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Aims: Copper deficiency resulting from prescribing zinc in high doses is a rare but

life-changing diagnosis that is frequently overlooked. The aim of this study is to

gauge how often zinc-induced copper deficiency is missed, to raise awareness of the

condition and to stress the need for guidelines for prescribing zinc.

Methods: Suspected cases of zinc-induced copper deficiency were retrospectively

obtained by selecting those patients with hyperzincaemia and hypocupraemia from

the database of the Scottish Trace Element Laboratory. Case records were reviewed

to determine the validity of the suspected diagnosis.

Results: After exclusions, 23 instances of high serum zinc and low serum copper con-

centrations were found. A positive diagnosis of zinc-induced copper deficiency was

made in 14 patients, of which 7 (50%) were previously undiagnosed.

Conclusion: Serum zinc and copper concentrations are rarely measured in patients

prescribed zinc and so the vast majority of cases of zinc-induced copper deficiency

are likely to be undiagnosed. We recommend the current official advice on the dose

and frequency of zinc administration is revised in order to limit, and potentially eradi-

cate, the condition.
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1 | INTRODUCTION

Zinc-induced copper deficiency (ZICD) is a specific form of copper

deficiency associated with ingestion of excessive quantities of zinc. Its

diagnosis is often overlooked and can result in anaemia and severe

irreversible neurological complications.1

Absorption of zinc is largely controlled in the epithelial cells of

the small intestine. An increase in zinc intake stimulates a corre-

sponding increase in production of an epithelial protein, metallothio-

nein, which binds zinc and blocks its release from the epithelium

into the body.2,3 However, copper binds more avidly to this protein

and, if zinc intake is sufficiently high, this can result in a more com-

plete block to the absorption of copper and ultimately copper

deficiency.4,5

In its early stage, ZICD presents with anaemia and neutropenia,

which resolve if the source of zinc is removed. More often, however,

the condition is not diagnosed until the development of neurological

sequelae which are often resistant to treatment leading to long-term

disability.6 In the 2 largest series of patients with ZICD, the median

times from presentation to diagnosis were 1.1 and 1.0 years by which

time 34 of 40 patients (85%) and 9 of 16 (56%), respectively, had

developed neurological disease.1,7

There is also evidence that some patients with ZICD are not diag-

nosed at all; for example, in an audit of patients prescribed zinc, unex-

plained haematological and neurological symptoms typical of copper

deficiency were found in 6 of 70 cases (9%).8

In the vast majority of patients with ZICD, serum concentrations

of zinc and copper are, respectively, high and low.9 Findings of
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hyperzincaemia or hypocupraemia on their own are rare, making a

combination of the 2 suggestive of a diagnosis of ZICD. This therefore

offers an alternative means of diagnosis. Following an upgrade of the

analytical equipment in the NHS Scotland Trace Element Laboratory,

simultaneous measurement of >1 analyte became possible for the first

time. For logistical reasons, it was decided to measure both serum

copper and zinc and only report the analyte requested. This facilitated

the copper concentration to be checked in hyperzincaemic samples

and similarly, a check of the serum zinc concentration in samples with

a low serum copper concentration. On the first 3 occasions that a

combination of high zinc/low copper concentrations was found, the

possibility of ZICD was suggested to the requesting clinician and in

2 cases the diagnosis was subsequently confirmed. This finding

prompted the retrospective survey that is reported here.

2 | METHODS

All simultaneous serum copper and zinc results measured over a

13-year period (2005 to 2017) were downloaded from the database

of the NHS Scotland Trace Element Laboratory. Zinc and copper

were measured by inductively coupled plasma mass spectrometry;

analytical performance in the UK national external quality assurance

scheme was good throughout the 13 years of the study. The case

records of patients with high zinc and low copper results were

requested. Serum zinc concentrations above 18 μmol/L, the upper

limit of the reference range, were considered to be high, and a

serum copper concentration below 8 μmol/L, being the highest

value found in literature reports of ZICD,10 (see Supporting Informa-

tion) was used to represent a low concentration. The following data

were extracted wherever available: presenting symptoms or diagno-

sis, evidence of excess zinc ingestion, time period of any zinc inges-

tion and the presence of haematological and neurological symptoms

typical of ZICD.

This study was approved by the NHS Greater Glasgow and Clyde

research ethics committee and followed Caldicott guidelines.

3 | RESULTS

Over the period of study, the Scottish Trace Element Laboratory data-

base held 16 197 results in 9090 patients in whom serum copper and

zinc were simultaneously measured. The combination of high zinc and

low copper concentrations was found in 40 (0.44%) patients. Seven-

teen patients were excluded: 3 had died and the case records

destroyed; 2 were receiving total parenteral nutrition; 7 were receiv-

ing zinc treatment for Wilson's Disease; the case records for 5 were

not available. Results for the remaining 23 patients are shown in

Table 1.

Seven patients (30%; Cases 1–7), all of whom had haematological

and neurological symptoms, had been referred to neurologists who

diagnosed ZICD. In each case, the cause was over-application of zinc-

containing dental fixative.

In 7 patients (30%; Cases 8–14), a retrospective diagnosis of

ZICD was made. (Cases 8 and 9 were 2 of the patients discussed in

the introduction and have been reported in full elsewhere.9,11) All had

typical symptoms of ZICD, which resolved when the source of

ingested zinc was removed. Five patients had been prescribed 3 tab-

lets of Solvazinc/day (135 mg/day). Two patients had over-applied

dental fixative. A further 2 patients (Cases 15 and 16) who had been

prescribed 135 mg/day zinc had no symptoms of ZICD. (Note: ele-

mental doses of zinc are quoted here and throughout.)

Case 17 was in intensive care and undergoing management of

Legionella pneumophila infection. She was receiving 39 mg zinc/day

via an enteral feed and had haematological and neurological symp-

toms typical of ZICD.

The 6 remaining patients (Cases 18–23) had no record of high

oral intake of zinc in their case records. Three of these patients had

typical symptoms of ZICD that could not be explained by their coex-

isting diagnoses.

The duration of zinc prescribing was only recorded for 2 patients;

7 months in Case 12 and 72 months in Case 14.

4 | DISCUSSION

Previous studies have already demonstrated significant delays in mak-

ing a diagnosis of ZICD.1,7 The current study has shown that of the

14 confirmed cases of ZICD, only 7 were diagnosed by the treating

clinician. The remaining 7 (50%) were undiagnosed until the change in

practice in the Scottish Trace Element Laboratory described earlier, or

as a result of this retrospective audit. Five of these patients had been

prescribed 135 mg zinc/day. A further 2 patients were prescribed

135 mg zinc/day and were asymptomatic.

What is already known about this subject

• Zinc-induced copper deficiency, a life-changing and occa-

sionally fatal condition, arises as a result of excess inges-

tion of zinc.

• The diagnosis is frequently delayed due to lack of aware-

ness of the condition leading to irreversible neurological

consequences.

• The most common cause is iatrogenic resulting from

excess zinc prescribing.

What this study adds

• The vast majority of patients with iatrogenic zinc-induced

copper deficiency remain undiagnosed.

• We recommend that current zinc prescribing guidelines

are modified in order to prevent copper deficiency.

2826 DUNCAN ET AL.
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It is unclear if Patient 17, who was receiving 39 mg zinc/day

through an enteral feed, had ZICD. Although she had symptoms typi-

cal of ZICD, these may have been secondary to her severe ill-health;

she was in intensive care at the time and although copper is a positive

acute phase reactant, very low copper concentrations are not uncom-

mon in very ill patients. However, her urinary zinc concentration was

measured and was found to be modestly elevated at 24.3 μmol/L (ref-

erence range: 3–19 μmol/L) suggesting that she may have been

receiving zinc in excess to requirements.

In 6 patients with low serum copper and high serum zinc concen-

trations, there was no record in case notes of zinc being prescribed.

Three of these patients had symptoms in keeping with ZICD and

which were atypical of their underlying diagnosis. However, we do

not discount the possibility of ZICD in these patients given a previous

report that described the frequent omission in case records of zinc

prescribing, other than its initial entry on the prescription sheet.8 A

possible reason for this is that some clinicians may consider zinc to be

an essential, innocuous nutrient rather than a pharmaceutical agent

with a serious potential side-effect profile.

There was little information recorded in case records on the time

period over which zinc was prescribed. In literature reports, ZICD

apparently develops slowly over many months or years. However, the

condition can occur within a few months,12,13 suggesting that this

apparent slow onset results from a delay in diagnosis.

The risk in the UK of ZICD secondary to over-application of den-

tal fixative or ingestion of over-the-counter zinc tablets is now likely

to be very small. In recent years, dental fixatives have been reformu-

lated as zinc-free products. Likewise, all 12 cases of excess ingestion

of zinc through over-the-counter formulations reported in the litera-

ture occurred in the USA. The maximum zinc preparation available in

the UK is Solvazinc which contains 45 mg/tablet; although higher

than the Recommended Daily Allowance (5.5 to 9.5 mg/day in men

and 4–7 mg/day in women14), this is unlikely to be dangerous unless

>1 tablet is consumed each day. Nevertheless, this possibility must

still be considered; since the current survey, the Scottish Trace Ele-

ment Laboratory detected ZICD in a middle-aged American woman

with unexplained anaemia who had been taking zinc supplements pur-

chased over the counter (amount unknown).

The cases of ZICD identified in the present study were associated

with doses of 135 mg zinc/day, which is >10 times higher than the

Recommended Daily Allowance. This dose is not evidence-based

since no clinical studies have been carried out to establish the optimal

dose for treating the milder cases of zinc deficiency occasionally seen

in the UK. Nevertheless, it is in line with the British National Formu-

lary recommended adult dose of 45–135 mg zinc/day.15 A review of

case records of patients prescribed zinc found that the higher dose of

135 mg/day was most commonly prescribed (in 52% of the cohort of

70 patients with an additional 8% being prescribed higher doses).8 By

comparison, the first cases of severe zinc deficiency described in Iran

in the 1970s were successfully treated with 21 mg/day.16

Authoritative international bodies suggest that a single Solvazinc

tablet containing 45 mg of zinc may be excessive; the upper tolerable

limit for oral zinc intake has been variously calculated at 25 mg/day

(UK Food Standards Agency, European Commission),17,18 45 mg/day

(World Health Organization)19 and 60 mg/day (US Environmental Pro-

tection Agency).20

A strong physiological case against the ingestion of large amounts

of zinc can also be made. The metallothionein-mediated mechanism

that controls zinc homeostasis results in the majority of ingested zinc

being either malabsorbed, hyperexcreted or accumulated in bone. As

the oral intake of zinc is increased, its absorption from the intestine is

reduced to as low as 20% with the majority of ingested zinc being

excreted in the faeces.21 Of the 20 literature reports in which urinary

zinc was measured in ZICD patients (see Supporting Information), very

high concentrations were recorded: average, 5.0 times the upper nor-

mal limit; range, 1.6–17.3 times the upper normal limit. The accumu-

lated zinc stores in bone may even result in elevated urine

concentrations for several years.22

Hypozincaemia, especially in hospitalized patients, is usually due to

the systemic inflammatory response (SIR) rather than zinc deficiency.

Around 60% of circulating zinc is bound to albumin much of which is

redistributed into the extravascular space during an SIR, thus resulting

in low serum zinc concentrations.23 For example, in healthy patients

admitted for elective knee surgery, serum zinc concentrations fall by

up to 40% but return to normal values after around a week.24 It is likely

that zinc is often inappropriately prescribed in patients with hypozin-

caemia secondary to the hypoalbuminaemia associated with an SIR.9

In summary, this study has revealed that ZICD is likely to be con-

siderably more common than currently realized. In this study, 50% of

patients with ZICD had previously been undiagnosed. Moreover, this

figure is likely to be a significant underestimate because these cases

were only detected fortuitously following serum zinc measurement,

an assay that is infrequently requested in patients prescribed zinc.8

Failure to make a diagnosis of ZICD increases the subsequent risk of

potentially irreversible life-changing neurological sequelae.

5 | CONCLUSIONS

In this survey, we have shown that iatrogenic ZICD is significantly

under-diagnosed, resulting in potentially serious irreversible neurolog-

ical sequelae. The condition is avoidable since it is invariably caused

by prescribing zinc in unnecessarily high doses of over 100 mg/day of

zinc. The risks of prescribing high doses of zinc was appreciated by

Porter in 1977: ‘The current dose of 220 mg of zinc sulphate 3 times

a day (equivalent to 135 mg/day) may be too high for long-term ther-

apy and a lower dose formulation of 10 or 20 mg capsules may need

to be considered’.25 This was restated more recently by Maret and

Sandstead: ‘For practical purposes and until research indicates other-

wise, zinc intakes should probably not exceed 20 mg zinc in adults’.26

We believe our study presents powerful evidence of the risk of

iatrogenic copper deficiency associated with exogenous zinc supple-

mentation. The current prescribing advice in the British National For-

mulary for adults (body weight 31 kg and above) is 45 mg, 1–3 times

a day. We suggest that this advice, for both dose and frequency of

administration, is revised downwards and that formal guidelines on

2828 DUNCAN ET AL.

 13652125, 2023, 9, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.15749 by N

H
S Education for Scotland N

ES, Edinburgh C
entral O

ffice, W
iley O

nline Library on [24/08/2023]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License



the management of conditions requiring zinc supplementation are

introduced to minimize the risk of ZICD.

In the absence of current evidence to support a specific safe and

efficacious dose, we suggest that when treating nutritional zinc defi-

ciency, prescribed doses should not exceed 20 mg/day of zinc

(roughly equivalent to half a Solvazinc tablet/day). The amount of zinc

required for the treatment of dermatological conditions such as acro-

dermatitis enteropathica27 and acne28 is currently based on literature

studies that invariably employ doses of >100 mg/day. Unless future

studies show that lower doses are efficacious we recommend regular

monitoring of serum copper concentrations in this indication.
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