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Introduction
Unlike certain heavy metals such as iron or lead, which
receive a great deal of attention during formal medical
education, copper’s role in the human body often goes
neglected except during brief discussions of Wilson’s disease
or Menkes syndrome. This is not necessarily an educational
oversight; manifestations of deficiency or excess are thought
to be uncommon.1,2 Still, knowledge of copper metabolism
and deficiency has clinical utility. For example, patients
with microcytic hypochromic anemia refractory to iron
replacement therapy may actually have hypocupremia.3
Deficiency of this trace element can also cause myelopathy
that presents as subacute combined degeneration of the spinal
cord, which is usually attributed to inadequate vitamin B12 .4
These neurologic manifestations of copper deficiency are less
likely to improve with increased duration of symptom.5,6
Thus, the longer the clinician overlooks copper deficiency,
the worse her patient’s prognosis becomes. Copper deficiency,

a recognized cause of anemia, neutropenia, myelopathy,
and peripheral neuropathy, undoubtedly deserves physician
attention.4,7-11 In this review, we discuss copper’s role in the
human body, the pathogenesis of hematologic and neurologic
manifestations of copper deficiency, and the clinical concepts
that can aid in diagnosis and management.

Biochemistry and Physiology
Copper, a transition metal, can physiologically exist in either
a reduced (Cu1+) or oxidized (Cu2+) state. This ability to
freely ferry electrons allows copper to participate in redox
reactions. Approximately one dozen enzymes, mostly
oxidoreductases and monooxygenases, exist that require
copper for catalytic activity (Table 1).12 These cupro-enzymes
have reduced activity in a copper-deficient state. Numerous
other copper-binding proteins exist in the body (Table 2).13
Impaired function of these copper-utilizing enzymes and
proteins can produce several features of copper deficiency,
such as hypopigmentation, coagulopathy, and weakness.

Table 1: Abbreviated List of Copper-dependent Enzymes
Enzyme
Ceruloplasmin
Cyctochrome c oxidase
Dopamine β-monooxygenase
Copper-zinc superoxide dismutase
Hephaestin
Lysyl oxidase
Tyrosinase

Function
Iron oxidation and copper transport
Electron transport
Norepinephrine synthesis
Superoxide removal
Iron oxidation
Collagen cross-linking
Melanin synthesis

Table 2: Abbreviated List of Copper-binding Proteins
Protein
Albumin
Amyloid precursor protein
ATP7A
ATP7B
Clotting factors V, VIII
Ctr1, Ctr2
Metallothionein
Prion protein
Transcuprein (α2-macroglobulin)
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Function
Plasma transport
Cellular transport
Efflux, protein metallation
Efflux, ceruloplasmin metallation
Thrombosis
Influx transport
Storage
Unknown
Plasma transport
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After iron and zinc, copper is the third most prolific trace
element in the human body.14 It is an essential dietary
micronutrient; the Recommended Dietary Allowance for
adult men and women is 0.9 mg/day, although an argument
has been made for higher intake (i.e., 2.3 mg/day).15,16 In a
typical Western diet, copper is usually found in vegetables,
legumes, grains, and animal products (e.g., beef, fish,
poultry).17,18 Attaining adequate levels of copper through a
regular diet is thought to be feasible; the median intake of
copper from food is approximately 1.0 to 1.6 mg/day for adult
men and women.15 Thus, in healthy people in most parts of
the world, acquired hypocupremia due to malnutrition is
relatively infrequent.19
Dietary copper absorption occurs in the stomach and
proximal duodenum.15,20,21 The stomach promotes uptake
via enhanced copper solubility; by creating an acidic
environment, copper readily dissociates from coppercontaining dietary macromolecules. Mechanisms underlying
intestinal absorption include saturable-mediated transport at

lower levels of dietary copper and nonsaturable-nonmediated
(i.e., paracellular) transport at high levels. At the intestinal
apical surface, membrane-bound copper transport protein
(Ctr1) actively transports copper into the enterocytes.22
(Figure 2) At the basolateral surface, Menkes protein
(ATP7A) shuttles copper into the hepatic portal circulation;
mutation in this protein underlies Menkes syndrome,
leading to impaired copper absorption and symptoms of
severe deficiency.23 Albumin and transcuprein in the portal
blood bind copper and deliver it to the liver parenchymal
cells for uptake.9,15
Hepatocytes incorporate copper into superoxide dismutase,
cytochrome c oxidase, and the carrier protein ceruloplasmin,
while excess copper binds to metallothionein to form a
nontoxic complex. Ceruloplasmin transports copper from the
liver to systemic tissues. It then binds to peripheral cell surface
receptors and releases copper into the cell, which integrates
into the numerous proteins listed above.24 Beyond copper
transport, ceruloplasmin also facilitates iron metabolism
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Figure 1. Summary of Copper physiology
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via copper-dependent ferroxidase activity.14 Ferric iron then
can bind to transferrin for systemic transport. Hephaestin,
another copper-dependent ferroxidase, is expressed in the
duodenal mucosa and facilitates ferric iron transport across
the basolateral surface for transferrin loading.10
Copper homeostasis is maintained and copper toxicity is
avoided via biliary excretion.9,15 Wilson P-type ATPase
(ATP7B) mediates copper efflux from the hepatocyte
into the biliary tract; mutation in this protein underlies
Wilson’s disease, leading to excessive copper deposition
and subsequent free radical formation in the liver, brain,
and other tissues.25

Pathogenesis
Copper deficiency limits copper-dependent enzymatic
activity and leads to clinical features such as hair and skin
hypopigmentation, osteoporosis, anemia, neutropenia,
sensory ataxia, myelopathy, and peripheral neuropathy.4,13,26,27
The manifestations of copper-deficient state in the blood
(i.e., anemia, neutropenia) and nervous system (i.e.,
myelopathy) arise not due to impairment of singular
enzymatic processes but rather multifactorial interplay.
Copper deficiency anemia (often microcytic, but
normocytic and macrocytic varieties exist) results
from the aforementioned interaction between copperdependent ferroxidases and iron.3,6,28,29 Decreased activity
of ceruloplasmin and hephaestin leads to impaired iron
absorption from the small bowel and diminished conversion
of ferrous to ferric iron. These changes cause disruption
of systemic transport by transferrin and inadequate
incorporation of iron into protoporphyrin.3,6,30,31 Poor
heme synthesis, in conjunction with erythrocyte membrane
fragility due to decreased copper-zinc superoxide dismutase
activity, leads to mitochondrial iron accumulation and ringed
sideroblast formation (Figure 2).19
Clear mechanisms underlying copper deficiency neutropenia
have been elusive, although numerous plausible explanations
have been put forward. These include loss of myeloid
progenitor cells in the bone marrow, destruction of
mature neutrophils due to increased clearance from the
circulation, impaired egress of neutrophils from the marrow,
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Figure 2. Prussian blue (iron) stain revealing ringed sideroblasts

and dysfunctional granulocytic maturation within the
marrow.3,9,30,32 CD34-positive progenitor cell maturation has
been demonstrated to become arrested in a copper-deficient
in vitro environment, lending credence to this premise.33
Hypocupremia-induced myelopathy produces a clinical
and radiologic picture identical to subacute combined
degeneration, leading to speculation that both disease
processes may share a final common pathway.9,34 It is currently
unknown whether methionine synthase, an enzyme whose
dysfunction causes subacute combined degeneration of the
spinal cord, depends on copper for its catalytic activity.
Thus, its involvement in copper deficiency myelopathy
remains unclear.59 An alternative proposed mechanism
for the neurological features of copper deficiency involves
cytochrome c oxidase dysfunction.35 Copper deficiency in
humans and ruminants produces a cytochrome enzyme
with aberrant structure and kinetics. Impaired activity of
any number of copper-dependent enzymes with critical roles
in the nervous system (e.g., dopamine β-monooxygenase)
can contribute to this disease process.

Risk Factors
Inadequate dietary copper intake infrequently leads to copper
deficiency; however, numerous risk factors can impede
adequate copper uptake. These include gastrointestinal tract
surgery, zinc excess, prolonged total parenteral nutrition,
and malabsorption enteropathies.26,36
Upper gastrointestinal tract surgery, gastrectomy, bariatric
surgery, and small bowel resection or bypass all increase risk
29
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of hypocupremia.10,22,29,37,38 As mentioned above, gastric acidity
facilitates copper dissociation from dietary macromolecules,
promoting absorption further down the alimentary canal.
Thus, procedures that produce a hypoacidemic environment
compromise copper bioavailability.37,39 Surgeries that bypass
the duodenum, the primary site of copper absorption, provoke
copper malabsorption. Nonetheless, copper deficiency after
gastrointestinal tract surgery still remains uncommon, with
one study demonstrating a 9.6% prevalence rate 0-60 months
following Roux-en-Y gastric bypass.39-41 Decades can pass
following surgery before clinical manifestations arise.3
Zinc excess increases risk of hypocupremia by promoting
intestinal sequestration of copper.3,42,43 Hyperzincemia induces
the upregulation of metallothionein within enterocytes, which
has strong affinity for zinc but stronger affinity for copper.23
The copper-metallothionein complex remains trapped within
the intestinal cells. Eventually, the enterocytes slough off the
mucosa, leading to copper depletion. Hyperzincemia most
often results from excess oral zinc intake. While metal pica
(i.e., penny ingestion) can cause zinc overload, especially
in psychiatric patients, excess zinc more often results from
inadvertent ingestion of denture adhesive (which is rich in
zinc) or use of zinc lozenges for the common cold.42,44-47
Other risk factors for copper deficiency are based in principle
on malnutrition. Prolonged total parenteral nutrition without
copper supplementation is known to produce anemia and
leukopenia, but manifests only after continued dependence
(usually > 1 month).14,48-50 Similarly, malabsorptive
enteropathies (e.g. celiac disease) can create deficits of iron,
vitamin B12, folate, zinc, and copper.51-53

anemia, ranging from microcytic to macrocytic, and
neutropenia.31 Cases of thrombocytopenia and pancytopenia,
although rare, have also been documented.6,14,19,49 Because
copper deficiency mimics iron deficiency or megaloblastic
anemia but remains refractory to replacement of those
nutrients, bone marrow surveys are frequently conducted.54
The bone marrow of copper-deficient patients demonstrate
ringed sideroblasts, vacuolated myeloid and erythroid
precursors (Figure 3), hemosiderin deposition in plasma cells,
and overall left-shifted granulopoiesis and erythropoiesis.11,19
These findings, in conjunction with hallmark erythroid
hyperplasia and decreased myeloid to erythroid ratio, can
be confused for a myelodysplastic syndrome.3,6,29,30,55
Neurologically, copper deficiency most often produces
myelopathy or myeloneuropathy.4,6,9,35 This presents as
sensory ataxia with lower extremity spasticity, impaired
proprioception, and loss of vibratory sensation.56 Much
like vitamin B12 deficiency, these features result from
abnormalities in the posterior column of the spinal cord.
Postmortem analyses reveal degeneration in the spinal cord
pyramidal tract and posterior columns.57 Sensory ataxic
myelopathy can be exacerbated by cerebellar neuronal
loss, leading to atrophy.58 Peripheral neuropathy is another
complication of copper deficiency, leading to paresthesias,
impaired thermoception, and loss of nociception in the
lower extremities.4,56 Predictably, MRI T2 weighted imaging
demonstrates increased signals in the dorsal column white
matter identical to subacute combined degeneration.6,57

Clinical Features
The primary challenge in identifying copper deficiency is
the nonspecific set of signs and symptoms that characterize
it. Copper deficiency anemia can easily be attributed to iron
deficiency, and copper deficiency myelopathy is often mistaken
for vitamin B12 deficiency.9,11,30 Furthermore, hematologic and
neurologic abnormalities frequently occur together. Thus,
awareness of the constellation of risk factors and features of
copper deficiency is required.
Hematologically, copper deficiency most often produces
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Figure 3. Bone marrow aspirate smear with vacuolated myeloid
and erythroid precursors and mild erythroid atypia.
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Diagnosis
Considering the low prevalence of copper deficiency and
its nonspecific features, clinicians must rule out other
disease entities while maintaining a high index of suspicion.
Thus, complete blood count and vitamin B12 levels need
to be assessed.26 The normal range of serum copper levels
is 0.75 – 1.45 µg/mL.36 Measuring serum copper alone is
generally sufficient to make a diagnosis of hypocupremia,
but marginal copper deficiency may not be detected.30 If
serum copper levels remain normal despite symptoms that
suggest copper deficiency, measurement of ceruloplasmin
levels (normal range 22.9-40.1 mg/dL) can prove useful.60
If tests confirm copper deficiency, subsequent evaluation of
serum zinc levels (normal range 0.66-1.10 µg/mL) to assess
zinc-induced hypocupremia is warranted; however, clinicians
may find elevated serum zinc without any clear sources of
exogenous zinc consumption.3

Treatment
Dosage, frequency, and formulation of copper replacement
remain inexact due to lack of trials. Oral replacement is
preferred, with routine administration of 2 mg/day
until symptoms and serum copper levels normalize.61
For intravenous replacement, 2 – 4 mg/day for 6 days is
recommended for severe deficiency, and 3 – 8 mg/day
is recommended for mild to moderate deficiency until
symptoms improve. After copper replacement therapy,
neurologic deficits often do not improve, but hematologic
derangements promptly normalize within 1 – 3 months.5
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