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Abstract

Upper respiratory infections (URIs) are common and carry a large economic burden due to missed work and
school. This has prompted an increased interest in over-the-counter zinc supplementation to enhance
immunity and reduce illness duration. Zinc's antiviral and anti-inflammatory effects have led to its inclusion
in popular URI medications and a surge in supplement sales, particularly among the elderly. However, zinc
over-supplementation in this population can lead to hypocupremia, causing various presentations such as
anemia, paresthesia, and gait disturbances. Here, we present a case of a 76-year-old female who developed
hypocupremia due to zinc supplementation. Her initial presentation involved an unsteady gait, and severe
anemia was detected during the examination. The patient's condition required hospital admission, and
subsequent investigations confirmed severe pancytopenia and low blood copper levels. Discontinuation of
zinc supplementation and oral copper gluconate administration led to a full recovery of her anemia and cell
count; however, her neurological deficits remain. This case highlights the importance of counseling patients
on the potential adverse effects of zinc supplementation and brings to light a potentially overlooked
diagnosis, particularly in the elderly population.
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Introduction

Upper respiratory infections (URIs) are one of the most common and burdensome diagnoses in the United
States, accounting for annual costs exceeding $22 billion [1]. With the recent COVID-19 pandemic, there has
been greater interest in over-the-counter (OTC) zinc supplementation, aimed at boosting immunity and
decreasing the length of illness [2]. There are multiple studies that report the antiviral effects of zinc on
viruses commonly implicated in URIs (such as influenza and rhinovirus), anti-inflammatory effects in the
lung, and improved leukocyte recruitment/function [2-4]. These findings have led to the inclusion of zinc in
popular OTC cold medications as well as increased sales of zinc supplements, with the global market
expected to double by 2030 [5]. In the United States, a large majority of users of zinc supplementation are
those 71 years and older, who favor it due to the suggested anti-inflammatory/oxidant effects and
prevention of neurodegeneration [6]. Although there are noted benefits to supplementation, there are a
relatively small number of reports that describe zinc over supplementation in the elderly leading to
hypocupremia [7]. These individuals may have variable presentation, which may include, anemia, dizziness,
paresthesia, and/or gait disturbances [8]. In this report, we seek to add to the growing body of literature by
presenting the case of an elderly female who developed hypocupremia due to zinc supplementation.

Case Presentation
Initial presentation

A 76-year-old Caucasian female presented to our clinic in 2019 with a chief complaint of unsteady gait and
described “drifting to the right” over the last several weeks. The patient’s past medical history included
hyperlipidemia and hypothyroidism, both well-controlled. In addition to prescription medication for the
aforementioned diseases, the patient was also taking aspirin (81 mg) and various OTC daily supplements,
including chondroitin-glucosamine, ICaps AREDS, magnesium oxide (400 mg), CoQ10 (300 mg), and zinc
(50 mg).

On exam, the patient was afebrile and stable, with a blood pressure of 170/78 mmHg and SpO2 of 96%.
Physical examination revealed an unremarkable nose and throat, no nystagmus with position change, no
dysphagia or speech deficit, and no muscle weakness or numbness. The patient demonstrated drifting of gait
to the right while walking. Upon blood examination for complete blood count and basic metabolic panel, it
was noted that the patient was severely anemic. The patient’s hemoglobin was measured to be 6 g/dL
(reference: 12.0-16.0 g/dL, fingerstick measurement) with no signs of rectal or GI bleeding. The patient was
then sent to the emergency room.

Hospital course
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The patient was admitted to the hospital where further lab work was done prior to the infusion of one unit of
packed red blood cells (pRBCs). A stroke workup, brain MRI, and head/neck CT angiography (CTA) were
performed. MRI of the cervical spine with and without contrast was performed, which demonstrated

possible abnormal cord signal posteriorly at the level of C2 through C4-5 (however, motion artifact could not
be ruled out). The next day, the patient’s blood work showed severe pancytopenia and normal folic acid (low
end of normal range), which was being replaced orally. Further, serum iron, total iron binding capacity
(TIBC), and vitamin B12 levels were all within normal range. Hemolytic anemia was also ruled out and
further labs showed leukopenia and a normal reticulocyte count. Hematology was consulted and a bone
marrow biopsy demonstrated findings suggestive of myelodysplastic syndrome (vacuolization of
erythroid/myeloid precursor cells, hypercellularity of bone marrow, and atypical cell morphology). Due to
these abnormalities, an IntelliGEN panel (to evaluate myeloid chromosomal mutations) and serum protein
electrophoresis were performed, which showed no significant clinical variant and an unobserved M-spike,
respectively. Finally, a copper level was taken and the results showed a copper level < 0.50 ug/mL (reference:
0.50-1.50). The patient was informed that the zinc supplement she had been ingesting daily was potentially
the cause of the copper deficiency, and it was recommended that she discontinue use. She stated that she
had previously had a URI 11 months prior and had heard zinc supplementation may shorten the course of
the infection. She started taking zinc 11 months prior during her URI and had continued supplementation
since then. Prior to discharge, the patient received one more unit of pRBCs (due to low hemoglobin) and was
started on copper gluconate 2 mg, twice daily.

Outcome

The patient was seen two months after the initial diagnosis, whereupon a complete blood count
demonstrated improved counts in all cell lines and increased hemoglobin and hematocrit. The patient has
also exhibited recovery in her previously impaired gait and neurological deficits, although some slight
deficiencies remain. Her copper level three months after supplementation started was 0.79 (reference: 0.50-
1.50). Her hemoglobin levels have been within normal range and her most recent blood work in 2023 showed
all values within the normal reference range (Table 7). The temporal trends in the patient’s hemoglobin
level, copper level, and cell count are further summarized in Table 1.

At the time of diagnosis Two months post-treatment Most recent Reference range
WBC 21 4.2 5.7 4.5-11.0 (K/mm*3)
RBC 2.25 3.57 3.92 4.00-5.00 (1326M/mmA"3)
Hemoglobin 71 1.3 12.7 12.0-16.0 (g/dL)
Hematocrit 22.0 33.2 37.7 36.0-46.0 (%)
Absolute neutrophil 0.6 2.6 3.8 1.8-7.7 (KI'mmA3)
Copper <0.50 0.79 1.26 0.50-1.50 ug/mL

TABLE 1: Summary of pertinent lab findings at the time of diagnosis, two months after zinc
cessation and addition of oral copper gluconate, and most recent levels.

Discussion

Zinc-induced hypocupremia, although relatively uncommon, is an important cause of anemia and/or
neurological deficit in the elderly. When excessive zinc is present in the body, there is increased production
of the binding protein metallothionein, which helps in copper absorption [8]. The increased metallothionein
produced by enterocytes causes copper to be trapped in the enterocytes and lost in the feces when the
intestinal epithelium is lost and excreted in the feces [9].

The complex interactions of copper and iron, which lead to anemia, have not been fully elucidated. It has
been suggested that copper is critical in the differentiation of hematopoietic stem cells, and low copper
levels cause mitochondrial reprogramming, which leads to an expansion state (rather than differentiating
into progenitors) [10]. In addition, copper also plays a role in intestinal iron absorption through the
alteration of DNA-binding proteins, all of which are factors that may account for the severe anemia seen in
patients [11].

Although not reported in all cases of zinc-induced hypocupremia, neurological deficits, such as those seen in
our patient, are not uncommon. Plantone et al. presented two cases of copper deficiency myelopathy, in
which MRI demonstrated lesions of the posterior column of C2-3. Further, both patients had gait
disturbances and paresthesia, similar to the findings of our patient [12]. It is well known that copper is
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critical to the synthesis and stabilization of myelin, and also plays a major role in multiple enzymatic
pathways needed for proper function of the nervous system [13,14].

Currently, similar causes of zinc-induced hypocupremia have also been seen in patients using zinc-
containing creams for acne treatment, dermatitis enteropathica, and wound creams [15]. Further, there is a
multitude of studies that report zinc-containing denture cream as a cause, which may be particularly
concerning especially in the elderly population [8,15]. Although the inciting event leading to zinc-induced
hypocupremia may differ, the literature suggests that most patients have either normocytic or macrocytic
anemia (often in addition to neutropenia and/or leukopenia) with or without neurological deficit [6,8,12].

In our patient, cessation of zinc supplementation and treatment with oral copper gluconate was sufficient to
improve the patient’s anemia and pancytopenia over several months. This is similar to treatment reported in
previous studies, although it has been reported that IV copper gluconate can be used when intestinal
absorption is compromised [8]. These treatments generally are enough to recover the deficient cell lines and
improve physical symptoms. Similarly, treatment using oral copper gluconate in our patient resulted in a
complete recovery of hemoglobin levels and cell lines. Her neurological deficits and gait disturbances have
also improved; however, she still has permanent difficulties with gait and muscle weakness.

Conclusions

We present the case of an elderly female who presented to our clinic with an unsteady gait and paresthesia
of the hands. After hospitalization for severe anemia, she was found to have zinc-induced hypocupremia,
which resolved with copper supplementation. This report provides evidence for the consideration of zinc-
induced hypocupremia as a potential cause of neurological deficit and pancytopenia in the elderly after
more common causes, such as malignancy, have been ruled out. Thus, it is important for providers to be
cognizant of the adverse effects of zinc supplementation and consider it a cause in instances such as the one
presented in this case, after ruling out more common causes such as gastrointestinal bleeding or stroke.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Thomas M, Bomar PA: Upper Respiratory Tract Infection. StatPearls Publishing, Treasure Island, FL; 2022.

2. Skalny AV, Rink L, Ajsuvakova OP, et al.: Zinc and respiratory tract infections: perspectives for COVID-19
(review). Int ] Mol Med. 2020, 46:17-26. 10.3892/ijmm.2020.4575

3. Haase H, Rink L: The immune system and the impact of zinc during aging . Inmun Ageing. 2009, 6:9.
10.1186/1742-4933-6-9

4.  Wessels I, Rolles B, Rink L: The potential impact of zinc supplementation on COVID-19 pathogenesis . Front
Immunol. 2020, 11:1712. 10.3389/fimmu.2020.01712

5. Zinc supplement market size worth USD 10.18 billion with registering a CAGR of 9.40% by 2030, size, share,
demand, rising trends and competitive outlook. (2023). Accessed: August 7, 2023:
https://markets.businessinsider.com/news/stocks/zinc-supplement-market-size-worth-usd-10-18-billion-
with-registering-....

6. Wahab A, Mushtaq K, Khan A, Khakwani MS, Masood A, Henderson ], Malik F: Zinc-induced hypocupremia
and pancytopenia, from zinc supplementation to its toxicity, a case report. ] Community Hosp Intern Med
Perspect. 2021, 11:843-6. 10.1080/20009666.2021.1983319

7.  Francis Z, Book G, Litvin C, Kalivas B: The COVID-19 pandemic and zinc-induced copper deficiency: an
important link. Am ] Med. 2022, 135:e290-1. 10.1016/j.amjmed.2022.03.008

8. Wahab A, Mushtaq K, Borak SG, Bellam N: Zinc-induced copper deficiency, sideroblastic anemia, and
neutropenia: a perplexing facet of zinc excess. Clin Case Rep. 2020, 8:1666-71. 10.1002/ccr3.2987

9. Fischer PW, Giroux A, L'Abbe MR: Effects of zinc on mucosal copper binding and on the kinetics of copper
absorption. ] Nutr. 1983, 113:462-9. 10.1093/jn/113.2.462

10. Jensen EL, Gonzalez-Ibanez AM, Mendoza P, et al.: Copper deficiency-induced anemia is caused by a
mitochondrial metabolic reprograming in erythropoietic cells. Metallomics. 2019, 11:282-90.
10.1039/c8mt00224;j

11.  Doguer C, Ha JH, Collins JF: Intersection of iron and copper metabolism in the mammalian intestine and
liver. Compr Physiol. 2018, 8:1433-61. 10.1002/cphy.c170045

12.  Plantone D, Primiano G, Renna R, et al.: Copper deficiency myelopathy: a report of two cases . ] Spinal Cord
Med. 2015, 38:559-62. 10.1179/2045772314Y.0000000268

13. Kumar N: Copper deficiency myeloneuropathy. UpToDate. Post TW (ed): UpToDate, Waltham, MA; 2023.

14.  Klevay LM: Myelin and traumatic brain injury: the copper deficiency hypothesis . Med Hypotheses. 2013,
81:995-8. 10.1016/j.mehy.2013.09.011

2023 Gupta et al. Cureus 15(8): e43856. DOI 10.7759/cureus.43856 3of4


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.ncbi.nlm.nih.gov/books/NBK532961/
https://dx.doi.org/10.3892/ijmm.2020.4575
https://dx.doi.org/10.3892/ijmm.2020.4575
https://dx.doi.org/10.1186/1742-4933-6-9
https://dx.doi.org/10.1186/1742-4933-6-9
https://dx.doi.org/10.3389/fimmu.2020.01712
https://dx.doi.org/10.3389/fimmu.2020.01712
https://markets.businessinsider.com/news/stocks/zinc-supplement-market-size-worth-usd-10-18-billion-with-registering-a-cagr-of-9-40-by-2030-size-share-demand-rising-trends-and-competitive-outlook-1032419981
https://markets.businessinsider.com/news/stocks/zinc-supplement-market-size-worth-usd-10-18-billion-with-registering-a-cagr-of-9-40-by-2030-size-share-demand-rising-trends-and-competitive-outlook-1032419981
https://dx.doi.org/10.1080/20009666.2021.1983319
https://dx.doi.org/10.1080/20009666.2021.1983319
https://dx.doi.org/10.1016/j.amjmed.2022.03.008
https://dx.doi.org/10.1016/j.amjmed.2022.03.008
https://dx.doi.org/10.1002/ccr3.2987
https://dx.doi.org/10.1002/ccr3.2987
https://dx.doi.org/10.1093/jn/113.2.462
https://dx.doi.org/10.1093/jn/113.2.462
https://dx.doi.org/10.1039/c8mt00224j
https://dx.doi.org/10.1039/c8mt00224j
https://dx.doi.org/10.1002/cphy.c170045
https://dx.doi.org/10.1002/cphy.c170045
https://dx.doi.org/10.1179/2045772314Y.0000000268
https://dx.doi.org/10.1179/2045772314Y.0000000268
https://www.uptodate.com/contents/copper-deficiency-myeloneuropathy#:~:text=The mechanism underlying neurologic damage,transfer in key enzymatic pathways.
https://dx.doi.org/10.1016/j.mehy.2013.09.011
https://dx.doi.org/10.1016/j.mehy.2013.09.011

Cureus

15.  Amisha F, Saluja P, Gautam N, Biyani S, Kakadia S: Acquired hyperzincaemia due to zinc-laden denture
adhesives leading to hypocupraemia as a cause of neutropenia. Eur | Case Rep Intern Med. 2021,
8:10.12890/2021_002983

2023 Gupta et al. Cureus 15(8): e43856. DOI 10.7759/cureus.43856 40f4


https://dx.doi.org/10.12890/2021_002983
https://dx.doi.org/10.12890/2021_002983

	Zinc-Induced Copper Deficiency as a Rare Cause of Neurological Deficit and Anemia
	Abstract
	Introduction
	Case Presentation
	Initial presentation
	Hospital course
	Outcome
	TABLE 1: Summary of pertinent lab findings at the time of diagnosis, two months after zinc cessation and addition of oral copper gluconate, and most recent levels.


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


