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Abstract

Excessive intake of zinc is a known but often forgotten cause of copper deficiency, and its
consequences in the context of end-stage renal disease (ESRD) are not widely discussed. Zinc-
induced copper deficiency (ZICD) can result in erythropoietin (EPO)-resistant anemia and may
not be considered as a possible etiology when conducting the work-up. We present a case
wherein an ESRD patient had been receiving excess zinc for several months and subsequently
experienced EPO-resistant anemia. Our patient’s Gl work-up was negative, and increased doses
of iron and EPO-stimulating agent were ineffective. She underwent a bone marrow biopsy and
more serological testing. She was ultimately diagnosed with ZICD, and cessation of her zinc
supplement and initiation of copper replacement proved effective in restoring EPO respon-
siveness. Awareness of ZICD as a possible factor in EPO-resistant anemia could lead to an
expedited diagnosis and avoid an unnecessary and extensive work-up.
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Introduction

Erythropoietin (EPO)-resistant anemia is a common clinical problem in hemodialysis
(HD) patients resulting from various etiologies, including iron deficiency, inflammation, blood
loss, infection, inadequate dialysis, and severe secondary hyperparathyroidism [1, 2]. By def-
inition, EPO-resistant anemia is an inability to maintain a desired hemoglobin (Hgb) level de-
spite a dose of 450 U/kg/week of intravenous (IV) EPO [1]. This would equate to 300
U/kg/week of subcutaneous EPO or 1.5 ng/kg/week of darbepoetin alfa using the Kidney Dis-
ease Outcomes Quality Initiative (KDOQI) criteria [3]. Copper deficiency is an uncommon and
often overlooked cause of anemia in the dialysis population. We present a case of excessive
zinc intake causing copper deficiency, which resulted in acquired EPO resistance in an HD pa-
tient.

Case Report

The patient was a 57-year-old woman with a past medical history of end-stage renal dis-
ease (ESRD), Von Hippel-Lindau syndrome, renal cell carcinoma with bilateral nephrectomy,
chronic anemia, and hemangioblastomas in the posterior fossa and retina. She started HD
treatment after her second nephrectomy for renal cell carcinoma. She was admitted in May
2017 with pleural effusion, and when she was discharged home, she was prescribed zinc sul-
fate 220 mg daily presumably for upper respiratory infection symptoms. She continued to
take zinc sulfate daily after her discharge until she was diagnosed with zinc toxicity in Spring
2018. She had also been using denture cream (Fixodent - average zinc absorption is estimated
to be about 2 mg/day if used as directed) daily for several years. She was taking a zinc-free
renal vitamin during that time (commonly prescribed renal vitamins contain varying amounts
of zinc, ranging from 0-50 mg/tablet).

Her chronic anemia had been well controlled before May 2017 on darbepoetin alfa 60 pg
every 2 weeks, with a stable Hgb level around 10-11 g/dL. However, she started to become
more anemic with an Hgb level of 8.2 g/dL in October 2017, and her EPO-stimulating agent
and iron doses were adjusted at that time. In early 2018, her Hgb level declined further, rang-
ing from 5 to 7 g/dL (and dropping as low as 5.6 g/dL in April), despite adequate iron stores
and a higher dose of darbepoetin alfa (150 ug every 2 weeks, or about 1.8 pg/kg/week). She
had adequate dialysis, acceptable parathyroid hormone levels, and no overt evidence of in-
flammation or infection. She received 4 units of packed red blood cells over a period of 2
months. Her GI work-up showed negative fecal occult blood and unremarkable upper and
lower endoscopies. A bone marrow biopsy showed mildly hypocellular marrow (30%) and
dyserythropoiesis with nuclear irregularities and nuclear cytoplasmic dissociation. Neutro-
phils showed left shift with megaloblastoid changes. There were 4% blasts, and the myeloid-
to-erythroid ratio was 3.3:1. Hyperzincemia-induced hypocupremia was not considered as a
possible cause until Spring 2018 after exhausting all other work-ups, since serum zinc and
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copper levels were not routinely checked at our dialysis unit. Serum zinc was elevated at 236
pg/dL (normal range: 60-120), serum copper was <10 pg/dL (normal range: 80-155), and
ceruloplasmin was low at 3 mg/dL (normal range: 17-54). The reverse osmosis feed and re-
verse osmosis product water zinc were both <0.00 mg/L (normal range: 0.000-0.100 mg/L).

Her zinc sulfate was discontinued, and she was advised to change to zinc-free denture
cream. We analyzed her serum zinc level before and after a session of dialysis and noted that
her pre-HD and post-HD zinc levels were not significantly different at 216 and 215 pg/dL,
respectively. She was given a dose of cupric chloride 0.5 mg IV when she was admitted for a
transfusion. Cupric chloride was not covered by her insurance, however, and she was subse-
quently started on an oral copper supplement at 8 mg/day, tapering to 5 mg and 2 mg/day.
Several weeks after starting the copper replacement, her copper level improved, and her Hgb
level stabilized. Copper replacement was continued for 2 months. Figure 1 shows the relation-
ship between her copper and zinc levels over the course of treatment upon diagnosis of zinc-
induced copper deficiency (ZICD), with levels returning to normal limits after approximately
1 month of copper supplementation and remaining normal several months off zinc and copper
supplements. Her Hgb level also stabilized with a significantly reduced EPO dose (Fig. 2; Table
1).

Discussion

Both copper and zinc are essential in countless physiological processes, including oxida-
tion-reduction reactions, catecholamine metabolism, hematopoiesis (copper), and basic cell
functioning (e.g., cell proliferation, differentiation, and metabolism) (zinc) [4, 5]. Absorption
of these elements occurs in the small intestine and is dependent on the relative concentrations
of each element. One theory for ZICD focuses on the interaction of copper and zinc with metal-
lothionein (MT) proteins in the small intestine. MT proteins form disulfide bonds with metals
such as cadmium, zinc, and copper, and help maintain stable metal ion levels in the body [6].
Increased levels of zinc stimulate an increased expression of MT genes, resulting in more MT
proteins and thus more binding sites for copper and zinc on enterocytes (Fig. 3). Copper out-
competes zinc in binding to MT due to its greater affinity for the ligand [5]. Copper that is
bound to MT is unable to be absorbed. The turnover rate for enterocytes is relatively rapid,
and ultimately, copper bound to MT is lost in the stool as enterocytes are shed and replaced
[7]. Therefore, when zinc levels are exceedingly high, copper deficiency can ensue, and ZICD
complications such as anemia can arise. To minimize the risk of ZICD, Nishime et al. [8] suggest
a safe upper zinc limit of 78.3 ug/dL for HD patients. In addition to excessive zinc intake, ex-
cessive dietary iron can also hinder the absorption of copper [7]. Since iron competes with
copper for absorption, increasing a patient’s oral iron replacement for EPO-resistant anemia
could actually worsen the problem if the anemia is secondary to copper deficiency [7].

Copper deficiency can be found after gastric surgery, celiac disease, excessive zinc use, or
prolonged parenteral nutrition, and can present as anemia, leukopenia, neutropenia, or mye-
loneuropathy [7, 9]. Copper deficiency anemia is not a traditional part of the work-up for EPO
resistance. Iron deficiency and inflammation are common culprits of EPO-resistant anemia, as
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well as the other known etiologies previously listed. Conducting an iron study is often the first
step in the work-up, along with ensuring patient compliance and adequacy of dialysis. In our
case, the patient had adequate iron stores and met the target for dialysis adequacy as well as
for bone and mineral metabolism. Additionally, extensive GI work-ups were negative. We ne-
glected to notice the association of her zinc supplement as the cause of her anemia. Higuchi et
al. [10] account 5 similar cases involving ESRD patients who experienced neutropenia and
EPO-resistant anemia secondary to copper deficiency, conditions that resolved after a few
months of sufficient copper replacement. The main difference between our case and these 5
cases is EPO-resistant anemia stemming from ZICD in our case versus inadequate enteral cop-
per supplementation in the others.

ESRD patients might be at risk for disturbances in trace elements depending on dietary
intake and elimination via dialysis of individual trace elements [11]. The potential presence of
trace elements in the water source might be a factor in this risk as well [11]. However, trace
element disorders are uncommonly described in dialysis patients, and specifically, studies of
ZICD in ESRD patients are not widespread. Zinc deficiency is more common in ESRD patients
than zinc toxicity and actually has a relatively high prevalence in this patient population. Lee
et al. [12] observed low levels of zinc in 78% of the 456 dialysis patients they examined. Hy-
poalbuminemia, commonly observed in dialysis patients, is strongly associated with
hypozincemia. Zinc deficiency may lead to impaired protein synthesis, resulting in hypoalbu-
minemia. Zinc is mainly bound to plasma albumin, and hypoalbuminemia will lead to
hypozincemia as well [13].

Tonelli et al. [11], Lin et al. [14], and Bhogade et al. [15] also demonstrate the occurrence
of trace element disturbances in HD patients. The study by Tonelli et al. [11] involving 128
subjects, including individuals with and without ESRD, showed that ESRD patients had signif-
icantly less serum zinc and more serum copper than non-ESRD individuals. Lin et al. [14]
noted increased zinc and copper after HD compared to levels before treatment. Bhogade et al.
[15], however, found significantly lower serum copper and zinc levels after dialysis treatment.
Though there are some discrepancies in the data, a tendency towards trace element imbal-
ances in HD patients is overall apparent. With regard to copper levels and anemia in ESRD
patients, Zeraati et al. [16] highlight the fact that current data are somewhat conflicting as
well. They examined 84 subjects, consisting of ESRD patients with and without anemia as well
as individuals without ESRD (controls). They initially assumed that there would be a direct
relationship between copper deficiency and anemia, noting the deficiency as a rare and some-
times “forgotten” etiology for anemia. However, comparing the HD patients with and those
without anemia, they found that the copper levels were greater in the anemic patients [16].
This outcome contrasts with our case of anemia secondary to copper deficiency as well as with
the 5 cases Higuchi et al. [10] present.

A concrete dosing regimen is not available for ZICD; however, IV and oral copper supple-
mentation proved effective in our case (in addition to discontinuation of excess zinc intake).
Similarly, Hoffman et al. [5] describe a case where a 35-year-old woman experienced ZICD-
related anemia and had successful resolution of the condition with IV cupric chloride 0.4
mg/mL for 5 days followed by 2 mg/day of copper acetate. Initial treatment with 2 mg of cop-
per per day (along with cessation of her zinc supplements and iron replacement) did not seem
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to have helped over the course of 2 months. This points to a necessary time factor in the re-
duction of zinc levels to a normal range prior to achieving the full effectiveness of copper re-
placement [5]. Furthermore, Rissardo and Caprara [17] present a case of ZICD-induced mye-
lopathy in a 65-year-old woman on HD. Discontinuation of her zinc and initiation of copper
replacement (2 mg IV daily for 1 week succeeded by 8 mg daily of oral copper tapering to 2
mg/day) relieved her myelopathy [17].

Conclusions

Iron replacement and a GI work-up were part of our initial plan as well as that of Hoffman
etal. [5]. ZICD was not an obvious differential diagnosis for these patients. Similarly, as exem-
plified in the cases presented by Willis et al. [9], ZICD was not a forefront differential diagnosis
during the evaluation of their 3 patients experiencing either neuropathy or hematologic dys-
function secondary to copper deficiency. In those 3 cases, bone marrow biopsies led to the
final diagnoses [9]. Ultimately, a more widespread awareness of ZICD complications could im-
prove treatment plans and therefore patient outcomes. ZICD-related EPO-resistant anemia in
HD patients specifically warrants additional attention. As discussed, zinc toxicity is relatively
rare in ESRD patients. Due to the low prevalence of excessive serum zinc levels in ESRD pa-
tients and the lack of extensive clinical data on the condition, zinc toxicity in patients with EPO
resistance may not always be considered at first glance. An in-depth evaluation of the patient’s
past medical history and medications, including over-the-counter supplements, could point
towards a ZICD diagnosis. If ZICD is suspected, a basic serological test for zinc and copper
levels could offer a rapid diagnosis and potentially spare the patient from an undesirable GI
work-up.

A normal diet can typically supply an adequate daily intake of copper and zinc in most
conditions. The recommended daily zinc intake for adult men and women is 11 and 8 mg, re-
spectively, with a maximum of 40 mg for healthy adults [18]. The recommended daily copper
intake for adults is 900 pg, with a maximum of 10 mg [18]. With more interest in zinc supple-
mentation during the SARS-CoV-2 pandemic, we should recognize the possibility of zinc tox-
icity as a cause of copper deficiency anemia in our patients. Periodic screening of zinc and
copper levels should be performed in patients who received prolonged zinc supplementation
and have developed unexplained anemia.

Statement of Ethics
This study was conducted ethically in accordance with the World Medical Association

Declaration of Helsinki. The patient has provided written informed consent to publish this
case.
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Fig. 1. The relationship between zinc and copper levels over the course of treatment of zinc-induced copper
deficiency. Initiation of copper replacement and discontinuation of excess zinc returned the patient’s cop-
per and zinc levels to normal ranges. The normal range for copper is 80-155 pg/dL, and the normal range

for zinc is 60-120 pg/dL.
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Fig. 2. Three-month average hemoglobin levels over the course of treatment. February-April 2017 was
before zinc sulfate was started. February-April 2018 was when the patient manifested severe zinc-induced
copper deficiency (ZICD) anemia. May-July 2018 was during treatment of ZICD. August-October 2018 was
after completion of her copper supplementation (off zinc supplement and using zinc-free denture cream).
Zinc was started in May 2017. She was on darbepoetin alfa 40 ug every 2 weeks in April 2017 and on 150
ug every week in April 2018. She was completely off darbepoetin alfa between September and early No-
vember 2018 and was started on low-dose methoxy polyethylene glycol-epoetin beta at 30 pg every 2
weeks in December 2018.
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Fig. 3. Metallothionein in Cu and Zn absorption.
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Table 1. Average Hgb and TSAT values over the course of treatment

Feb-Apr 2017 Feb-Apr 2018 May-Jul 2018 Aug-0Oct 2018
Hgb, g/dL 10.23 6.9 9.8 13.0
TSAT, % 32.6 35.7 19.7 58.7

Zinc was started in May 2017. The patient was on darbepoetin alfa 40 pg every 2 weeks in April 2017 and
on 150 pg every week in April 2018. She was completely off darbepoetin alfa between September and early
November 2018 and was started on low-dose methoxy polyethylene glycol-epoetin beta at 30 pg every 2
weeks in December 2018. Hgb, hemoglobin; TSAT, transferrin saturation.
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