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Abstract: Sideroblastic anemia (SA) consists of a group of inherited and acquired anemias 
of ineffective erythropoiesis characterized by the accumulation of ring sideroblasts in the 
bone marrow due to disrupted heme biosynthesis. Congenital sideroblastic anemia (CSA) is 
rare and has three modes of inheritance: X-linked (XLSA), autosomal recessive (ARCSA), 
and maternal. Acquired SA is more common and can be a result of myelodysplastic 
syndromes (MDS) or other, generally reversible causes. The diagnostic approach to SA 
includes a work-up for reversible causes and genetic testing for CSA based on clinical 
suspicion, family history and genetic pedigree. The treatment of SA depends on the under
lying etiology but remains primarily supportive with vitamin B6 supplementation for select 
cases of XLSA, thiamine for thiamine-responsive megaloblastic anemia subtype, red blood 
cell transfusions for symptomatic patients and iron chelation therapy for iron overload. The 
management of anemia in MDS subtypes with ring sideroblasts remains unique and includes 
the recently approved erythroid maturation agent, Luspatercept. Although there is currently 
no curative therapy for CSA, anecdotal reports of hematopoietic stem cell transplant demon
strate remissions in selective, non-syndromic cases. This review summarizes the genetics, 
pathophysiology, diagnosis and treatment of SA for general practitioners and clinical 
hematologists. 
Keywords: ring sideroblasts, heme biosynthesis, congenital sideroblastic anemia, acquired 
sideroblastic anemia, vitamin B6, iron chelation

Introduction
Sideroblastic anemia (SA) includes a group of inherited and acquired anemias of 
ineffective erythropoiesis characterized by an accumulation of ring sideroblasts 
(RS) in the bone marrow and decreased production of mature red blood cells.1 

Ring sideroblasts are nucleated erythroblasts with a pathologic accumulation of iron 
granules in the mitochondrial matrix. They are detected, by Prussian blue staining, 
as blue perinuclear aggregates in bone marrow aspirate erythroblasts of all SA 
patients (Figure 1A–C).

Mechanisms in the pathogenesis of SA include impaired synthesis of heme, 
impaired iron-Sulfur (Fe-S) cluster assembly and transport, or impaired synthesis of 
mitochondrial and cytosolic proteins essential for heme synthesis. These mechan
isms culminate in the build-up of iron granules rather than the normal incorporation 
of iron into protoporphyrin IX (PPIX) in the mitochondrion. The ensuing deficiency 
in cellular heme available to form hemoglobin results in red cell maturation arrest 
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and accumulation of sideroblasts. Mature red blood cells, 
however, adapt to the deficiency in hemoglobin by main
taining a low mean corpuscular volume (MCV) to preserve 
the mean corpuscular hemoglobin concentration (MCHC) 
by homeostatic mechanisms that optimize their function as 
oxygen transporters. These are similar mechanisms that 
drive microcytosis in patients with iron deficiency. 
However, they are morphologically distinguished from 
iron deficient red cells on a Wright-Giemsa stain of a 
blood smear by the presence of basophilic stippling 
(Figure 1D), which represents aggregates of ribosomal 
RNA with degenerating mitochondria and siderosomes. 
Macrocytic anemia, or normocytic anemia with a high 
red cell distribution width, may also be observed due to 
the accelerated release of reticulocytes from the marrow 

due to the erythropoietin drive of anemic hypoxia in SA 
patients.2 The macrocytic red cells and circulating reticu
locytes are typically the cells with sufficient hemoglobin.

SA can be inherited or acquired. Congenital sideroblas
tic anemia (CSA) is rare and characterized by three modes 
of inheritance: X-linked (XLSA), autosomal recessive 
(ARCSA), or maternal. Acquired SA is more common 
and can be observed in the setting of dysplastic hemato
poiesis of mutated stem and progenitor cells in MDS. 
Acquired SA is a heterogenous category that also includes 
heavy metal poisoning (Lead, Arsenic), overdose (Zinc), 
or deficiency (Copper); Vitamin B6 deficiency and alcohol 
abuse; and treatment with drugs such as Isoniazid (INH), 
chloramphenicol, or linezolid that interfere with heme 
biosynthesis. These acquired causes of SA are often 

Figure 1 Bone marrow and peripheral blood histomorphology in sideroblastic anemia from a 65-year-old female with XLSA (A and B) Iron-stained bone marrow aspirate 
showing ring sideroblasts by the presence of iron granules (blue) in a perinuclear ring formation in erythroblasts (black arrows indicate the ringed sideroblasts). (C) H&E 
stained bone marrow aspirate showing several erythroblasts and myeloid precursors. (D) Wright-Giemsa stained peripheral blood smear showing basophilic stippling of a 
hypochromic red blood cell (black arrow indicates the presence of a red cell with basophilic stippling). The red cell morphology is defined by microcytosis, anisocytosis and 
poikilocytosis. Echinocytes are additionally present.
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reversible, whereas SA due to MDS and CSA have a 
genetic basis and are potentially treatable but not curable. 
This review will summarize the causes of congenital and 
acquired sideroblastic anemia with a detailed overview of 
genetics, pathophysiology, diagnostic and treatment 
approaches.

Genetics, Epidemiology and 
Pathophysiology
Sideroblastic anemia (SA) describes a heterogenous group 
of inherited and acquired anemias with ring sideroblasts 
that include a few common subtypes and several uncom
mon subtypes. The prevalence of SA has not been defined 
but it is considered a rare disease. A rare disease is defined 
as a condition that affects fewer than 200,000 people in the 
United States.3 The National Organization for Rare 
Disorders acknowledges SA as a group of rare blood 
disorders4 while the Genetic and Rare Diseases 
Information Center (GARD) program of the United 
States National Institute of Health includes sideroblastic 
anemia because of its genetic basis but not because it is a 
rare disease.5

Sideroblastic anemia can be congenital or acquired. The 
CSA is further classified as syndromic or non-syndromic. 
The most common form of CSA is the non-syndromic form 
of X-linked SA (XLSA) first described by Cooley in 1945.6 

The prevalence is undetermined but approximately 200 
cases with less than 100 unrelated probands are described 
in the literature.7 Approximately two-thirds of cases present 
in males during early childhood or adolescence and a third 
in young to middle-aged females. XLSA is most often due 
to mutations in the δ-aminolevulinic acid synthase 2 
(ALAS2) gene on Xp11.21 that encodes 5-aminolevulinate 
synthase,8–10 the first enzyme in the heme biosynthesis 
pathway in erythroid precursors. Deficiency of ALAS2 
enzyme constitutes approximately 40% of all CSA cases.9 

More than 80 mutations in ALAS2 have been reported in 
patients with XLSA to this date.11 The majority encode 
missense mutations, but several nonsense and frameshift 
mutations have been identified among clinically affected 
female carriers.8,10,12 The mutation most often occurs in 
the catalytic domain or the pyridoxal phosphate (active 
vitamin B6 co-factor) binding domain, but may also affect 
the ALAS2 promoter region, enhancer region, or mitochon
drial targeting sequence.13,14 Due to an X-linked recessive 
pattern of inheritance, XLSA typically affects younger 
males and the inherited ALAS2 mutation is almost 

uniformly a partial loss-of-function missense mutation.8,13 

Female carriers of ALAS2 mutations may have a late pre
sentation of CSA as a result of familial-skewed inactivation 
of the normal X-chromosome, also referred to as “unfortu
nate skewing”.2,15 The type and location of the ALAS2 gene 
mutation may play a role in disease severity in females with 
unfortunate skewing later in life as the mutant hematopoie
tic clone with markedly defective ALAS2 enzyme predo
minates. Unlike males, females may have null mutations 
that prematurely truncate the ALAS2 enzyme leading to a 
complete loss-of-function and more severe disease than 
partial loss-of-function mutations observed in males or 
less symptomatic females.16 In one study of a XLSA family, 
62–82% of the active X-chromosomes of affected females 
contained the mutant ALAS2 allele as a result of unfortunate 
skewing.17,18 However, the clone expressing mutant ALAS2 
was at a significant survival disadvantage during erythro
poiesis both in vivo and in vitro. This observation was 
supported by the finding that only wild-type allele tran
scripts were isolated from peripheral blood reticulocyte 
mRNA and erythroid maturation cultures. Macrocytic ane
mia is subsequently observed because of the accelerated 
release of this minority of normal reticulocytes under ane
mic hypoxia.2 Several other cases of XLSA in young adults 
and older females have been described,19 and we have 
emphasized the importance of maintaining diagnostic acu
men for XLSA in young or older females with anemia and 
iron overload.12

Less frequently, XLSA is attributed to inherited muta
tions in the ATP-binding cassette subfamily B7 (ABCB7) and 
NADH:ubiquinone Oxidoreductase Subunit B1 
(NDUFB11), both of which are associated with syndromic 
forms of XLSA; “XLSA with ataxia” (XLSA/A) and 
“Mitochondrial Myopathy, Lactic Acidosis and SA” 
(MLASA) respectively. ABCB7 is a mitochondrial ATP- 
cassette binding membrane transporter involved in the trans
fer of iron-sulfur (Fe-S) clusters into the cytoplasm, an 
essential step in the process of assembling Fe-S cluster-con
taining proteins such as hemoglobin. Therefore, loss of nor
mal ABCB7 function can directly and indirectly impair heme 
biosynthesis and lead to ineffective erythropoiesis.20–22 

There are at least 4 identified missense mutations in ABCB7 
that cause XLSA/A, a syndrome of SA with spinocerebellar 
ataxia.23 On the other hand, NDUFB11 is one of several 
genes, but the only X-linked gene, known to cause 
MLASA when mutated. It is a nuclear-encoded mitochon
drial complex I protein essential for oxidative phosphoryla
tion. Partial loss of function of the protein has potentially 
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severe multiorgan manifestations that include but are not 
limited to myopathy, lactic acidosis and SA.8,24

Autosomal recessive CSA or ARCSA is the second 
most common form of inherited SA (~35–40%).9 Several 
autosomal genes have been implicated. Homozygous or 
compound heterozygous inheritance of SLC19A2 muta
tions constitute approximately 26% of all CSA and are 
associated with thiamine-responsive megaloblastic anemia 
(TRMA), or Rogers syndrome. TRMA is characterized by 
megaloblastic anemia, progressive sensorineural hearing 
loss, and diabetes mellitus. Additional visual, neurologic, 
cardiac and multiorgan impairment have been described.25 

Manifestations of TRMA are a result of any of non-sense, 
missense, deletion, insertion or indel mutations in 
SLC19A2,11 located on chromosome 1 (1q23.3), that lead 
to a decrease in the cell membrane transporter of thiamine, 
Slc19A2 or thiamine carrier 1 (TC1). The decrease in 
cellular uptake of thiamine is associated with megaloblas
tosis in erythroid, myeloid and megakaryocytic lineages 
and with multi-organ manifestations. Thiamine is an 
important cofactor for enzymes in the pentose and tricar
boxylic acid (TCA) cycles crucial for cellular metabolism 
and DNA, RNA and heme biosynthesis.26,27 Thiamine’s 
role in the production of succinyl-coenzyme A, the sub
strate of ALAS2, is the hypothesized mechanistic link to 
the development of ring sideroblasts in TRMA.28

The second most common ARCSA is the non-syndro
mic SA with inherited mutations in SLC25A38 located on 
chromosome 3 (3p 22.1) that constitutes <10% of all CSA 
cases.9 SLC25A38 encodes Mitochondrial glycine trans
porter that is highly and preferentially expressed in 
CD71 positive erythroid cells and serves an important 
role in the biosynthesis of heme in eukaryotes.29 Several 
other autosomal genes have been implicated in the patho
genesis of ARCSA including TRNT1, PUS1, LARS2, 
YARS2, FECH, GLRX5, HSPA9, and HSCB, but constitute 
a small proportion of all CSA cases. The inheritance of 
such genes can lead to syndromic CSA or non-syndromic 
CSA through various mechanisms that ultimately lead to 
impaired synthesis of heme, mitochondrial proteins, and 
iron-sulfur (Fe-S) clusters (Table 1). Of the rare syndromic 
forms of CSA, the most common is probably SA with 
B-cell immunodeficiency, periodic fevers and develop
mental delay (SIFD) associated with biallelic mutations 
in TRNT1. The gene encodes the CCA-adding enzyme 
essential for assembly of nuclear and mitochondrial 
tRNA. Mutations in TRNT1 cause a partial loss of function 
that impair metabolic activities in both the cytosol and 

mitochondria including essential pathways for heme bio
synthesis in the erythroid lineage.30 Another syndromic 
ARCSA to recognize is MLASA, which can be caused 
by mutations in PUS1, LARS2, YARS2. The SA is hypothe
sized to result from impaired post-transcriptional modifi
cation of mitochondrial and cytosolic tRNA and 
translation of mitochondrial respiratory complex proteins. 
Finally, SA may manifest in patients with erythropoietic 
protoporphyria (EPP) due to biallelic mutations in the 
ferrochelatase gene (FECH), that encodes the final enzyme 
in the heme synthetic pathway.31 The rare, non-syndromic 
forms of ARCSA can result from mutations in GLXR5, 
HSPA9 and HSCB which encode proteins required for 
formation of Fe-S clusters.32–34 Fe-S clusters are essential 
components of various proteins such as hemoglobin, 
FECH, and iron regulatory protein 1 (IRP1), a protein 
involved in iron metabolism and the translation of 
ALAS2.35

The third mode of CSA inheritance is maternal, from 
mitochondrial DNA point mutations (MT-ATP6) or large 
deletions (Pearson marrow-pancreas syndrome), and con
stitutes approximately 20% of all CSA cases.9 MT-ATP6 is 
a mitochondrial gene that encodes ATPase 6, a component 
of the mitochondrial respiratory chain complex V. 
Mutations in MT-ATP6 are associated with MLASA 
phenotype.36 Conversely, a heteroplasmy of deletions, 
duplications or rearrangements in mitochondrial DNA 
encoding proteins and enzymes of the respiratory complex, 
iron metabolism and heme biosynthesis pathways may 
have more profound effects. Pearson marrow-pancreas 
syndrome is characterized by early-onset severe SA with 
cytopenias, pancreatic insufficiency, lactic acidosis and a 
failure to thrive.37,38

Acquired SA can be categorized into SA with clonal 
hematopoiesis, specifically MDS subtypes, and reversible 
SA from environmental factors. MDS and 
Myeloproliferative Neoplasms (MPN) are hematologic 
malignancies driven by clonal expansion of hematopoietic 
stem, progenitor and mature cells with an acquired somatic 
driver mutation. The driver mutations involve several 
mRNA splicing, epigenetic regulators, cytokine signaling 
and other genes that cause dysplastic and/or proliferative 
hematopoiesis. However, RS are seen in only specific 
subtypes of MDS and MPN that are often associated 
with mutations in the mRNA splicing gene SF3B1 (65– 
81% of cases according to some studies39,40) and less 
commonly the JAK2V617F mutation. Namely, the subtypes 
of MDS/MPN with RS are defined by the World Health 
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Table 1 Sideroblastic Anemia Congenital and Acquired Subtypes, Pathophysiology, Epidemiology and Clinical Manifestations

Category 
of SA

Subcategory 
of SA

Etiology Pathophysiology of SA Frequency Clinical 
Syndrome and 
Manifestations

Figure 3 Key 
and 
Location

Congenital XLSA ALAS2 mutations ALAS2 is the first enzyme in the 

heme biosynthesis pathway. 

Mutations in ALAS2 lead to impaired 

ALAS2 function and decreased 

heme synthesis in the mitochondria

~40% of CSA Non-syndromic SA 

+ iron overload

1 

Mitochondrial 

matrix

ABCB7 mutations ABCB7 is a transporter of Fe-S 

complex across the mitochondrial 

membrane to the cytoplasm. Loss 

of function mutations in ABCB7 

interferes with cytosolic assembly 

of Fe-S cluster-containing proteins 

such as hemoglobin.

Rare Syndromic SA with 

ataxia (XLSA/A)

2 

Mitochondrial 

membrane

NDUFB11 

mutations

NDUFB11 encodes a subunit of 

NADH dehydrogenase required for 

oxidative phosphorylation. Loss of 

function mutations impaired 

oxidative phosphorylation required 

for heme synthesis and erythroid 

proliferation.

Rare Syndromic SA with 

myopathy and 

lactic acidosis 

(MLASA)

3 

Mitochondrial 

respiratory 

chain

ARCSA SLC19A2 

mutations

SLC19A2 encodes transporter of 

thiamine (TC1). It is hypothesized 

that deficiency in thiamine leads to 

impaired production of succinyl- 

coenzyme A, a substrate of ALAS2 

and therefore impaired TC1 

function is associated with 

decreased heme biosynthesis.

~26% of CSA Syndromic SA with 

megaloblastosis, 

progressive 

sensorineural 

hearing loss, and 

diabetes mellitus 

(Roger’s syndrome 

or TRMA)

4 

Cell 

membrane

SLC25A38 

mutations

SLC25A38 encodes is a transporter 

of glycine into mitochondria (A38) 

and glycine is an essential amino 

acid in production of enzymes for 

heme biosynthesis, particularly 

ALAS2.

~10% of CSA Non-syndromic 

severe SA + iron 

overload

5 

Mitochondrial 

membrane

TRNT1 mutations TRNT1 encodes the CCA-adding 

enzyme essential for assembly of 

nuclear and mitochondrial tRNA. In 

the erythroid lineage cells, biallelic 

mutations causing partial loss of 

enzymatic function impair 

mitochondrial protein synthesis and 

metabolic activities essential for heme 

biosynthesis.

Rare, but probably 

the most common 

syndromic form of 

CSA

SA with B-cell 

immunodeficiency, 

periodic fevers and 

developmental 

delay (SIFD)

6 

Mitochondrial 

matrix

GLRX5, HSPA9, 

HSCB mutations

GLRX5, HSPA9, HSCB mutations are 

associated with impaired iron-sulfur 

cluster production and transport 

essential for assembly of hemoglobin.

Rare Non-syndromic 

mild-mod, 

occasionally severe 

SA

7 

Mitochondrial

(Continued)
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Table 1 (Continued). 

Category 
of SA

Subcategory 
of SA

Etiology Pathophysiology of SA Frequency Clinical 
Syndrome and 
Manifestations

Figure 3 Key 
and 
Location

FECH mutations FECH enzyme is essential for catalysis 

of Fe incorporation into PPIX. 

Impaired FECH function caused by 

FECH mutations associates with 

decreased heme synthesis.

Rare Primarily 

associated with 

Erythropoietic 

Porphyria and 

occasionally SA 

with mild anemia

8 

Mitochondrial 

matrix

PUS1, LARS2, 

YARS2 mutations

PUS1, LARS2, YARS2 mutations are 

associated with impaired 

mitochondrial protein synthesis as a 

result of disrupted post- 

transcriptional modification of 

mitochondrial and cytosolic tRNA

Rare Syndromic SA with 

myopathy and 

lactic acidosis 

(MLASA)

6 

Mitochondrial 

matrix

Maternal 

inherited CSA

MT-ATP6 

mutations

Impaired erythroid proliferation: A 

component of ATPase (ATP6) 

required for oxidative 

phosphorylation

Rare Syndromic SA with 

myopathy and 

lactic acidosis 

(MLASA)

3 

Mitochondrial

Mitochondrial 

DNA large 

deletions

Impaired mitochondrial protein 

synthesis associated with several 

broad implications

~20% Pearson marrow- 

pancreas 

syndrome

9 

Mitochondrial 

matrix

Acquired MDS/MPN 

subtypes

SF3B1 mutations 

(~65–81%) 

JAK2V617F 

mutation

SF3B1 encodes a splicing factor 

subunit essential for nuclear pre- 

mRNA modification. SF3B1 

mutations in hematopoietic stem 

and progenitor cells are associated 

with aberrant splicing of mRNA 

encoding tumor suppressors and 

mitochondrial proteins of iron 

metabolism and heme synthesis. 

This ultimately premits clonal 

expansion and dyserythropoeisis 

with ring sideroblast accumulation.

Incidence of MDS in 

general population 

is about 4.9 in 

100,000 persons/ 

year and the 

frequency of MDS 

subtypes with RS is 

estimated at 12.7% 

of MDS cases.2,3

MDS-RS-SLD, 

MDS-RS-MLD, 

MDS/MPN-RS-T

–

Medications Chloramphenicol, 

Linezolid

Both Chloramphenicol and 

Linezolid have been implicated in 

the pathogensis of acquired SA 

caused by dose-dependent 

mitochondrial toxicity and 

inhibition of mitochondrial protein 

synthesis.

Frequency is dose 

dependent, but 

generally rare (<1% 

of drug recipients)

SA with or without 

dose-dependent 

multi-organ system 

drug toxicities

6 

Mitochondrial 

matrix

Isoniazid INH mpairs heme synthesis by 

interfering with pyridoxine 

metabolism and thus the function of 

ALAS2 enzyme

Frequency not 

defined. Rare in 

patients on 

adequate B6 co- 

administration

SA with or without 

sequelae of 

impaired 

pyridoxine 

metabolism, 

including 

polyneuropathy.

1 

Mitochondrial 

matrix

(Continued)
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Organization as MDS with RS and single lineage dysplasia 
(MDS-RS-SLD); MDS with RS and multilineage dyspla
sia (MDS-RS-MLD); and MDS/MPN with RS and throm
bocytosis (MDS/MPN-RS-T).41

Acquired SA from reversible causes is similarly linked 
to mechanisms of impaired heme biosynthesis and accu
mulation of siderosomes. Alcoholics, for instance, may 
develop anemia through several mechanisms but approxi
mately 23%42 will have RS as a consequence of alcohol’s 
suppressive effects on vitamin B6 metabolism to pyridoxal 
phosphate,43 an essential cofactor for ALAS2. 

Nevertheless, it is important to note that anemia in alco
holics is almost always multifactorial and that the side
roblastic component, when evident, is almost never the 
sole abnormality. Because of the important role of pyri
doxal phosphate (the active form of vitamin B6) for 
ALAS2 enzymatic activity, a severe deficiency in vitamin 
B6 due to alcohol, malnutrition or malabsorption is there
fore likely to cause SA. Similarly, INH, which has been 
extensively used to treat tuberculosis for extended courses, 
interferes with pyridoxine metabolism and thereby causes 
neuropathy and sideroblastic anemia in cases where 

Table 1 (Continued). 

Category 
of SA

Subcategory 
of SA

Etiology Pathophysiology of SA Frequency Clinical 
Syndrome and 
Manifestations

Figure 3 Key 
and 
Location

Heavy metal 

toxicity or 

deficiency

Copper deficiency Copper is an essential cofactor for 

mitochondrial redox enzyme 

superoxide dismutase and reduced 

activity of the enzyme can lead to 

mitochondrial iron accumulation

Undetermined Often associated 

with pancytopenia 

and other organ 

manifestations of 

copper deficiency 

including 

neurological

Mitochondrial 

matrix

Zinc overdose Zinc overdose increases the likelihood 

of incorporation of zinc into 

protoporphyrin at the expense of iron 

causing anemia and 

accumulation of siderosomes. Zinc is 

additionally necessary for the full 

activity of various enzymes including 

ALAD. Zinc also induces intestinal 

metal-binding protein metallothionein 

which prevents intestinal absorption 

of copper

Undetermined Often associated 

with Copper 

deficiency and 

hematologic and 

neurologic 

sequelae of it

10 

Cytoplasm

Lead poisoning The SA in lead poisoning has been 

mechanistically linked to inhibition 

of various enzymes involved in 

heme synthesis including FECH and 

ALAD.

Undetermined Serious and 

sometimes fatal 

hematologic, 

neurologic and 

other organ 

manifestations

6, 10 

Mitochondria 

and 

Cytoplasm

Other Alcohol use EtOH interferes with pyridoxine 

metabolism. A severe deficiency in 

pyridoxal phosphate (active form of 

vitamin B6) impairs function of heme 

biosynthesis enzyme ALAS2.

Sideroblast 

presence 

documented in 23% 

of patients with 

chronic alcohol use 

and anemia.4

Often associated 

with pancytopenia, 

vitamin deficiency, 

liver disease and 

splenomegaly

1 

Mitochondrial 

matrix

Hypothermia Thought to interfere with 

mitochondrial metabolism and 

oxidative phosphorylation

Rare. Case reports 

document 

association.

Associated with 

thrombocytopenia 

and broad 

multiorgan 

manifestations.5

–
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vitamin B6 co-administration is inadequate.44 Unlike INH, 
Chloramphenicol and Linezolid are hypothesized to cause 
sideroblastic anemia through their dose-dependent mito
chondrial toxicity and inhibition of mitochondrial protein 
synthesis that impairs heme biosynthesis.45,46

Heavy metal toxicity, specifically from lead poisoning 
or zinc overdose is associated with SA. Under such cir
cumstances, there is an increased likelihood of zinc incor
poration into PPIX at the expense of iron. This reduces 
functional hemoglobin and the displaced iron accumulates 
in siderosomes. While this may be true for zinc toxicity, 
the presence of authentic sideroblasts in lead poisoning 
anemia has been questioned by several.48 The anemia in 
lead poisoning has been mechanistically linked to inhibi
tion of various enzymes involved in heme synthesis 
including FECH, δ-aminolevulinic acid ALA dehydratase 
(ALAD) and coproporphyrinogen oxidase which would 
theoretically cause SA.49 Zinc is additionally necessary 
for the full activity of various enzymes including ALAD 
and is therefore an essential dietary mineral. Excess zinc 
ingestion, however, not only competes with iron incor
poration into protoporphyrin but also induces intestinal 
metal-binding protein metallothionein which prevents 
intestinal absorption of copper.50,51 Copper is a well-estab
lished cause of acquired SA because copper is an essential 
cofactor for mitochondrial redox enzyme superoxide dis
mutase and reduced activity of this enzyme can lead to 
mitochondrial iron accumulation.51–53

Diagnosis and Treatment
Despite the genetic heterogeneity and pathophysiologic 
diversity among SA subtypes, the diagnostic approach 
for SA follows the same basic principles. Reversible 
causes of SA and MDS must be excluded first and then a 
clinical and genetic assessment for congenital SA should 
be performed (Figure 2). The principles of SA treatment 
include management of reversible causes or MDS; admin
istration of vitamin B6 for responsive subtypes or thiamine 
for TRMA; iron chelation to prevent organ damage from 
iron overload; and red cell transfusions for symptomatic 
anemia.

The diagnosis of all forms of SA by definition requires 
the detection of RS in the bone marrow aspirate by iron 
staining (Figure 1). Next-generation sequencing for 
acquired mutations in MDS or inherited mutations in 
CSA is necessary once reversible causes have been ruled 
out, but detecting a mutation does not preclude a bone 
marrow evaluation. Clues to the diagnosis of SA that 

would prompt a bone marrow evaluation and confirmation 
of SA include: unexplained anemia that is often but not 
exclusively microcytic with distinct features on a blood 
smear such as basophilic stippling; anemia in a male 
infant, male child, or female adolescent or young adult 
with iron overload; anemia in older patients with clonal 
hematopoiesis or predisposition to MDS; and anemia in 
patients with a family history of SA or those with rever
sible factors associated with SA. Reversible factors that 
should be carefully reviewed when eliciting a history 
include excess alcohol consumption; heavy metal toxicity; 
treatment with INH, chloramphenicol or linezolid; and 
malnutrition with ensuing copper, vitamin B6 or thiamine 
deficiency as seen after bariatric surgery. When reversible 
causes of SA are suspected, one must consider unusual 
links that patients may not think to report. For instance, 
regular use of zinc-containing denture creams or a pro
longed ingestion of high amounts of zinc from fad diets 
may not be obvious causes of zinc poisoning and side
roblastic anemia. This justifies inclusion of copper, ceru
loplasmin, zinc and lead levels in the diagnostic evaluation 
even in cases without an obvious link.

For the majority of reversible causes, a bone marrow 
biopsy to confirm the presence of RS in the anemic patient 
may not be required and the diagnosis of SA may never be 
established. This is true in cases where withdrawal of the 
causative agent or treatment of the reversible cause is 
therapeutic by itself, with or without vitamin B6 supple
mentation. In the rare cases of INH induced SA, for 
instance, stopping treatment or ensuring adequate vitamin 
B6 co-intake, often in doses as large as 200mg per day, 
restores normal erythropoiesis.54 A bone marrow biopsy in 
such cases is rarely indicated. However, when acquired SA 
from MDS is suspected, a bone marrow biopsy is always 
necessary after reversible causes such as copper deficiency 
have been excluded. Currently, with the widespread avail
ability of next-generation sequencing assays for SF3B1 
and other gene mutations in clonal hematopoiesis and 
MDS, sequencing is often performed routinely in the ear
lier stages of diagnostic work-up of MDS. Nevertheless, 
confirming or ruling out SF3B1 mutations by molecular 
analysis of peripheral blood leukocytes does not preclude 
histomorphology assessment of the bone marrow. Bone 
marrow histology is an essential diagnostic criterion for 
the 3 subtypes of MDS with RS: MDS-RS-SLD, MDS- 
RS-MLD, and MDS/MPN-RS-T.41 In MDS-RS, either 
erythroid lineage dysplasia alone (MDS-RS-SLD) or mul
tilineage dysplasia (MDS-RS-MLD) is observed in the 
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bone marrow, along with ≥15% ring sideroblasts or ≥5% 
ring sideroblasts in the presence of an SF3B1 mutation and 
<5% blasts.41 In MDS/MPN-RS-T, anemia with erythroid 
lineage dysplasia, with or without multilineage dysplasia, 
≥15% ring sideroblasts, and <5% in the bone marrow is a 
major criterion along with thrombocytosis (platelets ≥ 
450,000/uL) and ideally in the presence of a mutation in 
SF3B1, JAK2, CALR or MPL.41

Treatment of MDS with RS includes the use of ery
thropoiesis-stimulating agents (ESA), transfusion support, 
and iron chelation for red cell transfusion-dependent 
patients on a case-by-case basis. Characteristics that pre
dict response to ESA in MDS patients include transfusion 
of less than 2 units of pack red blood cells per month and a 
baseline erythropoietin level of less than 500 IU/mL. On 
the other hand, the use of iron chelation therapy in MDS- 
RS requires prospective evaluation for routine use. 
Lenalidomide, an immunomodulatory agent that is effec
tive in treating anemia of MDS with deletion 5-q and 
lower-risk MDS with normal karyotype, is effective in 
treating anemia of MDS-RS-SLD with 35% of patients 

in one study achieving transfusion independence.55–57 

While lenalidomide treatment may be effective for eligible 
MDS patients, we encourage clinical trial participation and 
treatment with novel agents that have disease-modifying 
potential. Luspatercept is a novel agent recently FDA 
approved for treating patients with very low- to intermedi
ate-risk MDS-RS or MDS/MPN-RS-T. Luspatercept is a 
recombinant fusion protein that binds transforming growth 
factor β (TGF-β) superfamily ligands to reduce SMAD2 
and SMAD3 dependent signaling implicated in the patho
genesis of anemia. It was FDA approved after the 
MEDALIST trial, a randomized, multi-center, placebo- 
controlled, Phase III clinical trial demonstrated higher 
rates of transfusion independence in very low- to inter
mediate-risk MDS-RS or MDS/MPN-RS-T treated with 
luspatercept compared to those treated with placebo 
(38% vs 13%, respectively).58 Other novel agents for 
treatment of anemia in MDS are currently being investi
gated in preclinical studies and clinical trials.

In SA patients without an identifiable reversible cause, 
a thorough medical history, family history, and physical 

Figure 2 Diagnostic algorithm for sideroblastic anemia.
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exam are important to establish the diagnosis of CSA. The 
congenital form is suspected in patients with early onset of 
anemia in the presence of a family history of anemia. 
Further history and physical exam findings provide clues 
to whether CSA is syndromic or non-syndromic. At this 
point, genetic testing for CSA is an essential component of 
the diagnostic work-up. In our published case report of a 
woman in her mid-sixties with macrocytic anemia, iron 
overload with hepatic deposition, and bone marrow RS, 
genetic testing revealed a novel heterozygous frame shift 

mutation c.633delC, p.A211fs of the ALAS2 gene.48 This 
case highlights that congenital causes cannot be excluded 
based solely on the age of presentation.

In patients with a known family history of SA, testing 
can be limited to the inherited gene. When this is 
unknown, a family pedigree can help narrow the mode of 
inheritance to X-linked, autosomal recessive or maternal 
and testing can be tailored accordingly. Additional clinical 
manifestations in children with SA can provide clues to 
inform genetic testing for syndromic CSA (Table 1). This 

Figure 3 Cell and mitochondrial mechanisms in heme biosynthesis and localization of pathway defects in sideroblastic anemia subtypes. Labels 1–10 encode the localization 
of mechanistic defects in heme biosynthesis in various subtypes of sideroblastic anemia detailed in Table 1.
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includes sequencing ABCB7 in children with spinocerebel
lar ataxia to establish the diagnosis of XLSA/A or sequen
cing PUS1, LARS2, YARS2, NDUFB11 and/or 
mitochondrial MT-ATP6 in patients with myopathy, lactic 
acidosis, and developmental delay to establish the diagno
sis of MLASA. In the aforementioned syndromic forms of 
CSA in children, the clinical course is largely dominated 
by the nonhematologic manifestations. There are anecdotal 
reports of the efficacy of coenzyme Q10 in the treatment 
of MLASA with improvement in both the myopathy and 
the transfusion-dependent anemia.59,60 Beyond anecdotes 
and supportive care, there is no standard treatment for the 
anemia in syndromic cases. Treatment with corticosteroids 
or ESA, for instance, have failed to demonstrate efficacy 
in some of the severe syndromic forms of CSA such as 
Pearson marrow-pancreas syndrome.61 Nevertheless, par
ticular and prompt attention should be given to those 
suspected of having TRMA (or Roger’s syndrome), 
based on clinical manifestations such as diabetes and sen
sorineural hearing loss, and sequencing of the implicated 
gene SLC19A2 should be performed. When TRMA is 
identified early in childhood, supraphysiologic doses of 
thiamine given orally are effective at treating the anemia 
and may also treat the nonhematologic manifestations.

In the absence of family history, genetic pedigree, or 
clinical clues of syndromic CSA, a genetic test should 
include the more commonly mutated genes in non-syndro
mic CSA such as ALAS2. Simultaneous or subsequent 
testing for SLC25A38, HSPA9, HSCB, GLRX5 can be 
considered. In approximately two-thirds of XLSA due to 
ALAS2 mutations, supplementation with vitamin B6 is 
sufficient to treat the anemia at variable degrees with an 
infrequent need for red cell transfusions.62 Therefore, and 
in accordance to the published literature, we recommend 
that patients with genetically defined or suspected XLSA 
receive a 3-month trial of oral vitamin B6 therapy at a 
dose of 50–100 mg daily prior to determining responsive
ness to vitamin B6. Responders should be treated with 
maintenance therapy to preserve an adequate pool of pyr
idoxal phosphate.

Patients with SA are prone to iron overload, regardless of 
red blood cell transfusions. This is partly attributed to 
reduced hepcidin levels because of ineffective erythropoiesis 
which promotes increased intestinal absorption of iron.63 It 
has been reported that iron overload may suppress pyridoxine 
responsiveness and that iron depletion by phlebotomy results 
in higher hemoglobin concentrations64 or improved pyridox
ine response.65 In GLRX5 deficiency, for instance, there is a 

strong correlation between iron depletion and improved 
hemoglobin levels.66 Iron depletion has also proven useful 
in increasing hemoglobin levels in case reports of MDS.67 

Thus, in cases of sideroblastic anemia with iron overload, 
iron chelation should be strongly considered.

The therapeutic options beyond vitamin B6 supplemen
tation are limited. Supportive care with red cell transfu
sions can be considered for those with severe and 
symptomatic anemia but the risk of worsening iron over
load on the long term is high. Significant iron overload 
causing micronodular cirrhosis and hepatic fibrosis has 
been demonstrated in asymptomatic individuals with 
XLSA later in adulthood.12 Therefore, monitoring for sig
nificant iron overload should be done routinely by hepatic 
and cardiac magnetic resonance imaging. We recommend 
this be done in accordance to guidelines for hemochroma
tosis patients. Red cell transfusions should therefore be 
limited to patients with symptomatic anemia or hemoglo
bin levels less than 7 g/dL. Iron chelation should be 
initiated in patients requiring transfusions after at least 
10 transfusions or if serum ferritin is over 1000 mcg/L.68 

Available chelators in the United States are parenteral 
deferoxamine (Desferal), or oral agents deferasirox 
(Exjade, Jadenu) and deferiprone (Ferriprox). 
Combinations of these drugs can be used in severe iron 
overload. Iron depletion by phlebotomy is considered 
when the anemia is mild or moderate (hemoglobin ≥ 9 g/ 
dL), or when a patient with XLSA has responded to 
pyridoxine. Maintenance phlebotomies are ultimately con
tinued for life to control iron re-accumulation.69

The management of SA remains primarily supportive 
rather than definitive. There is currently no cure for inher
ited sideroblastic anemias. However, anecdotal reports of 
hematopoietic stem cell transplant (HSCT) in non-syndro
mic CSA describe an effective remission.70 Developing 
definitive treatments for SA is clearly an area of need. 
Preclinical studies and clinical trials are essential to deter
mine whether novel agents such as luspatercept or 
approaches involving gene therapy for CSA would be 
beneficial in the treatment of SA.

Summary and Conclusion
Sideroblastic anemia (SA) is due to ineffective erythropoiesis 
with formation of ring sideroblasts. It occurs as a consequence 
of decreased biosynthesis of heme by various mechanisms. 
These are attributed to the inheritance of genetic defects 
(CSA), acquisition of mutations in hematopoietic stem and 
progenitor cells (MDS subtypes with RS), and reversible 
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factors such as drug, alcohol and heavy metal toxicities. 
Reversible factors should be identified or eliminated first 
because treatment is definitive. Congenital SA, on the other 
hand, includes a few common and several rare inherited dis
orders. Inheritance patterns include X-linked, autosomal reces
sive and maternal. Some forms are syndromic and present in 
childhood while others are non-syndromic and may present in 
older females. X-linked SA due to mutations in ALAS2 gene is 
the most common CSA and is important to recognize as it may 
respond favorably to vitamin B6 treatment. Additional man
agement approaches include red blood cell transfusion, iron 
chelation or phlebotomy, erythropoietin stimulating agents, 
and consideration of novel agents and investigational treat
ments in clinical trials.
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