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Abstract—Background: There is no consensus method for determining progression of disability in patients with multiple
sclerosis (MS) when each patient has had only a single assessment in the course of the disease. Methods: Using data from
two large longitudinal databases, the authors tested whether cross-sectional disability assessments are representative of
disease severity as a whole. An algorithm, the Multiple Sclerosis Severity Score (MSSS), which relates scores on the
Expanded Disability Status Scale (EDSS) to the distribution of disability in patients with comparable disease durations,
was devised and then applied to a collection of 9,892 patients from 11 countries to create the Global MSSS. In order to
compare different methods of detecting such effects the authors simulated the effects of a genetic factor on disability.
Results: Cross-sectional EDSS measurements made after the first year were representative of overall disease severity. The
MSSS was more powerful than the other methods the authors tested for detecting different rates of disease progression.
Conclusion: The Multiple Sclerosis Severity Score (MSSS) is a powerful method for comparing disease progression using
single assessment data. The Global MSSS can be used as a reference table for future disability comparisons. While useful
for comparing groups of patients, disease fluctuation precludes its use as a predictor of future disability in an individual.
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There is considerable individual variation in the clin-
ical course of multiple sclerosis (MS). This partly
reflects the random involvement of separate ana-
tomic pathways that vary in their thresholds for clin-
ical expression, but may also depend on more
fundamental differences in the etiology, disease
mechanisms, and responses to treatment. In all
these contexts, clinical research is handicapped by
lack of a validated method for measuring the rate at
which disability accumulates in the individual (for
simplicity, referred to hereafter as “disease progres-
sion”). Here, we describe a system that utilizes infor-
mation about disease duration more effectively, and
therefore allows improved precision in assessing co-
horts for disease severity.

Two approaches have been used to measure differ-
ences in progression of MS. One involves following
patients longitudinally and measuring the time
taken to reach a given level of disability. The other
assesses patients once only during the course of their
disease—a method that depends on the hypothesis,
which we test in this article, that such assessments
reflect disease severity as a whole. The issue is how
best to adjust single measurements of disability for
disease duration because, if raw disability scores are
compared without this correction, information is
squandered and larger samples needed to detect real
differences in rates of disease progression. The most
validated and widely accepted measure of disability
is the Expanded Disability Status Scale score
(EDSS).1 This is ordinal but, despite numbered steps,
intervals between individual half points are not lin-
ear. Because there is no simple relation between
EDSS and disease duration, correcting for this pa-
rameter is not straightforward. One solution has
been to derive a ratio of the EDSS and time from
onset (in years) as the Progression Index (PI). The
fact that disability, as measured by the EDSS, is not
linear limits this approach. The Multiple Sclerosis
Severity Score (MSSS) corrects EDSS for duration by
using an arithmetically simple method to compare
an individual’s disability with the distribution of
scores in cases having equivalent disease duration.
By applying this method to a database of 9,892 pa-
tients we created a reference table for future compar-
isons. Simulation shows that the MSSS is a useful
method for identifying factors that influence disease
progression using single assessment data.

Methods. Clinical resources. Each group involved in the Ge-
netic Analysis of Multiple Sclerosis in Europeans (GAMES) con-
sortium2 was invited to contribute clinical data. Details relating to
date of birth, sex, clinical course (primary progressive/relapsing-
remitting or secondary progressive), age at first symptoms, single
or sequential EDSS scores, time from first symptoms to EDSS
assessment, methods of recruitment, and previous exposure to
immunomodulatory drugs were collected. Ethical approval was
obtained for each group from local committees.

In most cohorts, only a single assessment was made on each
patient. Where multiple assessments had been made, one group
(Spain) submitted the first, another (Bari) the last, and others
(Sardinia and Rennes) selected one at random for inclusion in the
Global MSSS. Two groups (Rennes and Lyons) made serial data
available. These were used to assess stability of MSSS scores over
time, and to determine whether EDSS measurements made early
in the disease course predicted later disability. A few of the
smaller single assessment datasets included observations made at
times of relapse. Serial datasets other than the Spanish specifi-
cally excluded them.

For most populations, patients were selected from existing da-
tabases of cases referred to centers specializing in the manage-
ment of MS (Sweden, n ! 1,071; Norway, n ! 391; Denmark, n !
460; Belgium, n ! 153; Germany [Bochum], n ! 589; Germany
[Berlin], n ! 359; France [Rennes], n ! 1,630; Italy [Bari], n !
1,741; Italy [Novara], n ! 198; Italy [Sardinia], n ! 1,378; and
Portugal, n ! 215). Some cohorts were supplemented by self-
referral or access to databases used previously for epidemiologic or
genetic research (Cambridge, n ! 1,021; Spain, n ! 267; and
Australia, n ! 176). Two datasets were strictly population-based
(Northern Ireland [Belfast], n ! 243; and France [Lyons], n !
1,975). All patients had a diagnosis of clinically or laboratory
supported definite MS.3 Three small groups of patients (from Po-
land, n ! 140; Portugal, n ! 130; and Sicily, n ! 42) were ex-
cluded. These groups were only able to provide complete data on a
small proportion of their total MS patients, raising the possibility
that they might be particularly vulnerable to selection bias.

Method for deriving Multiple Sclerosis Severity Scores. The
MSSS algorithm is a simple method for adjusting disability for
disease duration. Patients were stratified by the number of whole
years from first symptoms to EDSS assessment. To reduce the
impact of stochastic fluctuations over time, each year was ana-
lyzed with the two on either side. Thus, for example, year 5 re-
sults were generated from data for all patients with onset of
symptoms attributable to MS from 3 to 7 years previously. Within
each year EDSS scores were ranked and the average of the lowest
and highest ranks for each possible EDSS value (0, 1, 1.5 . . . 9.5)
was calculated. These averages were then normalized by dividing
by 1 " the number of available assessments for that year. The
normalized values were multiplied by 10 to provide a range from 0
to 10 (for easier comparison with raw EDSS), and rounded to two
decimal places. Therefore, MSSS is the decile of the EDSS within
the range of patients who have had the disease for the same
disease duration. We used this algorithm to construct three tables.
The Global MSSS table was derived from combined data excluding
the Lyons patients. One Local MSSS was derived for the Rennes,
France dataset and a second Local MSSS for the combined Italian
data. These were used to test whether the MSSS generated from
local data were substantially more powerful than the Global
MSSS.

Comparison of datasets and natural history data. To investi-
gate how representative our samples were for MS, we compared
median EDSS and 25th to 75th centile ranges in the 15 contribut-
ing datasets. Disability in the overall combined dataset was com-
pared with published data from the Ontario natural history
study.4,5 In cohorts providing serial observations we chose a dis-
ability assessment at random within the disease course.

Stability of EDSS rankings over time and exploration of earli-
est useful EDSS data. Reliance on single point assessments as-
sumes that data are representative of disease severity and not
unduly influenced by sampling variation or disease fluctuation.
Particular concerns have been expressed with respect to EDSS
scores recorded early in the clinical course. Therefore, we assessed
in individual patients how well disability measured at one point of
the disease correlated with disability measured later in the dis-
ease course. In the longitudinal datasets, using Spearman’s rank
correlation coefficient, we compared EDSS rankings in years 0, 1,
2, 3, 4, and 5 with EDSS rankings for the same individuals 5 (#1),
10 (#1), and 15 (#2) years later.

Simulation studies to compare power of MSSS with other mea-
sures of disease progression. The ability of the MSSS and previ-
ous scales to detect a risk factor influencing disease severity was
compared using simulations based on a variety of scenarios, i.e.,
assumed models for simulating datasets. In all scenarios, we as-
sumed that half the patients were exposed (Group E) and the
other half not exposed (Group U) to a risk factor such as, for

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the April 12 issue to find the title link for this article.
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example, possession of the mutant allele at a genetic susceptibility
locus. The scenarios were constructed by assuming the following:
either 500 (i.e., 250 in Group E and 250 in Group U) or 1,000 (i.e.,
500 in each group) patients in the study; a distribution of EDSS
over duration either similar to that seen in Rennes, France or the
combined Italian data (the most divergent of the larger datasets
in terms of their distributions of disability over time); one of five
models (table 1) for the effect of exposure on progression; and
penetrance for the risk factor of 0, 0.1, 0.2, . . . , 1 (i.e., 11 points).
Thus, there were a total of 2 $ 2 $ 5 $ 11 ! 220 scenarios. Here,
penetrance means the probability that an exposed individual is
affected by that exposure. For example, in the scenario where
penetrance was Model 1 (in which EDSS increased by 0.5 through-
out the course of the disease) and penetrance 0.3, durations and
EDSS values would be sampled in the same way for exposed and
unexposed individuals and then each exposed individual would
have a probability of 0.3 of his or her sampled EDSS being in-
creased by 0.5. For each individual, the Global MSSS, Local
MSSS, and progression index (PI) were calculated.

Five thousand datasets were simulated for each of the 220

scenarios. For each dataset, the Wilcoxon rank sum test was used
to test for a significant difference between Groups E and U in
Global MSSS scores, Local MSSS scores, raw EDSS scores, and PI
(both with and without exclusion of the first 5 years). For each of
the scenarios, the power of the tests based on Global and Local
MSSS, raw EDSS, and PI was calculated as the proportion of the
5,000 datasets in which the corresponding test was significant
(p % 0.05). The power of a method for categorical analysis6 was
calculated using the same approach.

Results. Demographics of datasets. Altogether, data
were collected on 11,867 patients from 16 research groups
based in 11 countries (table 2). Sixty-six percent were
Northern European; 33% were from Southern Europe and
1% from Tasmania (mainly of Northern European origin).
The sex ratio was 2.2 F:M. Eleven percent had primary
progressive disease. The average age at disease onset was
30.6 years and the average disease duration at measure-
ment of EDSS was 11.7 years.

Around 500 patients were included for each of the first
11 years of disease duration: at least 200 patients were
available up to year 20; and &100 patients to year 27.
Combining data from each year with the two adjacent
years contributed &1,000 data points for the generation of
Global MSSS scores annually to year 20, and &500 per
annum for years 20 to 26 (figure 1). To compare datasets,
we examined progression of the EDSS in each group as a
function of time (figure 2). Contributing datasets were
somewhat different from each other. Therefore, when com-
paring the power of Global MSSS against Local MSSS we
specifically chose two of the most disparate large samples
as the basis for our simulations to see whether this dispar-
ity would have a substantial influence on power. Our com-

Table 1 Models used to simulate the genetic effect on
disease progression

Model Increase in EDSS as a result of exposure

I 0.5 throughout the disease course

II 0.5 up to 15 y and then by 1.0

III 0.5 only after 15 y

IV 2.0 throughout the disease course

V 0.5 for the first 5 y,
1.0 for the next 5 y,
1.5 for the next 5 y

EDSS ! Expanded Disability Status Scale.

Table 2 Demographic and treatment data for the 16 participating cohorts

Country Location
Number of

patients
Female,

%
Mean age,

y

Primary
progressive,

%

Immunomodulatory
drugs other than

corticosteroids prior
to EDSS,* %

United Kingdom Cambridge 1,021 74.6 26.3 8.2 %5

Belfast 243 70.0 31.2 12.8 5

Scandinavia Sweden 1,071 70.9 31.6 11.1 20

Norway 391 69.8 31.7 22.5 %5

Denmark 460 65.7 31.6 14.8 19

France Rennes 1,630 64.7 31.0 25.0 75

Lyons 1,975 60.6 31.7 6.9 25

Belgium Leuven 153 64.4 30.7 4.8 25

Germany Bochum 589 67.7 29.5 18.8 NA

Berlin 359 73.0 30.8 4.2 20

Italy Bari 1,741 67.6 28.2 12.6 37

Novara 198 67.7 32.1 3.0 26

Sardinia 1,378 68.4 28.8 9.0 35

Portugal Oporto 215 70.7 29.1 8.4 60

Spain Barcelona 267 65.5 30.5 15.0 0

Australia Tasmania 176 71.0 32.4 7.4 50

Total 11,867 68.4 30.6 10.8 27

* Figures for use of immunomodulatory drugs are estimates only: see text for details.

EDSS ! Expanded Disability Status Scale; NA ! data not available.
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bined sample was similar in progression to data from the
Ontario natural history study4,5 (table 3).

Validation of single point data: stability of patient dis-
ability rankings over time. A total of 8,498 assessments
were available on the 1,975 patients from the Lyons data-
set and 7,557 on the 1,630 patients from Rennes. Measure-
ments made in the first year (year 0) were not reliable
indicators of disease severity, having low correlation (table
4) with measurements later in the disease course. There-
fore, we excluded data from year 0 from any further calcu-
lations including construction of the Global MSSS and our
power simulations. Correlations for year 1 were markedly
greater than for year 0. Correlations between measure-
ments taken at year 1 and 5, 10 or 15 years later, were
similar to correlations 5, 10, and 15 after year 5. This
indicates that single point assessment data from as early
as year 1 can be used to represent disease severity.

Calculation of Global MSSS. We derived a Global
MSSS table from the combined data on 9,892 patients,
excluding the cases from Lyons (assessed using the DSS),
for years 1 to 30 and EDSS points 0 to 9.5 (figure 3). For
example, an individual with symptoms for 10 years and an
EDSS of 4 has a Global MSSS score of 5.28. Another pa-
tient with symptoms for 20 years and the same EDSS
would have a Global MSSS score of 2.99. The algorithm
used to derive the Global MSSS ensured that, for any
given year, scores increase with higher values for EDSS.
This is shown by reading from left to right across columns
of the table. Although there is no a priori obligation for the
MSSS associated with a given value of EDSS to decrease

Figure 1. Total number of patients and data points avail-
able for each year of duration. The filled bars represent
the numbers of patients included at each disease duration.
We combined data from each year with the two years on
either side and the sample size for each year is represented
by clear bars.

Figure 2. Data for each period of 5
years are combined. Vertical lines rep-
resent the 25th to 75th centile range for
each dataset. The median is shown as
a horizontal bar. The width of the ver-
tical lines is proportional to the num-
ber of patients represented: E !
England, U ! Belfast, S ! Scandina-
via, D ! Germany, F ! France " Bel-
gium, H ! Spain " Portugal, I !
Italy, T ! Tasmania.

Table 3 Comparison of overall disease progression with the
longitudinal follow-up study in London, Ontario, Canada

Duration, y

Proportion of patients
with EDSS greater than

or equal to:
Present study,

%
Ontario,

%

5 3 48 37*

6 14 14†

8 4 2*

10 3 67 56*

6 30 32†

8 5 5*

15 3 75 80†

6 38 50†

8 11 10*

20 3 85 86*

6 58 64*

8 14 17*

Figures cited here are either estimated from diagrams*4,5 or
stated in the text of the articles cited.†

EDSS ! Expanded Disability Status Scale.

April (1 of 2) 2005 NEUROLOGY 64 1147



with increasing disease duration (reading vertically down
each column), this was in fact observed in the vast major-
ity of cases. Derivation of the Global MSSS is illustrated
for year 10 in table E-1 (on the Neurology Web site at
www.neurology.org). A program is available for download
from http://www-gene.cimr.cam.ac.uk/MSgenetics/GAMES/
MSSS that calculates Global and Local MSSS values and
performs the Kruskal-Wallis tests based on these.

We aimed only to include assessments made when the
EDSS was stable. However, some of the contributing
groups were unable to identify which measurements were
made at times of relapse. We estimate that these make up
less than half a percent of assessments used to construct
the Global MSSS and hence are unlikely to affect its power
and applicability.

The stability of a person’s MSSS score over time is also
shown in table 4, with mean and 80% range for changes
over 5, 10, and 15 years. The mean change in MSSS was
about zero. The 80% range for the change in MSSS was
about #2, considerably less than #5.5, which would be
expected if scores were taken at random, reflecting the
moderate to strong correlation between EDSS measure-

ments made at different time points on the same person.
However, the ranges are not negligible, indicating that an
individual’s MSSS scores can alter quite a lot over time.
Thus, although differences in mean MSSS (or EDSS) be-
tween two groups of patients reflect real differences in
mean disease progression, one should be cautious about
using MSSS to predict future disease severity in any single
patient: any such prediction will be subject to considerable
uncertainty.

Simulation studies to compare power of MSSS with
other measures of disease progression. To test the ability
of the MSSS to detect factors that influence disease pro-
gression, we simulated groups exposed and not exposed to
a putative risk factor, and compared sensitivity of the
MSSS with other published methods. Figure 4 shows results
from the simulation in which 500 patients were exposed and
500 not exposed to a factor modifying disease progression by
0.5 EDSS points (Model 1, see table 1), based on the Italian
cohort. MSSS was more powerful in detecting simulated dif-
ferences between exposed and unexposed groups than were
EDSS (MSSS [G] vs EDSS), PI with and without exclusion of
the first 5 years (MSSS [G] vs PI and PI2), and categorical

Table 4 Correlation between individual disability rankings at different time points in the Lyons and Rennes cohorts

First
assessment

Follow-up
assessment

Lyons Rennes

No. of
observations

Spearman
correlation
coefficient

Mean and 80%
range for change

in MSSS
No. of

observations

Spearman
correlation
coefficient

Mean and 80%
range for change

in MSSS

Year 0 "5 178 0.27 (0.13–0.40) '3.2 ('8.8–"0.7) 69 0.47 (0.26–0.63) '0.4 ('3.4–"3.2)

"10 95 0.14 ('0.06–0.33) '3.8 ('9.0–"0.8) 38 0.55 (0.28–0.74) '0.2 ('3.3–"3.3)

"15 90 0.22 (0.02–0.41) '3.7 ('8.7–"0.6) 29 0.07 ('0.30–0.43) '1.0 ('5.1–"3.2)

Year 1 "5 137 0.65 (0.55–0.74) '0.8 ('3.2–"1.5) 70 0.66 (0.50–0.77) 0.0 ('2.0–"3.0)

"10 66 0.57 (0.38–0.71) '1.7 ('5.6–"1.1) 22 0.47 (0.06–0.75) 0.2 ('2.0–"3.6)

"15 50 0.67 (0.48–0.80) '1.5 ('5.6–"1.1) 21 0.40 ('0.04–0.71) '1.2 ('5.0–"2.5)

Year 2 "5 127 0.67 (0.56–0.76) '0.8 ('3.7–"1.5) 90 0.49 (0.31–0.63) 0.1 ('3.0–"2.5)

"10 62 0.42 (0.19–0.60) '2.2 ('6.6–"1.4) 29 0.67 (0.40–0.83) '0.7 ('3.8–"1.9)

"15 49 0.55 (0.31–0.72) '1.4 ('5.2–"1.3) 23 0.66 (0.34–0.84) '1.0 ('4.3–"2.9)

Year 3 "5 105 0.85 (0.79–0.90) '0.5 ('2.1–"1.5) 97 0.73 (0.62–0.81) '0.1 ('2.1–"2.2)

"10 57 0.76 (0.62–0.85) '1.0 ('3.6–"1.3) 34 0.57 (0.29–0.76) '0.7 ('3.6–"1.9)

"15 42 0.68 (0.48–0.82) '1.0 ('4.4–"1.6) 25 0.76 (0.53–0.89) '1.5 ('4.1–"1.2)

Year 4 "5 112 0.77 (0.68–0.83) '0.3 ('2.4–"2.2) 86 0.75 (0.63–0.83) 0.0 ('1.7–"1.8)

"10 53 0.81 (0.69–0.88) '0.7 ('3.4–"1.6) 31 0.57 (0.26–0.77) 0.2 ('2.3–"2.4)

"15 35 0.59 (0.32–0.77) '1.6 ('5.4–"1.7) 16 0.80 (0.51–0.93) '0.7 ('2.9–"1.4)

Year 5 "5 89 0.76 (0.66–0.84) '0.1 ('2.6–"2.6) 71 0.72 (0.59–0.82) 0.1 ('1.7–"2.4)

"10 54 0.81 (0.69–0.89) '0.4 ('2.9–"2.0) 32 0.65 (0.39–0.82) '0.1 ('2.8–"2.6)

"15 29 0.77 (0.56–0.89) '0.6 ('3.1–"1.8) 18 0.33 ('0.16–0.69) '0.2 ('3.5–"3.6)

Year 10 "5 66 0.91 (0.85–0.94) '0.1 ('1.6–"1.8) 57 0.79 (0.66–0.87) 0.4 ('0.9–"2.1)

"10 28 0.71 (0.46–0.86) 0.1 ('2.3–"1.5) 19 0.66 (0.30–0.86) 0.5 ('1.7–"3.1)

"15 17 0.79 (0.51–0.92) '0.7 ('2.4–"1.5) 11 0.66 (0.10–0.90) 2.2 ('0.1–"4.5)

Spearman correlation coefficient (95% CI) and the mean and range of values by which MSSS was observed to change over the interven-
ing periods are shown. "5 years includes second assessments between 4 and 6 years, "10 years includes assessments between 9 and
11 years, "15 years includes assessments between 13 and 17 years. The total number of patients in this table does not match the total
number of patients in the Rennes and Lyons datasets in table 2 because this table only shows those patients who happened to have
assessments at these time intervals.

MSSS ! Multiple Sclerosis Severity Scale.
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analysis of results (MSSS [G] vs CAT). Similar results were
obtained from all five different models tested (see table 1)
and when using the Rennes cohort in place of the Italian
data. Where effects of the putative risk factor were very
weak, no method was particularly powerful. Similarly, when
effects were strong, all except the category method had close
to 100% power. The MSSS showed most advantage when
effects were modeled to be intermediate. The Global MSSS
was similar (and often superior) in power to MSSS derived
from the datasets used to generate the simulations (MSSS
[G] vs MSSS [L]). PI was no more powerful and in most
simulations less powerful than raw EDSS.

Discussion. There is no consensus method for
measuring progression in MS using single, cross-
sectional assessments of disability. Many explor-
atory methods have been used,7 none of which is
supported by empirical evidence or critical analysis.
While it is statistically valid to compare disease pro-
gression between groups of patients using raw dis-
ability scores, failure to take account of disease
duration reduces the information utilized and, there-
fore, the power to detect real differences between
groups. We have taken an approach to measuring
disease severity that uses this information by com-
paring individual EDSS scores with the distribution
of EDSS in patients who have had MS for the same
length of time. A simple algorithm was developed for

deriving decile scores for disability and applied to a
cohort of 9,892 patients with disease durations rang-
ing from 1 to &30 years to create the Global MSSS.

Using serial data from two large French cohorts,
we show that single point measures of disability are
representative of disease course overall. The ranking
of a patient’s disability at one point correlates with
the ranking of disability in the same patient later in
the disease course. Previously suggested methods8

have excluded data from the first 5 years. However,
we found that single point assessments made as
early as the second year of disease show sufficient
correlation with later disability measurements to in-
form the analysis of disease severity. It has been
generally accepted that serial studies are superior to
single point assessments of disease progression.
However, a longitudinal survey providing serial mea-
surements of EDSS in the same patient but analyzed
at only one point, for example, time taken to reach
an EDSS of 6.0, is not necessarily more powerful
than a study in which each patient is assessed once
only, provided appropriate adjustment for disease
duration.

In addition to describing an algorithm that may be
used for deriving the MSSS from any adequate data-
set, we have provided the Global MSSS from which a
patient’s disease progression can be rated directly if

Figure 3. Global Multiple Sclerosis Severity Scores (MSSS) generated from 9,892 European patients. The MSSS for an
individual patient is ascertained by finding the column corresponding to the patient’s Expanded Disability Status Scale
and the row corresponding to the number of years since the onset of multiple sclerosis. Deciles are color coded to show the
pattern of disease progression at different disease durations.
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the EDSS and disease duration are known. Data for
the Global MSSS were combined from 16 different
research groups representing 11 European nations
participating in the GAMES collaboration.2 The ma-
jority came from sources where only a single mea-
sure of disability was recorded for each patient. In
others, one from a number of serial measurements
was selected. The source of data was largely clinic
based. Recruitment in these groups may have been
influenced by factors affecting disease severity.
Thus, for example, more patients exposed to drug
therapy would be expected where cases are identified
through a department actively involved in the initia-
tion and monitoring of disease modifying treatments.
Where enrollment was initially motivated by referral
to another research project, the extremes of clinical
severity may not have been included. At first sight
this pooling of somewhat disparate datasets may be
called into question. However, it is important to re-
member that power of the Global MSSS test based
on pooled data does not rely on these being a true
representation of disease progression but only on the
condition that future datasets resemble these data.
The validity of data pooling was justified by the find-
ing that power of the Global MSSS is very similar to
that of Local MSSS even at extreme ends of the
dataset distribution observed in this study. This im-
plies that the Global MSSS will be applicable to any
future study with disease progression that falls
within the bounds of the progression patterns col-
lected here. The fact that, in addition, progression
rates were similar to those seen in a population-
based epidemiologic survey4,5 implies that the vast
majority of MS progression data will satisfy this con-
dition. However, in some situations, local factors
may make it preferable to generate a Local MSSS, if
necessary stratifying for age9 or long-term use of im-
munotherapy before applying a stratified Wilcoxon’s
rank sum test or, if more than two groups of patients
are compared, a Kruskal-Wallis test.10 Inclusion of a
few data from assessments made at times of relapse

will have had a negligible effect on the overall Global
MSSS and can further be excused along the same
lines, namely that future datasets are likely to in-
clude some such data.

The average MSSS showed stability over time al-
though, as expected from the unpredictable nature of
MS, there were not inconsiderable changes in indi-
vidual MSSS scores. The implication of this finding
is that MSSS is a useful measure for studies of
groups of patients but cannot be used to predict very
adequately later disability in an individual. Thus one
group of patients with a higher mean MSSS than
another is likely to maintain a higher MSSS 5, 10, or
even 15 years later even though individual MSSS
scores within the groups may fluctuate over time.

The simulations show that the test based on
Global MSSS is more powerful than previous meth-
ods for single-point assessment studies. That is, it is
more likely to find a statistically significant differ-
ence between two groups whose rates of progression
truly differ. The MSSS reduced the number of pa-
tients required to detect this difference by up to one
half, compared to the next most powerful method.

An examination of the method used for comparing
ordinal data (the Wilcoxon’s rank sum test11) sug-
gests a theoretical basis for why MSSS might be
expected to be more powerful than methods that do
not take into account disease duration and even
those that do such as the PI. Scores from both groups
being compared are ranked together and the differ-
ence between average ranks in the two groups calcu-
lated. Power is lost if disease duration is not taken
into account, since patients with longer disease dura-
tions tend to have higher ranks, whether or not they
carry the risk factor. Using the MSSS, all patients
with average disability for disease duration, by defi-
nition, score around 5. Patients with more acceler-
ated disease progression receive higher scores and
those with less severe disease are assigned lower
scores, whatever the disease duration, thus increas-
ing the likelihood of identifying factors that affect

Figure 4. Representative example of
the power of Multiple Sclerosis Severity
Score (MSSS) and alternative severity
methods using Model 1 (exposed pa-
tients were at risk of their Expanded
Disability Status Scale [EDSS] being
increased by 0.5) in 1,000 patients sim-
ulated using the Italian dataset. The
power (the proportion of 5,000 simula-
tions having a statistically significant
difference between exposed and unex-
posed groups at the 5% level) is shown
as a function of penetrance (the propor-
tion of exposed individuals affected).
MSSS (L) ! MSSS derived from local
(Italy) data; MSSS (G) ! Global
MSSS; PI ! progression index; PI2 !
PI with first 5 years of assessments dis-
carded; CAT ! categorical data.
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disease progression. Furthermore, the method for de-
termining MSSS scores compensates for variation in
sensitivity of the EDSS to detect changes in disabil-
ity. Thus, at points on the scale that are insensitive
to increasing disability, a small change in EDSS will
be reflected by a larger change in rankings than at
scores where the EDSS is more sensitive to increas-
ing disability. By comparison, adjustment used for
the PI does not assist in ranking patients according
to disease severity. Instead, it merely consolidates
the grouping of patients by disease duration, though
in the opposite order from raw EDSS. The increase
in power of the MSSS is not at the expense of re-
duced specificity, which remains unchanged at the
nominal value (e.g., 5% if the standard threshold of
p % 0.05 is used). In fact a positive disease severity
effect detected by MSSS is more likely to be a true
finding than one found by another method as they
may give false positive results because of poorly
matched disease durations in the groups being
compared.

When comparing disease progression between
groups, it is important to avoid confounding due to
case ascertainment. For example, a tendency for
older patients with mild disease to have a lower re-
ferral rate than younger cases with equivalent dis-
ability might lead to the spurious conclusion of faster
progression in the older group. This is different from
the situation in which recruitment is affected by a
risk factor only through its influence on EDSS, be-
cause, in this case, exposed and nonexposed patients
with the same EDSS are just as likely to be
recruited.

When analyzing single assessment data, there
may be some uncertainty about the precise date of
disease onset from which to infer disease duration
when anamnestic data are used. This uncertainty
applies not just to MSSS but also to any cross-
sectional data that utilize information about disease
duration and it is exceedingly unlikely that using
this additional information would be outweighed by
uncertainty of disease onset in some individuals.

Typical applications of the MSSS might be in epi-
demiologic studies, such as those that correlate dis-

ease progression among different family members
with MS, and in studies of genetic association, where
disease progression is compared between groups
with different alleles at a particular locus. A number
of rating scales other than the EDSS are currently in
use for assessing morbidity in MS. These include
global measures such as the Multiple Sclerosis Func-
tional Composite12 and the Multiple Sclerosis Impact
Scale,13 and scales that assess a particular neuro-
logic system. The core principle of the MSSS—cor-
recting single assessment scores by comparison with
the distribution in patients of similar disease dura-
tion—could be applied to each.
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