Leibniz Institute
for Prevention Research and
Epidemiology — BIPS

Incidence of multiple sclerosis in Germany: A cohort study applying

different case definitions based on claims data
Niklas Schmedt, Laura Khil, Klaus Berger, Oliver Riedel

DOI
10.1159/000481990

Published in
Neuroepidemiology

Document version
Accepted manuscript

This is the author’s final accepted version. There may be differences between this version
and the published version. You are advised to consult the publisher’s version if you wish to
cite from it.

Online publication date
14 November 2017

Corresponding author
Oliver Riedel

Citation

Schmedt N, Khil L, Berger K, Riedel O. Incidence of multiple sclerosis in Germany: A cohort
study applying different case definitions based on claims data. Neuroepidemiology.
2017;49(3-4):91-8.

This is the peer-reviewed but unedited manuscript version of the following article: Schmedt
N, Khil L, Berger K, Riedel O. Incidence of multiple sclerosis in Germany: A cohort study
applying different case definitions based on claims data. Neuroepidemiology. 2017;49(3-
4):91-8. The final, published version is available at
https://www.karger.com/Article/Abstract/481990. © 2017 S. Karger AG, Basel


https://doi.org/10.1159/000481990
https://www.karger.com/Article/Abstract/481990

Title: Incidence of multiple sclerosis in Germany: A cohort study applying

different case definitions based on claims data

Niklas Schmedt'? Laura Khil**, Klaus Berger?, Oliver Riedel’

'Department of Clinical Epidemiology, Leibniz Institute for Prevention Research and

Epidemiology - BIPS, Bremen, Germany
%InGef - Institute for Applied Health Research Berlin
®|nstitute of Epidemiology and Social Medicine, University of Miinster, Miinster, Germany

“Cancer Registry North Rhine-Westphalia, Miinster, Germany

Running head: Incidence of multiple sclerosis in Germany
Number of tables: 2

Number of figures: 4

Corresponding author:

Dr. Oliver Riedel

Email: riedel@bips-leibniz.de

Phone: +49 421 218-56833

Fax: +49 421 218-56941

Leibniz Institute for Prevention Research and Epidemiology - BIPS,
Achterstr. 30, 28359 Bremen, Germany

Keywords:

multiple sclerosis; incidence; case definitions; databases, Germany; cohort study;

epidemiology; immunosuppressive agents


mailto:riedel@bips-leibniz.de

Abstract

Background: Data on the incidence of multiple sclerosis (MS) on the national level is
scarce. We aimed to estimate the incidence of MS in Germany and to compare different MS

case definitions based on claims data.

Methods: We conducted a cohort study with the German Pharmacoepidemiological
Research Database in 2012 and calculated age- and sex-standardized incidence rates (sIRs)
for three case definitions. In addition, the effect of stepwise reduction of the look-back period

without MS diagnosis on the incidence rate was evaluated.

Results: Our cohort comprised 4,175,877 individuals. The first case definition based on ICD-
10 diagnoses yielded an sIR of 21.8 (95%-confidence intervals: 20.2-23.5) per 100,000
person years, whereas the second and third case definitions with additional requirements for
drug treatment and diagnostic tests resulted in lower sIRs of 10.1 (9.1-11.3) and 6.6 (5.8-

7.6), respectively. We observed a higher incidence for shorter look-back periods.

Conclusion: The incidence of MS in Germany might be substantially higher than suggested
in earlier studies. In addition, our study highlights the importance of a look-back period of at

least 36 months to identify incident MS cases based on claims data.



Introduction

Multiple sclerosis (MS) is one of the leading causes of neurological disability in young adults
[1,2]. The condition is characterized by a high variability of symptoms and co-morbidities [3,4]
which can severely impair the patients’ quality of life [5].

In a systematic review on the epidemiology of MS in Europe, Kingwell et al. [6] found a
general lack of studies providing incidence data on the national levels. Recent estimates of
the absolute number of MS patients in Germany vary between 100.000 and 200.000 persons
[7,8]. Data on the incidence of MS in Germany are rare, some dating back to the late 1980s
[9]. In the most recent study based on registry data from the urban district of Erfurt, an
average annual incidence of 8 per 100,000 persons was found between 1998 and 2002 [10].
Studies from other European countries provide more up-to-date information, but show a
strong heterogeneity with the reported MS incidence ranging from 3.6 to 11.8 per 100,000
persons [11-22]. In general, the diverging results in studies may reflect regional differences
of the MS incidence but could also be attributable to methodological inconsistencies with
regard to MS case definitions [6,23,24] and the nature of the different data sources.

Large claims databases have recently been suggested as a valuable tool for studies on the
epidemiology of MS, since analyses can be conducted rapidly and in a cost-efficient way
[24]. In this study, we aimed to provide up-to-date estimates for the incidence of MS in

Germany based on claims data using different MS case definitions.

Methods

Data source

Data source for this study was the German Pharmacoepidemiological Research Database
(GePaRD) which has been described in detail elsewhere [25,26]. At the time of the study,
GePaRD contained claims data of about 20 million insured members of four German

statutory health insurance providers (SHI).. For this study, data up to the year 2013 from



approximately 10 million insured members of one SHI covering all regions of Germany were
used.

In brief, GePaRD contains demographic characteristics including age and sex of the insured
persons, standardized hospital records as well as data on ambulatory care and outpatient
drug prescriptions. Hospital records include information on the dates of admission and
discharge, diagnoses, diagnostic and therapeutic procedures with their respective dates as
well as the reason for hospital discharge. Ambulatory care data contain information on
diagnoses with the corresponding diagnostic certainty as well as treatments and diagnostic
procedures. Due to reimbursement practices, ambulatory diagnoses can only be dated on a
quarterly basis. All diagnoses in GePaRD are coded according to the German Modification of
the International Classification of Diseases 10th Revision (ICD-10-GM). Data on outpatient
drug prescriptions comprise information on the dates of prescription and dispensation as well
as the specialty of the prescribing physician. Via linkage to a pharmaceutical reference
database, further information on the Anatomical Therapeutical Chemical (ATC) classification
code, defined daily dose and strength, packing size as well as generic and brand names can
be obtained for each drug prescription [25,26].

The SHI as well as the governing authority approved the use of the data for this study. In
accordance with the German Social Insurance Code, informed consent of the insured

persons was not required.

Study design

We conducted a retrospective cohort study to estimate the incidence of MS in 2012. Claims
data from 2004 through 2011 were used for the exclusion of prevalent MS cases while data
from 2013 were used to assess diagnostic procedures and medications for MS case
ascertainment.

To be eligible for inclusion in the cohort, patients must have had valid information on age and
sex as well as continuous insurance during the whole study period (2004-2013), except for
persons who were born between 2004 and 2012 or died after cohort entry. Furthermore,
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prevalent MS cases with any MS diagnosis (ICD-10 GM code G35) from 2004 through 2011
(disease-free look-back period) were excluded. Hence, the cohort entry was defined as
January 1, 2012, if inclusion criteria were fulfilled. The end of follow-up was either December
31, 2012, the first MS diagnosis according to the respective case definition or death,

whichever occurred first.

Definition of incident MS cases

For the identification of incident MS cases, three definitions with different sensitivity and
specificity were applied (Figure 1). The first case definition (C1) required at least one main
hospital discharge diagnosis or two other diagnoses (i.e. secondary hospital or verified
ambulatory diagnoses) coded as either G35.0 (initial manifestation), G35.1 (relapsing-
remitting), G35.2 (primary progressive), G35.3 (secondary progressive) or G35.9 (without
further specification) in the same or in two consecutive quarters. The second case definition
(C2) additionally required a prescription of a disease-modifying drug (DMD), i.e. interferon
beta-1a (ATC code LO3ABQ7), interferon beta-1b (LO3AB08), glatiramer acetate (LO3AX13),
natalizumab (LO4AA23) or fingolimod (L0O4AA27), within 365 days after the incident MS
diagnosis. Medications frequently prescribed for diseases other than MS or as third line-
treatment (e.g. azathioprine and mitoxantrone) were not considered as DMD for case
definition. For the third case definition (C3), a documented magnetic resonance imaging,
lumbar puncture and an evoked potential test within in the same quarter of the initial MS
diagnosis or the following quarter were additionally required. These diagnostic procedures
are recommended by the German Society for Neurology for the ascertainment of the

diagnosis once MS is suspected [27].

Statistical Analyses

For all three case definitions, crude incidence rates (IRs) as well as direct age- and sex-
standardized incidence rates (sIRs) were calculated per 100,000 person years (PYs). We

used the German general population from 2011 as well as the European standard population
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from 2013 as standard populations. The corresponding 95%-confidence intervals (Cl) were
calculated assuming a Poisson distribution for crude IRs (28) and based on the Gamma
distribution for sIRs [29]. In further analyses, the female to male ratio for all case definitions
was obtained and crude IRs were stratified by age and sex. In addition, the effect of reducing

the look-back period without MS diagnosis stepwise from 96 to 12 months was evaluated.

Results

The cohort comprised 4,175,877 persons fulfilling the inclusion criteria (Figure 2). The mean
age was 41.8 years (standard deviation: 24.5) and 46% were female.

The characteristics of MS cases as well as the IRs and sIRs for all case definitions are
displayed in Table 1. For C1, we identified 780 incident MS cases resulting in a crude IR of
19.0 (95%-Cl: 17.7-20.4) per 100,000 PYs and an sIR of 21.8 (20.2-23.5) for the German
population, respectively. Using C2, the number of incident MS cases was reduced to 348
with a crude IR of 8.5 (7.6-9.4) and an sIR of 10.1 (9.1-11.3) for Germany. Finally, we found
a crude IR of 5.4 (4.8-6.2) and an sIR of 6.6 (5.8-7.6) in the German population for C3 based
on 223 MS cases. The mean age of incident MS cases decreased with higher restriction of
the case definition from 44.3 (C1) to 40.6 (C2) and 40.1 years (C3). For all case definitions,
women were younger than men, but differences were less pronounced for C2 and C3. The
female to male ratio of incident MS cases was higher for C2 and C3 with 2.5 and 2.6
compared to C1 with only 1.9.

The age-specific IRs for all case definitions are displayed in Figure 3. With 49.7 (39.8-61.4),
the age-specific IR for C1 had a peak in the age-group of 35-39 years. Applying C2, the
highest IR of 24.3 (16.9-34.0) was found in the age-group 25-29 years while the peak for C3
was in the age-group 30-34 years with 17.1 (11.5-24.4). After the respective incidence peak,
the age-specific IRs steadily decreased with rising age for all case definitions except for a
small increase from 40-44 years to 45-49 years. While the IR for C1 was higher in all age-

groups, the IR for C2 and C3 were similar in the age-groups of 60 years and older. In



contrast to C2 and C3, incident MS cases were also identified in patients older than 70 years

based on C1.

With C1 and C2, the maijority of incident MS cases were first diagnosed in ambulatory care
with 59.4% and 53.2%, respectively (see Table 2). In contrast, 56.1% of incident MS cases
were first diagnosed in the hospital setting when C3 was applied. Across all case definitions,
about 60-65% of all incident hospital MS diagnoses were coded as a first manifestation of
MS (ICD-10 GM G35.0), whereas most incident diagnoses in the ambulatory setting were

documented as MS without further specification (ICD-10 GM code G35.9).

When we gradually reduced the duration of the required look-back period without MS
diagnosis from 96 to 12 months, the greatest impact was observed for C1 (see Figure 4).
Here, the crude IR steadily increased with each year of shortening the required look-back
period up to 21.1 (19.8-22.6) for the 36-month period and further increased to 26.3 (24.8-
28.0) for the 12-month look-back period. A similar but less pronounced trend was found for
the C2 definition with an increase from 8.5 (7.6-9.4) for the 96-month period to 10.1 (9.2-
11.2) for the 12-month period. In contrast, the IR remained relatively stable when we used

C3 with an IR of 5.5 (4.9-6.4) for 12 months.

Discussion

We used claims data to analyze the incidence of MS in Germany in 2012 by applying
different case definitions to identify incident MS cases. The observed IR strongly varied in
dependence of the applied case definition and substantially decreased with additionally
required components of drug treatment (C2) and diagnostic procedures (C3) compared to
the definition based on the ICD-10 diagnoses only (C1). Further analyses revealed a
substantial increase of the incidence with a shorter prior disease-free look-back period, i.e.
without MS diagnosis, especially when only diagnoses were used for case ascertainment

(C1).



So far, data on the incidence of MS on the national level is missing for Germany. Older
studies found an annual incidence of 4.6 per 100,000 persons from 1975 to 1985 and of 8.0
per 100,000 persons from 1998 to 2002 based on a regional registry data in Lower Saxony
and the urban area of Erfurt, respectively [9,10]. In our study, we found a substantially higher
incidence when C1 was used to define incident cases and still a slightly higher incidence
when C2 was used, the sIR for definition C3 was slightly lower. In this context, we consider
C1 and C2 the most accurate case definitions to estimate the incidence of MS based on
claims data. C1 is based on the ICD-10 diagnosis only and can be considered the most
sensitive case definition. The high number of incident MS diagnoses coded in the ambulatory
setting in combination with a high proportion of ICD codes without further specification and
coding of secondary progressive MS as incident MS indicates that misclassification might
have led to an overestimation of incident MS cases with definition C1. However, the
comparison to C2 and C3 also illustrates that patients hospitalized with a main discharge
diagnosis of MS and more specifically with an ICD-10 code for an initial manifestation of MS
were not captured when further DMD treatment and diagnostic criteria were required for C2
and C3. In a study from Canada [30], a case definition similar to C1 requiring one hospital
diagnosis or at least five billings for MS within 2 years was most accurate with a sensitivity of
84% and a positive predictive value of 86%. A further explanation for the large difference
between C1 and C2 might be that we did not consider relapse treatment with
methylprednisolone and unspecific DMDs such as azathioprine or mitoxantrone for case
ascertainment. In addition, patients with a mild form of the disease or a primary progressive
course may not have received DMD treatment in the first year after diagnosis. C3 was the
most restrictive case definition with a high proportion of incident MS diagnoses in the hospital
setting and more specific ICD-10 codes suggesting a high specificity. Therefore, this case
definition may be particularly relevant to identify MS as a study outcome in comparative
studies based on claims data in which a high positive predictive value is required [31], e.g. in

studies investigating vaccinations as a risk factor for MS.



Our results indicate that the MS incidence in Germany might be substantially higher than
expected. This is in line with other studies demonstrating a trend towards an increasing
incidence of MS during the last decades [6] which may reflect actual changes over time, but
may also be related to earlier diagnoses and relaxed diagnostic criteria [7,8,10,27]. In
France, the national incidence was estimated to be 7.5 per 100,000 persons based on the
main French insurance system [11]. In a Dutch study, incidence calculations based on a
medical records database showed an increase of the IR from 4 per 100,000 PY's from 1996
to 2004 to 9 per 100,000 PYs in 2007 and 2008 [12]. Ahlgren et al. investigated the IR of MS
in Sweden from 2001 to 2008. Here, the population-wide average IR was 10.2 per 100,000
PYs [13]. For 2010, a population-based study using the Clinical Practice Research Datalink
found an overall IR of 9.6 cases per 100,000 PYs for the United Kingdom [14]. The highest
incidence for Europe was recently reported from Buskerud in Norway with 11.8 per 100.000

persons [15].

The main strength of this study is the large sample size, which allowed us to investigate age-
and sex-specific IRs of MS in Germany for the first time. In addition, we were able to use a
long look-back period of 8 years decreasing the amount of misclassification of prevalent MS
cases as incident ones. In fact, we observed that the IR strongly depends on the duration of
the look-back period without MS, especially when case ascertainment is based solely on

diagnoses.

This study also has some limitations. Since linkage to external data sources was not
possible, further case validation based on MRI findings or documentation of patient history
could not be performed. However, we used three case definitions with different sensitivity
and specificity to prove consistency of our results. As a further limitation, we were not able to
provide accurate information on different types of disease, e.g. primary progressive
compared to relapsing remitting courses, due to unspecific coding. In addition, the sample
was not large enough to estimate the incidence of MS on a smaller regional level. Although

a previous study [8] indicated a possible West-East gradient with a higher prevalence
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observed in the Western Germany. If regional differences also exist for the incidence rate of
MS, this might also affect the generalizibility of our results. However, we would assume only
small impact of this possible selection bias on the sIR, since we used data from an SHI that

covers all regions of Germany and approximately 12 percent of the German population.

Conclusion

In conclusion, our study suggests that the incidence of MS in Germany is higher than
reported in older studies, probably because of a general increase in the incidence of MS.
Further research is needed to investigate regional differences within Germany as well as
time trends over the last years and the underlying causes, e.g. the possible impact of
changes in diagnostic criteria. Given the large heterogeneity between the different case
definitions used in our study, further validation studies are required to examine the high
number of newly diagnosed MS cases not receiving treatment in the following year. In
addition, our study highlights the importance of a sufficient look-back period to identify
incident MS cases based on claims data. We suggest a prior disease-free look-back period
of at least 36 months without an MS diagnosis, especially when only data on diagnoses are

available.
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Table 1 Characteristics of incident MS cases and MS incidence rates stratified by

different case definitions and sex

Case definition 1

Case definition 2

Case definition 3

(C1) (C2) (C3)
Total*
MS cases, N 780 348 223
Mean age at diagnosis 44.3 (13.5) 40.6 (10.8) 40.1 (11.0)
(SD)
Person years 4,099,696 4,099,909 4,099,971
Crude IR (95%-Cl) 19.0 (17.7-20.4) 8.5 (7.6-9.4) 5.4 (4.8-6.2)

21.8 (20.2-23.5) 10.1 (9.1-11.3) 6.6 (5.8-7.6)
Standardized IR (95%-ClI)
for German population
Standardized IR (95%-Cl) | 21.4 (19.8-23.1) 10.0 (8.9-11.2) 6.6 (5.7-7.6)
for European standard
population
Women
MS cases, N 515 249 161
Mean age at diagnosis 42.8 (12.8) 40.0 (10.9) 39.6 (11.1)
(SD)
Person years 1,884,640 1,884,772 1,884,814
Crude IR (95%-Cl) 27.3 (25.0-29.8) 13.2 (11.6-15.0) 8.5 (7.3-10.0)
Men
MS cases, N 265 99 62
Mean age at diagnosis 47.2 (14.3) 42.1 (10.4) 41.2 (10.5)
(SD)
Person years 2,215,056 2,215,137 2,215,157
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Crude IR (95%-Cl) 12.0 (10.6-13.5) | 4.5 (3.6-5.4) 2.8 (2.2-3.6)

Cl=Confidence interval; IR=Incidence rate; MS=Multiple sclerosis; SD=Standard deviation

*Note: All analyses were conducted based on a look-back period of 96 months (2004 to 2011) without MS

diagnosis.
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Table 2 Distribution of incident MS diagnoses by health care sector

Case definition 1

Case definition 2

Case definition 3

MS cases, 780 348 223

N

MS cases | Inpatient Outpatient | Inpatient Outpatient | Inpatient Outpatient

by setting | (N=317) (N=463) (N=163) (N=185) (N=125) (N=98)

(100%) (100%) (100%) (100%) (100%) (100%)

G35.0 188 (59.3) | 94 (20.3) 102 (62.6) | 48 (26.0) 82 (65.6) 22 (22.5)
G35.1 66 (20.8) 126 (27.2) | 43 (26.4) 65 (35.1) 31 (24.8) 37 (37.8)
G35.2 19 (6.0) 23 (5.0) 3(1.8) 3(1.6) 3(2.4) 1(1.0)
G35.3 2 (0.6) 10 (2.2) 1(0.6) 0 (0.0) 0 (0.0) 0 (0.0)
G35.9 42 (13.3) 210 (45.4) | 14 (8.6) 69 (37.3) 9(7.2) 38 (38.8)

MS=Multiple sclerosis

G35.0 Initial manifestation; G35.1 Relapsing-remitting; G35.2 Primary progressive; G35.3 Secondary progressive;

G35.9 Without further specification

*Note: All analyses were conducted based on look-back period of 96 months without MS diagnosis of 96 months

(2004 to 2011).
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Cohort Entry Latest Cohort End of observation
Jan1, 2012 Exit period
Dec 31, 2012 Dec 31, 2013

I
|
:
MS diagnosis |

| Case definition 1 | T s

MS diagnosis :
| Case definition 2 | .

I [
+ |

DMD treatment

T
I
I
I
I
| MS diagnosis |

casedefiniion 3| MMM M

DMD treatment

+|5: B BE R e B 55]

Diagnostic procedure

\ A }
| |

Follow Up Additional

observation period

Period in which the incident MS diagnosis had to occur

BN (1cp-10-GM: 635.0-, G35.1-, G35.2-, G35.3-, G35.9)

Period in which patients had to receive a DMD treatment
(interferon beta-1a, interferon beta-1b, glatiramer acetate, natalizumab or fingolimod)

Period in which patients had to undergo an MRI, a lumbar puncture and a test of
evoked potentials

Figure 1 Case definitions for the identification of incident MS cases

DMD: Disease-modifying drug; ICD-10-GM: International Classification of Diseases, German Modification; MRI:

Magnetic resonance imaging
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Individuals with insurance in 2012
N=8,537,625 (100%)

Excluded individuals:

Without continous insurance
from 2004 to 2011
n=4,340,037 (50.8%)

A 4

Without valid information on
age and sex
n=0 (0.0%)

Patients with an MS diagnosis
inthe look-back-period
v N=21,711 (0.3%)

Study population
n=4,175,877 (48.9%)

Figure 2 Study flow chart
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Figure 3 Age-specific MS incidence rates by case definition

PY=Person years
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Figure 4 Comparison of MS incidence rates for all case definitions stratified by
required look-back period without MS diagnosis

PY=Person years
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