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Article history: Background: Wilson disease (WD) is a hereditary disorder of copper metabolism, caused by mutations in
Received 19 July 2022 the ATP7B gene. There are more than 1000 pathogenic variants identified in ATP7B. R778L is the most
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common ATP7B mutation in China.
Methods: To estimate whether R778L is associated with the onset age of WD and other clinical variables.
Genotyping results of ATP7B gene were collected in our 22 patients with WD. We then conducted a

Keywords: systematic review and meta-analysis in databases, using the keywords Wilson disease and R778L
Wilson disease .
Genetics mutation.
Mutation Results: After the screening, a total of 23 studies were included, including 3007 patients with WD. Pa-
R778L tients with R778L mutation presented at an earlier age (standardized mean difference [SMD] = —0.18
[95% confidence interval, —0.28 to 0.08], P = 0.0004) and had lower ceruloplasmin concentration
(SMD = —0.21 [95% confidence interval, —0.40 to —0.02], P = 0.03) than the patients without the R778L
mutation. However, sex (odds ratio [OR] = 1.07 [95% confidence interval, 0.89 to 1.29], P = 0.32) and first
presentation were not associated with R778L mutation in WD (hepatic: OR = 1.37 [95% confidence in-
terval, 0.87 to 2.16, P = 0.17; neurological: OR = 0.79 [95% confidence interval, 0.48 to 1.30, P = 0.35; mix:
OR = 1.04 [95% confidence interval, 0.42 to 2.53, P = 0.87; asymptomatic/others: OR = 1.98 [95% con-
fidence interval, 0.49 to 7.96, P = 0.34).
Conclusions: Our results indicated that the R778L mutation is associated with an earlier presentation and
lower ceruloplasmin concentration in China.
© 2023 Elsevier Inc. All rights reserved.
Introduction which is more common than previously estimated."> Furthermore,

itis believed that the prevalence is higher in Asian countries than in

Wilson disease (WD) is an inherited chromosomal recessive Western countries, especially in East Asia, with an estimated
disorder of copper metabolism. The recent genetic prevalence prevalence of 29.5 per 100,000.2> The onset of WD may occur at
studies suggest the incidence of WD is approximately 1:20,000, any age, but the majority of patients with WD present between ages
five and 35 years.® Symptoms of WD vary widely; hepatic and

neurological manifestations are the most common symptoms, and

Funding: This work was supported by NSFC Grant No. 81501295 (L.Y.) and Grant ophthalmologic and psychiatric symptoms are also frequently re-
Nos. 81671287 and 82171438 (PJ.). ported. The excess copper leads to impaired copper homeostasis

Authors' contributions: Z.X., PJ., and L.Y. conceptualized and designed the ana- and overloaded copper in the liver brain. and other organs
lyses, drafted the initial manuscript, and reviewed and revised the manuscript; H.C. pp ! ) 8 )

. . . 6 .
and Z.X. designed the data collection instruments, collected data, and conducted resulting in toxic effects.” WD can be successfully treated with
the initial analyses; L.Y. coordinated and supervised data collection, and critically appropriate pharmacologic agents early after diagnosis but requires
reviewed the manuscript for important intellectual content. ZX, PJ, and LY. lifelong adherence.
contributed to study concept and de51gn, critical r'ev1ew, and manuscript revision. It is known that the biallelic mutations in ATPZB result in WD.
All authors approved the final manuscript as submitted and agree to be accountable . . 7 . f
for all aspects of the work. ATP?B is mapped to chromo;ome 13q14.3 in 1993, consisting o _20

* Communications should be addressed to: Drs. Jiang and Yu; The Children's introns and 21 exons. This gene encodes copper-transporting
Hospital; Zhejiang University School of Medicine; National Clinical Research Center ATPase (Cu—ATPase), a transmembrane protein that translocates
for Child Health; 3333 Binsheng Road; Hangzhou 310052, China. copper with the energy of ATP hydrolysis. Cu-ATPase has several

E-mail addresses: yulan20@zju.edu.cn (L. Yu), jlangpeifang@zju.edu.cn (P. Jiang).

https://doi.org/10.1016/j.pediatrneurol.2023.04.026
0887-8994/© 2023 Elsevier Inc. All rights reserved.


mailto:yulan20@zju.edu.cn
mailto:jiangpeifang@zju.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pediatrneurol.2023.04.026&domain=pdf
www.sciencedirect.com/science/journal/08878994
www.elsevier.com/locate/pnu
https://doi.org/10.1016/j.pediatrneurol.2023.04.026
https://doi.org/10.1016/j.pediatrneurol.2023.04.026
https://doi.org/10.1016/j.pediatrneurol.2023.04.026

Z. Xue, H. Chen, L. Yu et al.

functional domains: the copper-binding domain regulates Cu-
ATPase activity, the transmembrane domain forms the Cu channel
pore, the ATP-binding domain has a distinct nucleotide-
coordination environment (consists of two portions: the P-
domain and the signature motifs for the P-type ATPases and the N-
domain), and the A-domain is essential for the enzymatic function
of P-type ATPases.® There are more than 1098 pathogenic variants
in the ATP7B gene identified in patients with WD according to the
Human Gene Mutation Database.” The H1069Q in exon 14 is the
most common ATP7B mutation in Central, Eastern, and Northern
Europe populations. The R778L in exon 8, the most common mu-
tation in the Chinese population, was found to have an allele fre-
quency of 28.4% to 49.2% in patients with WD.° The founder effect
was indicated in this prevalent pathogenic variant based on the
haplotype studies.!"'? This mutation results in the changes of
arginine to leucine, remarkably decreasing the level of copper-
transporting ATPase by enhanced degradation.'

Some studies showed a correlation between R778L mutation in
the ATP7B gene and several clinical indices, including the age of
onset, clinical manifestation, and serum ceruloplasmin (CP) con-
centration,'#'® but the other studies failed to reproduce the cor-
relation.’>?! The limited number of patients in each study may
decrease the power to analyze the genotype-phenotype correla-
tions, resulting in discrepancies. Therefore, aiming to better deci-
pher the correlation between the mutation and clinical indices, we
utilized a meta-analysis, including a total number of 23 studies, to
analyze the mutation-outcome correlation.

Materials and Methods
Patients and screening for the R778L mutation

This retrospective study was conducted from April 2004 to
September 2020. The study was approved by the ethics committee
of the Children's Hospital, Zhejiang University School of Medicine
(2022-IRB-169), and written informed consent was received from
the patients or patients' legal guardians.

Twenty-two unrelated patients with WD were included for
ATP7B gene analysis. The sex, age of onset, phenotypes of the first
presentation, laboratory confirmation of the clinical diagnosis, the
ATP7B mutations, and the province data for each patient were
recorded when available. Among them, 14 patients had clinical
genetic testing with confirmed ATP7B variants. Peripheral blood
from the other eight patients was obtained. Genomic DNA was
extracted, and Sanger sequencing was performed to screen all the
exons and splice junctions of the ATP7B gene. A total of 29 pairs of
primers were designed to amplify the target regions of the ATP7B
gene (Supplementary Table 1). Pathogenic variants in ATP7B were
identified using
the American College of Medical Genetics and Genomics (ACMG)
guidelines.”” Patients were categorized as hepatic when they
showed signs and symptoms of acute or chronic liver disease
without any extrapyramidal symptoms (nausea, vomiting, dark-
ening of the color of urine, lightening of the color of stool, jaundice,
or ascites). Patients were categorized as neurological when they
showed the typical extrapyramidal symptoms (problems with
speech, swallowing, physical coordination, stiff muscles, or
tremors).

Search strategy

We registered the protocol in the International Prospective
Register of Systematic Reviews (PROSPERO CRD42021275791),
which is available in full on the NIHR HTA program web site
(https://www.crd.york.ac.uk/prospero/display_record.php?ID=CR

136

Pediatric Neurology 145 (2023) 135—147

D42021275791).%% The protocol was followed with no change, and
the review followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines.’* A protocol-
driven systematic search for articles reporting on the association
between WD and R778L mutation in ATP7B was conducted using
PubMed, EMBASE, Cochrane Library, Web of Science, and CNKI
databases. Each database was searched from the inception data
until October 5, 2021. A comprehensive search strategy was
including a combination of database-specific controlled vocabulary
terms and free-text terms relating to WD (e.g., ‘Wilson* disease,’
‘WD, ‘Kinnier-Wilson,” ‘Westphal-Strumpell Syndrome*,” ‘copper,’
‘copper storage,’ ‘storage disease*,’ ‘degeneration*’ ‘hep-
atolenticular,’ ‘hepatocerebral,” ‘pseudoscleroses,” ‘pseudosclerosis,’
‘cerebral,” ‘hepatic form,” ‘neuropathic,” ‘hepatic neurologic,’ ‘hep-
ato-neurologic,’ ‘lenticular’) and R778L mutation (e.g., ‘c.2333G>T,
‘p. Arg778Leu,’ ‘R778L’). The search was restricted to English and
Chinese languages with any study type. The search strategy for each
database is described in Supplementary Table 2.

Inclusion criteria and study selection

We identified and selected records retrieved through a search of
the electronic databases and indexing services. All articles were
uploaded to Endnote X9 for further screening. In the first stage of
screening, reviewing titles and abstracts were screened by two
independent reviewers (Z.X. and H.C.) for the relevance of both WD
and R778L mutation. In the second stage, full texts of the articles
were retrieved to be assessed for eligibility. To be eligible, we
included the study that provided both the detailed genotyping data
and the corresponding clinical data (sex or age or phenotypes, or
serum CP concentration). In addition, the study was included
describing at least two patients with R778L mutation, as well as at
least two non-R778L patients for comparison. Besides, we exclude
review papers, meta-analyses, organizational guidelines, editorial
letters, and expert opinions to avoid duplication. Conference ab-
stracts to be assessed were also excluded as they had not gone
through rigorous peer review. Possible discordance at any stage
was resolved by a third reviewer (L.Y.) to reach a consensus.

Clinical variables

The detailed clinical variables of this study were as follows: (1)
the age at onset of WD; (2) the sex of the patients; (3) the pheno-
types at the first presentation of WD: hepatic, neurological, mixed
phenotypes, and other or no phenotypes; and (4) the serum CP
value at first diagnosis.

Data extraction

Two authors (Z.X. and H.C.) independently extracted data from
the eligible following study characteristics: (1) publication details
(study author(s); year published, and the reference type); (2) pa-
tients’ general details (the patient's country and province or the
hospital at diagnosis); and (3) clinical variables. We took age, sex,
phenotypes of the first presentation, and serum CP concentration
as independent variables. For continuous variables (age and CP
value), mean and S.D. were extracted from the study or after
calculation. For categorical variables (sex and phenotypes), the
number of participants or events was extracted.

Quality assessment
Considering that all the included studies in this meta-analysis

were observational, the Newcastle-Ottawa Scale,>® which was
developed to assess the quality of nonrandomized studies, was
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used for quality assessment by two reviewers (Z.X. and H.C.),
respectively. Any discordance in the evidence of quality during the
assessment was discussed with the third reviewer (L.Y.) to reach a
consensus. The quality assessment criteria consisted of eight
components: (1) adequate definition of cases; (2) representative-
ness of the cases; (3) selection of controls; (4) definition of controls;
(5) comparability of cohorts based on the design or analysis; (6)
ascertainment of exposure; (7) same method of ascertainment for
cases and control; and (8) nonresponse rate. The total quality
assessment score of each study was 9, which was divided into three
levels: good quality (scoring 7 to 9), medium quality (scoring 4 to
6), and poor quality (scoring O to 3). Studies with medium and good
quality were included for further analysis.

Statistical analysis

All analyses for the R778L mutation reported in WD were per-
formed using the meta package in R version 5.0-1. The R package
contains the algorithm, and the results reported in the analysis
could be found on GitHub (https://github.com/xueziru0/Meta-
analysis_-Wilson-disease.git). To perform a meta-analysis, we
have to find a suitable effect size that can be summarized across all
studies and as a metric quantifying the relationship between two
entities. Continuous variables (age and CP value) were assessed
based on the standardized mean difference (SMD) with 95% con-
fidence intervals (CIs), whereas categorical variables (sex and
phenotype) were analyzed using odds ratio (OR) with 95% CIs. SMD
was used to express the size of the intervention effect in the study,
often interpreted using the convention by Cohen.’® SMD =0.20
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suggested a small effect, SMD =0.50 suggested a moderate effect,
and SMD =0.80 suggested a large effect. An effect size could be
small according to the criteria by Cohen, but it could still be
extremely important. In categorical data, ORs were the quantifica-
tion of odds to compare the relative odds of mutation. OR<1
suggested lower odds between the variable and mutation. OR = 1
suggested no association between the variable and mutation.
OR > 1 suggested higher odds between the variable and mutation.

By the Cochrane Handbook for Systematic Reviews of In-
terventions,?’ potential heterogeneity was assessed by visualiza-
tion of the forest plot and two statistical methods (Q-test and
Higgins I? statistic).?®?° Q-test was commonly used to quantify
between-study heterogeneity; however, it heavily depended on the
type of data. Therefore, another way to quantify between-study
heterogeneity, the I? statistic, which is directly based on Q-test,
was applied. Finally, data were pooled and analyzed using
common-effects models if 1> < 50%, whereas random-effects
models have otherwise been employed.

Additional analysis

When heterogeneity was observed, factors leading to hetero-
geneity would be discussed. The heterogeneity would be further
evaluated via three additional analyses.

Subgroup analysis

When data were available, we would perform subgroup analysis
to investigate whether the pooled effect size was associated with
the following factors.

[ 23 studies included in meta-analysis ]
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FIGURE 1. Flow chart depicting the article selection process. The color version of this figure is available in the online edition.
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TABLE 1
Characteristics of the Included Studies About Non-R778L Mutation

Reference Reference Type Province/Hospital Participants Onset Age (years) Symptom Onset Serum CP (mg/L)

d Q n Mean SD. n AlOH N H+N n Mean SD. n

Sheng Ye, 20034 Thesis Zhejiang Province NA NA NA 933 187 15 NA NA NA NA NA NA NA NA
Yan-Hong Gu et al,, 2005%*°  Journal article ~ Shandong, Jiangsu, Anhui, NA NA NA 1056 3.08 16 0 7 9 0 16 NA NA NA
Liaoning, Hebei, and
Sichuan provinces
Ai-Hong Qi, 2006°° Thesis Hubei and Henan provinces 10 10 20 147 89 20 1 8§ 11 0 20 94.15 7097 20

Jing-Fan Yang et al,, 2006°” Journal article  The First Affiliated Hospital 3 0 3 7.5 2.5 3 1 0 1 3 NA NA NA
of Sun Yat-sen University
Zhong-Sheng Zhang et al.,  Journal article  Guizhou province 9 3 12 2283 32 12 NA 3 6 NA 12 504 4.5 12
2008
Ming-Ran Sun, 2010*° Thesis The First Hospital of Jilin 3 1 4 29.25 10.28 4 0 2 0 2 4 NA NA NA
University
Nan Cheng, 2010%° Thesis The Hospital of Anhui 48 25 73 147 654 73 NA NA 36 NA 73 5446 2515 73
University of Chinese
Medicine
Ye-Qing Huang, 2011*! Thesis The First Affiliated Hospital/ 28 15 43 16.84 956 43 NA 25 NA NA 43 67 24 43
School of Clinical Medicine
of Guangdong
Pharmaceutical University
Ying-Qian Li, 2011%? Thesis The First Affiliated Hospital 2 5 7 NA NA NA NA 1 5 NA 7 NA NA NA
of Medicine of Shanxi
University
Shao-Juan Gu et al,, 2013*®  Journal article ~ The Third Xiangya Hospital 3 9 12 20 1119 12 0 5 7 0 12 752 31.08 12
of Central South University
Ming-Ming LI, 2013** Thesis The Second Xiangya 36 21 57 1857 134 57 NA NA NA NA NA 8880 51.13 57
Hospital of Central South
University
Li-Ming Jiang, 2013%° Journal article  Shanghai Children's 3 1 4 8 3.74 4 0 4 0 0 4 132,50 39.61 4
Medical Center, Shanghai
Jiaotong University School
of Medicine
Juan Geng et al., 2013%¢ Journal article  Shanghai Children's 3 1 4 7.5 4.5 4 2 1 1 0 4 135 82.00 4
Medical Center
Yu Liu et al.,, 201547 Journal article  Third Military Medical 0 6 6 28,50 13.06 6 0 6 0 0 6 NA NA NA
University
Hai-Yun Zhang, 2014%® Thesis Anhui University of Chinese 355 255 610 NA NA NA NA NA 276 NA 580 NA NA NA
Medicine
Dong-Feng Zhang, 2015*°  Thesis The First Affiliated Hospital 16 12 28 21.14 893 28 NA 15 NA NA 28 120.11 20.05 28
of Zhengzhou University
Rui Hua et al., 2016°° Journal article  The First Hospital of Jilin 18 11 29 21 123 29 1 14 4 10 29 7536 68.16 28
University
Shan-Shan Peng, 2016°! Thesis The First Affiliated Hospital 22 13 35 24 NA 35 NA NA NA NA NA 60 NA 35
of Jilin University, the
Second Xiangya Hospital of
Central South University
Ying-Ying Yu, 2017°? Thesis Shandong province NA NA NA NA NA NA 1 3 2 0 6 NA NA NA
Hao Yu, 2017°3 Thesis The Second Affiliated NA NA NA 16 113 51 NA NA NA NA NA 323 231 50
Hospital Zhejiang
University School of
Medicine
Nan Cheng et al., 2017°% Journal article  Anhui University of Chinese NA NA NA 1475 769 583 NA NA NA NA NA 719 51.0 583
Medicine
Xiao Heng et al.9, 201°° Journal article  The Third Xiangya Hospital 4 1 5 23 9.06 5 0 1 0 4 5 72.06 58.16 5
of Central South University
(from May 2011 to
November 2017)
Own experiment / The Children's Hospital of 7 4 11 15 1376 11 0 8 3 0 11 NA NA NA
Zhejiang University School
of Medicine
Abbreviations:
A/O = Asymptomatic or other symptom
H = Hepatic
N = Neurological
NA = Not available
(1) Whether studies included the gray literature or not We pooled the effect in each subgroup and overall subgroup by

(2) Whether studies were subject to any restriction by the assuming a random-effects model and tested the heterogeneity by
participant's country or province in the study forest plot, Q-test, and I statistic. Subsequently, a Q-test was conducted
or not to assess if there is a difference in the effect sizes between subgroups.
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Meta-regression

When including data from more than 10 studies, we conducted
univariate random-effects meta-regression with predefined pre-
dictors (year of publication). Meta-regression analysis was per-
formed to address heterogeneity by checking for a possible
association of predefined factors (year of publication) with effect
size differences. Bubble plots were generated to visualize the re-
sults of the meta-regression analysis. The slope of the regression
line represented the rate of change in effect sizes as a predefined
predictor. In addition, the R? index has presented the percentage of
heterogeneity variation, and the test of the predefined predictor
(year of publication) showed the influence of the pooled effect size.

Sensitivity analysis

A sensitivity analysis was conducted by excluding studies from
the meta-analysis one by one to examine the robustness of the
conclusions. Then the remaining data were pooled and analyzed
using the random effect model. Forest plots, Q-test, and the I?
statistics were calculated to check for heterogeneity.

Publication bias

Publication bias among the included studies was evaluated us-
ing a funnel plot between the effect size and its standard error. A
funnel plot with asymmetrical distribution indicated publication
bias. We used the contour-enhanced funnel plot to find the possible
causes of funnel plot asymmetry among the included studies, with
contour lines corresponding to different levels of statistical signif-
icance (P = 0.01. 0.05, 0.1). When further analysis showed that the
studies appear to be missing in areas of statistical low statistical
significance it indicated that the funnel plot asymmetry is due to
publication bias. Conversely, the studies were perceived to be
missing are areas of high statistical significance (P > 0.05), indi-
cating the cause of the funnel plot asymmetry may be due to other
factors, such as poor methodologic quality or true heterogeneity.>?

In addition, we applied Egger statistical test for continuous data
and the Harbord method for dichotomous data to assess the pos-
sibility of publication bias and represented with a regression line.>'"
33 When no publication bias was present, the points would scatter
around a regression line that ran through the origin. We considered
there to be publication bias if the intercept of the regression line
deviated from O with a P value of less than 0.10.

Results
Results of R778L mutation in 22 patients

A total of 22 patients in unrelated families were included with
their relevant clinical data (Supplementary Table 3). Eighteen pa-
tients (81.8%) presented with symptoms of liver disease or relevant
laboratory results. Four patients (18.2%) presented with neuro-
psychiatric symptoms. In total, 11 patients (50%) had R778L muta-
tion (three patients were homozygous and eight were
heterozygous for the R778L mutation), whereas 11 (50%) had other
mutations at both alleles. Thus, the R778L mutation was present in
31.8% of the alleles in patients with WD.

Selection process of included studies

The initial search retrieved 54 publications from PubMed, 569
from EMBASE, 27 from Cochrane Library, 78 from Web of Science,
and 406 from CNKI (Supplementary Table 2). After removing du-
plicates, 943 papers remained for the first round of screening. After
reviewing the titles and abstracts of all the papers, 802 irrelevant
publications were excluded, and 141 articles were then assessed for
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eligibility. After the first stage, 119 articles were excluded including:
(1) articles with less than two patients with R778L mutation
(n = 16); (2) articles that lacked the specific R778L mutation data in
patients (n = 11) or clinical data such as the age, sex, CP value, or
phenotypic manifestations at presentation (n = 59); (3) a confer-
ence, meeting abstract, or literature review or review (n = 26); (4)
articles with all patients from the same family in the study (n = 5);
(5) articles that repeated the study with the same patients (n = 1);
and (6) only one Korean paper; the remaining 22 papers were all
from China (n = 1). Therefore, 22 articles met all the inclusion
criteria for further analysis. Data derived from our clinical patients
were also included in this meta-analysis. Total of 23 studies were
used for the final analysis (Fig 1).

Characteristics of included studies

Tables 1 and 2 provided a detailed description of the key char-
acteristics for the included 23 studies.

Briefly, the 22 studies were all from China. For further classifi-
cation, due to the unequal geographic distribution of the Chinese
population and participating hospitals in which the patients were
diagnosed, we used conventional geographic classifications to
divide the Chinese mainland into northern and southern parts by
Qinling mountain and the Huaihe river (Fig 2).

We thus got six studies from northern China (i.e., Hebei, Henan,
Jilin, Liaoning, Shandong, Shanxi provinces), 14 studies from
southern China (i.e., Anhui, Chongqing, Guangdong, Guizhou,
Jiangsu, Hubei, Hunan, Shanghai, Sichuan, and Zhejiang provinces),
and three studies from both areas. Regarding the reference type, we
noticed that 10 studies were journal articles, 12 were thesis, and
one study was a personal file. The latter two types belonged to gray
literature, which was defined by the Cochrane Handbook for Sys-
tematic Reviews of Interventions as the literature that was not
formally published in sources such as thesis and ongoing reports.>®

Quality of included studies

The methodologic quality of the included articles was assessed
according to Newcastle-Ottawa Scale, and the scores ranged from 7
to 9, indicating that the quality of selected studies was high
(Table 3).

Meta-analysis results

Of the 23 studies in this systematic review, since the clinical
variables included the age of onset, sex, the phenotype at first
presentation of WD, and CP concentration, we analyzed the vari-
ables separately. The following paragraphs discuss the association
between the R778L mutation in ATP7B and the above-mentioned
variables.

Correlation between R778L mutation and the age of onset in WD

There were 19 studies (1674 patients) included for the analysis
of R778L mutation and the age of onset. The common-effect model
was applied since there was no significant heterogeneity (I = 0%;
P = 0.80). Age was significantly less in patients with R778L muta-
tion in WD when compared with those without R778L (SMD = -
0.18; 95% CI: —0.28 to -0.08, P = 0.0004) (Fig 3).

Visual assessments of the funnel plots (Supplementary
Figure 1A) and the Egger test (Supplementary Figure 1B) showed
no evidence of publication bias for results (P = 0.75).

Correlation between R778L mutation and sex in WD
Among the 19 studies (1888 patients) with information on sex,
there was no significant difference between R778L mutation and
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TABLE 2

Characteristics of the Included Studies About R778L Mutation

Reference Reference Type  Province/Hospital Participants Onset Age (years) Symptom Onset Serum CP (mg/L)
d Q n Mean S.D. n AlO H N H+N n Mean S.D. n

Sheng Ye, 2003** Thesis Zhejiang province NA NA NA 8.27 2.28 15 NA NA NA NA NA NA NA NA

Yan-Hong Gu et al., 2005°° Journal article Shandong, Jiangsu, Anhui, Liaoning, Hebei, and NA NA NA 8.97 2.76 17 1 9 7 0 17 NA NA NA
Sichuan provinces

Ai-Hong Qi, 2006°° Thesis Hubei and Henan provinces 7 4 11 15 42 11 0 10 1 0 11 53.83 36.54 11

Jing-Fan Yang et al., 2006°7 Journal article The First Affiliated Hospital of Sun Yat-sen 2 1 3 1733 4.03 3 0 2 1 3 NA NA NA
University

Zhong-Sheng Zhang et al,, 2008°®  Journal article Guizhou province 5 1 6 22 4.44 6 0 4 2 0 6 58.6 10.7 6

Ming-Ran Sun, 2010*° Thesis The First Hospital of Jilin University 6 4 10 18.8 9.23 10 0 5 0 5 10 NA NA NA

Nan Cheng, 2010%° Thesis The Hospital of Anhui University of Chinese 37 32 69 1417 6.3 69 0 NA 42 NA 69 47.81 25.29 69
Medicine

Ye-Qing Huang, 2011%! Thesis The First Affiliated Hospital/School of Clinical 15 17 32 13.19 772 32 NA 17 NA NA 32 67.3 20.6 32
Medicine of Guangdong Pharmaceutical
University

Ying-Qian Li, 20114 Thesis The First Affiliated Hospital of Medicine of 2 3 5 NA NA NA 0 3 2 0 5 NA NA NA
Shanxi University

Shao-Juan Gu et al,, 2013*3 Journal article The Third Xiangya Hospital of Central South 2 2 4 17 4.44 4 0 2 2 0 4 414 15.59 4
University

Ming-Ming LI, 2013* Journal article The Second Xiangya Hospital of Central South 19 12 31 1745 1213 31 NA NA NA NA NA 12127 16720 31
University

Li-Ming Jiang, 2013 Journal article Shanghai Children's Medical Center, Shanghai 2 7 9 7.33 33 9 0 9 0 0 9 58.38 50.53 8
Jiao Tong University School of Medicine

Juan Geng et al., 2013%° Journal article Shanghai Children's Medical Center 4 3 7 7.29 3.24 7 6 0 1 0 7 105.71  59.00 7

Yu Liu et al., 2015%7 Journal article Third Military Medical University 3 1 4 22.5 5.68 4 0 2 2 0 4 NA NA NA

Hai-Yun Zhang, 2014*% Thesis Anhui University of Chinese Medicine 401 235 636 NA NA NA NA NA 333 NA 636 NA NA NA

Dong-Feng Zhang, 2015%° Thesis The First Affiliated Hospital of Zhengzhou 14 10 24 2283 1285 24 NA 13 NA NA 24 120.11  20.05 24
University

Rui Hua et al. ,2016°° Journal article The First Hospital of Jilin University 19 12 31 2123 1065 31 3 13 3 12 31 48.06 38.89 31

Shan-Shan Peng, 2016°! Thesis The First Affiliated Hospital of Jilin University, 18 12 30 225 NA 30 NA NA NA NA NA 34 NA 30
the Second Xiangya Hospital of Central South
University

Yingying Yu, 2017°2 Thesis Shandong province NA NA NA NA NA NA 1 2 1 0 4 NA NA NA

Hao Yu, 20173 Thesis The Second Affiliated Hospital Zhejiang NA NA NA 13.98 924 72 NA NA NA NA NA 28.48 14.93 69
University School of Medicine

Nan Cheng et al., 2017°* Journal article Anhui University of Chinese Medicine NA NA NA 1346 64 340 NA NA NA NA NA 54.78 31.71 340

Xiao Heng et al, 2019°° Journal article The Third Xiangya Hospital of Central South 2 0 2 21 11.5 2 0 1 0 1 2 72.06 58.16 2
University (from May 2011 to November 2017)

Own experiment / The Children's Hospital of Zhejiang University 6 5 11 6.7 1.49 11 0 10 1 0 11 NA NA NA

School of Medicine

Abbreviations:

A/O = Asymptomatic or other symptom

H = Hepatic
N = Neurological
NA = Not available
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FIGURE 2. The geographic distribution of the included studies. Qinling mountain-Huaihe river (red line) marked the boundary between north and south of China. The color version

of this figure is available in the online edition.

non-R778L mutation in patients with WD (ORs = 1.07, 95% CI: 0.89
to 1.29, P = 0.32). In addition, heterogeneity was not found among
these studies (1> = 14.3%, P = 0.28) (Fig 4).

The funnel plot of OR did not show obvious asymmetry
(Supplementary Figure 2A), and there was no significant publica-
tion bias according to Harbord test (P = 0.45, Supplementary
Figure 2B).

Correlation between R778L mutation and phenotype at the first
presentation in WD

When analyzing all the included studies, the hepatic (15 studies,
384 patients; OR = 1.37, 95% Cl: 0.87 to 2.16, P = 0.17), the neuro-
logical (12 studies, 371 patients; OR = 0.79, 95% CI: 0.48 to 1.30,
P = 0.35), the mix (four studies, 87 patients; OR = 1.04, 95% CI: 0.42
to 2.53, P = 0.93), and the asymptomatic or others (six studies, 151
patients; OR = 1.98, 95% CI: 0.49 to 7.96, P = 0.34) phenotypes were
not associated with R778L mutation in WD (Fig 5A-D). There was
no heterogeneity in all phenotypes (Izhepanc = 18%, Phepatic = 0.26;
Izneurological = 19%, Preurological = 0.26; 12mix = 0%, Pmix = 0.87;
12asymptomatic/others = 0%, Pasymptomatic/others = 0.75). Furthermore, we
found no publication bias for the results of all phenotypes (Harbord
test, Phepatic = 0.79, Preurological = 0-39, Pmix = 0.25, Pasymptomatic/
others = 0.26) (Supplementary Figure 3A-H).

Correlation between R778L mutation and CP concentration in WD
In the 13 eligible studies (1553 patients), there was a significant
association between the R778L mutation and the lower level of CP
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concentration (SMD = —0.21, 95% CI: —0.40 to —0.02, P = 0.03), yet
heterogeneity was found in these studies (I> = 51%, P = 0.02) (Fig
6A).

Subgroup analysis. The difference between the subgroups
regarding the region was not statistically significant (Pregjon = 0.50)
(Supplementary Figure 4A), whereas the difference between the
subgroups regarding reference type was significant (Preference
type = 0.02) (Fig 6B). When the reference type was limited to
nongray literature, the result of the association was in conformity
with the finding in our meta-analysis (SMD = —0.38, 95% CI: -0.51
to —0.25, P < 0.0001). When the reference type was limited to gray
literature, the result of the association disappeared (SMD = —0.10,
95% CI -0.31 to 0.10, P = 0.32) (Fig 6B).

Meta-regression. In a visual inspection of the bubble plot for the
year of publication, we found that the slope of estimated regression
was close to flat (Supplementary Figure 4B) and none of the true
heterogeneity was explained by the year of publication (R? = 0).

Sensitivity analysis. Sensitivity analysis revealed that the statisti-
cally significant result was lost when excluding seven studies
sequentially (Fig 6C) (Supplementary Table 4).

A funnel plot revealed asymmetry, indicating the pooled results
might be influenced by the publication bias (Supplementary
Figure 4C). However, the Egger linear regression test showed that
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TABLE 3

Quality Assessment for All Included Studies Using the Newcastle-Ottawa Scale

Study

Selection

Comparability

Exposure

Adequate Definition
of Cases

Representativeness
of the Cases

Selection
of Controls

Definition
of Controls

Comparability of Cohorts on the
Basis of the Design or Analysis

Ascertainment
of Exposure

Same Method of Ascertainment
for Cases and Controls

Nonresponse
Rate

Score

Sheng Ye, 20034
Yan-Hong Gu et al.,, 2005°°
Ai-Hong Qi, 2006
Jing-Fan Yang et al., 2006>’
Zhong-Sheng Zhang et al., 2008>¢
Ming-Ran Sun, 2010°°
Nan Cheng, 2010%°
Ye-Qing Huang, 2011%'
Ying-Qian Li, 20114
Shao-Juan Gu et al., 2013**
Ming-Ming LI, 2013%**
Li-Ming Jiang, 2013%

Juan Geng et al., 20136

Yu Liu et al,, 2015%
Hai-Yun Zhang, 2014*®
Dong-Feng Zhang, 2015%°
Rui Hua et al., 2016°°
Shan-Shan Peng, 2016°!
Ying-Ying Yu, 2017°°

Hao Yu, 2017>*

Nan Cheng et al.,, 2017°*
Xiao Heng et al, 2019°°
Our experiment
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Experimental Control
Study Total Mean SD Total Mean sD
Sheng Ye. 2003 15 8.27 2.2800 15 9.33 1.8700
Yan-Hong Gu et al., 2005 17 8.97 2.7600 16 10.56 3.0800
Ai-Hong Qi, 2006 11 15.00 4.2000 20 1470 8.9000
Jing-Fan Yang et al., 2006 3 1733 4.0300 3 7.50 2.5000
Zhong-Sheng Zhang et al, 2008 6 22.00 4.4400 12 22.83 3.2000
Ming-Ran Sun, 2010 10 18.80 9.2300 4 29.25 10.2800
Nan Cheng, 2010 69 1417 6.3000 73 1470 6.5400
Ye-Qing Huang, 2011 32 13.19 7.7200 43 16.84 9.5600
Shao-Juan Gu et al. , 2013 4 17.00  4.4400 12 20.00 11.1900
Ming-Ming LI, 2013 31 17.45 121300 57 18.57 13.4000
Li-Ming Jiang, 2013 9 7.33 3.3000 4 8.00 3.7400
Juan Geng et al., 2013 7 7.29 3.2400 4 7.50 4.5000
Yu Liu et al., 2014 4 2250 5.6800 6 2850 13.0600
Dongfeng Zhang, 2015 24 2283 12.8500 28 21.14 8.9300
Rui Hua et al. ,2016 31 2123 10.6500 29 21.00 123000
Hao Yu, 2017 72  13.98 9.2400 51 16.00 11.3000
Nan Cheng et al., 2017 340 13.46  6.4000 583 14.75  7.6900
Xiao Heng et al, 2018 2 21.00 11.5000 5 23.00 9.0600
Own experiment 11 6.70 1.4900 11 15.00 13.7600
Common effect model 698 976

Heterogeneity: /> = 0%, p = 0.80
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Standardised Mean

Difference SMD 95%-Cl  Weight
—t -049  [-1.22; 0.23] 1.9%
— -053 [-1.23; 0.16]  2.0%

—— 0.04  [-0.70; 0.77) 1.8%

: 235 [-0.43; 5.12] 0.1%
T -022 [-1.20; 0.77] 1.0%
o -1.08  [-2.27; 0.21] 0.6%
e -0.08  [-0.41; 0.25] 9.1%
—=1 -0.41  [-0.87; 0.05) 4.6%
—_—— -028  [-1.42; 0.86) 0.8%
—— -0.09 [-0.52; 0.35]  5.1%
e — -0.18  [-1.36; 1.00] 0.7%
—— -0.05 [-1.28; 1.18] 0.7%
—— -0.50  [-1.79; 0.80] 0.6%
—f— 0.15  [-0.39; 0.70] 3.3%
-1 - 0.02 [-0.49; 0.53]  3.8%
—- -0.20  [-0.56; 0.16] 7.6%
- -0.18 [-0.31;-0.04] 54.7%
_ -018  [-1.82; 1.47] 0.4%
—t -0.82  [-1.69; 0.06] 1.3%
o -0.18  [-0.28;-0.08] 100.0%
I T T 1
-2 0 2 4

-4

FIGURE 3. Forest plot showing the association between R778L mutation and the age of onset in patients with WD. SMD of included studies indicated age was less in patients with
R778L mutation in WD based on the common-effects model. CI, confidence interval; SMD, standardized mean difference; WD, Wilson disease. The color version of this figure is

available in the online edition.

there was no potential publication bias (P = 0.51) (Supplementary
Figure 4D).

Discussion

In the current study, patients with WD in China with R778L
mutation were associated with early onset of WD and a lower level
of CP than the patients with other mutations at both alleles, sug-
gesting this mutation may play more severe effects on the function
of ATP7B.>” The results were partly consistent with the findings that
patients with homozygous R778L mutation were younger and with
alower level of CP.>® However, we did not separate the homozygous
and compound heterozygous mutations of R778L in this meta-
analysis because of the unavailable information. Interestingly,
another mutation of H1069Q that was frequently reported in

European patients was suggested to be associated with late pre-
sentation and neurological presentation.’® H1069Q is located in the
N-domain; it disrupts the catalytic activity of the P-type ATPase
domain and allows excretion of some copper, resulting in the slow
accumulation of toxic metal, and leading to a later age at presen-
tation. Although the R778L is located in the TMD4 domain, its
mutation would disrupt the subcellular localization and the
transportation of ATP7B proteins. Recent work suggested that
R778L exhibited a higher vulnerability against excessive copper
supplementation, resulting in more sensitive cytotoxicity against
copper.®®! These data suggested that the R778L mutation may
result in the copper overloaded and a quick buildup of this
potentially toxic metal, consequently leading to earlier age at pre-
sentation. Moreover, the mutation could also inhibit the synthesis
of CP,4% resulting in a lower level of CP. Notably, heterogeneity was

R778L Non-R778L
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Ai-Hong Qi, 2006 7 1 10 20 —_— 1.70 [0.40; 7.30] 1.6%
Jing-Fan Yang et al., 2006 2 3 3 3 0.14 [0.00; 6.82] 0.2%
Zhong-Sheng Zhang et al, 2008 5 6 9 12 1.58 [0.16; 15.58] 0.7%
Ming-Ran Sun, 2010 6 10 3 4 0.55 [0.05; 5.61] 0.6%
Nan Cheng, 2010 37 69 48 73 — 0.61 [0.31; 1.18] 7.7%
Ye-Qing Huang, 2011 15 32 28 43 —_— 0.48 [0.19; 1.20] 4.1%
Ying-Qian Li, 2011 2 5 2 7 1.60 [0.16; 16.48] 0.6%
Shao-Juan Gu et al. , 2013 2 4 3 12 298 [0.28; 31.65] 0.6%
Ming-Ming LI, 2013 19 31 36 57 —_— 0.92 [0.38; 2.27] 4.3%
Li-Ming Jiang, 2013 2 9 3 4 0.13  [0.01; 1.31] 0.6%
Juan Geng et al., 2013 4 7 3 4 0.50 [0.04; 5.66] 0.6%
Yu Liu et al., 2014 3 4 0 6 24.89 [1.81;341.52] 0.5%
Hai—Yun Zhang, 2014 401 636 355 610 = 123 [0.98; 154] 66.8%
Dongfeng Zhang, 2015 14 24 16 28 —_— 1.05 [0.35; 3.13] 2.9%
Rui Hua et al. ,2016 19 31 18 29 S 097 [0.34; 2.72] 3.2%
Shanshan Peng, 2016 18 30 22 35 —— 0.89 [0.33; 2.40] 3.5%
Xiao Heng et al, 2018 2 2 4 5 4.06 [0.05;310.62] 0.2%
Own experiment 6 11 7 11 —_— 0.70 [0.13; 3.68] 1.3%
Common effect model 925 963 » 1.07 [0.89; 1.29] 100.0%
Heterogeneity: I° = 14%, p =0.28 ’ ! ! !
0.01 0.1 1 10 100

FIGURE 4. Forest plot showing the association between R778L mutation and sex in patients with WD. The OR of included studies indicated there was no association between sex
and R778L mutation in WD based on the common-effects model. CI, confidence interval; OR, odds ratio; WD, Wilson disease. The color version of this figure is available in the online

edition.

143



Z. Xue, H. Chen, L. Yu et al. Pediatric Neurology 145 (2023) 135—147

A R778L Non-R778L
Study Events Total Events Total 0Odds Ratio OR 95%-Cl  Weight
Yan-Hong Gu et al, 2005 9 17 7 16 — 1 1.45 [0.37; 5.70] 9.0%
Ai-Hong Qi, 2006 10 11 8 20 * e — 15.00 [1.59; 141.16] 7.8%
Zhong-Sheng Zhang et al, 2008 4 6 3 12 H - 6.00 [0.70; 51.10] 4.4%
Ming-Ran Sun, 2010 5 10 2 4 —;— 1.00 [0.10; 10.17] 3.1%
Ye-Qing Huang, 2011 17 32 25 43 — 0.82 [0.32; 2.05] 20.1%
Ying-Qian Li, 2011 3 5 1 7 t 9.00 [0.56; 143.89] 3.2%
Shao-Juan Gu et al, 2013 2 4 5 12 _— 1.40 [0.14; 13.57] 3.3%
Li-Ming Jiang, 2013 9 9 4 4 | 3.0%
Juan Geng et al, 2013 0 7 1 4 l 0.16  [0.00; 4.87) 2.8%
Yu Liuetal, 2014 2 4 6 6 - 0.08 [0.00; 2.23] 2.6%
Dongfeng Zhang, 2015 13 24 15 28 I 1.02  [0.34; 3.06] 14.1%
Rui Hua et al, 2016 13 31 14 29 0.77 [0.28; 2.14] 16.4%
Yingying Yu, 2017 2 4 3 6 _— 1.00 [0.08; 12.56] 2.6%
Xiao Heng et al, 2018 1 2 1 5 ' 4.00 [0.12; 136.96] 1.6%
Own experiment 10 1 8 1 e e — 3.75 [0.32; 43.31] 6.0%
|
Common effect model 177 207 1 1.37  [0.87; 2.16] 100.0%
Heterogeneity: /° = 18%, p = 0.26 ! ! ! '
0.01 0.1 1 10 100
B R778L Non-R778L
Study Events Total Events Total 0Odds Ratio OR 95%-Cl  Weight
Yan-Hong Gu et al, 2005 7 17 9 16 —IT— 054  [0.14; 217 9.2%
Ai-Hong Qi, 2006 1 1 11 20 ——— 0.08 [0.01; 0.77] 7.9%
Jing-Fan Yang et al, 2006 2 3 1 3 '} 4.00 [0.13;119.23] 1.7%
Zhong-Sheng Zhang et al, 2008 2 6 6 12 ——— . 0.50 [0.07; 3.85] 4.4%
Nan Cheng, 2010 42 69 36 73 L 160  [0.82; 3.11]  39.4%
Ying-Qian Li, 2011 2 5 5 7 —o—'— 027  [0.02; 3.02) 3.2%
Shao-Juan Gu et al, 2013 2 4 7 12 ——— 0.71 [0.07; 6.92] 3.3%
Juan Geng et al, 2013 1 7 1 4 '} 0.50 [0.02; 11.09] 2.8%
Yu Liu et al, 2014 2 4 0 6 13.00 [0.45;377.47] 2.7%
Rui Hua et al, 2016 3 31 4 29 —_— 0.67 [0.14; 3.29] 16.6%
Yingying Yu, 2017 1 4 2 6 - 0.67 [0.04; 11.29] 2.7%
Own experiment 1 11 3 11 ———— 0.27 [0.02; 3.08] 6.1%
}
Common effect model 172 199 o 0.79 [0.48; 1.30] 100.0%
Heterogeneity: /* = 19%, p =0.26 ) ) ) ’
0.01 0.1 1 10 100
C
R778L Non-R778L
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Jing-Fan Yang et al, 2006 1 3 1 3 i 1.00 [0.03;29.81]
Ming-Ran Sun, 2010 5 10 2 4 1.00 [0.10; 10.17] 13.8%
Rui Hua et al, 2016 12 31 10 29 + 120 [0.42; 3.44] 72.1%
Xiao Heng et al, 2018 1 2 4 5 0.25 [0.01; 8.56]
Common effect model 46 a1 # 1.04 [0.42; 2.53] 100.0%
Heterogeneity: /° = 0%, p = 0.87 § 4 : ! L
D R778L Non-R778L
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Yan-Hong Gu et al, 2005 1 17 0 16 L 3.00 [0.11; 79.13] 22.4%
Ai-Hong Qi, 2006 0 11 1 20 i I 0.57 [0.02; 15.06] 19.3%
Jing-Fan Yang et al, 2006 0 3 1 3 T 0.24 [0.01; 8.62] 4.1%
Juan Geng et al, 2013 6 7 2 4 & 6.00 [0.34;107.42] 6.9%
Rui Hua et al, 2016 3 31 1 29 = 3.00 [0.29; 30.62] 40.8%
Yingying Yu, 2017 1 4 1 6 I 1.67  [0.07; 37.73] 6.5%
|
Common effect model 73 78 —_— 198 [0.49; 7.96] 100.0%
Heterogeneity: I = 0%, p = 0.75 v v v '
0.01 0.1 1 10 100

FIGURE 5. Forest plot showing the association between R778L mutation and first presentation in patients with Wilson disease (WD). (A) Forest plot showing the association
between R778L mutation and the hepatic presentation in patients with WD. The odds ratio (OR) of included studies indicated there was no association between hepatic pre-
sentation and R778L mutation in WD based on the common-effects model. (B) Forest plot showing the association between R778L mutation and the neurological presentation in
patients with WD. The OR of included studies indicated there was no association between neurological presentation and R778L mutation in WD based on the common-effects
model. CI, confidence interval. (C) Forest plot showing the association between R778L mutation and the mix presentation in patients with WD. The OR of included studies indi-
cated there was no association between mix presentation and R778L mutation in WD based on the common-effects model. (D) Forest plot showing the association between R778L
mutation and the asymptomatic/others presentation in patients with WD. The OR of included studies indicated there was no association between asymptomatic/others presentation
and R778L mutation in WD based on the common-effects model. The color version of this figure is available in the online edition.
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A Experimental Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Ai-Hong Qi, 2006 1" 53.83 36.5400 20 94.15 70.9700 e -0.64 [-1.40; 0.11] 5.0%
Zhong-Sheng Zhang et al, 2008 6 58.60 10.7000 12 50.40 4.5000 ' | 1.1 [0.05; 2.17] 2.8%
Nan Cheng, 2010 69 47.81 25.2900 73 54.46 25.1500 — -0.26 [-0.59; 0.07] 13.8%
Ye-Qing Huang, 2011 32 67.30 20.6000 43 67.00 24.0000 —.— 0.01 [-0.44; 0.47] 10.0%
Shao-Juan Gu et al. , 2013 4 41.40 15.5900 12 75.20 31.0800 — -1.12 [-2.34; 0.09] 22%
Ming-Ming LI, 2013 31 121.27 167.2000 57  88.80 51.1300 T 030 [-0.14; 0.74]  10.5%
Li-Ming Jiang, 2013 8 58.38 50.5300 4 13250 39.6100 -1.44  [-2.83;-0.05] 1.7%
Juan Geng et al., 2013 7 105.71 59.0000 4 135.00 82.0000 -0.40  [-1.64; 0.85] 21%
Dongfeng Zhang, 2015 24 120.11 20.0500 28 120.11  20.0500 —_—— 0.00 [-0.55; 0.55] 8.1%
Rui Hua et al. ,2016 31 48.06  38.8900 28 75.36  68.1600 ——] -0.49  [-1.01; 0.03] 8.6%
Hao Yu, 2017 69 28.48 14.9300 50 32.30 23.1000 — -020 [-0.57; 0.16] 12.7%
Nan Cheng et al., 2017 340 54.78 31.7100 583 71.90 51.0000 .': -0.38 [-0.52; -0.25] 21.1%
Xiao Heng et al, 2018 2 72.06 58.1600 5 72.06 58.1600 0.00 [-1.64; 1.64] 1.3%
Random effects model 634 919 - -0.21 [-0.40; -0.02] 100.0%
Heterogeneity: /2 = 51%, p = 0.02 v v v v

-2 -1 0 1 2
B Standardised Mean
Study Difference SMD 95%-Cl  Weight

Ai-Hong Qi, 2006 = -0.64 [-1.40; 0.11] 5.0%

Nan Cheng, 2010 - -0.26 [-0.59; 0.07] 13.8%

Ye-Qing Huang, 2011 — 0.01 [-0.44; 0.47] 10.0%

Ming-Ming LI, 2013 L 0.30 [-0.14; 0.74]  10.5%

Dongfeng Zhang, 2015 f— 0.00 [-0.55; 0.55] 8.1%

Hao Yu, 2017 — -0.20 [-0.57; 0.16] 12.7%
L ;
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-040 [-1.64; 0.85]  2.1%
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-0.38  [-0.52;-0.25]  21.1%

Zhong-Sheng Zhang et al, 2008
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FIGURE 6. The meta-analysis and further analyses showing the association between R778L mutation and ceruloplasmin (CP) concentration in patients with Wilson disease (WD).
(A) Forest plot showing the association between R778L mutation and CP concentration in patients with WD. Standardized mean difference (SMD) of included studies indicated the
level of CP was lower in patients with R778L mutation in WD based on the random-effects model. CI, confidence interval. (B) Forest plot showing the association between R778L
mutation and CP concentration based on the reference type. The difference between the subgroups regarding the reference type was statistically significant (P = 0.02). (C) Funnel
plot showing the sensitivity analysis of the association between R778L mutation and CP concentration. The meta-analysis result was lost after omitting seven studies sequentially.
The color version of this figure is available in the online edition.
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found among the included studies. The association of R778L and
lower CP only existed in the published journal articles but not in the
gray literature group. It might be due to the gray literature
providing the data not indicated in the published literature,
resulting in the provision of the evidence of negative results in this
association. Sensitivity analysis suggested that the R778L mutation
of lower CP was less conclusive. More studies were required to
confirm the association of R778L and lower CP.

We did not find a significant correlation between R778L muta-
tion and first presentation or sex. However, in Wu's study, R778L
homozygotes were associated with hepatic presentation. We could
not individually investigate the homozygotes of R778L in this meta-
analysis, which might bias the results. However, a recent study in a
large cohort of patients with WD®® did not show any significant
association of sex or presentation with R778L in both genotypes.
Furthermore, Ferenci's study suggested that the presentation is
associated with sex rather than with mutation itself4%*; it impli-
cated the robustness of our meta-analysis.

In conclusion, our meta-analysis supported that patients with
WD in China with R778L had a lower level of CP concentration and
were younger at the time of onset, which might be valuable in the
diagnosis or treatment of WD in clinical practice.
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