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Introduction and aim: Low serum ceruloplasmin levels can occur in patients without Wilson's disease (WD) liver
disorders. When present, extensive, costly, and potentially harmful additional investigations for WD may be un-
dertaken. The purpose of this study was to document the prevalence of low serum ceruloplasmin levels in adult
patients without WD and describe the features commonly associated with this finding. Materials and methods:
Serum ceruloplasmin levels were measured by an enzymatic assay in 3040 adult patients attending an urban, liver
diseases outpatient clinic. Results: A total of 122 (4.0%) patients without WD had serum ceruloplasmin levels less
than the lower limit of normal documented at their initial visit. Their mean age was 44 + 14 years, and 80 (66%)
were men. The Model for End-stage Liver Disease (MELD) score was 9.0 + 4.0. Approximately, one half (65/122,
53%) had underlying viral hepatitis (52% hepatitis B and 48% hepatitis C). When compared with 64 MELD-
matched control patients with normal or elevated serum ceruloplasmin levels, there were no significant differ-
ences in liver enzyme/function tests, ferritin, creatinine values, or survival. However, the low serum cerulo-
plasmin cohort patients were younger (43 + 14 versus 52 + 13 years, p = 0.0002), less often men (66% vs. 88%,
p =0.001), and viral hepatitis was significantly more common (53% versus 27%, p = 0.0005). Conclusion: Low serum
ceruloplasmin levels were documented in 4.0% of adult patients without WD attending this urban liver diseases
outpatient clinic. These patients tend to be younger, less often men, and more often have viral hepatitis as the
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underlying cause of their liver disease. (J Cuin Exp HepaToL 2020;10:284-289)

eruloplasmin is a 151-kDa glycoprotein largely

responsible for copper transport within the body.

It also possesses ferroxidase activity and antioxi-
dant properties and is involved in the metabolism of poly-
amines, catecholamines, and phenols.1 Previous data
suggest that ceruloplasmin may alter the antigenic shift
and viral replicative activity and thus influence the
outcome of viral infections.” *

The liver and specifically hepatocytes within zone 1 of
the liver lobule is the principal site responsible for cerulo-
plasmin synthesis.s’6 As an acute phase reactant, serum
ceruloplasmin levels tend to be increased in conditions
associated with active necroinflammatory disease, various
malignancies, and during pregnancy.z(8 Levels are also
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increased in chronic cholestatic disorders of the hepatobili-
ary system such as primary biliary cirrhosis and sclerosing
cholangitis.”'” Conversely, low serum ceruloplasmin levels
are a common finding in patients with Wilson's disease
(WD), heterozygote carriers for WD-associated mutations,
and in a limited number of patients with fulminant hepat-
ic failure, malabsorption, protein losing enteropathies,
renal failure, and aceruloplasminemia, a rare condition
associated with severe iron overload.'" ”

Low serum ceruloplasmins have also been described in
patients without WD with chronic liver disease.'>' "
When present, this finding will often result in extensive,
costly, and potentially harmful additional investigations.
Thus, the objectives of this study were to document the
prevalence of low serum ceruloplasmin levels in adult pa-
tients without WD attending a large urban liver diseases
outpatient program and determine whether certain clinical
and/or biochemical features help to identify when non-
WD hypoceruloplasminemia is more likely to be present
in this patient population.

MATERIALS AND METHODS

This was a retrospective analysis of adult patients
referred to the Liver Diseases Outpatient Program at
the Health Sciences Centre, Winnipeg, Manitoba, Can-
ada between 1987 and 2015. A total of 3057 patients
had serum ceruloplasmin levels documented during
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that time period as part of their routine, initial evalua-
tion.

Patients with WD were diagnosed on the basis of
their clinical presentations, low serum ceruloplasmin
levels, elevated 24 h urine copper levels (>10 fold), pres-
ence of Kayser-Fleischer rings on slit-lamp examination,
and/or liver histology findings including tissue copper
levels being considered diagnostic for WD.'” Genetic
testing for ATP7B mutations was not available. Patients
without WD with low serum ceruloplasmin levels were
matched by Model for End-stage Liver Disease
(MELD) scores to patients without WD with normal
or elevated serum ceruloplasmin levels referred to the
clinic over the same time period.

Pregnant women, patients with cholestatic liver disease,
and patients with more than one liver diagnosis were
excluded from the analyses.

The following clinical and biochemical features were ex-
tracted from the clinic's electronic patient database: age,
gender, underlying liver diagnosis, serum alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alka-
line phosphatase (ALP), gamma-glutamyl transferase
(GGT), total bilirubin (T.Bili), albumin, international
normalized ratio for prothrombin times (INR), creatinine,
ferritin, ceruloplasmin (at presentation and last follow-up
visit), duration of follow-up, and survival.

The same database was used to document the preva-
lence of low serum ceruloplasmin levels in patients with
hepatitis B or C infections, nonalcoholic steatohepatitis
(NASH), and alcohol-induced liver disease, each diagnosed
by standard criteria.'®

All laboratory testings were performed by the Clinical
Chemistry Department at the Health Sciences Centre or
the Cadham Provincial Laboratory (viral loads) in Winnipeg,
Manitoba, Canada. Serum ceruloplasmin levels were
measured by determining serum oxidase activity in the pres-
ence and absence of ozide using p-phenylenediamine as sub-
strate."” The reaction product was measured at 530 nm.

The chi-square test of association was used to examine
differences between categorical variables. Continuous vari-
ables were assessed using Student #-test for difference be-
tween means or Mann-Whitney U test for differences in
medians (as appropriate). Survival data were analyzed by
Kaplan-Meier survival analysis and the Cox proportional
hazard regression model. Statistical significance was
considered present when a P-value observed was less than
5% in all analyses. All statistical analyses were carried out
using the SAS statistical software (version 9.3; SAS Insti-
tute, Cary, North Carolina).

The study protocol was approved by the University of
Manitoba Institutional Research Ethics Board.

The University of Manitoba conjoint Ethics Committee
has approved consenting patients assessed in the liver dis-
ease outpatient clinic for inclusion of anonymized data in
clinical research reviews.

RESULTS

The clinical and laboratory findings for patients with low
and normal or elevated serum ceruloplasmin levels are pro-
vided in Table 1. Also included for reference purposes only
are the findings for 15 patients with WD attending the
same clinic over the same period of time.

In total, 122 of 3040 (4.0%) patients without WD liver
disorders were documented to have low serum cerulo-
plasmin levels on initial evaluation. All 122 were confirmed
negative for WD as outlined in Methods. These individuals
without WD were matched by MELD score with 64 pa-
tients without WD with normal or elevated serum cerulo-
plasmin levels. The patients in the low ceruloplasmin
cohort were significantly younger than those in the cohort
with normal/elevated ceruloplasmin levels (44 £ 14 versus
52 £ 14 years, p = 0.0002), and a lower percent of patients
were men in the low ceruloplasmin cohort (66% versus
88%), (p = 0.001).

A higher percent of the patients with low ceruloplasmin
had yet untreated viral hepatitis as their primary underly-
ing liver disease (53% versus 27%, p = 0.0005) with an
approximately equal distribution of hepatitis B and C in-
fections (52% hepatitis B virus [HBV] and 48% hepatitis
C virus [HCV] in the low ceruloplasmin cohort and 53%
HBV and 47% HCV in the normal/elevated ceruloplasmin
cohort) (Figure 1). HBV viral loads were available in 22 pa-
tients with low ceruloplasmin and in 5 normal/elevated
ceruloplasmin controls. Median viral loads (log 10) were
similar in the two cohorts (4.23, interquartile range
(IQR): 2.83-6.57 versus 2.93, IQR: 2.22-4.41, respectively,
p = 0.31). HCV viral loads were available in 7 patients
with low ceruloplasmin and in 2 normal/elevated cerulo-
plasmin controls. Here again, median viral loads were
similar in the two cohorts (6.00, IQR: 5.13-6.73 versus
6.01, respectively, p = 0.99).

As per the study protocol, serum ceruloplasmin levels
were significantly lower in the low ceruloplasmin cohort
(144 £ 39 versus 321 = 75 mg/L, respectively), however,
serum ALT, AST, ALP, and GGT values were similar in
the two cohorts. Liver function tests as reflected by serum
T.Bili, albumin, INR, and MELD values were also similar in
the two cohorts as were serum ferritin and creatinine levels.

The mean follow-up was 99 £+ 70 months in the low
ceruloplasmin cohort and 62 + 55 months in the
normal/elevated ceruloplasmin cohort (p = 0.0003). In
the low serum ceruloplasmin cohort, 35% had cerulo-
plasmin values that had returned to normal at their last
follow-up visit. Ceruloplasmin levels were not repeated in
the controls with initially normal/elevated levels.

Twenty-five of 122 (21%) patients in the low cerulo-
plasmin cohort died during follow-up compared with S
of 64 (7.8%) of those with normal/elevated ceruloplasmin
levels (p = 0.001). However, when analyzed over the same
period of follow-up (200 months), survival curves were
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Table 1 Demographic and Clinical Characteristics of Patients with Wilson's Disease, Non-WD Low Serum Ceruloplasmin Levels,

and MELD-Matched Controls at Presentation.

Wilson's Non-WD low ceruloplasmin Controls P-value®
Variable (units and/or normal values) disease (N=122) (N =64)

(N =15) Mean * SD. Mean * SD.

Mean * SD.

Age (years) 27 +£11 44 + 14 52 + 14 0.0002
Men n (%) 12 (80%) 80 (66%) 56 (88%) 0.001
MELD score 11+6 9+4 942 0.69
Viral hepatitis Dx n (%) 0 (0%) 65 (53%) 17 (27%) 0.0005
Ceruloplasmin (180-450 mg/L) 89 + 96 144 + 39 321 +75 0.00000
ALT (<25 U/L) 172 + 449 71 +123 104 + 265 0.35
AST (10-32 U/L) 144 + 401 59 + 102 65 + 130 0.72
AP (30-120 U/L) 186 + 145 110 + 74 132 + 202 0.39
GGT (5-29 U/L) 163 + 400 114 + 228 172 + 222 0.09
Albumin (33-45 g/L) 39+6 39+18 39+6 0.97
Total bilirubin (5-21 umol/L) 43 £+ 100 17 + 26 18 £ 9 0.68
INR (0.9-1.1) 1.3 +0.56 1.11 +0.23 1.07 £ 0.09 0.26
Mean follow-up (months) 116 + 84 99 + 70 62 + 55 0.0003
Died during follow-up n (%) 1 (7%) 25 (21%) 5 (8%) 0.001

Abbreviations: MELD, Model of End-stage Liver Disease; Dx, diagnosis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alka-
line phosphatase; GGT, gamma-glutamyl transferase; INR, International Normalized Ratio for prothrombin times; SD, standarrd deviation; WD, Wilson

disease.

@p.values refer to comparisons between patients without WD with low ceruloplasmin levels versus MELD-matched control patients.

not significantly different between the two cohorts
(Figure 2). The causes of death had not been entered into
the database.

To exclude the possibility that viral hepatitis was more
common in patients with low serum ceruloplasmin levels
because these patients were significantly younger than
those with normal/elevated ceruloplasmin levels and viral
hepatitis tends to occur in younger patients than in those
with fatty liver disease, the prevalence of low serum cerulo-
plasmin levels in 1099 clinic patients with viral hepatitis
was compared with 1941 age matched, fatty liver disease
patients. Low serum ceruloplasmin levels were docu-
mented in 52 (4.7%) of patients with the viral hepatitis
and 25 (1.3%) of those with fatty liver disease (p < 0.0001).

DISCUSSION

The results of this study suggest that low serum cerulo-
plasmin levels occur but are an uncommon finding in
adult patients attending an urban liver diseases outpatient
program. When present, patients with this abnormality
tend to be younger, more often are women, and more often
have viral hepatitis as the underlying cause of their liver
disease than MELD-matched controls.

Previous studies have reported various findings with
respect to serum ceruloplasmin levels and the underlying
etiology in patients without WD with chronic liver disease.

Specifically, Cauza et al'* identified 16 of 2867 (0.56%) pa-
tients without WD attending their liver diseases outpatient
clinic with hypoceruloplasminemia. Of the 10 in whom an
underlying etiology had been established, 5 had acute or
chronic viral hepatitis; three, drug induced liver disease,
and two, decompensated alcoholic cirrhosis. Unfortu-
nately, the age, gender, and total number of patients
referred to their clinic with these conditions were not pro-
vided. Thus, perhaps the lower prevalence of low serum
ceruloplasmin levels in the Cauza study reflected differ-
ences in the demographics and underlying etiologies of
the two study populations. Given that low serum cerulo-
plasmin levels were associated with younger patients,
women, and those with viral hepatitis, it is conceivable
that these features were more common in our study popu-
lation.

There are a number of potential explanations as to why
some patients with hepatic dysfunction have low serum
ceruloplasmin levels, whereas others do not. Being an
acute-phase reactant, it is conceivable that those with low
levels have less necroinflammatory disease activity than
those with normal or elevated values. However, in a study
by Le Lan et al'®, there was no association between serum
ceruloplasmin and c-reactive protein levels. Similarly, we
did not find lower serum ALT and AST values, biochemical
parameters of hepatic necroinflammatory activity, in our
low ceruloplasmin cohort. Moreover, serum ferritin levels,

286 © 2019 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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another acute phase reactant, were similar in our two co-
horts. Given that cholestasis can be associated with
increased serum ceruloplasmin levels, an additional
consideration would have less of a cholestatic component
to the liver disease being present in the low serum cerulo-
plasmin cohort. Indeed, serum ALP and GGT values were
somewhat lower in the low ceruloplasmin cohort but
such a finding would only explain differences in the two co-
horts, not why levels would be less than the normal range
of values in the low serum ceruloplasmin cohort. Chronic
renal disorders can be associated with low serum cerulo-
plasmin levels but serum creatinine values were similar in

the two cohorts.'” Finally, it is quite possible that many
of these patients were heterozygous for the WD ATP7B
mutations and had developed superimposed chronic liver
disorders. That low serum ceruloplasmin levels persisted
after treatment and/or resolution of the liver disease in
65% of patients would support that possibility.

The finding that viral hepatitis was significantly more
common in patients with low serum ceruloplasmin levels
than those with normal or elevated values is a unique
and intriguing finding that may provide an explanation
for the previously reported discordant findings. Specif-
ically, as indicated earlier, ceruloplasmin is a glycoprotein

Low Ceruloplasmin Patients

H Alcohol
 Autoimmune

M Viral

M Fatty Liver

H Gilbert's Syndrome
H Other

Controls

B Alcohol

B Autoimmune

m Viral

M Fatty Liver

H Gilbert's Syndrome
M Other

Figure 1 Underlying liver disease in 122 patients with low serum ceruloplasmin levels (upper panel) and 64 MELD-matched controls (lower panel).
Viral hepatitis was significantly more common in patients with low ceruloplasmin compared with controls (53% versus 27%, p = 0.0005). Numbers
in figures refer to actual patient numbers. MELD = Model of End-stage Liver Disease
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Figure 2 Kaplan—Meier survival analysis at 200-month follow-up in 122 patients with low serum ceruloplasmin levels and 64 MELD-matched controls
with normal or elevated serum ceruloplasmin levels. There was no significant difference in survival. Log-rank test: Chi-square-0.55 DF-1, P = 0.46.

MELD = Model of End-stage Liver Disease

synthesized by hepatocytes in zone 1, the periportal region
of the liver lobule. Chronic viral hepatitis (both HBV and
HCV) predominantly affect zone 1 hepatocytes whereas
NASH and alcohol-induced liver disease, two conditions
that were relatively underrepresented in the low cerulo-
plasmin cohort, are typically zone 3 or pericentral vein dis-
orders.” Thus, intuitively one would predict that serum
ceruloplasmin levels would be lower in patients with
chronic viral hepatitis and other disorders that preferen-
tially affect zone 1, whereas levels would be normal or
elevated in disorders confined to zone 3 of the liver lobule
such as NASH and alcohol-induced liver disease. Unfortu-
nately, the number of noncholestatic, nonviral patients
with additional causes of zone 1 disease was too small to
test this hypothesis. Moreover, the explanation for why
viral hepatitis might decrease ceruloplasmin synthesis (or
shorten its half-life) in some but not all infected patients
would need to be explained. Alternatively, because cerulo-
plasmin may interfere with viral encapsulation and release,
low serum ceruloplasmin levels could result in increased
viral loads and thus increase the number of viral hepatitis
patients presenting with low serum ceruloplasmin levels.”

There are a number of limitations to this study that
warrant emphasis. First, genetic testing for WD would
have been helpful in determining whether patients
without WD with low ceruloplasmin levels were hetero-
zygous for WD mutations. Second, documentation of
the extent of the inflammatory liver disease activity
and thereby, induction of acute phase reactants was
limited to serum ALT, AST, and ferritin levels and no

effort was undertaken to exclude extrahepatic inflam-
matory conditions or malignancies. Third, renal
dysfunction was assessed by serum creatinine rather
than urinary protein levels with proteinuria being
most often implicated as a renal cause of hypocerulo-
plasminemia.zo Fourth, the durations of follow-up
were different and causes of death were not docu-
mented in either patients or controls. Fifth, it remains
unclear as to whether the higher prevalence of women
among the low ceruloplasmin cohort truly reflects a
gender effect or an unexpectedly low prevalence of
women in the MELD-matched control cohort. Finally,
the database did not specify the extent to which malnu-
trition, malabsorption, and protein losing enteropathies
might have contributed to the low ceruloplasmin levels.

In conclusion, the results of this study indicate that
serum ceruloplasmin levels are low in approximately 5%
of adult patients presenting to a large, urban, liver diseases
outpatient clinic. These patients tend to be younger, more
often women, and more often have viral hepatitis as the un-
derlying cause of their liver disease. Additional studies are
required to confirm the apparent association between low
serum ceruloplasmin levels and viral hepatitis and whether
this association alters the natural history of the viral
infections.
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