patients with unrevealing initial endoscopies and no other causes

of blood loss, capsule endoscopy can be considered, although sup-

porting evidence is lacking.

Treatment

Oral iron is first-line treatment formost individualswithabsolute iron

deficiency (Figure 2). Oral iron preparations are widely available, in-

expensive, and effective in treating absolute iron deficiency inmost

individualswhen takenappropriately.A typical dose (ferrous sulfate,

325 mg) contains 60 mg of elemental iron and is taken once every

other day or once daily. Treatment with oral iron should continue

Figure 2. Evaluation and Treatment of Iron Deficiency
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Rationales for determining cause of iron deficiency include

• Have bleeding that is too great for oral iron to compensate

• Have permanently impaired GI absorption

• Are in second or third trimester of pregnancy

• Do not tolerate oral iron

• Need surgery soon

Evaluate for cause of iron deficiency based on symptoms and gynecologic status.

Treat iron deficiency based on bleeding and GI absorption assessment.

Testing for celiac disease 
serologies, antiparietal cell 
antibodies, and H pylori 
(followed by upper GI 
endoscopy if appropriate)

Upper GI endoscopy

Upper GI symptoms (epigastric 
pain, early satiety, anorexia, 
nausea, vomiting, diarrhea) or 
some asymptomatic individuals 
without obvious cause

Upper GI bleeding 
(hematemesis, melena)

ColonoscopyLower GI bleeding, change in 
stool, nonspecific symptoms
(eg, weight loss), or no symptoms 
in females aged >35-40 y or 
males of any age.

Initial GI evaluationFindings
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until ferritin,TSAT,andhemoglobin(inthosewith iron-deficiencyane-

mia) return to the normal range. Use of enteric-coated and timed-

releaseoral ironpreparations reduces ironabsorption,whichmayex-

tend duration of therapy to 2 ormore years.57

ForpatientswithRLSwhohaveaferritin level less than75ng/mL

andTSATlessthan45%,a2018guidelinefromtheInternationalRest-

less Legs Syndrome Study Group (IRLSSG) recommends daily use

of oral ferrous sulfate with vitamin C for 12 weeks.58

Many individuals taking oral iron report nausea, constipation,

diarrhea, metallic taste, and/or greenish-black stool.59 A meta-

analysis that included20RCTswith3168participantscomparing fer-

rous sulfate with placebo showed that adverse effects were more

common with oral iron than placebo (OR, 2.32; P < .001).59 This

meta-analysis also reported that adverseGIeffectsweremorecom-

mon with oral ferrous sulfate (doses ranging from 100 to 400 mg

daily) than IV iron (OR, 3.05;P < .001), basedon23RCTswith3663

participants. In patients with IBD, oral iron reduced gut bacterial

diversity.60-63

Alternate-day administration of equal doses of oral iron

improves tolerance with similar efficacy. A masked, placebo-

controlled RCT of 150 premenopausal women with absolute

iron deficiency (ferritin �30 ng/mL) reported similar efficacy with

oral iron taken daily for 90 days (serum ferritin, 43.8 ng/mL) and

every other day for 180 days (serum ferritin, 44.8 ng/mL; P = .98),

with significantly fewer GI adverse effects (nausea, stomach pain)

in the alternate-day group (longitudinal prevalence ratio for GI

adverse effects on days of iron intake, 1.56 [95% CI, 1.38-1.77];

P < .001).64

Increaseddietary iron intakealone is insufficient to replete iron

stores in patients with absolute iron deficiency (Box 2).65,66 Fiber,

calcium, coffee, and tea decrease oral iron absorption, so avoiding

them within 1 hour before and after taking oral iron improves iron

absorption. Iron absorption increases when oral iron is taken with

vitamin C or meat protein.12,67,68

Monitoring and Follow-Up After Oral Iron

Adherence to oral iron therapy, adverse effects, and resolution of

symptoms should bemonitored becausemany individuals discon-

tinue iron due to GI symptoms. Severity of iron deficiency informs

the frequencyofmonitoring. Checkinghemoglobinevery3months

during the first year after a diagnosis of iron deficiency and twice

yearly during years 2 to 3hasbeen recommendedby theEHA.11For

iron-deficiencyanemia, aminimumincrease inhemoglobinof 1 g/dL

is expected 2 weeks after starting oral iron.69

For oral iron intolerance, options include decreasing the dose

and/or frequency, substituting a different formulation, or switch-

ingto IV iron(Figure2).69 If there isno increase in ferritinand/orTSAT

andno increase inhemoglobindespiteadherence tooral iron,evalu-

ation is indicated for conditions suchas autoimmunegastritis or ce-

liacdisease that impair ironabsorption,and forongoingGIblood loss

or other causes of anemia.

IV Iron

Oral iron may not be adequate for treating iron deficiency or iron-

deficiency anemia in individualswithheavymenstrual or chronicGI

bleeding or those with impaired absorption. In these circum-

stances, IV iron shouldbe first-line treatment (Figure2). TheeTable

in the Supplement lists relevant clinical trials in these populations.

IV irondosing, frequency, anddurationdependon the causeof

iron deficiency (Box 1). In the second and third trimesters of preg-

nancy, IV iron ensures sufficient iron delivery to the fetus for

development.70 Data suggest IV iron corrects anemia and fatigue

faster thanoral iron. In a randomized trial of 196patientswithpost-

partum iron-deficiencyanemia, themedianhemoglobin6weeksaf-

ter therapywas 12.3g/dL (95%CI, 10.6-13.8)with IV ironvs 11.7 g/dL

(95% CI, 9.9-12.6) with oral iron.71

IV iron is first-line treatment for individuals with iron defi-

ciencyafterabariatricsurgicalprocedurebecausethesepatientscan-

not adequately absorb oral iron.72-74 For patients with IBD, IV iron

causes fewer GI adverse effects than oral iron.60-63 In inflamma-

tory conditions, such as rheumatoid arthritis, CKD, IBD, cancer, and

HF, oral iron may not be adequately absorbed, and IV iron may be

necessary (Figure 1).1,69,75,76

IV iron is recommended by the 2018 IRLSSG guideline for pa-

tientswithmoderate tosevereRLSwhohavea ferritin level less than

100ng/mLandTSAT less than45%whohave a contraindication to

oral iron, did not improve or did not tolerate oral iron, have a con-

dition affectingoral iron absorption, or needamore rapid response

than would be achieved with oral iron.58

There arenoabsolute contraindications to IV iron.However, IV

iron is not recommended in the first trimester of pregnancy due to

lack of safety data.

Comparison of IV Iron Formulations

In theUS,6 IV iron formulations are available: lowmolecularweight

iron dextran, ferric gluconate, iron sucrose, ferumoxytol, ferric car-

boxymaltose (FCM), and ferric derisomaltose (FDI). Multiple stud-

ies have shown no difference in efficacy among these formula-

tions. Low molecular weight iron dextran, ferumoxytol, FCM, and

FDI can be administered in a single infusion over 15 to 60minutes

Box 2. Frequently AskedQuestions About Iron Deficiency

Who should be tested for iron deficiency?

Testing for iron deficiency with a serum ferritin and/or transferrin

saturation is appropriate for anyone with symptoms of iron

deficiency (eg, fatigue, pica, restless legs syndrome), anemia,

microcytosis, or risk factors such as ongoing blood loss from heavy

menstrual bleeding, heart failure, chronic kidney disease,

inflammatory bowel disease, cancer, or a bariatric surgical

procedure. Guidelines vary about whether asymptomatic

pregnant individuals should be screened for iron deficiency.

Which foods are high in iron, and can iron deficiency be treated

by diet alone?

Adequate dietary iron is important for preventing iron deficiency, but

after iron deficiency develops, the typical iron deficit of 1000mg,

plus daily needs of 1 to 5mg, cannot be provided by diet alone. Foods

highest in iron include animalmeats, fortified cereals, and legumes

(eg, lentils, chickpeas, beans [lima, soy, kidney, andwhite beans]).

How should oral iron be taken?

Oral iron can be taken once daily or every other day; compared

with daily use, iron ingestion every other day has a similar efficacy

and fewer adverse effects. Vitamin Cmay increase iron absorption,

and calcium-containing foods, tea, and coffee consumedwithin 1

hour before and after taking oral ironmay decrease iron

absorption.
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(Table).77,78 Iron sucrose and ferric gluconate requiremultiple IV in-

fusions over several weeks.

Adverse Effects of IV Iron

IV iron does not typically cause GI adverse effects.79 In a double-

masked, double-dummyRCTof96patientswithRLS, IV ferumoxy-

tol andoral ironwere similarly effective, decreasing IRLSS scoresby

7.9 pointswith IV iron and 10.1 pointswith oral iron (P = .27).80 The

patients treatedwith IV ferumoxytolhad feweradverseevents (55%

withoral ferrous sulfate [mostlyGI] vs 11%with ferumoxytol [mostly

minor infusion reactions]).80

Use of IV FCM is associated with increased risk of hypophos-

phatemia, which can be prolonged and associated with symptoms

of fatigue, cramps, andmuscleweakness.81Arandomized trial of97

patients with IBD and iron-deficiency anemia reported hypophos-

phatemia in 8.3% of patients receiving FDI vs 51% of patients re-

ceiving FCM (adjusted risk difference, −42.8% [95% CI, −57.1% to

−24.6%]; P < .001).82 If more than 1 FCM infusion is given, serum

phosphorous should be tested (on day 7, prior to the second infu-

sion) and if hypophosphatemia is present, the second dose should

be held.

Anaphylaxisoccurs inapproximately 1ofevery200000IV iron

infusions, with no significant differences among formulations. A

meta-analysis of 103 RCTs comparing IV iron (n = 10 390)with oral

iron (n = 4044), placebo (n = 3335), and no iron (n = 1329) re-

portedno increase inseriousadverseeventsandnoanaphylaxiswith

IV iron.79

Minor infusion reactions consisting of facial flushing, chest

pressure, and back tightness can occur with IV iron; these reactions

are not associated with wheezing, stridor, periorbital edema, or

hemodynamic compromise. In 35 737 infusions (n = 12 237

patients), minor infusion reactions occurred in 1.4% to 4.3% of

patients.83 Premedication with diphenhydramine was associated

with increased minor infusion reactions (38.6% with vs 1.7% with-

out diphenhydramine).83

Infusionreactionsarebelievedtobecomplement-mediatedand

resolvewithstoppingthe infusion.Thisphenomenonhasbeencalled

CARPA (complement activation–related pseudoallergy) or the

Fishbane reaction.84,85 Upon resolution, the infusion can be re-

started at a slower rate, as CARPA reactions rarely recur. Infusion

reactions shouldnotbe treatedwithepinephrineanddiphenhydra-

mine because these treatments are not effective andmay be asso-

ciated with adverse events, such as tachycardia and somnolence.

Monitoring After IV Iron

Hemoglobin, ferritin, and TSAT should be checked 4 weeks after IV

iron infusion, and if they indicate insufficient repletion (ferritin

<30ng/mL; TSAT <20%), additional IV iron should be administered.

Additional follow-up depends on the etiology of iron deficiency.

Transfusion

RBC transfusion shouldbe reserved forpatients requiring an imme-

diate increase inhemoglobin, suchas thosewith severeanemia (he-

moglobin <7 g/dL) and life-threatening bleeding, cardiac ischemia,

or hemodynamic instability due to anemia.86 Although RBC trans-

fusion treats anemia, it does not supply iron for erythropoiesis and

does not adequately replete iron stores.

Limitations

This reviewhas several limitations. First, it is not a systematic review,

andthequalityof included literaturewasnot formallyevaluated.Sec-

ond, some relevant studiesmayhavebeenmissed. Third, some top-

ics, such as functional iron deficiency, were not discussed.

Conclusions

Iron deficiency and iron-deficiency anemia are common condi-

tions that may cause symptoms such as fatigue, exercise intoler-

ance, and difficulty concentrating. Ferritin and/or TSAT are re-

quired for diagnosis and screening. The etiology of iron deficiency

shouldbe sought and treated.Oral iron is first-line therapy formost

patients. IV iron is used for individuals who do not tolerate or have

impairedabsorptionoforal iron, thosewithongoingblood loss, cer-

tainchronic inflammatoryconditions (IBD,CKD,HF,cancer), anddur-

ing the second and third trimesters of pregnancy.

Table. Intravenous (IV) Iron Formulations

Agent

Low-molecular-weight iron
dextran (INFeD [US];
CosmoFer [Europe])

Ferumoxytol
(Feraheme)

Ferric carboxymaltose
(Injectafer [US]; Ferinject
[Europe])

Ferric derisomaltose
(Monoferric [US]; Monofer
[Europe])

Approved dosing 100 mg 510 mg 750 mg (US)

1000 mg (Europe)

1000 mg (20 mg/kg if <66 kg)

Optimal dosing 1000 mg over 60 min 1020 mg over 30 min 750 mg × 2 (US)

1000 mg (Europe)

Both over 15 min

1000 mg over 20 min

Adverse events and special
considerationsa

Should not be confused with
high molecular weight iron
dextran no longer marketed

Inform radiologist if
magnetic resonance
imaging is performed
within 8 wk of
administration

Exercise caution if
substituting the generic
formulation due to concerns
about adverse events

May cause hypophosphatemia

Avoid if serum phosphorus is
low and monitor serum
phosphorus in individuals
receiving more than 1 infusion

Formerly known as iron
isomaltoside

Refer to the eTable in the Supplement for representative clinical trials using

these formulations.

a All formulations can cause infusion reactions that are not histaminemediated

(frequency, 1%-4%). Anaphylaxis is possible with anymedication, including IV

iron, but true anaphylaxis with IV iron is exceedingly rare (<0.0005%).
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eTable. Representative Clinical Trials Using Iron Formulations 

Agent Representative Clinical Trials 

Low Molecular Weight Iron Dextran 
(INFeD [US]; Cosmofer [Europe]) 

Cancer1 
Chronic kidney disease2-5 
Inflammatory bowel disease6 
Pediatrics7 
Post-partum8 
Pregnancy9-11 
Restless legs syndrome12,13 

Ferumoxytol  
(Feraheme) 

Chronic kidney disease/dialysis14,15 
Iron deficiency16-19 
Pregnancy20 
Restless legs syndrome21 

Ferric Carboxymaltose 
(Injectafer [US]; Ferinject [Europe]) 

Bariatric surgery22 
Cancer23 
Cardiac surgery24 
Chronic kidney disease25-27 
COPD28 
Fatigue29 
GI bleeding30 
GI disorders31 
Heart failure32 
Inflammatory bowel disease33-35 
Iron-deficiency anemia36-38 
Menorrhagia39-41 
Pediatrics42 
Post-operative anemia43 
Post-partum anemia44-46 
Pregnancy47-50  
Pulmonary hypertension51 
Restless legs syndrome52-54 
Runners55 
Surgery56 

Ferric Derisomaltose (Monoferric [US]; Monofer 
[Europe]) 

Cancer57,58 
Cardiac surgery59 
Chronic kidney disease60,61 
Heart failure32 
Hip fracture62 
Inflammatory bowel disease63-65 
Iron-deficiency anemia18,66,67 
Menorrhagia68 
Post-partum hemorrhage69,70 
Pregnancy71 
Surgery72-74 
Valvular cardiac disease75 
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