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Summary

China lacks a registry for most rare diseases, so specific epidemiological data on those
diseases are lacking. A strategy involving the DISMOD II model was recently formulated to
estimate the epidemiological parameters of rare diseases, and this strategy has been used to
study several rare diseases. The current study used this strategy to estimate the prevalence
of one such rare disease, Wegener's granulomatosis (WG), in China based on its incidence,
mortality, and rate of remission according to the software tool DISMOD II. The incidence
of WG was calculated based on inpatient data from 100 hospitals throughout China. The
cause-specific mortality from WG was estimated based on data from the National Vital
Statistics System of the United States and adjusted for the Chinese population. The rate of
disease remission was based on the results of previous study. The current results indicated
that the prevalence of WG in China is 1.94/100,000, which is slightly lower than that in
Europe and the United States. The mean age at onset of WG in China was calculated to be
38.9 years for males and 39.3 years for females and the duration of disease was 28 years
for both male and female patients. These figures are similar to published data from other
countries. In conclusion, the DISMOD II model was used to estimate the prevalence of WG
in China, providing a basis to evaluate the potential disease burden and orphan drug use by
patients with WG. The DISMOD II model could be used to estimate the prevalence of other
rare diseases.
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1. Introduction

Epidemiological data such as disease prevalence is
particularly useful in establishing healthcare policies
for patients with rare diseases. A conventional sampling
approach in an epidemiological study is not suitable for
rare diseases because of their extremely low incidence
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rates. In developed countries such as the United States,
patient registries are used to obtain key epidemiological
data on rare diseases, but data on only some of
those diseases are available. Compared to developed
countries, China lacks rare disease registries. Therefore,
epidemiological data on most rare diseases are lacking.
DISMOD 11 is a software tool that is widely used
to check the consistency of estimates of incidence,
prevalence, duration, and case fatality for different
diseases (/). Recently, several studies have formulated
a strategy of using DISMOD II to extrapolate the
epidemiological parameters of several rare diseases.
For example, Yang LP et al. (2) entered incidence,
cause-specific mortality, and remission data into
DISMOD II to evaluate the prevalence of scleroderma
in Spain. Chung et al. (3) used DISMOD II to calculate
the epidemiological parameters of multiple sclerosis
in South Korea based on its prevalence, incidence,
mortality, and duration of disease. Phanthunane et al. (4)
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determined the incidence and duration of schizophrenia
based on its mortality, remission, and prevalence in
Thailand.

Wegener's granulomatosis (WG) is a typical rare and
life-threatening disease with chronic systemic vasculitis
that mainly affects the lungs and kidneys (5). In patients
with WG, the risk of death increases significantly as
the disease progresses, making WG a significant public
health problem (6). The estimated prevalence of WG in
Europe ranges from 2.4/100,000 to 15.7/100,000 (7).
In the United States, the prevalence of WG has been
estimated to be approximately 2.6/100,000 (8), and in
Iran the prevalence of WG is about 0.06/100,000 in
children under the age of 15 (9). However, the prevalence
of WG in China has not been known until now.

The current study estimated the epidemiological
parameters of WG, i.e. its incidence, mortality, and
rate of remission, based on inpatient data from 100
hospitals throughout China. Although such an approach
has limitations, it can provide a general view of the
epidemiology of WG in China. The results may help
to garner more attention and to develop strategies to
prevent and reduce the risk of this ignored rare disease.

2. Data Collection and Methods
2.1. Estimation of the incidence of WG in China

Currently, China has no registry for WG. Data on
inpatients with WG in 2011 were used to estimate the
incidence of WG in China. Inpatient data were obtained
from 100 hospitals in 7 provinces (Shandong, Anhui,
Zhejiang, Hebei, He'nan, Jiangxi, and Fujian) in a
national pilot project to study rare diseases in China.
All data used in this study were accessed in accordance
with ethical requirements and did not violate individual
rights to privacy. Patients who were diagnosed with
WG, i.e. code M 31.3 of the International Classification
of Diseases, Tenth Revision (ICD-10), were identified.
Clinical data were collected for all patients with
WG, including age at the onset of disease, gender,
and a confirmed diagnosis of WG. Patients with an
unconfirmed diagnosis were excluded. The incidence
of WG was estimated based on the number of patients
with WG divided by the population served by these
hospitals.

2.2. Estimation of WG-specific mortality in China and
remission data

Since data on mortality from WG is currently
unavailable in China and other Asian countries, the
following strategy was adopted to determine the
mortality from WG in China: first, WG is a systemic
connective tissue disorder, and information on the total
age-specific and sex-specific mortality from systemic
connective tissue disorders is available for both China

and the United States; second, information on the
age-specific and sex-specific mortality from WG in
the United States is available; third, the least squares
method was used to predict the mortality from WG in
China. US data on WG was used to refine the model.
Systemic connective tissue disorders served as an
independent variable. Data on Chinese age-specific and
sex-specific mortality from WG served as dependent
variables.

X ={xf,x}, -, xf -+, x}} expresses the independent
variable, where & is sex and i is an age variable up to N
(in the current study, N was 18).

Y=k, v vk} expresses the dependent
variable, where £, i, and N represent the same variables
as in the formula for the independent variable. The least
squares criterion was used to construct a univariate
linear regression model where:

min. f(a,b)=2 (0 =31) =2 0f —(@+b*x})

Here, ' =a+b*x' indicates the fitting results for the
independent variable X*.

WG is a rare multisystem autoimmune disease
of unknown etiology. According to one study (/0),
patients with WG may enjoy stable periods from a
clinical standpoint, but their return to a healthy state
is considered impossible. Based on the criteria in a
previous study that defined the rate of remission of
scleroderma (/7), the current study assumed that the
rate of remission of WG was zero.

2.3. Other data sources

Population data for 7 provinces by age group and sex
was obtained from the Chinese Public Health Data
Center. The general age-specific and sex-specific
mortality for the entire Chinese population were
obtained from the Chinese Center for Disease Control
and Prevention.

2.4. Data analysis using DISMOD I software

Age-specific and WG-specific mortality, incidence,
and rate of remission were entered into DISMOD II.
The general age-specific and sex-specific mortality
for the entire Chinese population were entered in the
tool along with population data. Equations were solved
mathematically using the finite differences method,
which is a method of iterative approximation. Estimates
were calculated assuming a Poisson distribution.

2.5. Using DISMOD I to estimate the prevalence of
hepatolenticular degeneration and hemophilia A in
China

To verify whether the DISMOD II model would be
suitable for determining the prevalence of rare diseases
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Table 1. Estimated prevalence of WG in China by age group and gender, based on the cause-specific mortality from WG

determined using formulae

Input (/100,000) Output (/100,000)
Age group Estimated incidence Estimated mortality Prevalence Incidence
Males Females Males Females Males Females Males Females

0-4 0.00 0.00 0.01 0.00 0.20 0.19 0.08 0.07
5-9 0.05 0.05 0.00 0.00 0.56 0.52 0.07 0.06
10-14 0.05 0.05 0.01 0.01 0.85 0.77 0.06 0.05
15-19 0.05 0.04 0.01 0.01 1.09 0.95 0.06 0.05
20-24 0.05 0.04 0.01 0.02 1.33 1.11 0.07 0.05
25-29 0.09 0.06 0.02 0.02 1.63 1.28 0.08 0.06
30-34 0.09 0.06 0.01 0.02 2.01 1.48 0.10 0.06
35-39 0.08 0.05 0.01 0.03 2.43 1.68 0.10 0.06
40-44 0.08 0.05 0.02 0.02 2.84 1.87 0.10 0.06
45-49 0.12 0.08 0.03 0.04 3.27 2.10 0.12 0.08
50-54 0.12 0.08 0.03 0.03 3.75 2.37 0.13 0.09
55-59 0.11 0.08 0.06 0.04 4.18 2.65 0.13 0.09
60-64 0.11 0.08 0.12 0.06 437 2.87 0.12 0.09
65-69 0.08 0.09 0.15 0.08 4.24 3.01 0.10 0.10
70-74 0.08 0.09 0.26 0.16 3.76 2.95 0.08 0.08
75-79 0.6 0.04 0.37 0.22 2.76 245 0.07 0.06
80-84 0.06 0.04 0.94 0.47 1.70 1.77 0.07 0.05
85+ 0.00 0.00 0.00 0.00 1.50 1.63 0.02 0.02
Total NA NA NA NA 2.25 1.63 0.09 0.07

in China, the procedures described earlier were
used to estimate the prevalence of hemophilia A and
hepatolenticular degeneration in China with DISMOD
II. Previous studies have examined the prevalence of
these two rare diseases in China (/2-13). Therefore,
predictions were compared to known prevalence rates
for the two diseases.

3. Results

The incidence of WG in 2011 was estimated based
on inpatient data from 100 hospitals in 7 provinces
of China. As shown in Table 1, the incidence of WG
increased with age, peaking at 49-74 years for female
patients and 25-74 years for male patients. Generally,
male patients had an earlier onset and higher incidence
of WG than female patients.

Data on mortality from WG is unavailable in China,
so the least squares method was used to determine the
age- and gender-specific incidence of WG based on
data from the United States. Two formulae were derived
to predict the mortality from WG in China, and results
per 100,000 people in different age groups and with a
different gender are shown in Table 1.

(1) For males, the optimal formula was:

P =0.0027 +0.0446* x""
(2) For females, the optimal formula was:

Pl =0,0033+0.0237% x

In the two formulae, the R2 statistic was 0.9827
and 0.9734, respectively, indicating that estimates were
highly reliable.

Based on previous studies (/0,11), the rate of
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Figure 1. Estimation of the prevalence of WG by age
group and gender in China.
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Figure 2. Age of onset of WG by age group and gender in
China.

remission of WG can be assumed to be 0. Based on the
estimated incidence, mortality, and rate of remission,
the prevalence of WG in China was calculated with
DISMOD II to be 2.25/100,000 for males versus
1.63/100,000 for females. There were no significant
differences between males and females in terms of the
prevalence of WG. The prevalence of WG increased with
age and peaked at 60-64 years for males and 65-69 years
for females (Table 1).
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After adjusting for the Chinese population, the
incidence, mortality, and rate of remission of WG were
entered into DISMOD II. China is estimated to have
26,006 patients with WG consisting of 15,384 male and
10,622 female patients. The ratio of males to females
in the patient population was 1.45:1 (Figure 1). As
seen in Figure 2, the average duration of WG in China
was estimated to be 28 years for both male and female
patients. In the Chinese population with WG, male
patients had an average age of onset of 38.9 years, which
is slightly younger than the average age of onset in
female patients (39.3 years).

Using the same procedures as were used to analyze
WG, the incidence, mortality, and rate of remission
of hepatolenticular degeneration and hemophilia A
were entered into DISMOD II. The prevalence of
hepatolenticular degeneration was estimated to be
2/100,000, which is slightly lower than its actual
prevalence (4.93/100,000). The prevalence of hemophilia
A was estimated to be 2.85/100,000, which is relatively
close to its actual prevalence (2.2/100,000) (12-13).

4. Discussion

Although rare diseases are a topic of growing interest,
the epidemiology of rare diseases is still a new area (/4).
Conventional studies with random sampling are not
suitable for studying rare diseases, so epidemiological
data on rare diseases is primarily obtained from disease
registries or via extrapolation from other data sources.
China does not have a specific registry for rare diseases,
so important epidemiological data, and especially
prevalence, are lacking for most rare diseases (/5).
A major challenge for China is to develop its medical
policies on rare diseases (/6-17).

The current study used WG as an example to
calculate the prevalence of a rare disease with DISMOD
II based on extrapolation. This strategy has been used to
study other rare diseases. In the current strategy, three
parameters (incidence determined from inpatient data,
rate of remission, and estimated mortality) were entered
into the DISMOD model. Results indicated that both
inputs and outputs had almost the same distribution, so
the strategy is highly valid. Moreover, this DISMOD
[I-based approach was validated with two other rare
diseases. The estimated prevalence of these two rare
diseases was close to the actual prevalence, suggesting
that the current strategy can aptly reflect the actual
prevalence of rare diseases. The DISMOD II model
could be used to estimate the prevalence and other
epidemiological parameters of other rare diseases in
China.

Our results indicated that WG has a prevalence of
1.94/100,000 in China, which is close to its prevalence in
other countries. This figure is lower than the prevalence
of WG in Europe and the United States, where its
prevalence ranges from 2.4 to 15.7/100,000, but this

figure is higher than the prevalence of WG in Iran
(0.06/100,000). The incidence of WG in the current study
reflects the number of inpatients with WG in proportion
to the entire population, so some outpatients who were
diagnosed with WG might have been left out. Therefore,
the parameters for WG obtained here represent the
lower limits, and the estimated prevalence of WG can
be viewed as the lower limits of its prevalence in China.
Figures for the age at onset and the duration of disease
were similar to previously reported figures (/0).

Despite the lack of a specific treatment to cure
WG, some orphan drugs such as rituximab and
methylprednisolone sodium succinate have been found
to markedly improve survival. However, most of the
orphan drugs to treat WG are still unavailable in China.
The estimated incidence and prevalence of WG in China
should provide a reference to help authorities develop
a specific health policy on WG in the future, such as
evaluating the cost-effectiveness of having the healthcare
system cover orphan drugs to treat WG. The evidence-
based estimates of the prevalence and incidence of WG
should also help to encourage industry to research and
develop innovative orphan drugs to treat this devastating
rare disease.

Although the current results are promising, this study
has limitations. First, the effects of some factors, such
as socioeconomic status and level of medical care, were
not precisely quantified. Second, the exact number of
cases of WG throughout the country cannot be readily
assessed due to the lack of data from registries. When
these data become available, the prevalence of WG and
other epidemiological parameters can be estimated more
precisely.

In summary, the current study used DISMOD 11
software to estimate that the prevalence of WG in China.
The current results indicated that the prevalence of
WG is at least 1.94/100,000 and that China has a total
of 26,006 patients with WG. These estimates should
serve as an important reference when authorities work
to increase the availability of orphan drugs to treat WG
and when they develop a medical insurance policy for
Chinese patients with WG. The model used here can be
used to predict the prevalence of other rare diseases in
China.
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