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ABSTRACT

Objectives To describe the epidemiology, patient
characteristics and comorbidities in patients with Wilson
disease (WD) in the USA.

Design Retrospective, population-based study.

Setting The study used the US Komodo claims database
containing records regarding medical claims for over 120
million individuals.

Participants Patients with WD were identified via ICD-
10 (10th revision of the International Classification of
Diseases) code during the study period 2016—2019 and
no age restriction was applied. A further stratification by
disease subtype (‘hepatic’, ‘neurologic’ and ‘psychiatric’)
was performed.

Main outcome measures WD prevalence was reported
by age, sex and US census regions/divisions. Adjusted
prevalence was calculated using age-specific prevalence
standardised to the USA (2010 US census) and to the
world (WHO 2000-2025) to enable comparisons across
countries, using direct standardisation of prevalence
estimates by age group.

Results Overall, 2115 patients with WD were identified
during the study period. Among them, 56.8% had hepatic
symptoms, 57.0% neurologic symptoms and 47.4%
psychiatric symptoms. The most frequent manifestations in
hepatic patients were liver signs and symptoms (90.8%),
in neurologic patients cognitive defects (50.7%) and in
psychiatric patients mood disorders (86.4%). The mean
age in the overall cohort was 39.9 years. Prevalence
estimation was based on 1481 patients with WD between
2017 and 2019. The 2017-2019 crude period prevalence
was 21.2 patients per million (95% Cl: 20.1 to 22.3), with
similar prevalence observed for both sexes.

Conclusions This study provides important real-world
data on the diagnosed prevalence of WD in the USA and
revealed the comorbidities associated with various disease
subtypes, thereby providing a comprehensive basis for
guiding physicians and policy makers in the management
of this chronic disease.

INTRODUCTION

Wilson disease (WD) is an autosomal recessive
condition which leads to an excessive copper
deposition in body organs, particularly in the
liver and the central nervous system.' This

2 Halley Costantino,? Karl Heinz Weiss,*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study estimated the diagnosed prevalence of
Wilson disease (WD) for the first time in the USA,
by using a large, nationally representative claims
database. The real-world nature of the data helps
estimate the observed frequency of WD in the USA
using ICD-10 (10th revision of the International
Classification of Diseases) codes specific to WD.

= The classification of patients into subtypes, and es-

pecially the novel approach to differentiate psychi-

atric symptoms from neurological symptoms, was a

further strength of this study.

Besides general limitations inherent to claims data,

the limitations specific to this study included a limit-

ed study period after the introduction of a new WD-

specific ICD-10 code in 2015.

= The used claims data did not capture information
on over the counter medications and the treated
patients represented the proportion of patients with
prescription treatment only.

=

genetic disorder is caused by mutations of
the P-type ATPase copper transporter ATP7B
gene located in the human chromosome 13.%
To date, more than 600 variants in the ATP7B
gene have been described, and most patients
with WD are compound heterozygous with
two different ATP7B variants, complicating
and prolonging genetic WD diagnosis.” WD
generally presents in childhood and young
adulthood with the most common age of
presentation between 10 and 20 years, though
patients can occasionally present before the
age of 5 years and after the age of 70 years.*
Clinical presentation of WD includes a
combination of hepatic, neurologic, psychi-
atric and ophthalmologic symptoms. Psychi-
atric symptoms often precede the diagnosis
of WD and include personality changes,
depression, cognitive changes and anxiety.”
The neurologic symptoms of WD mostly refer
to dysfunction in the extrapyramidal system
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including dysarthria, dystonia, gait abnormalities, tremor,
parkinsonism, chorea and seizures.® Psychiatric symp-
toms have been only recently recognised as independent
manifestations of WD, as it was previously assumed that
they occur together with neurological symptoms, and
patients were often referred to as having neuropsychiatric
disorders.” The symptoms related to hepatic dysfunction
in WD can range from an asymptomatic increase in liver
enzyme levels to severe liver failure. Typically, early on in
disease progression, there is a mild increase in transam-
inases, which then may progress to chronic active hepa-
titis, followed by fibrosis and cirrhosis.®

WD is a rare disease with recent worldwide clinical prev-
alence estimates ranging from approximately 16.7 to 25
patients per million,’ although the prevalence can vary
across countries and may be higher in selected regions
such as in some Asian communities."’ Interestingly, there
is a discrepancy of WD prevalence estimates originating
from epidemiological compared with genetic studies and
recent genetic data with a considerably higher prevalence
(139 per million) indicate that the prevalence of WD
may be underestimated.'' The possibility of underdiag-
nosis, misdiagnosis and the lack of accounting for incom-
plete variant penetrance in the genetic calculations were
hypothesised as the main reasons for the observed incon-
sistency between genetic versus clinical data.'' '* For the
USA, population-based epidemiological data are still
scarce. A previous study reported a genetic birth prev-
alence of 18.2 per million births,”” and an abstract on
cardiac manifestations in WD reported a prevalence of
26 patients per million, but no details of methodology."*

Thus, large population-based studies assessing the
epidemiology of WD and its subtypes in the USA are
needed, allowing for a greater characterisation around
the spectrum of disease severity and the diagnosed prev-
alence of WD. Here, we present data from a recently
completed real-world evidence study that used US claims
data to investigate various aspects of WD in a real-life
setting including epidemiology and patient demographic
and clinical characteristics.

METHODS

Study design

This retrospective, population-based observational study
used health insurance claims data to assess WD epidemi-
ology and patient characteristics using the US Komodo
Health claims database available from 2012 to 2020."
Komodo’s private payor-complete database contains
records regarding prescription and/or medical claims
for over 120 million individuals, collected from more
than 150 private insurers in the USA, including Medicaid
managed-care and Medicare Advantage plans. This study
used the closed claims available in the database. Closed
claims come directly from the payer and provide the
complete patient journey, such as full medical and/or
prescription benefit information including insurance

eligibility. For more details on the data source, see online
supplemental methods.

Population

Patients were selected based on their first observed WD
diagnosis (index event) in the claims database between
2016 and 2019 (study period). The diagnosis was based
on code (ICD-10 code E83.01 or ICD-9-CM code 275.1
prior to 1 October 2015). The standard ICD-9 diagnostic
code for WD was not specific to WD and could also
include another rare condition called Menkes disease.
The WD-specific ICD-10 code (E83.01) was introduced in
the USA on 1 October 2015. A WD diagnosis was defined
as at least one inpatient or two outpatient visits with a
WD ICD-10 code, separated by at least 30 days during
the study period. For the selected patients with WD, a
follow-up period of at least one calendar year (defined as
postindex period) was examined, to observe their treat-
ment journey. The follow-up period was defined from
index until the last available claim. No age restriction was
imposed. Patients were excluded from the study if they
had at least one prescription for a copper replacement
drug, a drug used to treat Menkes disease, during the
study period.

Cohorts and subgroups

The cohort presented here includes patients that fulfilled
the criteria for at least one WD diagnosis at any time
during the study period (2016-2019) and a continuous
enrolment for at least one calendar year before the index
event. Separately, prevalence was assessed in the period
between 2017 and 2019 for patients that had a history of
at least one WD diagnosis at any time during that period
and a continuous enrolment for at least two calendar
years. This separate assessment period for prevalence
estimation was based on the WD-specific diagnosis code
becoming effective in the USA only in 2015. Due to the
possibility of miscoding, the most accurate prevalence
estimation of WD can be made between 2017 and 2019,
as this period includes at least one full calendar year since
the introduction of the new code.

A further stratification by WD subtypes was performed,
according to ICD-10 codes (see online supplemental
tables 1-3) based on the presence of signs and symptoms
for each category. The subtypes ‘hepatic’, ‘neurologic’
and ‘psychiatric’ were not mutually exclusive or strictly
delineated but were based on the presence of signs and
symptoms. Patients were assigned to the hepatic subtype
if they were diagnosed with liver signs and symptoms,
acute hepatitis (not viral), cirrhosis (decompensated or
compensated), liver failure, portal hypertension or hepa-
tocellular carcinoma. Patients assigned to the neuro-
logic subtype had a diagnosis of tremor, parkinsonism or
akinetic rigid syndrome, gait abnormalities/ataxia, dysar-
thria, dystonia, chorea, dysphagia, myopathy, seizures,
migraine, somatoform autonomic dysfunction or cogni-
tive disorder. Patients diagnosed with mood disorders,
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Table 1 Selected baseline characteristics of patients with Wilson disease (WD), overall and by subtype

Hepatic*, n=1202

Neurologic*, n=1206 Psychiatric*, n=1003

Overall, n=2115

Age at index date (years), mean (SD) 40.4 (19.08)

Male, N (%) 607 (50.5%)
US region of residence at index, N (%)
Northeast 254 (21.1%)
South 376 (31.3%)
Midwest 275 (22.9%)
West 297 (24.7%)

Physician specialty of primary WD diagnosis, N (%)t

42.3 (20.70)
659 (54.6%)

246 (20.4%)
33.0%)
292 (24.2%)
270 (22.4%)

398

39.2 (20.19)
558 (55.6%)

39.9 (20.06)
1096 (51.8%)

182 (18.2%)

( 462 (21.8%)
332 (33.1%)

(

(

(

647 (30.6%)
249 (24.8%) (
240 (23.9%) (

502 (23.7%)
504 (23.8%)

Gastroenterology 197 (16.4%) 117 (9.7%) 90 (9.0%) 279 (13.2%)
General/family practice 136 (11.3%) 133 (11.0%) 124 (12.4%) 266 (12.6%)
Ophthalmology/optometry 61 (5.1%) 59 (4.9%) 50 (5.0%) 101 (4.8%)
Neurology 41 (3.4%) 75 (6.228%) 48 (4.8%) 88 (4.2%)
Follow-up period (years), mean (SD) 2.2 (1.28) 2.1 (1.25) 2.1 (1.26) 2.2 (1.27)
Never treated, N (%) 962 (80.0%) 1044 (86.6%) 881 (87.8%) 1755 (83.0%)

*These groups are not mutually exclusive.

TThis is the primary physician specialty for the first claim with WD as the primary diagnosis. Due to limitations in the analysis of the prevalent
WD population, it cannot be inferred with certainty that it represents the first diagnosis.

paranoia/schizophrenia, psychosis or personality disor-
ders were assigned to the psychiatric subtype.

Variables

Data on patient characteristics (age, sex, region of resi-
dence) and physician specialty at baseline (ie, at first
observed WD diagnosis during the study period) were

Bl Male

Hepatic
n=1,202 (56.8%)

Neurologic
n=1,206 (57.0%)

ascertained. In addition, the proportion of patients never
treated and distribution of subtypes and manifestations
were ascertained during the study period. Comorbidi-
ties/concurrent diagnoses were assessed during the study
period (2016-2019). Overall, age-specific, sex-specific
and region-specific prevalence (crude and age-adjusted

Female

Psychiatric
n=1,003 (47.4%)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Hepatic
Figure 1

Neurologic

65+

40-<65
M 18-<40
M 0-<18

Psychiatric

Distribution of Wilson disease (WD) subtypes by sex (a) and age (b).
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Table 2 Most frequent (top 3) Wilson disease (WD)
manifestations by subtype

% overall
cohort
Manifestations N % subtype (n=2115)
Hepatic subtype”
(n=1202)
Liver signs and 1092 90.8% 51.6%
symptoms
Cirrhosis 456 37.9% 21.6%
Hepatitis 347 28.9% 16.4%
Neurologic subtype*
(n=1206)
Cognitive defects 611 50.7% 28.9%
Ataxia and gait 436 36.2% 20.6%
abnormalities
Dysphagia 328 27.2% 15.5%
Psychiatric subtype*
(n=10083)
Mood disorders 867 86.4% 41.0%
Mix of symptoms, 224 22.3% 10.6%
children
Paranoia and 199 19.8% 9.4%

schizophrenia

*These groups are not mutually exclusive.

period prevalence) were assessed in the period between
2017 and 2019. A rationale for considering a period prev-
alence rather than an annual prevalence was that the
identification of patients with WD was based on ICD-10
codes, without considering WD treatment or labora-
tory records, and the assumption that patients with WD
who are well managed using over the counter (OTC) or
prescription medication may not necessarily visit a health-
care provider (HCP) each year. A further reason for using

Other joint disorder
Other and unspecified soft tissue disorders

Dorsalgia

Disorders of lipoprotein metabolism and other lipidemias

Essential (primary) hypertension
Other anxiety disorders

Other diseases of liver
Gastro-esophageal reflux disease
Vitamin D deficiency

Overweight and obesity

3

a period prevalence was to account for possible misdiag-
nosis in the first year after the introduction of the ICD-10
code for WD.

Data analysis

Descriptive statistics were calculated for demographic
and baseline characteristics (overall and by subtype).
Means and SDs were provided for continuous or discrete
data. Frequencies and percentages were provided for
categorical data. For WD manifestations, the frequencies
of occurrence of specific ICD-10 codes within subtypes
and within the overall patient cohort were calculated
and the three most frequent manifestations were listed
by subtype. For comorbidities, all recorded diagnoses
(ICD-10 codes level 3) at any time during the study period
were ranked according to frequency and a list of the 10
most frequent comorbidities in the overall cohort were
reported. In addition, the Charlson Comorbidity Index
(CCI; version of 2011), an assessment tool designed to
predict mortality in patients with multiple comorbidi-
ties,'” was assessed for each patient and a mean score
including SD (higher scores indicating greater mortality
risk and more severe comorbid conditions) was calcu-
lated for the overall cohort. Crude period prevalence
was calculated from the number of WD cases identified
and was expressed as patients per million including 95%
Cls. The denominator was the number of patients with
continuous enrolment spanning the period of interest
(2017-2019) and the numerator was any patient from the
denominator with at least one WD diagnosis claim during
the period of interest. Prevalence was reported by age,
sex and US census regions/divisions. Adjusted prevalence
was calculated using age-specific prevalence standardised
to the USA (2010 US census) and to the world (WHO
2000-2025) to enable comparisons across countries,
using direct standardisation of prevalence estimates by

age group.

50.9%
49.3%
49.1%
45.9%
45.2%
42.9%
40.0%
38.2%
33.7%
33.0%
0% 10% 20% 30%

40% 50% 60%

Figure 2 Most frequent (top 10) comorbidities/concurrent diagnoses of patients with Wilson disease (WD).
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Table 3 Crude and age-standardised Wilson disease (WD)
period prevalence 2017-2019

Prevalence per million
N (95% CI)

Crude prevalence 1481 21.2 (20.1 to 22.3)
(overall)
Age (years)
<18 256 12.4 (10.9 to 14.0)
18 to <40 490 27.1 (24.7 to 29.5)
40 to <65 581 26.1 (24.0 to 28.2)
65+ 154 17.1 (14.4 t0 19.8)
Sex
Male 697 21.2 (19.7 to 22.8)
Female 784 21.1 (19.7 to 22.6)
Region
Northeast 344 24.1 (21.6 to 26.7)
South 439 18.4 (16.7 to 20.1)
Midwest 355 22.2 (19.9 to 24.5)
West 319 21.6 (19.2 to 24.0)
Missing 24
US-adjusted prevalence 1481 22.0 (20.9 t0 23.1)
(overall)*
WHO-adjusted 1481 21.4 (20.4 to 22.5)

prevalence (overall)t

*Standardised to the age distribution of the total US population in
year 2010, according to Census Bureau.

tStandardised to the age distribution of the total world population
in year 2000-2025, according to WHO.

Patient and public involvement
Patients or the public were not actively involved in this
observational study.

RESULTS

Baseline characteristics

The observed cohort included 2115 patients with WD
identified between 2016 and 2019. Selected baseline
characteristics of the overall cohort and by subtype are
displayed in table 1. The mean age in the overall cohort
was 39.9 years (SD=20.1 years). The lowest mean age was
reported for the psychiatric subtype (39.2 years, SD=20.2
years) and the highest for the neurologic subtype (42.3
years, SD=20.7 years). Overall, 51.8% were male patients.
Alarger portion of patients came from the South (30.6%)
and fewer from the Northeast (21.8%) with little differ-
ence between subtypes. While for a majority (54.2%) of
overall WD cases no information was available regarding
the specialists managing the primary WD diagnosis, the
available results showed that patients were mostly in
the care of gastroenterologists (13.2%) and general/
family practitioners (12.6%). Hepatic patients were
more frequently seen by gastroenterologists (16.4%), as
compared with the other subtypes (9.7% of neurologic

patients and 9.0% of psychiatric patients). On average,
the follow-up time in the study was 2.2 years (SD=1.3
years) with little difference between subtypes. Among all
patients, the majority (83.0%) were never treated with
a reimbursable WD prescription medication during the
study period.

WD subtypes and manifestations

Among the cohort, more than half had hepatic and/or
neurologic symptoms (56.8% and 57.0%, respectively)
and around half had psychiatric symptoms (47.4%). Most
patients had overlapping subtypes, presenting concomi-
tantly with hepatic, neurologic and/or psychiatric signs
and symptoms (see online supplemental figure 1). For
instance, 734 (34.7%) presented with at least two concom-
itant conditions, whereas 422 (20.0%) patients with WD
presented with the three of them together. Figure 1
illustrates the distribution of sex (a) and age (b) within
subtypes. Slightly more male than female patients had
neurologic (54.6%) and psychiatric (55.6%) symptoms,
whereas the sex distribution was equal in the hepatic
subtype. With regard to age distribution, most patients
in all subtypes were in the age groups between 18-39
years and 40-64 years. The distribution of young (0-17
years) and older (above 65 years) patients was also similar
between subtypes, though there were slightly more older
patients in the neurologic subtype (21% vs 16% (hepatic)
and 17% (psychiatric)).

The most frequent manifestations associated with the
different subtypes and their proportion in the overall
cohort are highlighted in table 2. Hepatic patients most
frequently experienced liver signs and symptoms (90.8%),
cirrhosis (37.9%) and hepatitis (28.9%). Neurologic
patients most frequently experienced cognitive defects
(50.7%), ataxia and gait abnormalities (36.2%) and
dysphagia (27.2%). Psychiatric patients most frequently
experienced mood disorders (86.4%), a mix of symp-
toms in children (22.3%) and paranoia/schizophrenia
(19.8%).

Comorbidities/concurrent diagnoses

Patients with WD were diagnosed with a broad spectrum
of comorbidities. The most common clinical conditions
diagnosed during the study period included other joint
disorders (50.9%), unspecified soft tissue disorders
(49.3%), dorsalgia (49.1%), disorders of lipoprotein
metabolism and other lipidemias (45.9%), essential
hypertension (45.2%), anxiety disorders (42.9%) and
other diseases of liver (40.0%) (figure 2). The extent
of concurrent diagnoses and comorbidities was also
reflected by a mean CCI Score of 1.92 (SD=2.68).

Prevalence

Prevalence estimation was based on 1481 patients with
WD between 2017 and 2019. The 2017-2019 crude period
prevalence was 21.2 patients per million (95% CI: 20.1
to 22.3), with similar prevalence observed for both sexes
(male: 21.2 per million, 95% CI: 19.7 to 22.8 and female:
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21.1 per million, 95% CI: 19.7 to 22.6) (table 3). The
crude period prevalence peaked among young adults in
the 18 to 39 years age group (27.1 per million, 95% CI:
24.7 to 29.5), followed closely by adults 40 to 64 years
old (26.1 per million, 95% CI: 24.0 to 28.2). The highest
crude period prevalence was recorded in the Northeast
(24.1 per million, 95% CI: 21.6 to 26.7), followed by the
Midwestern (22.2 per million, 95% CI: 19.9 to 24.5),
Western (21.6 per million, 95% CI: 19.2 to 24.0) and
Southern (18.4 per million, 95% CI: 16.7 to 20.1) regions
of the USA.

Adjusted period prevalence was calculated using age-
specific prevalence standardised to the USA (2010 US
census) and to the world (WHO 2000-2025). Between
2017 and 2019, both the US-adjusted and WHO-adjusted
period prevalences were similar (22.0 per million, 95%
CI: 20.9 to 23.1 and 21.4 per million, 95% CI: 20.4 to 22.5,
respectively) to the crude period prevalence observed in
this study.

DISCUSSION

Principal findings and implications

There is a gap of knowledge regarding the epidemiology
and clinical characteristics of patients with WD from
a national and international perspective. In this large
population-based study, we assessed WD patient charac-
teristics and epidemiology in the USA.

Approximately two-thirds of the cohort showed hepatic
and/or neurologic symptoms, which is consistent with the
natural disease course, as WD mostly affects the liver and
brain.'” Typically, hepatic symptoms precede the onset
of neurologic symptoms and may thus be diagnosed at a
younger age.” In line with this, though not as evident in
the age distribution by subtypes, the mean age at index in
the hepatic subtype was slightly lower compared with the
neurologic subtype. In agreement with our data on sex
distribution in the neurologic and psychiatric subtypes,
a registry-based study observed that the neuropsychiatric
WD form occurred more frequently in men (67%) versus
women (49%).'®

Our results also revealed the extent of comorbidities
associated with various disease subtypes, as some of the
most frequently reported manifestations were quite
severe (eg, around 40% of patients in the hepatic subtype
presented with cirrhosis). The frequency of hepatic,
neurologic, and psychiatric presentations, as well as the
manifestations within these subtypes, varies considerably
in other published studies.* Considering the great vari-
ability in WD symptoms, it is likely that there is referral
bias. A review of several independent case series suggested
that dysarthria, gait abnormality/ataxia and dystonia
are the most frequent manifestations in the neurologic
subtype, which partially reflects our findings.* The higher
rates of dystonia and dysarthria reported in the literature
may be explained by the fact that only symptomatic condi-
tions that require treatment get captured in the claims
under the ICD-10 diagnosis code. Furthermore, a study

from China reported distributions of hepatic manifesta-
tions (eg, 22% cirrhosis and 11% cirrhotic complications)
which were similar to our findings."

Patients with WD in our study were in the typical
age range for first symptom onset and disease progres-
sion (between the second and sixth decades of life).
We found a slightly lower mean age in the psychiatric
subtype compared with the other subtypes, which might
reflect that psychiatric manifestations are often the first
symptoms.” The earlier diagnosis of psychiatric WD
may highlight a critical gap in care for these patients,
as neurologic and psychiatric involvements have been
previously assessed in tandem, with neurologic symptoms
becoming more apparent later in life. Given the recessive
nature of WD, the results confirmed the expectation of
a relatively even distribution of cases across sexes, which
also aligns with previous studies conducted in France,”
and Hong Kong."” The geographical distribution within
the USA, with a larger portion of patients coming from
the South and fewer from the Northeast, might corre-
spond to the distribution of major university centres in
the USA where patients with WD are typically diagnosed.
Given the nature of the disease, it is not surprising that
patients were primarily in the care of gastroenterologists
(most pronounced in hepatic patients), though a consid-
erable fraction of patients was also diagnosed or treated
by general or family practitioners who might be the first
contact points. The high rate of patients never treated
with a reimbursable WD medication during the study
period was likely due to the use of OTC zinc preparations
which are not covered by insurers in the USA, the refusal
to take medications and rely solely on a low-copper diet,
or the hypothesis that some physicians used the WD diag-
nosis code to initiate further testing for the patients but
did not prescribe a WD medication at that initial stage.
Further investigation on this aspect is warranted given the
chronic nature of this disease.

Furthermore, our results demonstrated that patients
with WD were diagnosed with a broad spectrum of comor-
bidities, most frequently affecting joints, soft tissues and
the cardiovascular system, as well as pain symptoms
and metabolic disorders. Comorbidities of WD are
rarely described in the literature and vary considerably;
however, our findings are at least partially consistent with
comorbidities reported in the literature. Kruger et al and
Dziezyc et al described that the most common complica-
tions in patients with WD were pain, renal, neurologic,
cardiac, skin, osteoarticular or endocrinologic complica-
tions and included other organ disturbances.”' **

Only a few population-based studies assessing WD
epidemiology have been performed to date worldwide.
It is challenging to compare the results from this study
with other reports, because of the heterogeneity of the
disease and of the heterogeneity in population, diagnosis,
and methodologies employed in other studies assessing
WD epidemiology. However, the observed prevalence esti-
mates (US-adjusted prevalence: 22.0 patients per million)
align well within the WD prevalence range reported in
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other claims-based studies in France (15 per million),*
and China (17.9 per million)," while estimates from a
claims-based study in South Korea were slightly higher
(38.7 per million).** Two recent systematic literature
reviews assessed WD prevalence data originating from
population-based epidemiological as well as genetic
studies.'’ ® Sandahl et al reported a crude population-
based prevalence between 25 and 34.5 per million,”
and underlined that specific populations in Croatia,
Sardinia, Israel, Costa Rica, Middle Eastern countries,
Pakistan and India had considerably higher prevalence
estimates, related to either consanguinity or higher muta-
tion frequencies. Gao et al performed a meta-analysis
resulting in a pooled population-based prevalence of
14 patients per million."" Both reviews mentioned that
at least in some studies a higher genetic versus clinically
based prevalence could be observed. Gao et al reported a
pooled prevalence at birth of 127 per million."" Overall,
it seems evident that many factors such as the still uncer-
tain mutational spectrum and penetrance of WD variants,
the unclear effect of combined mutations and epigenetic
factors, methodological differences in studies, underdi-
agnosis, changes in diagnostic awareness and treatment
options over time, as well as geographic factors may influ-
ence WD prevalence estimates. Thus, it is important to
assess epidemiological data from large, population-based
studies, as the one presented here.

Strengths and limitations

This study benefitted from several strengths. Data
elements extracted from claims, some of which are not
generally available in literature or patient registries, are
collected routinely in clinical practice and represent real-
world activities and outcomes. The real-world nature of
the data helps estimate the observed frequency of diag-
nosed diseases using ICD-10 codes. The ICD-10 codes for
WD are highly specific, despite any limitations in coding
or misdiagnosis which may occur. The Komodo claims
data are large and nationally representative based on
comparisons made to the US census estimates (by age,
sex and region). The closed claims provide a longitu-
dinal history that facilitates the analysis of the natural
history of the disease, healthcare utilisation and treat-
ment dynamics. Of note, the crude prevalence observed
in this study between 2017 and 2019 was comparable to
the US age-standardised adjusted results, reaffirming the
representativeness of the Komodo data for rare disease
research in the USA. The classification of patients into
subtypes, and especially the novel approach to differen-
tiate psychiatric symptoms from neurological symptoms,
was a further strength of this study.

There are some general limitations inherent to claims
data, such as the potential for errors in diagnosis coding
or record keeping at the point of the HCP. Since claims
data are used for billing purposes, they only include
records for the insured population; therefore, projections
of the US population assume similarities between the
insured and uninsured patients. Leveraging secondary

data requires an algorithm for case identification and vali-
dated algorithms specific to WD do not currently exist.
Claims data contain only reimbursed medical services and
thus for example, results of lab tests or patient-reported
outcomes are not captured. In addition, these claims data
in general have limited follow-up, for example, due to
patients switching insurance plan or losing coverage or
privacy restrictions limiting data linkage.

In addition, there were some limitations specific to
this study. Epidemiological trends over time were hard to
assess given the limited study period and the introduc-
tion of the new WD-specific ICD-10 code. Only symp-
tomatic conditions were captured under the ICD-10
code; therefore, no inferences can be made regarding
pre-symptomatic patients with WD. The claims data did
not capture information on laboratory testing well, and
results are not available in claims data. Further the claims
data did not capture OTC medications and thus the
treated patients represented the proportion of patients
with prescription treatment only. The proportion of
patients without a claim for a WD-specific treatment was
quite high and unexpected however and whether this
truly reflects a large proportion of patients on OTC zinc is
unclear. Further investigation is needed as to the propor-
tion of patients with WD receiving treatment in the USA.

CONCLUSIONS

This claims study provides important real-world data on
the prevalence of WD in the USA and revealed the extent
of comorbidities associated with various disease subtypes.
The results of this study extend existing research findings
and provide a comprehensive epidemiological basis for
guiding physicians and policy makers in the management
of this chronic disease.
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