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Abstract

Background and aims

A ceruloplasmin (CP) concentration <200 mg/L is conventionally considered as one of the
major diagnostic criteria for Wilson’s disease (WD). However, the diagnostic accuracy of
this threshold has never been investigated in a sufficiently large group of patients. This
study aims to present the results of serum CP measurements in various patients and to
identify the optimal cutoff value of CP for the diagnosis of WD.

Materials and methods

We identified patients whose CP levels were evaluated from January 1, 2016 to December
31, 2016 using a laboratory information database. Data related to CP measurement were
retrieved. We carefully reviewed patients’ electronic medical records to correct errors and to
obtain other necessary data. Data related to WD were retrieved from a special document
containing medical records of patients with WD, which were created, modified, and main-
tained by authors.

Results

CP level was determined in 4048 patients (WD, 297; non-WD, 3751). The mean serum CP
level in patients with WD was 50.6+44.2 mg/L, which was significantly lower than that in
non-WD patients (293.2+117.3 mg/L, p<0.001). Only 1.0% of patients with WD had CP
>200 mg/L. The sensitivity and specificity of CP for the diagnosis of WD were 99.0 and
80.9%, respectively, for the conventional cutoff value <200 mg/L and 95.6 and 95.5%,
respectively, for the cutoff value <150 mg/L; the latter provided a higher diagnostic accuracy
for WD. 53.0% of patients with liver failure, 37.7% of patients with nephrotic syndrome, and
23.0% of patients age 1 to 6 months had serum CP <200 mg/L. Patients who were pregnant
and those with malignant tumors, and infectious and inflammatory diseases had significantly
higher mean serum CP levels.
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Conclusion

The optimal cutoff value of CP for the diagnosis of WD in China is 150 mg/L, with a sensitiv-
ity of 95.6% and specificity of 95.5%, thereby providing the highest diagnostic accuracy for
WD.

Introduction

Ceruloplasmin (CP) was first isolated from plasma and characterized by Holmberg and Laurell
in 1948 as a copper-containing protein.[1] Soon thereafter, Scheinberg and Gitlin demon-
strated a marked decrease in the concentration of this protein in serum samples from patients
with Wilson’s disease (WD).[2] Serum CP level measurement is the first step in screening for
WD. A CP concentration <200 mg/L is commonly considered one of the main diagnostic cri-
teria for WD.[3] However, the diagnostic accuracy of this threshold has never been investi-
gated or validated in a sufficiently large group of patients with and without WD. Furthermore,
most of the available data on CP threshold for the diagnosis of WD are primarily from Europe
and USA. Racial differences in CP possibly exist, which may in turn limit the generalizability
of data to other regions. Two lower thresholds have been suggested by authors from Hong
Kong [4] and Korea,[5] i.e., 140 mg/L and 160 mg/L, respectively. However, the study from
Hong Kong had an extremely small sample size (57 patients with WD and 136 non-WD
patients), and the study from Korea included only pediatric patients with hepatitis. Thus, fur-
ther studies with a larger number of patients are necessary.

In clinical practice, several factors may affect the serum CP levels. Serum CP may be low
in several conditions, including severe nephrotic syndrome and protein losing enteropathy,
severe end-stage liver disease of various etiology, and severe copper deficiency, as well as
certain neurological conditions.[6] Moreover, serum CP concentration is age-dependent.
[7] Physiologically, serum CP levels are very low in normal neonates and elevate to adult
levels by the age of 6 months, further increasing to a maximum concentration between 2-3
years old, (approximately 300-500 mg/L, which is higher than the adult level) and then
gradually decreasing to the adult range until the teenage period. In addition, as an acute
phase reactant, the serum CP concentration increases during inflammation, infection, and
trauma, largely as a result of increased gene transcription in the hepatocytes, as mediated by
inflammatory cytokines.[8] However, to the best of our knowledge, few prior studies on CP
included an adequate number of patients and appropriate conditions. The conditions and
the proportion of patients with abnormal CP levels remain unclear. This study aims to pres-
ent the results of serum CP measurements in patients with different gender, age, and disor-
ders and to identify the most appropriate cutoft value of CP for the diagnosis of WD in
China.

Materials and methods
Study setting

This study was conducted in the Second Xiangya Hospital, Central South University, which is
the largest and oldest university-affiliated hospital in Hunan Province, P. R. of China, with
4045 sickbeds and >3,000,000 outpatients per year. An advanced and modernized hospital
information system has been implemented for several years in the hospital, including elec-
tronic patient databases and laboratory information databases; thus, a clinician can easily
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access clinical data depending on his or her role, needs, and security rights. This study con-
formed to the Helsinki Declaration (1975) and was approved by the Ethics Committee of the
Second Xiangya Hospital, Central South University. Our hospital ethics committee waived the
requirement for informed consent.

Data sources

The main data source of this study was our hospital laboratory information database, which
contains laboratory information of all patients tested in our hospital. We used the database to
identify patients tested for CP from January 1, 2016 to December 31, 2016, and we retrieved all
data related to CP measurement, including test results and time, patient’s name, sex, age, diag-
nosis, medical record number, physician’s name, and the department that ordered the test.

We corrected errors in patients’ demographics and diagnosis based on a comprehensive
review of patients’ electronic medical records, which were similar to traditional paper charts
and contained a problem list, pharmacy data, orders, laboratory results, progress notes, vital
signs, radiology results, transferred record, and reports on various procedures, such as
endoscopy.

Another data source was our special document of medical records of patients with WD,
which we created, modified, and maintained.

Study population and definitions

All patients who had their serum CP tested during the study period were eligible for the study.
Outpatients whose data reliability could not be validated and inpatients whose data reliability
could not be validated because of a wrong medical record number were excluded from the
study.

Majority of the patients with WD were diagnosed by the authors. In addition to serum CP
level, patients suspected of having WD underwent a slit-lamp examination for Kayser-
Fleischer (K-F) rings, neurological examination, and determination of 24-h urinary copper
excretion before and after penicillamine challenge. If not contraindicated, liver biopsy was per-
formed. The WD gene mutation analysis was performed in some cases. The diagnosis of WD
was based on typical neurological symptoms, positive K-F rings by slit lamp examination, low
serum CP levels, elevated urinary copper excretion before and after penicillamine challenge, a
hepatic copper content of >250 ug/dry weight in the absence of cholestasis, and disease muta-
tions identified, as previously described.[3,9] The WD scores were calculated according to a
slightly modified Leipzig scoring system published in 2003.[3,10] The diagnosis of WD was
established on a WD score of four or more.

The WD phenotypes were classified according to previously published criteria.[10]

For few patients with WD diagnosed by other physicians, chart review was performed, the
diagnosis of WD was based on firm evidence of confirmatory tests. All patients with WD had a
WD score of four or more. The diagnoses of other various conditions were based on electronic
medical record review, which employed the International Classification of Diseases, 10th Revi-
sion (ICD-10%), codes to identify specific clinical conditions.

Laboratory methods

Routine laboratory data were obtained using standard methods. K-F rings were examined
under a slit lamp by a single ophthalmologist with rich experience. Serum CP levels were mea-
sured using the nephelometric method (normal range, 210-500 mg/L; Beckman Coulter,
Immage® Immunochemistry System, Brea, CA, USA). Copper levels in the serum, urine, and
liver were determined using flame atomic absorption spectrophotometry at a wavelength of
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324.7 nm, as previously described. [9,11] The ATP7B coding region and exon/intron bound-
aries were amplified using a polymerase chain reaction and sequenced in both directions, as
previously described.[12]

Statistical analysis

All statistical analyses were performed using SPSS (version 16; SPSS Inc., Chicago, IL, USA).
Patient characteristics are presented as mean + SD. The diagnostic accuracy of the test was
assessed in terms of sensitivity, specificity, and positive and negative predictive value (PPV and
NPV, respectively). Receiver operating characteristic (ROC) curve, which was used to deter-
mine the optimal cutoff value of serum CP level for the diagnosis of WD, was constructed
using the data from patients with WD and those with other various diseases.

Results

Between January 1, 2016 and December 31, 2016, CP was measured 7325 times in 6023 unique
patients. Among them, 1935 outpatients, whose data reliability could not be confirmed, were
excluded from the study. Forty inpatients whose data reliability could not be validated because
of a wrong medical record number or wrong telephone number were also excluded from the
study; the remaining 4048 patients were included.

Serum ceruloplasmin levels in patients with Wilson’s disease

A total of 297 patients had WD, of which 53 patients were newly diagnosed (50 patients were
diagnosed by authors) and 244 patients were diagnosed before 2016 (230 patients were diag-
nosed and followed up by authors). The mean age of the patients at diagnosis was 21.8+12.9
years (range, 2-62 years). The mean serum CP level in the patients diagnosed in 2016 was sim-
ilar to that in the patients diagnosed before 2016. The mean serum CP level in the 297 patients
was 50.6+44.2 mg/L, which was significantly lower than that in the non-WD patients
(p<0.001). CP <200 mg/L was noted in 99.0% of patients with WD, and 84.8% of patients
with WD had CP <100 mg/L. Only three patients (1.0%) had CP >200 mg/L (Table 1).

Serum ceruloplasmin levels in patients with other conditions

CP was measured in 3751 unique patients with various diseases other than WD (male, 2383;
female, 1368) (Table 2). The mean age of the patients during the test was 29.6+22.9 years
(range, 1 month-86 years). The mean serum CP level in these patients was 293.2+117.3 mg/L,
which was significantly higher than that in patients with WD (p<0.001). Patients with acute
and subacute, chronic liver failure had the lowest mean serum CP (200.8+55.3 mg/L, 218.6
+73.8 mg/L, respectively); 53.0% of patients with acute and subacute liver failure had CP <200
mg/L and 12.6% had CP <150 mg/L. However, only 0.9% of patients had CP <100 mg/L. 3
patients with chronic liver failure had CP <100 mg/L, the possibility of WD had been excluded
in all of them through subsequent clinical follow-up. Patients with nephrotic syndrome had

Table 1. Serum ceruloplasmin concentrations in patients with WD.

Time of diagnosis Mean age (years) Ceruloplasmin concentration (mg/L)
0- 50- 100- 150- >200 Mean
In 2016 (n = 53) 20.8+11.6 39(73.2%) 7(13.2%) 6(11.3%) 0 1(1.9%) 50.7+44.8
Before 2016 (n = 244) 22.0£12.0 170(69.7%) 36(14.8%) 26(10.7%) 10(4.1) 2((0.8%) 50.4+44.2
Total (n = 297) 21.8+11.9 209(70.4%) 43(14.5%) 32(10.8%) 10(3.4%) 3(1.0%) 50.6+44.3

https://doi.org/10.1371/journal.pone.0190887.t001
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Table 2. Serum ceruloplasmin levels in patients with various diseases.

Classification of diseases Ceruloplasmin level (mg/L)
Mean 0- 50- 100- 150- >200

Acute hepatitis (n = 62) 378.6+115.9 0 0 0 0 62
Chronic hepatitis (n = 228) 249.3+88.2 0 0 9 53 166
Cirrhosis (n = 490) 260.9+85.0 0 0 25 101 364
Acute and subacute liver failure (n = 162) 200.8+55.3 0 0 23 72 67
Chronic liver failure (n = 183) 218.6+73.8 0 3 16 69 95
Drug-induced hepatitis (n = 60) 340.9+113.1 0 0 1 55
Autoimmune hepatitis (n = 44) 321.2+119.5 0 0 0 42
Primary biliary cirrhosis (n = 44) 360.8+120.5 0 0 0 40
Alcoholic liver disease and NAFLD (n = 142) 283.4+81.3 0 0 7 16 119
Other digestive tract diseases (n = 129) 307.0+107.5 0 0 5 11 113
Nephrotic syndrome (n = 324) 235.4+88.3 2 5 38 77 202
Purpura nephritis (n = 120) 263.1£77.9 0 0 6 18 96
Other kidney disease (n = 160) 283.2+75.3 0 0 2 16 142
Parkinsonism (n = 16) 281.9+60.8 0 0 0 2 14
Schizophrenia (n = 28) 262.7+73.7 0 0 1 3 24
Depression (n = 12) 254.3+72.6 0 0 0 1 11
Epilepsy (n = 103) 278.2+69.6 0 0 1 8 94
Autonomic nervous dysfunction (n = 28) 263.9+68.0 0 0 0 3 25
Myasthenia gravis (n = 64) 283.1+£62.0 0 0 0 3 61
Other nervous, mental disorders (n = 167) 275.8+67.0 0 0 4 16 147
Purpura (n = 156) 294.7+78.8 0 0 4 13 139
Connective tissue diseases (n = 124) 353.2+140.7 0 0 2 8 114
Mucocutaneous lymph node (n = 11) 452.3£155.7 0 0 0 0 11
Cardiovascular disease (n = 77) 304.0+101.4 0 0 3 8 66
Hyperthyroidism (n = 32) 375.3+156.2 0 0 0 1 31
Diabetes mellitus (n = 27) 286.9+81.5 0 0 0 3 24
Sepsis (n = 81) 381.2+119.0 0 0 0 3 78
Pneumonitis and bronchiolitis (n = 158) 338.8491.7 0 0 1 6 151
Infectious mononucleosis (n = 15) 415.5+86.5 0 0 0 0 15
Intracranial infection (n = 121) 314.6+104.6 0 0 0 7 114
Pregnancy (n = 47) 623.4+218.5 0 0 0 0 47
Malignant tumor and leukemia (n = 229) 392.1+152.5 0 1 2 12 214
Other diseases (n = 107) 326.8+124.0 0 2 2 13 90
Total (n = 3751) 293.2+117.3 2 11 152 553 3033

NAFLD; nonalcoholic fatty liver disease

https://doi.org/10.1371/journal.pone.0190887.t002

very low mean serum CP (235.4+88.3 mg/L); 37.7% of patients had CP <200 mg/L, 13.9% had
CP <150 mg/L, 2.2% had CP <100 mg/L, and two patients had CP <50 mg/L and the possibil-
ity of WD had been excluded in these two patients through subsequent clinical follow-up too.
Patients with other liver disease and nervous and mental diseases also had significantly lower
mean serum CP levels. Moreover, pregnant women had the highest mean serum CP (623.4

+218.5 mg/L). Other conditions with significantly higher mean serum CP levels included

malignant tumor, leukemia, various infectious diseases, mucocutaneous lymph node, hyper-

thyroidism, and connective tissue diseases.
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Table 3. Serum ceruloplasmin concentrations in patients stratified by age.

Age group No. of patients Ceruloplasmin concentration (mg/L)

Mean 0- 50- 100- 150- >200
1 month- 74 262.0+£119.5 0 0 6 11 57
6 months- 17 274.9+£92.0 0 0 0 2 15
1 year- 462 327.4+113.5 0 1 8 26 427
6 years- 644 302.9+£106.2 1 2 19 68 554
10 years- 553 267.0£99.6 0 4 33 90 426
20 years- 209 307.3+£172.4 1 1 13 39 155
30 years- 307 277.4%142.1 0 2 14 81 210
40 years- 518 266.4+103.3 0 1 35 109 373
50 years- 505 297.8+112.7 0 0 11 75 419
60 years- 344 306.0+108.1 0 0 11 43 290
70 years- 118 329.3+120.0 0 0 2 9 107
Total 3751 293.2+117.3 2 11 152 553 3033

https://doi.org/10.1371/journal.pone.0190887.t003

Serum ceruloplasmin levels in different age groups

The mean serum CP levels in 3751 non-WD patients stratified by age groups are presented in
Table 3. Patients age 1 to 5 months had the lowest mean serum CP level (262.0£119.5 mg/L).
Among them, 23.0% of patients had serum CP <200 mg/L and 8.1% had serum CP <150 mg/
L; however, no patient had serum CP <100 mg/L. The value rapidly increased to adult concen-
tration by the age of 1 year and further increased to the maximum concentration by the age of
1 to 5 years. Thereafter, the value gradually decreased back to the adult concentration during
the teenage years. The concentration increased again by the age of 60 years, and the second
peak of concentration was noted in patients >70 years of age.

Diagnostic accuracy of ceruloplasmin for Wilson’s disease

The sensitivity, specificity, PPV, and NPV of serum CP level for the diagnosis of WD at the
conventional cutoff value <200 mg/L were 99.0, 80.9, 29.1, and 99.9%, respectively, in the
whole group and 99.0, 76.4, 38.9, and 99.8%, respectively, in patients with liver, nervous, and
mental diseases (Tables 4 and 5). An ROC curve of serum CP level for the diagnosis of WD
was constructed using the data of 297 patients with WD and 3751 non-WD patients (Fig 1).
The area under the curve was 0.992 (95% confidence interval (CI), 0.987-0.996). The ROC
curve suggested that the most useful cutoff value is 150 mg/L, with a sensitivity of 95.6% and
specificity of 95.5%, thereby providing the highest diagnostic accuracy for WD. Another ROC
curve of serum CP level was constructed using the data of 297 patients with WD and 1962
patients with liver, nervous, and mental diseases (the figure was omitted). The area under the
curve was 0.991 (95% CI, 0.986-0.996). Similarly, the ROC curve suggested that the most

Table 4. Diagnostic accuracy of ceruloplasmin at the conventional cutoff value in whole group.

CP(mg/L) No. of patients diagnosed Sensitivity(%, 95% CI) Specificity(%, 95% CI) PPV (%, 95% CI) NPV (%, 95% CI)
WD Non-WD Total

< 200 294 718 1023 99.0(98.9-99.1) 80.9(79.6-82.2) 29.1(26.3-31.9) 99.9(99,8-100.0)

> 200 3 3033 3036

Total 297 3751 4048

CP, CI, confidence interval, Ceruloplasmin; WD, Wilson’s disease; PPV, positive predictive value; NPV, negative predictive value.

https://doi.org/10.1371/journal.pone.0190887.t1004
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Table 5. Diagnostic accuracy of ceruloplasmin at the conventional cutoff value in patients with liver, nervous, and mental diseases.

CP(mg/L) No. of patients diagnosed Sensitivity(%, 95% CI) Specificity(%, 95% CI) PPV (%, 95% CI) NPV (%, 95% CI)
WD Non-WD Total

< 200 294 463 757 99.0(98.9-99.1) 76.4(74.5-78.3) 38.8(35.3-42.3) 99.8(99,7-99.9)

> 200 3 1499 1502

Total 297 1962 2259

CP, CI, confidence interval, Ceruloplasmin; WD, Wilson’s disease; PPV, positive predictive value; NPV, negative predictive value.

https://doi.org/10.1371/journal.pone.0190887.t005

useful cutoff value is 150 mg/L, with a sensitivity of 95.6% and specificity of 95.0%, thereby
also providing the highest diagnostic accuracy for WD.

Discussion

A CP concentration <200 mg/L is often considered the major cutoff for the diagnosis of WD.
[3] However, this threshold is mainly based on data from Europe and the US, and its rational-
ity and usefulness have never been validated in a sufficiently large group of patients in China.
Given the possible regional differences in CP concentration, we investigated the diagnostic
accuracy of CP for WD in China. Our study showed that the conventional cutoff value <200
mg/L resulted in a sensitivity of 99.0%, which in turn led to unacceptably high false-positive
rates (whole group, 19.1%; patients with liver, nervous, and mental conditions, 23.6%). The
ROC curves suggested that the most useful cutoff value is 150 mg/L in both groups, where sen-
sitivity was 95.6%, and false positive-rates were 5.0% (whole group) and 4.8% (patients with
other conditions), thereby providing the highest diagnostic accuracy for WD. These results
were consistent with those of previous studies from Hong Kong and Korea.[4-5]

ROC curve
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Fig 1. ROC curve of serum ceruloplasmin concentration for the diagnosis of WD. The curve was constructed using
the data of 297 patients with WD and 3751 non-WD patients. The area under the curve was 0.992 (95% confidence
interval (CI), 0.987-0.996).

https://doi.org/10.1371/journal.pone.0190887.g001
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Table 6. Proportion of patients with WD with normal ceruloplasmin levels in different regions.

Author Country/time Patients with Wilson’s disease

Total number of patients Patients with normal CP levels
Brewer GJ et al. [24] USA/1992 89 8(11.2%)
Martins da Costa C [25] United Kingdom/1992 17 3(17.6%)
Steindl P et al. [18] Germany/1997 55 15(27.3%)
Merle U et al. [26] Germany/2007 163 19(11.8))
Gheorghe L et al. [27] Romania/2004 55 24(43.6%)
Miiller T et al. [28] Austria/2007 35 9(25.7%)
Manolaki N et al. [29] Greece/2008 57 7(12.3%)
Nicastro E et al. [30] Italy/2010 40 2(5.0%)
El-Karaksy H et al. [31] Egypt/2011 54 1(1.9%)
Taly AB et al. [32] India/2007 282 19(6.9%)
Rukunuzzaman MD [33] Bangladesh/2015 100 27(27.0%)
Lee BH et al. [21] Korea/2011 237 0(0.0%)
Mak CM et al. [4] Hong Kong/2008 57 1(1.8%)
Liu Y etal. [23] China/2015 77 2(2.6%)
Feng L et al. [22] China/2016 126 0(0.0%)
This study China/2017 297 3(1.0%)

https://doi.org/10.1371/journal.pone.0190887.t006

In discussing the threshold, two other aspects should be considered. First, the selection of
the optimal cutoff values for a test by means of the Youden index may lead to an overestima-
tion of sensitivity and specificity. The amount of bias in sensitivity and specificity predomi-
nantly depends on the sample size.[13] As our study had an extremely large sample size, the
amount of bias in sensitivity and specificity caused by the sample size would be expected to be
negligible. Second, the choice of the threshold of a test depends not only on its accuracy but
also on disease prevalence and clinical benefits and costs, which could be associated with cor-
rect and incorrect subject classification.[14-15] For a screening test of a very low-prevalence
disease such as WD, a low threshold should be chosen to favor specificity. When the threshold
of 150 mg/L was used, the sensitivity decreased by only 3.4%, and the false-positive rate
decreased by 14.1%, which in turn prevented 553 false-positive patients (150 mg/L>CP<200
mg/L) from undergoing unnecessary further investigations. Therefore, the new threshold may
be more cost-effective than the conventional one.

One important finding of this study was that very few patients with WD had normal CP lev-
els in our study. Most reports indicated that 90-100% of patients with WD had serum CP in
the subnormal range.[16-17] However, an extremely high proportion of patients with WD
with normal CP levels has been reported by numerous authors. In one series, 12 of 55 patients
with WD had normal CP levels, [18] and in another study, six of 22 patients with WD also had
normal CP levels.[19] In a previous study, 10 of 28 children with WD had serum CP >200 mg/
L.[20] By contrast, very few patients with WD (1%) had normal CP levels in our study.
Although the CP level can vary based on different measurement methods, standardization,
and subject age, the discrepancy between our findings and those of previous studies could not
be explained by these factors because CP was measured using standard reagents and because
we included all age groups in our study. Through literature review, we found that the propor-
tion of patients with WD with normal CP levels had obvious regional differences, and few
patients with WD from China and Korea had normal CP levels. In a study reported by Lee BH
et al. from Korea, [21] none of 237 patients with WD had normal CP levels. In a study reported
by Feng L et al. from China, [22] none of 126 patients with WD had normal CP levels, and in
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another study reported by Liu Y et al. from China,[23] one of 57 patients with WD had normal
CP levels [Table 6]. Therefore, we speculated that some unclear regional factors from China
and Korea contributed to this discrepancy.

Another important finding of this study was that as many as 19.1% of non-WD patients
had CP <200 mg/L; however, the CP level was only slightly decreased in most of them, and
only 4.4% had CP <150 mg/L, and 0.3% had CP <100 mg/L. It is well known that CP levels
decrease in some patients with the nephrotic syndrome, and it has been suggested that the low
CP levels can result from CP loss in the urine. [34] However, CP levels have never been investi-
gated in a large cohort of patients with nephrotic syndrome. Our study confirmed that the
mean CP level is significantly lower in patients with nephrotic syndrome than in those with
other conditions. Of 324 patients with nephrotic syndrome, 37.7% of patients had CP <200
mg/L, 13.9% had CP <150 mg/L, and 2.2% had CP <100 mg/L. A CP level as low as 20 mg/L
was noted in two patients. These results suggest that nephrotic syndrome should be considered
in the differential diagnosis of patients with extremely low CP levels. Among all non-WD
patients, those with acute and subacute liver failure had the lowest mean serum CP (200.8
+55.3 mg/L). Of 345 patients with liver failure (acute, subacute, and chronic), 53.0% of patients
had CP <200 mg/L, and 12.1% of patients had CP <150 mg/L; however, unlike in nephrotic
syndrome, only a few patients had CP <100 mg/L, and no patient had CP <50 mg/L. Although
patients with liver failure may have a low CP level, [35] as many as 53.0% of patients with liver
failure with CP <200 mg/L have not been reported. As severe overlap in CP concentration
between WD and non-WD liver failure exists, WD could not be confirmed or excluded
according to the CP concentration alone.

Several studies have examined the nature, functions, and regulation of plasma CP.[36-37]
However, in actual clinical practice, few studies have measured the CP levels in a large number
of patients with various conditions. Our study with 297 patients with WD and 3751 non-WD
patients, including different age groups and different conditions, is currently the largest study
on CP. In this study, pregnant women were found to have the highest mean CP level (623.4
+218.5 mg/L), which was significantly higher than those in other groups. Among 47 pregnant
women, no patient had subnormal CP levels. It is well established that estrogen and progester-
one have enhancing effects on the expression of CP in the blood plasma. The levels of CP
increase during pregnancy and in women taking oral contraceptives.[38] Our results were
consistent with those of previous studies. In addition, it is well known that CP is an acute
phase reactant, and CP levels in the blood plasma increase when the immune system responds
to infection and inflammation. Inflammatory responses are largely mediated by cytokines.[39-
40] Our study has shown that patients with malignant tumors, leukemia, various infectious
diseases, mucocutaneous lymph node, hyperthyroidism, and connective tissue diseases had
significantly higher mean serum CP levels, and few of these patients had subnormal CP levels.
These results were consistent with those of previous studies.

In conclusion, very few patients with WD (1%) had normal CP levels in China, and 19.1%
of non-WD patients and 53.0% of patients with acute and subacute liver failure had CP <200
mg/L. The most useful cutoff value of CP for the diagnosis of WD is 150 mg/L, which provides
the highest accuracy for the diagnosis of WD.
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