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Abstract

Zinc deficiency is one cause of anemia. However, it has been reported that some patients who were treated with zinc sup-
plementation to resolve this anemia subsequently experienced copper deficiency, which lead to continued anemia, as well as
leukocytopenia and other symptoms. However, only two patients with copper deficiency induced by zinc supplementation
undergoing peritoneal dialysis have been reported. Here, we report the case of a 59 year-old man with copper deficiency
after zinc supplementation undergoing peritoneal dialysis (PD). He took meals only once a day and drank about 750 mL/
day of wine every day. He had been receiving zinc supplementation for 4 months. He was diagnosed with severe leukocy-
topenia and worsening anemia at a planned outpatient visit; in addition, his copper levels had markedly decreased. Thus,
zinc supplementation was discontinued, and the patient was instructed to take cocoa for copper supplementation. Because
of severe leukocytopenia, he was admitted to our hospital, and granulocyte colony-stimulating factor was administered. Red
blood cell transfusions were performed for anemia. After discontinuing zinc supplementation, his white blood cell count
and hemoglobin levels improved.

To avoid Cu deficiency, patients’ dietary history should be checked in detail and Cu should be monitored carefully when Zn
is supplemented in patients undergoing PD.
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Zn Zinc RCT Randomized controlled trial
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HD Hemodialysis Introduction

PD Peritoneal dialysis

CAPD Continuous ambulatory peritoneal dialysis Zinc (Zn) deficiency is a known cause of anemia. In patients
APD Automated peritoneal dialysis with chronic kidney disease (CKD), Zn deficiency induces
Hb Hemoglobin erythropoietin-resistant anemia. A previous study reported
ESA Erythropoiesis-stimulating agent that oral Zn supplementation reduced the erythropoietin
CRP C-reactive protein responsiveness index in patients on hemodialysis (HD) [1].
iPTH  Intact parathyroid hormone The amount of Zn is rich in oysters, meats (especially liver),
WBC  White blood cell count and eggs [2]. However, patients with CKD are required to
CTR1  Copper transporter 1 consume mildly low-protein diets, even if they start dialysis
MTF-1 Metal-responsive transcription factor I or receive kidney transplantation. Therefore, patients with
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CKD could not consume these Zn-rich foods, and medica-
tion to supply Zn is required for these patients. Although Zn
supplementation is an important treatment for anemia caused
by Zn deficiency, it has several adverse effects, including
copper (Cu) deficiency.
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Cu deficiency causes anemia, leukocytopenia, myelopa-
thy, and other symptoms [3]. In patients on HD, Cu and
ceruloplasmin levels are low compared with those in healthy
controls [4]. Also in these patients, Zn and Cu levels are neg-
atively associated, and the association is stronger in patients
on HD than in control patients [5].

However, reports on Cu deficiency in patients undergo-
ing peritoneal dialysis (PD) are rare. One study [6] reported
that a child on continuous ambulatory peritoneal dialysis
(CAPD) had Cu deficiency accompanied with severe neu-
tropenia. Another [7] reported that an adult on CAPD had
Cu deficiency accompanied with a history of an increas-
ingly unsteady gait and an inability to stand. Here, we report
a case of Cu deficiency accompanied by leukocytopenia
induced by Zn supplementation during PD.

Case report

A 59 year-old man undergoing PD was admitted to our
hospital because of leukopenia. He had started PD approxi-
mately 7 months prior and did not have any history of gas-
trointestinal surgery. Although renal biopsy had not been
performed, the etiology of his renal failure was suspected
to be chronic glomerulonephritis due to proteinuria since
there was no history of diabetes. He was under automated
peritoneal dialysis (APD) with a total of 8 L of Dianeal-N
PD4® 1.5% and with four exchanges during the night. He
consumed meals only once a day and drank about 750 mL
of wine every day.

The patient received 150 pg of epoetin beta pegor sub-
cutaneously administered once per month for treatment
of renal anemia. He did not have liver cirrhosis or spleno-
megaly. Poor response of hemoglobin (Hb) level (7.9 g/dL)
to erythropoiesis-stimulating agent (ESA) led us to further
investigate the underlying cause of anemia, which turned out
to be a low Zn level (37 pg/dL; normal range 80-130 pg/
dL). Causes of ESA-resistant anemia such as iron deficiency
(ferritin 608 ng/dL and C-reactive protein (CRP) 0.01 mg/
dL), blood loss (negative fecal occult blood), inflammation
associated with infections and autoimmune reactions (CRP
0.01 mg/dL), severe hyperparathyroidism (intact parathyroid
hormone (iPTH) 183 pg/mL), malignant tumors (no malig-
nant tumors detected in abdominal CT scan), hemolysis
(lactate dehydrogenase 204 U/L and total bilirubin 0.6 mg/
dL), abnormal hemoglobinopathy (Hb level was normal
at the first visit of our hospital, suggesting that he did not
have genetic abnormal hemoglobinopathy), hypersplenism
(splenomegaly was not detected in abdominal CT scan), or
administration of ACE inhibitors (ACE inhibitor was not
administered) were ruled out (right column in Table 1). Anti-
erythropoietin antibodies or carnitine were not measured.
We cannot rule out anti-erythropoiesis-stimulating agent
antibodies-induced anemia or carnitine deficiency anemia.

The laboratory data obtained 5 months prior to admission
are shown in Table 1. One hundred and fifty mg of polaprez-
inc containing 34 mg of Zn was prescribed for 4 months.

The patient’s Zn and Hb levels were elevated after the
start of polaprezinc treatment. During the supplementa-
tion, folic acid deficiency was diagnosed, and the patient
was supplemented with folic acid. However, 4 months after
starting polaprezinc (4 days before admission), white blood
cell count (WBC) and Hb levels decreased to 1600/pL and
6.7 g/dL, respectively. The following laboratory data were
confirmed: folic acid was high (>20 ng/mL; normal range
3.9-12.9 ng/mL) because he had been taking prescribed folic
acid for folic acid deficiency anemia; Zn level recovered and
was increased (105 pg/dL; normal range 80-130 pg/dL);
vitamin B, level was slightly decreased (156 pg/mL; normal
range 233-914 pg/mL); Cu was markedly decreased (Cu
12 pg/dL; normal range 70—132 pg/dL); and cerulopasmin
level on admission was also markedly decreased (2.7 mg/
dL; normal range 21-37 mg/dL). Therefore, Cu deficiency
was considered to be the cause of leukocytopenia and severe
anemia. The laboratory data at the time of Cu deficiency
diagnosis are shown in Table 1. Although his Cu level was
low, the patient did not have any neurological abnormali-
ties. Three days later (the day before admission), he visited
our hospital and laboratory data showed that his WBC was
2200/pL, neutrophil count was 500/pL, and Hb was 5.8 g/
dL. Polaprezinc was then discontinued and the patient was
instructed to take cocoa for Cu supplementation. To increase
the WBC, 75 pg of filgrastim was administered subcutane-
ously. The next day, the patient was admitted to our hospital.
Filgrastim administration was repeated on days 4 and 6 after
admission. On days 1 and 2, 2 units/day of red blood cell
concentrate were transfused for anemia. After the transfu-
sion, the patient’s Hb level was elevated to 8.0 g/dL and
remained fairly consistent. On day 7, the patient was dis-
charged from our hospital and underwent outpatient visits.
Temporal changes in WBC, Hb, Cu, and Zn are shown in
Fig. 1. As shown in Fig. 1, after discharge from our hospi-
tal, Cu levels gradually increased, and Zn levels gradually
decreased. Subsequently, his WBC and Hb levels returned
to normal levels.

Discussion

This was a case of leukocytopenia that was primarily caused
by Cu deficiency after Zn supplementation over a relatively
short period. The main reason for Cu deficiency in this case
can be considered an adverse effect of Zn supplementation.

Under physiological conditions, Cu is absorbed in the
proximal small intestine and stomach. Two transport pro-
teins, the high-affinity Cu transporter 1 (CTR1) and ATP7A,
play an important role in Cu absorption. Dietary Cu is
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Table 1 Laboratory data
5 months before admission and

5 months before admis- At the time of

X A sion Cu deficiency
aF the tlr'ne of Cu deficiency diagnosis
diagnosis

Complete blood count
White blood cells (/pL) 3300 1600
Red blood cells (/pL) 199x10* 202x10*
Hemoglobin (g/dL) 6.9 6.7
Hematocrit (%) 19.9 19.8
Mean corpuscular volume (fl) 99.9 97.8
Mean cell hemoglobin (pg) 34.5 33.1
Mean cell hemoglobin concentration (g/dL) 34.5 33.8
Platelets (/L) 21.4x10* 17.8x10*
Blood chemistry
Total bilirubin (mg/dL) 0.7 0.6
Aspartate transaminase (U/L) 27 31
Alanine transaminase (U/L) 12 13
Lactate dehydrogenase (U/L) 225 204
Total protein (g/dL) 5.7 54
Albumin (g/dL) 3.0 3.1
C-reactive protein (mg/dL) 0.05 0.01
Ferritin (ng/dL) 1380 608
Fe (pg/dL) 145 174
Unsaturated iron binding capacity (pg/dL) 79 16
Total iron binding capacity (pg/dL) 224 190
Zn (pg/dL) 37 105
Cu (pg/dL) 75 12
Vitamin B12 (pg/mL) 330 156
Folic acid (ng/mL) 4.4 20.0
iPTH (pg/mL) 139 183

absorbed through CTRI1 in enterocytes. Subsequently, Cu
in enterocytes is transported to the circulation by ATP7A
[3]. Recently, it has been suggested that divalent metal trans-
porter 1 and low-affinity Cu transporter 2 may also play a
role in Cu absorption [8].

When Zn is supplemented, intracellular Zn is increased
in enterocytes and activates metal-responsive transcription
factor I (MTF-I). Activated MTF-I induces metallothionein
(MT) gene expression, and MT binds to Cu. Although the
excess Cu in a cell is excreted throughout ATP7A, Cu bound
to MT does not undergo ATP7A-dependent Cu excretion.
Thus, the Cu level in the enterocytes is increased and the
enterocytes are sloughed off into the intestinal lumen, lead-
ing to a lower rate of uptake of Cu [8].

The reason for the relatively short period between Zn sup-
plementation and the emergence of Cu deficiency in our case
may be due to the relatively lower Cu level (75 pg/dL) at
the start of Zn supplementation. The patient did not receive
enteral nutrition or total parenteral nutrition. Although the
inhibition of absorption from the intestinal tract was not
investigated in detail, precipitated calcium carbonate was
prescribed for hyperphosphatemia, suggesting that the
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inhibition of absorption from the intestinal tract was less
likely. The patient was on peritoneal dialysis, drank a rela-
tively high amount of alcohol, and took meals only once a
day under Zn supplementation. Thus, the intake of Cu was
probably low. These multiple risk factors might have led to
the Cu deficiency. However, we could not completely rule
out the underlying diseases causing anemia such as anti-
erythropoiesis-stimulating agent antibodies-induced anemia
or carnitine deficiency anemia because bone marrow aspira-
tion was not performed and anti-erythropoiesis-stimulating
agent antibodies and carnitine were not measured.

The characteristics of the cases of Cu deficiency in
patients on PD during Zn supplementation, including our
case, are summarized in Table 2 [6, 7]. The main symptoms
of Cu deficiency improved relatively quickly after the ini-
tiation of Cu supplementation. Several risk factors for Cu
deficiency have been reported, such as Zn supplementation
[9, 10], surgery to remove foregut [11-13], chronic diarrhea
[14, 15], chronic peritoneal dialysis [6, 7], HD [4], and total
parenteral nutrition [16]. Cu is present in many foods, espe-
cially in oysters, cocoa, and liver [17]. Patients with CKD,
including those on chronic dialysis, generally consume a
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Table 2 Characterist.ics Of. Becton DL et al.[6] Saly DL et al.[7] The present case
the cases of Cu deficiency in
patients on PD during Zinc Sex Male Female Male
supplementation Age (years) 16 61 59
PD vintage 8 years Not available 7 months
Zinc supplementation Yes Yes Yes
Complete blood count
White blood cells (/pL) 2200 Unremarkable change 1600
Hemoglobin (g/dL) 9.6 (With RBC transfusion) 8.3 6.7
Mean corpuscular volume (fl) 84 84 97.8
Platelets (/pL) 17.7x10* Unremarkable change 17.8x10*
Blood chemistry
Albumin (g/dL) 2.9 Not available 3.1
Ferritin (ng/dL) Mildly elevated Iron study were normal 608
Zn (pg/dL) Normal 134 105
Cu (pg/dL) 12 <10 12
Ceruloplasmin (mg/dL) 2.0 <4 2.7
Vitamin B12 (pg/mL) Not available 1207 156
Folic acid (ng/mL) Normal 20.3 20.0
Treatment
Cu supplementation Orally Intravenously and orally ~Orally
Duration for the recovery of 2 weeks 5 days 7 days

the main symptoms

low-protein diet. Thus, dietary intake of Cu may be low. In  urine is higher than that in healthy subjects [18]. Addition-
patients on CAPD, Cu is excreted in the dialysate [18]. Fur-  ally, a previous case report suggested that excessive alcohol
thermore, in non-anuric patients on CAPD, Cu excretionin ~ consumption could be a risk factor for Cu deficiency [19].
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In the report, a relatively high amount of alcohol consump-
tion (about 750 mL/day of wine) might have affected the
incidence of Cu deficiency.

As for the Cu deficiency in patients on HD, in a rand-
omized controlled trial (RCT), serum Cu levels reportedly
decreased significantly in the acetate hydrate group, but not
in the polaprezinc group [20]. Moreover, Cu deficiency-
induced pancytopenia caused by polaprezinc was reported
in a patient on HD [21]. However, we could not determine
whether patients on PD are more prone to Cu deficiency than
patients on HD based on the previous case report and the
RCT, which included only patients on HD. To compare the
occurrence of Cu deficiency by Zn supplementation between
PD and HD patient populations, a cohort study is necessary.

The mechanism of leukocytopenia due to Cu deficiency
is not clearly understood. Previous studies have reported that
progenitor cells were preserved before Cu supplementation
in patients with Cu deficiency who had severe neutropenia.
This indicates that Cu enzymes play an important role in
the maturation of hematopoietic cells, and a lack of Cu may
result in ineffective granulopoiesis [22, 23].

Furthermore, an experimental study reported that a
decrease in cellular chelatable Cu content inhibited the dif-
ferentiation and self-renewal of CD34-positive cells [24].

The mechanisms of anemia due to Cu deficiency are as
follows: Cu deficiency decreases RBC survival time [9, 25]
and interferes with heme synthesis by suppressing iron trans-
port and utilization because Cu is an important component
of the ferroxidase enzymes, hephaestin, and ceruloplasmin
[3, 9, 26]; hephaestin facilitates oxidation of ferrous iron
(Fe?*) to ferric iron (Fe**); ceruloplasmin plays an important
role in iron transport; and Cu deficiency leads to impaired
ferroxidase enzymes, which cause impaired hemoglobin
synthesis [3].

Although Cu deficiency sometimes causes anemia and
leukopenia, platelet counts are typically normal or only
mildly low [3], which is consistent with our present case.
Bone marrow morphology in patients with Cu deficiency is
reportedly similar to that in patients with myelodysplastic
syndromes [15, 27].

Here, we describe the case of a patient on PD with Cu
deficiency caused by Zn supplementation. To avoid Cu
deficiency, patients’ dietary histories should be checked in
detail, and Cu should be monitored carefully when Zn is
supplemented in patients undergoing PD.
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