
Multiple sclerosis (MS) is a chronic autoimmune disease that targets the central
nervous system1. MS may present in various forms based on the disease course,
commonly subclassified as clinically isolated syndrome (CIS), relapsing-remitting (RR)
MS, primary progressive (PP) MS, or secondary progressive (SP) MS.

RRMS is the most frequent course, represented by 70-80% of patients at initial onset,
whereas PPMS manifests in 15-20% of patients with gradual deterioration from onset
of MS without relapse1. In contrast, SPMS is characterized by gradual deterioration
after the initial RR course.

Overall, MS subtypes are clinically relevant to inform treatment and health economic
decisions. As such, defining the MS subtype is important for real-world evidence
studies. While various definitions have been used to identify MS subtypes in
administrative claims data, coding practices have not been assessed.

We used the MSDS-AOK PLUS database, which links claims data from the German
AOK PLUS sickness fund and patient charts from the Multiple Sclerosis Management
System 3D (MSDS3D)2-4 to assess congruency of claims-based MS subtype coding
(ICD-10-GM G35.-) and MSDS3D patient records.

We selected a cohort of patients with at least one recorded MS subtype and date of
recording (index) in MSDS3D between 01/10/2015 and 30/06/2019. Claims data six
months before and after index was used to define the closest subtype diagnosis using
a definition requiring 1 inpatient and/or 2 outpatient diagnoses in different quarters from
any specialty or GP. Patients and/or observations (recordings) without continuous
insurance within this period from each index were excluded from the sample.

The predictive performance of claims-based diagnoses was assessed against MSDS3D

through a multi-class confusion matrix of the first MS subtype observation per patient
and all observations across all patients. Subsequently, predictive performance
measures were assessed including sensitivity, specificity, the positive and negative
prediction values (PPV, NPV), and F1-score for each subtype.
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MethodsBackground

Research Objective

To investigate multiple sclerosis (MS) subtype coding practices in
administrative claims data and assess the predictive performance of
claims-based definitions for MS subtypes.

Method

Using the MSDS-AOK PLUS linked database, we validated MS
subtype coding in claims data against true recordings in patient
medical records.

Highlights

• Using a definition requiring at least 1 inpatient and/or 2 outpatient MS subtype
diagnoses in a one-year period surrounding an MS subtype recording in patient
medical charts, approx. 13% of subtype recordings could not be assigned any MS
diagnosis in claims data and 40% were only assigned an unspecified MS subtype.

• MS subtype recording in claims data as validated against MS patient medical
records presented with low sensitivity/recall across all subtypes, highlighting the
need for linked real-world databases that combine detailed clinical information and
administrative claim data for real-world studies in MS.
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Results

PATIENT CHARACTERISTICS

• Overall, 179 continuous insured patients were
included (75.42% female, mean 48.13 years at
index, Table 1).

• From 179 patients, there were 1,163 total MS
subtype recordings in MSDS3D (mean 6.50
recordings across all patients).

• Among patients with more than one MS subtype
recording in the inclusion period, 18 patients
(8.94%) presented with more than one different
subtype.

MULTICLASS CONFUSION MATRIX 

• For 148 observations (12.73%), an MS diagnosis
could not be assigned in claims when requiring 1
inpatient or 2 outpatient diagnoses of an MS subtype
in the one-year period surrounding the index.

• For 465 cases (39.98%), only a G35.9 unspecified
diagnosis was assigned in claims data vs. 0.69%
true unspecified cases in MSDS3D (Table 2).

• True positives were most commonly observed for
RRMS (G35.1); false positives were most commonly
predicted as unknown (G35.9) (Table 3).

Table 1: Patient characteristics at first recording

Conclusions

• While MS diagnoses are well recorded in
administrative claims data sources, the specific
subtype is poorly captured, with approx. 40% of
cases assigned an unspecified MS type (G35.9).

• The overall low predictive performance of specific
MS subtypes in claims data highlights the
importance of linking to patient medical records to
supplement detailed clinical information for real-
world evidence studies in MS.
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Table 3: Positive/negative predictions by MS subtype 

Figure 1: Predictive performance of subtype coding
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Limitations

Characteristics N = 179

Demographics

Female, n (%) 135 (75.42)

Age, mean years (SD) 48.13 (11.79)

Clinical characteristics

Time since diagnosis*, mean years (SD) 11.02 (8.35)

MS subtype at index (MSDS3D), n (%)

ND/CIS

RRMS

PPMS

SPMS

Unspecified

5 (2.79)

147 (82.12)

6 (3.35)

20 (11.17)

1 (0.56)

EDSS at index, n (%)

1-1.5

2-2.5

3-3.5

4-4.5

5-5.5

6-6.5

7-7.5

8-8.5

36 (20.11) 

48 (26.82)

35 (19.55)

25 (14.00)

5 (2.79)

23 (12.85)

6 (3.35)

1 (0.56)

*Missing for 10 patients; ND, newly diagnosed

PREDICTIVE PERFORMANCE 

• Congruency across all observations in the two
datasets was 32.50% (378/1,163).

• PPV was highest for RRMS (G35.1, 0.953) and
lowest for newly diagnosed/CIS (G35.0, 0.034),
whereas NPV was highest for PPMS (G35.2, 0.983)
and lowest for RRMS (0.108; Figure 1).

• Sensitivity (recall) was generally low, with the
highest value achieved for PPMS (G35.2, 0.538); In
contrast, specificity was high across all subtypes
(>0.837; Figure 1).

• The mean F1-score across all subtypes including
unknown (G35.0 - G35.9) was 0.220, indicating poor
overall predictive performance.

• Results remained consistent when analyzing only
the first recorded MS subtype per patient (1 index
observation per patient).

Predicted: Claims Data

G35.0 G35.1 G35.2 G35.3 G35.9

True: 

MSDS3D

G35.0 2 4 0 1 1

G35.1 51 342 59 26 440

G35.2 2 4 21 1 6

G35.3 0 9 14 10 15

G35.9 4 0 0 0 3

Table 2: Multi-class confusion matrix
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MS Subtype

Sensitivity Specificity PPV NPV

MS 

Subtype

True 

Positive

True 

Negative

False 

Positive

False 

Negative

G35.0: ND/CIS 2 1097 57 7

G35.1: RRMS 342 87 17 717

G35.2: PPMS 21 1051 73 18

G35.3: SPMS 10 1087 28 38

G35.9: Unknown 3 693 462 5

• The analysis assessed one definition (1 inpatient
and/or at least 2 outpatient diagnoses) in a one-year
period. It is possible that alternative diagnoses
requirements or longer periods within claims data
may increase sensitivity.

• The analysis additionally looked at both neurology
specialty and GP specialty; whereby it is more likely
that the MS subtype is unknown. Despite this, many
cases were assigned only an unknown subtype.

ND, newly diagnosed
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