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T

he most common neurological outcome measure for multiple sclerosis (MS) patients is the Expanded Disability
Status Scale (EDSS). Originally, Kurtzke developed this
disability status scale,1 later revised to a more refined classification system, known as the EDSS.2 The EDSS is based on a
neurological examination of eight functional systems usually
performed by a medical doctor. While problems of standardisation, resulting in suboptimal interrater reliability, marginal
sensitivity to change and bias to locomotor function have been
described3–6 the EDSS remains a useful tool for classifying disability in MS patients.
In a longstanding invalidating neurological disease like MS
where cure is not yet possible, disability as perceived by the
patient is an important measure and for this purpose the
Guy’s Neurological Disability Scale (GNDS)7 was recently
developed. The GNDS measures disability based on patient self
report, embraces the whole range of disabilities that can be
encountered in the course of MS, is patient orientated, user
friendly, and not biased to any particular disability.7 8 The
GNDS is a questionnaire, divided in 12 subcategories, directed
to assess a patient’s disability in the previous month by patient
interview and can be applied by any healthcare worker. It is
therefore extremely practical and capable of incorporating
patients’ views of their disability in a structured manner.8 9
In a previous study we showed good cross sectional correlations between EDSS and GNDS: these correlations were
mainly attributable to the importance of spinal cord related
neurological functions for both scales.9 That study also
confirmed that the GNDS measures other dimensions of disability than the EDSS and incorporates patients’ perspectives,
both of which can cause marked discrepancies between scores
on the two scales. Such discrepancies between objective measurements and subjective complaints have been demonstrated
in many studies. To give just one example, Sharrack and
Hughes found that the assessment of a patient’s walking ability is very different between doctors and patients, and also
very different from measured distances.10
The aim of this study was to prospectively characterise the
relation between one year changes in neurologist rating of
neurological examination of abnormalities as measured by the
EDSS and changes in patient self report as measured by the
GNDS. More specifically, we studied whether discrepancies
between changes in EDSS and GNDS were attributable to differences in the change perceived by the patient and that
measured by the physician or the result of symptoms covered
by the GNDS but not included in the EDSS. In addition, we
studied how significant changes in the EDSS were associated
with changes in patient perceived disability.

METHODS
Patients
Two hundred and fifty patients with clinically definite MS11
underwent longitudinal examinations of EDSS and GNDS at

our outpatient clinic. Patients were diagnosed as having
relapsing-remitting MS (n=126), secondary progressive MS
(n=60), or primary progressive MS (n=64).12
Test procedures
Disability was assessed at baseline and after one year using
EDSS and GNDS. Data from EDSS and GNDS were collected in
the same visit, under standardised conditions by well trained
physicians. The two measurements were performed in the
same order, first the GNDS followed by the EDSS.
The EDSS is divided in 20 half steps ranging from 0
(normal) to 10 (death due to MS).2 Each subcategory of the
GNDS was scored separately ranging from 0 (normal) to 5
(maximum help required). The GNDS score is the sum score of
the 12 subcategories (range 0 to 60).7
Analysis
Results were analysed in several ways. We studied cross
sectional correlations between EDSS and GNDS sum score at
baseline and follow up. Longitudinal correlations were studied
between ∆ EDSS and ∆ GNDS sum score, ∆ functional
systems, and ∆ GNDS subcategories, as well as between ∆
functional systems and the corresponding ∆ GNDS subcategories (∆ sphincter compared with ∆ bladder and bowel
function; ∆ brain stem compared with ∆ speech and swallowing; ∆ pyramidal, sensory and cerebellar compared with ∆
upper and lower limb function; ∆ cerebral compared with ∆
cognition and mood and ∆ vision compared with ∆ visual).9
As this analysis may be confounded by the fact that the
EDSS is an ordinal scale, we also studied the total number of
patients showing a clinically significant change on the EDSS
and GNDS, as well as the mean change in GNDS for patients
with a change on the EDSS. A clinically significant change of
the EDSS was defined as a change of 1.0 point or more at
EDSS levels <5.5 or 0.5 point or more at EDSS levels >5.5.13
For the GNDS a change of three or more points in the sum
score was considered as clinically significant.7 14 As the threshold of significance is not well defined we performed a
sensitivity analysis in which we defined a significant change
on the GNDS as a change of at least 2, 4, and 5 points, as well.
Statistics
Correlations were calculated using the Spearman rank correlation coefficient (r). In this study we considered p values of
less than 0.01 as significant and p values of less than 0.05 as a
trend only. The strength of correlation was labelled as follows:
correlations <0.40 as weak to marginal; 0.40 to 0.60 as moderate; 0.60 to 0.80 as good, and >0.80 as excellent. Agreement
between clinically significant EDSS and GNDS changes was
calculated using linear weighted Cohen’s κ.
.............................................................
Abbreviations: MS, multiple sclerosis; EDSS, Expanded Disability Status
Scale; GNDS, Guy’s Neurological Disability Scale

www.jnnp.com

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.74.4.442 on 1 April 2003. Downloaded from http://jnnp.bmj.com/ on January 24, 2021 by guest. Protected by copyright.

PAPER

440

Hoogervorst, Eikelenboom, Uitdehaag, et al

∆ Functional systems

Total
Total
M
F
Age (y)
Baseline EDSS
Follow up EDSS
∆ EDSS
Baseline GNDS2
Follow up GNDS
∆ GNDS

Table 3 Correlations between ∆ functional systems
and ∆ EDSS and ∆ GNDS for the total population

250
95
155
44.3 (11.0)
4.0 (2.5–6.0)
4.0 (2.9–6.0)
0.0 (0.0–0.5)
13.0 (8.0–19.0)
14.0 (9.0–20.0)
1.0 (−2.0–3.0)

∆ EDSS

∆ GNDS

ns

Visual
Brain stem
Pyramidal
Sensory
Cerebellar
Sphincter
Cerebral

0.08ns
0.18**
0.06ns
0.01ns
−0.00ns
0.34**
0.26**

0.13
0.12ns
0.22**
0.30**
0.21**
0.12ns
0.13*

**
Correlation is significant (p<0.01); *correlation shows a trend (p<
0.05); ns not significant. Abbreviations as for table 1.

EDSS, Expanded Disability Status Scale; GNDS, Guy’s Neurological
Disability Status Scale.

Table 4 Number of patients showing clinically
significant changes in EDSS and GNDS sum score
Table 2 Correlations between ∆ GNDS subcategories
and ∆ EDSS and ∆ GNDS for the total population
∆ GNDS subcategories

∆ EDSS

∆ GNDS

Cognition
Mood
Vision
Speech
Swallowing
Upper limb function
Lower limb function
Bladder function
Bowel function
Sexual function
Fatigue
Others

0.06ns
0.08ns
0.03ns
0.15*
−0.06ns
0.11ns
0.28**
0.08ns
−0.02ns
−0.01ns
0.16ns
−0.07ns

0.29**
0.48**
0.11ns
0.20**
0.09ns
0.33**
0.30**
0.43**
0.23**
0.41**
0.34**
0.40**

**
Correlation is significant (p<0.01); *correlation shows a trend
(p<0.05); ns not significant. Abbreviations as for table 1.

RESULTS
Table 1 summarises patient characteristics and scores on EDSS
and GNDS at baseline and follow up. Mean age at baseline was
44.3 years (SD 11.0); 38% of the patients were male and 62%
were female. Average time interval from baseline to follow up
measurement was 13.6 months (SD 1.9). Baseline EDSS
scores ranged from 0 to 9.0 and median EDSS scores at baseline and follow up were the same (4.0). The median GNDS
sum score at follow up (14.0) showed a deterioration of 1.0
point compared with baseline (13.0).
Changes in GNDS occurred independent from baseline
GNDS sum scores; both frequency and magnitude of the ∆
GNDS were equally distributed along the full range of baseline
GNDS sum scores, whereas changes in EDSS were more
frequent and larger in the lower part of the scale (data not
shown). This emphasises an important measurement scale
characteristic of the GNDS.
Cross sectional correlations between EDSS and GNDS sum
score were 0.69 (p<0.01) at baseline and 0.77 (p<0.01) at follow up. With respect to changes over time, only a weak to
marginal correlation was found between ∆ EDSS and ∆ GNDS
sum score (r=0.19; p<0.01).
Correlations between change in the EDSS functional
systems and change in the corresponding GNDS subcategories
were marginal to weak (∆ brain stem compared with ∆ speech
and swallowing, r=0.12, not significant; ∆ pyramidal, sensory
and cerebellar compared with ∆ upper and lower limb
function, r=0.16, p<0.05; ∆ cerebral compared with cognition
and mood, r=0.25, p<0.01 and ∆ vision compared with visual
r=0.23, p<0.01). A moderate correlation was found between ∆
sphincter of the EDSS and ∆ bladder and bowel function of the
GNDS (r=0.58, p<0.01).
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Significant ∆ EDSS
∆ GNDS of 3
points or more

Improvement
n=37

No change
n=154

Worsening
n=59

Improvement n=52
No change n=112
Worsening n=86

12
14
11

31
75
48

9
23
27

Abbreviations as for table 1.

Table 2 shows that the only statistically significant correlation between change in the different GNDS subcategories and
∆ EDSS was found for lower limb function, whereas (as
expected) many more GNDS subcategories were correlated
with ∆ GNDS. Table 3 shows that of all functional systems only
changes in brain stem, sphincter, and cerebral functional systems correlated significantly with changes in GNDS sum
score, while with respect to the EDSS the situation is opposite,
with the exception of the visual system, which is not
correlated to either overall score.
Table 4 shows that a total of 59 patients showed a clinically
significant worsening on the EDSS, whereas 37 patients
showed a clinically significant improvement. A clinically
significant worsening or improvement of the GNDS sum score
(based on the definition of a change of at least three points
being significant) was observed in 86 and 52 patients, respectively. Strikingly, opposite changes in EDSS compared with
GNDS sum score were observed in 20 patients (8%): in 11
patients of 37 (29.7%) in whom there was a clinically significant improvement on the EDSS there was a 3 point or more
worsening in the GNDS, whereas, vice versa, in 9 patients of 59
(15.2%) in whom there was a clinically significant worsening
on the EDSS there was a 3 point or more improvement on the
GNDS sum score. Poor agreement (linear weighted Cohen’s
κ=0.12) was found between change in disability as measured
by neurologist rating of neurological examination abnormalities and patient self report.
Varying the definition of significant change in GNDS to at
least 2, 4, or 5 points resulted in corresponding percentages of
patients with a significant worsening on the EDSS accompanied by a significant improvement on the GNDS of 22.0% (13
of 59), 10.2% (6 of 59), and 10.2% (6 of 59) respectively.
Agreement between the two disability measures remained
poor with respective linear weighted Cohen’s κ values of 0.11,
0.13, and 0.16.
Figure 1 shows the mean GNDS change per category of
EDSS change: the profile of changes clearly indicates that for
patients with a significant improvement on the EDSS there is
the largest improvement on the GNDS and vice versa that for
patients with a significant worsening on the EDSS there is the
largest worsening on the GNDS.
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Table 1 GNDS sum score expressed as median
(interquartile range)
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DISCUSSION
Assessment of the patient’s perspective of disability is important, as reflected by the increasing number of studies incorporating such measures.15 To our knowledge, until now, no other
large study has reported on the relation between change in
neurologist rating of neurological examination abnormalities
as measured by the EDSS and change in patient perceived disability.
Two important pieces of information can be obtained from
the data collected in this study. In the first place we show that
the correlation between one year longitudinal changes in the
EDSS compared with GNDS is substantially lower than the
cross sectional correlation between these measures; in the
second place we show that, dependent on the criterion applied
for significant change in the GNDS, 10% to 22% of the patients
who have a significant worsening on the EDSS show a significant improvement in perceived disability.
It is obvious from our data that despite the profile of mean
GNDS sum score changes being nicely rank ordered in relation
to EDSS changes (significant or not according to commonly
applied criteria, fig 1), the longitudinal correlation between
EDSS and GNDS is much lower than the cross sectional correlations. Although this is partially attributable to the magnitude of one year changes being considerably smaller than the
range of scores at a given point in time, detailed analyses of
our data also gives rise to some other explanations.
Correlations between changes in functional systems and
changes in GNDS subcategories are only moderate to good for
those functional systems that are (mainly) based on patient
self report; those functional systems that are based on neurological examination are poorly or not at all correlated with the
subcategory scores based on the patient’s perception. Table 3
shows that whereas changes in the EDSS are only correlated
to changes in lower limb function, changes in the GNDS are
significantly correlated to a wide range of disability subcategories, including categories that theoretically could have lead to
EDSS changes (bladder function and bowel function) and
categories that are not at all incorporated in the EDSS (that is,
fatigue).
In conclusion there seem to be three reasons for the
discrepancies between changes in EDSS and GNDS: (1)
differences in the change perceived by the patient and that
measured by the physician, (2) changes in many disability
subcategories not leading to changes in EDSS, and (3) the
GNDS incorporating aspects of disability (for example,
fatigue) that are not at all considered by the EDSS. Of course

it is well known from other studies that the EDSS is heavily
biased to locomotor function,3 4 but this study adds a unique
dimension based on how disability is perceived by MS
patients.
Next, to compensate for the fact that our results might have
been influenced by the changes in disability that occurred over
a follow up period of about one year being comparatively
small, we performed additional analyses on those patients
who showed significant EDSS changes. For these analyses we
used widely applied definitions for significant EDSS change.13
In many recent clinical trials in MS this definition of a significant change has been used to define significant worsening
that served as primary outcome measure to determine
whether disease modifying interventions were effective or
not.16–18 In an attempt to obtain information on individual
patients we also analysed how many patients with significant
EDSS changes have corresponding or opposite changes in the
GNDS of at least 2, 3, 4, or 5 points. Based on the data by
Sharrack and Hughes7 9 we defined a change of at least three
points to be primary for this purpose; clinically significant
worsening in the physician derived EDSS was accompanied by
a clinically significant increase in disability as perceived by the
patient in only less than 50% of patients. Remarkably, 15% of
these patients in whom a clinically significant worsening of
EDSS was documented reported a significant improvement in
their own subjective perception of disability compared with
30% who reported a significant worsening whereas a
significant improvement in EDSS was found.
Performing these analyses for GNDS changes of at least 2, 4,
and 5 points the percentages of patients showing a significant
worsening on their EDSS with an associated improvement on
the GNDS would have been 22%, 10%, and 10% respectively,
indicating that this phenomenon is not dependent on the specific cut off of GNDS change.
In our opinion it is highly unlikely that our observations are
attributable to measurement errors with respect to the EDSS:
EDSS scores were obtained by a restricted number of
physicians who had undergone multiple training sessions. In
addition, the percentage of patients in this study showing significant worsening in EDSS score over one year (24%) is very
similar to that in many other studies.7 19–21 Of course the
patient’s perspective is subjective by nature and may change
over time without corresponding objective changes. This may
lead to response shift and thus complicate the comparison
between changes in GNDS and EDSS.
In conclusion, we present longitudinal data supporting the
idea that patient’s impression of change in disability may differ not just quantitatively but also qualitatively from that of an
examining physician. This seems to be because there are true
differences in the change perceived by the patient and that
measured by the physician and to the fact that many more
dimensions of disability have an impact on the GNDS than on
the EDSS. Longer follow up of our cohort and additional studies in other patient groups are required to better understand
this phenomenon and to determine what consequences it can
have for future clinical trial design.
.....................
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Figure 1 Mean change in GNDS sum score per (significant) EDSS
change. 1, Significant EDSS improvement; 2, not significant EDSS
improvement; 3, no EDSS change; 4, not significant EDSS
worsening; 5, significant EDSS worsening.
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Symptoms can predict the need for computed tomography in minor head
injury

A

method that uses common odds ratios to predict risk of abnormality from symptoms
could help doctors to provide more appropriate care for minor head injury.

Please visit the
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Neurosurgery,
and Psychiatry
website
[www.jnnp.com/
supplemental] for
link to this full
article.

Pooled odds ratios from published case-control studies of patients with minor head injury
(Glasgow coma scale (GCS) 15) with loss of consciousness (LOC) or post traumatic amnesia
(PTA) indicated that just three symptoms predicted abnormality on computed tomography.
They were vomiting (odds ratio 4.398; 95% confidence interval 2.790 to 6.932), nausea (2.125;
1.467 to 3.057), and severe headache (3.211; 2.212 to 4.584); blurred vision and dizziness were
not significant. This finding enabled patients to be subgrouped as: GCS 15a very small risk (no
symptoms); GCS 15b low risk (mild headache/blurred vision/dizziness); GCS 15c intermediate risk (LOC/PTA); GCS 15d high risk (severe headache/nausea/vomiting).
The authors carried out a meta-analysis of case-control or nested case-control studies to
calculate common odds ratios for five symptoms and abnormality on computed tomography.
They searched Medline and PubMed between January 1990 and February 2001 and hand
searched several journals. They included only full papers of studies of adults or adults and
children with LOC/PTA, all of whom had been examined by computed tomography, whose
data allowed common odds ratios to be calculated. Just three papers, covering 3375 patients,
met the study criteria.
Minor head injury has most recently been classified as GCS 15, but it still needs to be separated from other injuries within this group. Individual studies that have tried to link symptoms to abnormality on computed tomography are nearly all flawed in some way.

m Emergency Medicine Journal 2002;19:515–9.
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