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Background: An investigation on copper metabolism usually includes the measurement of serum levels of
copper and caeruloplasmin. Using these levels, some laboratories derive levels of non-caeruloplasmin-
bound copper (NCC); however, a considerable number of patients may show negative values, which is not
physiologically possible.
Aim: To derive an equation for adjusted copper in a manner similar to that widely accepted for adjusted
calcium.
Methods: A linear regression equation for the relationship between caeruloplasmin and copper was used:
[copper] (mmol/l) = 0.0526[caeruloplasmin] (mg/l). An equation for copper adjusted for caeruloplasmin
was derived using this equation and the reference interval of 10–25 mmol/l for copper.
Results: The derived equation was [adjusted copper] (mmol/l) = [total copper] (mmol/l)+0.0526[caer-
uloplasmin] (mg/l)+17.5 (mmol/l). The adjusted copper concentrations on the 2.5th and 97.5th centiles
were 12.7 and 21.5 mmol/l, respectively, with the population having a gaussian distribution. The
relationship between NCC and the adjusted copper concentrations is linear and independent of
caeruloplasmin concentration.
Conclusion: Calculation of copper adjusted for caeruloplasmin uses the same variables as those for NCC.
Accordingly, the problems that are caused by the lack of specificity of caeruloplasmin immunoassays are
the same as those identified for NCC. This calculation, however, overcomes the negative values that are
found in a considerable minority of patients with NCC, as well as age and sex differences in the
caeruloplasmin reference interval. As the concept is already familiar to non-laboratory healthcare
professionals in the form of calcium adjusted for albumin, this method is potentially less confusing than that
for NCC.

R
esearchers carrying out studies on copper are often
requested to investigate the potential for excess or
deficiency states of copper. Primary copper excess or

Wilson’s disease is an autosomal recessive condition1 2 that
results in copper deposition in the hepatic parenchymal cells,
the brain, the periphery of the iris and the kidney. In the
absence of obvious neurological changes or Kayser–Fleisher
rings, the diagnosis of Wilson’s disease can be a challenge.3 4

Secondary copper excess is also possible, especially in people
in the developing countries. Primary copper deficiency
presenting in childhood is often caused by Menke’s disease,
an inherited defect in copper absorption, and has a poor
prognosis.5 Primary copper deficiency can also occur in adults
as a neurological condition mimicking the extrapyramidal
signs of Wilson’s disease.6 Secondary or acquired copper
deficiency is reported in patients who are supported with
long-term enteral nutrition7 and with overuse of zinc
supplementation.8 Investigators are often requested to
diagnose copper deficiency because early recognition and
copper supplementation can prevent neurological deteriora-
tion.9

Most of the copper in the serum is transported bound to
caeruloplasmin; the rest is bound to albumin, transcuprein
and copper–amino acid complexes.10 Serum levels of copper
and caeruloplasmin may be influenced by age and sex, as
well as by other conditions,11 12 but laboratories often do not
take these into account when reporting reference intervals.
Furthermore, caeruloplasmin has 6–8 (not 6) copper atoms
per molecule, with most being tightly bound.13–16 As a result,
serum caeruloplasmin may show considerable heterogeneity
in the number of copper atoms per molecule. Thus, any
formula that is used to calculate caeruloplasmin-bound

copper assuming that six copper atoms bind per molecule
of caeruloplasmin may be valid only in certain situations and
also be subject to definite limitations.

As the serum level of copper is largely determined by that
of caeruloplasmin,17 18 this should be taken into account
when presenting and interpreting copper levels. Some
patients with Wilson’s disease have serum levels of copper
and caeruloplasmin within their respective reference
range2 4 13 19–21; furthermore, about 2% of the population is
heterozygotic for P-type adenosine triphosphatase mutations2

and often has caeruloplasmin levels around the lower
reference interval. To try to overcome such issues, the
measurement of NCC has been advocated as a superior
diagnostic tool for Wilson’s disease.13 17 18 Problems asso-
ciated with the current use of NCC18 include physiologically
impossible negative results in many patients.18 Furthermore,
any index for the study on copper status should ideally have
the potential to be used in the investigation on excess and
deficiency states of copper. It is also important that
healthcare professionals can understand the results provided
by the index in both excess and deficiency states of copper.
Although NCC is used in the investigation on copper excess,
to our knowledge it is not used in the investigation on copper
deficiency. Therefore, we hypothesised that a corrected
copper, analogous to adjusted calcium, would prove to be
more useful in presenting the results of copper analysis and
in maintaining credence among non-clinical and clinical
healthcare professionals. To this end, we used the data from
our previous publication18 to derive an equation to adjust the
serum concentration of copper for that of caeruloplasmin.

Abbreviation: NCC, non-caeruloplasmin-bound copper
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METHODS
We previously reviewed the copper, caeruloplasmin and NCC
results for 338 patients without Wilson’s disease or copper
deficiency.18 The copper was analysed by flame atomic
absorption on a Varian Spectra 20 (Palo Alto, USA)
(interassay coefficient of variance (CV) 5.3% at 18 mmol/l)
and the caeruloplasmin with the Roche Tintaquant Kit
(Lewes, UK) on a Hitachi 912 (interassay CV 8.9% at
300 mg/l)18. When copper concentrations were plotted
against those of caeruloplasmin (fig 1), we derived a slope
of 0.052 (0.049 to 0.055) and an intercept of 20.1 (21.1 to –
0.9), where copper concentration is measured in mmol/l and
that of caeruloplasmin in mg/l. An intercept of 0.0 was used,
as it was not statistically different from zero. Thus, we used
the same principle as that used by Barth et al22 for the
adjustment of serum calcium for albumin, at a reference
interval of 10–25 mmol/l for copper, and obtained

[adjusted copper] (mmol/l) = [total copper] (mmol/l)
20.0526[caeruloplasmin] (mg/l)+17.5 (mmol/l)

With this equation, we derived the adjusted copper
concentrations on the 2.5th and 97.5th centiles for the 338
patients. We subsequently classified each patient as being
high or low for adjusted copper and for NCC.

RESULTS
The concentrations of caeruloplasmin and copper were in the
range (median) 180–730 (335) mg/l and 7–41 (18) mmol/l,
respectively.18 The adjusted copper concentrations on the
2.5th and 97.5th centiles were 12.7 and 21.5 mmol/l,
respectively. The relationship between the adjusted copper
and NCC concentrations is linear (fig 2), with

NCC = 0.9986adjusted copper for caeruloplasmin215.76

when ordinary linear regression is used with a correlation
coefficient of 0.977. The copper adjusted for caeruloplasmin is
independent of caeruloplasmin concentration (fig 3). The
cumulative copper distribution plot for this population
approximates to a gaussian distribution (fig 4). With the
use of the reference intervals for adjusted copper and NCC, all
but six results were in agreement: low NCC with a normal
adjusted copper (n = 1); low adjusted copper with a normal
NCC (n = 1); high NCC with normal adjusted copper (n = 2);
and high adjusted copper with normal NCC (n = 2). With the
95% confidence interval (CI) for the slope (0.049 to 0.055)
used in the calculation of the adjusted copper for caerulo-
plasmin, five of the six discordant results mathematically
agreed and were included in the 95% CI for one of the
reference limits for copper adjusted for caeruloplasmin. The
remaining result had a normal but low adjusted copper of
11.7 (95% CI 11.7 to 11.8) mmol/l with an NCC of 23.1 mmol/l.

Although both indices are based on serum levels of copper and
caeruloplasmin, the mathematical manipulations seem to be
notably different. Our results, however, suggest that the copper
adjusted for caeruloplasmin is clinically equivalent to the NCC.
Accordingly, different mathematical approaches that use serum
levels of copper and caeruloplasmin as variables can deliver
equivalent answers from the viewpoint of a clinical interpreta-
tion.

DISCUSSION
In a previous study,18 the 95% CI for NCC was found to be
22.9 to 6.3 mmol/l.18 Clearly, a negative NCC is not possible in
reality, but this was found in 20.1% of our patient population.
The implication is that the NCC, as reported by laboratories
using copper and caeruloplasmin analysed from the same
specimen, is probably confusing for non-laboratory health-
care professionals. As laboratories have reported calcium
adjusted for albumin for many years,22 we suggest that the
concept of copper adjusted for caeruloplasmin will be better
understood as it will not experience the defect of negative
values.

Adjusted copper for caeruloplasmin is quite different from
adjusted calcium for albumin. Unlike unbound calcium,
which is under hormonal control, it is far from clear what
controls the unbound copper level. Furthermore, whereas
roughly half the serum calcium is bound to albumin, most of
the serum copper is bound to caeruloplasmin. Thus, the
adjustment model that works with calcium may not be
appropriate for copper. Accordingly, this model needs to be
evaluated with specimens from patients with Wilson’s
disease. The relationship between levels of adjusted copper
and NCC in fig 2 is linear. Whereas such a relationship may
not seem intuitive, NCC and copper adjusted for caerulo-
plasmin both depend on levels of total copper and caerulo-
plasmin and only differ in the factors applied to the
caeruloplasmin level and the applied intercepts. Therefore,
we are not surprised by the linear relationship; it supports
our belief that they are probably equivalent indicators of
copper status.

The copper adjusted for caeruloplasmin is not just a way of
making copper better understood. By enabling adjustment,
especially for relatively high levels of caeruloplasmin without
recourse to producing ranges derived from age and sex,11–13 it
will thus stop questions on why copper level is slightly raised
when the caeruloplasmin is at the upper end of the reference
interval. Furthermore, it overcomes the problem of how
many copper atoms are carried on each caeruloplasmin
molecule.

The methodological weaknesses of copper adjusted for
caeruloplasmin are similar to those identified for NCC.18

Immunological methods used for caeruloplasmin cross react
with apocaeruloplasmin and there is no standardised method
for caeruloplasmin.13 Caeruloplasmin assays are fraught with
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Figure 1 Relationship between copper and caeruloplasmin in 338
patients.
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Figure 2 Relationship between concentrations of adjusted copper and
non-caeruloplasmin-bound (NCC) copper for 338 patients.
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uncertainty from specificity, bias and precision.23 Thus,
method-related differences may have a large effect on the
copper adjusted for caeruloplasmin in a manner similar to
NCC. Irrespective of which caeruloplasmin assay is used, we
recommend that laboratories determine their own equation
before implementing adjusted copper for caeruloplasmin, as
the equations may be dependent on the method.

No patients with either copper deficiency or excess were
included in this study and thus the results need to be
validated in these groups. Direct measurement of free copper
is now possible,24 but is not currently available in routine
laboratories. In due course, this may be an alternative
solution for patients who are being investigated for abnorm-
alities of copper metabolism.

CONCLUSION
We believe that copper adjusted for caeruloplasmin offers a
clearer method of presenting standardised copper concentra-
tions to clinicians when investigating copper metabolism,
and it also has the added advantage of overcoming reference
interval differences due to age and sex. Further evaluation
with specimens from patients with metabolic copper pro-
blems such as Wilson’s disease and copper deficiency is
required to validate this concept.
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Figure 3 Relationship between concentrations of caeruloplasmin and
adjusted copper for 338 patients.

100

75

25

50

0
10 15 20 25 30

Fr
eq

ue
nc

y

Adjusted copper (mmol/l)

Figure 4 Distribution plot for caeruloplasmin-adjusted copper in 338
patients.
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