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Highlights 

 Relapses cause worsening of MS beyond the recovery phase. 

 Eliminating relapses would reduce worsening in MS and improve the prognosis. 

 In male patients the worsening after relapses was not measurable. 

 Relapses had no effect with EDSS ≥ 4.0. 
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Abstract 

Background: In multiple sclerosis (MS) the quantitative role of relapses in Expanded Disability Status Scale (EDSS) 

worsening beyond the recovery phase is not well known. Most studies have examined the predictive role of early 

relapses in more distant endpoints. Relapses and worsening may be associated because they could be independent 

effects of the same underlying disease characteristics without causal relationship. With the design of the present 

study we aim to estimate the direct effect on disability of relapses. 

Methods: We used data from the obligatory bi-annually registration in the Danish Multiple Sclerosis Registry of 

relapses and EDSS for all patients treated with disease modifying drugs for relapsing/remitting MS from 1996 to 2015 

with exclusion of patients in whom no relapses had ever been recorded during treatment. We paired two consecutive 

control periods into study intervals which were the actual study units. Study intervals were qualified and included if 

they were at length 12-24 months, with EDSS ≤ 5.5 at start, and if a preceding relapse had been no closer than nine 

months to the EDSS assessment at the start or end of the study interval to eliminate relapse-related temporary EDSS 

worsening. We compared EDSS worsening in study intervals with and without relapses. The same patients could 

contribute with study intervals with and without relapses. For statistical analyses we used Generalized Estimating 

Equations to account for intra-patient correlations. 

Results: We analysed 5187 study intervals from 2015 MS patients. The mean of EDSS increase was 0.205 units in 

qualifying study intervals with relapses and 0.065 without relapses when adjusted for length of study interval, sex, and 
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EDSS at start of interval; p<0.0001. However, the effect of relapses on EDSS was absent in male patients (p=0.521), 

and when EDSS was ≥ 4.0 at start of the study interval (p=0.726).  

Conclusion: Relapses play an independent and significant role for worsening of MS in patients under disease-

modifying therapy (DMT) and eliminating relapses would not only free the patients from the temporary perils of 

relapses but would also reduce the worsening of the disease.  

1. Introduction 

In multiple sclerosis, the quantitative role of relapses in worsening disability beyond the recovery phase is not well 

known. There have been notable proponents for no effect of relapses on sustained disability. (Confavreux et al. 

2000;Casserly and Ebers 2011) Generally, studies indicate a predictive value for progressive disability of relapses early 

in the course of the disease as reviewed by Goodin et al, (Goodin et al. 2016) but relapses after two years after start 

of registration or after onset seem to have no influence on later disability, (Bosca et al. 2008; Scalfari et al. 2010) and 

in one study the effect of early relapses on subsequent worsening could not be validated. (Young et al. 2006) Lublin et 

al (Lublin et al. 2003) studied the short-term consequences of relapses in placebo treated patients and found that 28% 

of patients had residual worsening, measured on the Expanded Disability Scale Score (EDSS) (Kurtzke 1983) of at least 

1.0 EDSS points after an average follow-up of 64 days. There is still a need for analyses showing how much sustained 

disability is caused by individual relapses. Disease-modifying therapy (DMT) primarily targets relapses, and the 

question is to what degree removal of relapses by potent disease-modifying drugs (DMD) in patients with RRMS 

would affect the short-term development of disability.  

The purpose of this study was to estimate disability worsening beyond the recovery phase caused by relapses 

compared with relapse free worsening in DMD-treated relapsing-remitting MS (RRMS) patients. We also aimed at 

estimating how much it would affect the whole RRMS-population if relapses could be removed considering the usually 

low relapse rate during treatment. The challenges are whether relapses and worsening of disability can be regarded as 

mutually independent manifestations of the same underlying disease condition or they are cause-effect related. 

Another challenge is that EDSS, if assessed during the recovery phase after a relapse, would impact the analyses of 

relapse-related worsening. By comparing periods with and without relapses in the same patients and by ignoring 

observations with EDSS measurements too close to relapses, these confounding effects can be reduced.  

2. Material and methods 

2.1. Data sources 

From 1996 when DMT became available in Denmark, data of all patients with an approved diagnosis of relapsing-

remitting MS (RRMS), according to the current criteria at the time of diagnosis(Poser (Poser et al. 1983) before 2001 

or McDonald (2001, 2005, 2010) after 2001 (McDonald et al. 2001;Polman et al. 2005)), who have been treated with 

DMD in Denmark, have been reported to the Danish Multiple Sclerosis Treatment Register (Magyari et al. 2016) which 

is now embedded in the Danish MS Registry (Koch-Henriksen and Sorensen 2000;Koch-Henriksen et al. 2015). Only 

departments of neurology in the public Danish hospitals are authorized to treat MS patients with DMDs, and treating 
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neurologists are joined in a network, the Danish Multiple Sclerosis Group, enabling use of uniform guidelines. The 

patients have been followed with control visits, in principle every six months, during treatment, and at each visit the 

number of relapses since last visit and the EDSS along with Functional Systems score (FS) (Kurtzke1983) have been 

reported to the MS Registry. We included patients with age of onset of MS from 18 to 59 years. We did not include 

patients with no reported relapses at any time during treatment or follow-up. 

We extracted the standardized data about all control visits for all treated patients from the Danish MS Treatment 

Register. We targeted all observations from July 1996 through October 2015. 

2.2 Data processing 

The study units were not patients but time intervals during follow-up of DMD-treated patients, based on the control 

visit-database of the patients, hereafter called ‘study intervals’. Each study interval consisted of two consecutive 

control-periods within the same patient and treatment regimen. Study intervals could partly overlap so that an 

individual patient-specific control period could constitute both the second part of a study interval and the first part of 

the next study interval (Figure 1a), but no EDSS-assessments or relapses were in common. 

 

 
Fig. 1a. Building study intervals from control periods 

 

The predictor variable was relapse or no relapse during the study interval, and the response variable was change in 

EDSS during the same study interval (EDSS at the end minus EDSS at the start of the study interval, ΔEDSS).  

We included only study intervals with a length of 12 to 24 months and with EDSS ≤ 5.5 at start, and if the EDSS 

assessment at the start and end of the study interval was no closer to a preceding relapse than 9 months, because an 

EDSS increase after a relapse could have a transient component, irrelevant for this study. (Figure 1b). Only study 

intervals complying with these conditions were qualifying and included in the study. 
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Figure 1b. Definition of qualifying study intervals.  
To be qualifying and used for analyses, a study interval should  
a 

be of length 12-24 months;  
b
 have an EDSS at start ≤ 5.5; 

c
 have had no relapses in 9 months before start; 

d 
in case of relapse within the study interval, the last relapse should be no closer 

than 9 months to the EDSS assessment at the end of the interval. 
 

Additionally, we analysed the change in scores of Kurtzke´s Functional Systems (Kurtzke1983) as response variables. 

In a sensitivity analysis we changed the relapse quarantine period from 9 to 6 and to 12 months. 

2.3 Statistical methods 

Because the study units were study intervals rather than patients, and the same patient could contribute with 

multiple study intervals, the observations could be correlated within the patients. Therefore, we used Generalized 

Estimating Equations (GEE). We performed linear regression analysis for which we set the working correlation 

structure to ’first-order autoregressive’ because the intra-patient correlation was assumed to lessen with time. We 

included the length of the study interval, EDSS at start of interval, and sex as covariates. We treated ΔEDSS as a 

continuous variable. Mean ΔEDSS was computed as Estimated Marginal Means which means that the covariates were 

fixed at their mean values. As age, disease duration, and EDSS at start of interval could affect both relapses and 

disability progression, we divided each of them into three strata (EDSS: 0-1.5, 2.0-3.5, and 4.0+; current age: 0-29, 30-

39, and 40+; disease duration: 0-6, 7-12, and 13+ years), and we performed stratified analyses. The proportion of 

study intervals with an EDSS change of +0.5 or +1.0 were analysed by binary logistic GEE. We only adjusted the 

stratified analyses for length of study interval and sex to avoid redundancy because of collinearity between the other 

predictors. We used SPSS v. 25 and Excel-Visual Basic for data management and analyses. 

3. Results 

The number of DMD-treated patients was 7994 for whom 56,905 control visit records were registered after exclusion 

of 341 records with missing information about relapses or EDSS. The flow diagram in Figure 2 shows the disposition of 

patients, control visit records, and study intervals, which, after stepwise exclusions according to the criteria, resulted 

in 5187 study intervals from 2015 patients (69.7% females). Mean age of onset was 32.6 years. Of the study intervals, 

674 (13.0%) were with relapse.  
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Figure 2. Flow chart 

 

The distribution on preparations is shown in Table 1.  

 

Table 1 
Distribution of preparations among 
the qualifying study intervals 

Interferon-beta 1a and 1b 2758 

Natalizumab 1102 

Glatiramer acetate 692 

Fingolimod 623 

Mitoxantrone 40 

Other 25 

Total 5187 

 

Within the chosen boundaries the mean length of the study intervals was 1.31 years. The mean time from last relapse 

to an EDSS-assessment was 1.03 years (range: 0.75 to 1.84 years). 
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Table 2 

Mean ΔEDSS per qualifying study interval with and without relapses, stratified by sex, EDSS, age, and disease 
duration 

 

Number 
of 

Study 
intervals 

with 
relapse 

Number 
of 

Study 
intervals 
without 
relapse 

Mean 
ΔEDSS 

without 
relapse 95% CI 

Mean 
ΔEDSS 
with 

relapse 95% CI 

Difference 
in mean 
ΔEDSS 95% CI p 

Sex 
         males

a
 206 1389 0.098 0.041 - 0.156 0.143 0.020 – 0.266 0.044 -0.092 - 0.180 0.521 

Females
a
 468 3124 0.051 0.015 - 0.087 0.230 0.151 – 0.309 0.179 0.096 - 0.252 <0.001 

All
b
 674 4513 0.065 0.034 - 0.096 0.205 0.138 - 0.271 0.140 0.069 - 0.211 <0.001 

          

EDSS at start
c
 

         0-1.5 195 1437 0.306 0.255 - 0.357 0.481 0.359 - 0.604 0.175 0.046 - 0.304 0.008 

2.0-3.5 368 2388 -0.011 -0.052 - 0.029 0.137 0.051 - 0.224 0.148 0.055 - 0.241 0.002 

4.0+ 111 688 -0.158 -0.241 - -0.075 -0.197 -0.399 - 0.001 -0.039 -0.258 - 0.180 0.726 

          

Curent age
c
 

         0-39 237 1530 0.003 -0.047 - 0.052 0.146 -0.022 - 0.269 0.143 0.008 - 0.278 0.038 

40-49 268 1840 0.078 0.038 - 0.119 0.170 0.062 - 0.278 0.091 -0.025 - 0.207 0.122 

50+ 169 1143 0.133 0.073 - 0.192 0.263 0.131 - 0.395 0.130 -0.013 - 0.273 0.074 

          

MS duration
c
 

         0-6 years 266 1574 0.046 -0.003 - 0.094 0.074 -0.042 - 0.190 0.027 -0.101 - 0.155 0.675 

7-12 221 1696 0.044 0.000 - 0.088 0.220 0.101 - 0.340 0.176 0.049 - 0.303 0.007 

13+ 187 1243 0.126 0.071 - 0.181 0.304 0.184 - 0.424 0.178 0.049 - 0.307 0.007 

          

Age at onset
c
          

18-29 274 1808 0.030 -0.015 - 0.075 0.227 0.120 - 0.334 0.197 0.082 - 0.312 0.001 

30-39 260 1744 0.069 0.024 - 0.114 0.164 0.049 - 0.279 0.095 -0.300 - 0.220 0.135 

40+ 140 961 0.118 0.059 - 0.178 0.175 0.029 - 0.320 0.056 -0.102 - 0.214 0.484 

a. Adjusted for interval length and EDSS at start of interval. b. Adjusted for interval length, sex, and EDSS at start of interval. 
c. Adjusted for interval length and sex.  

 

Estimated Marginal Mean ∆EDSS was after adjustment for length of interval, EDSS at start of interval, and sex 0.205 

(95% CI: 0.138 - 0.271) in study intervals with relapse, and in study intervals without relapse it was 0.065 (95% CI: 

0.034 – 0.096). The difference of the means was 0.140 (95% CI: 0.069 - 0.211; p < 0.0001); see Table 2 and Figure 3a. 

For all study intervals together, the Estimated Marginal Mean ∆EDSS was 0.135 (95% CI: 0.097 – 0.173). 

Thus, if all relapses and their sustained EDSS-consequences could be removed, the mean short-term ∆EDSS among all 

study intervals would shrink with a factor 0.48 from 0.135 to 0.065. If we instead also look at all DMD-treated patients 

and also included study intervals from the 4135 patients in whom no relapses had ever been recorded, the mean 
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∆EDSS per study interval would be reduced by a factor 0.46 from a grand mean of 0.173 to the mean of all relapse 

free intervals, 0.080.  

Of the 674 study intervals with relapse, 139 (20.6%) was followed by an at least 1.0 increase in EDSS as opposed to 

727 (16.1%) of the 5152 qualifying study intervals with no relapse. Binary logistic GEE analysis with inclusion of length 

of study interval, sex, and EDSS at start of interval resulted in an odds ratio of 1.37 (95% CI: 1.12- 1.67; p = 0.002). If 

regarding at least a 0.5 increase in EDSS score, 244 (36.2%) of the study intervals with relapse met the criterion as 

opposed to 1373 (30.4%) of the study intervals without relapse. Odds ratio with the same covariates included was 

1.303 (95% CI: 1.10 - 1.55). 

Both sexes Men Women 

   

Adjusted for interval length and EDSS at 
start of interval. 

Adjusted for interval length and EDSS at 
start of interval. 

Adjusted for interval length, sex, and 
EDSS at start of interval. 

Figure 3a. Relapses and EDSS-worsening stratified by sex 

 

3.1 Stratified analyses 

Table 2 shows the details of the analyses stratified by sex, EDSS at start of the study interval, age at start of the 

interval, time since onset of MS, and age at onset. 

The association between relapse and worsening of EDSS was significant only for women with an average difference 

between estimated marginal means for study intervals with and without relapse of 0.179 (95% CI: 0.096 – 0.252; p < 

0.0001), while for men it was only 0.044 (95% CI: -0.092 – 0.252; p = 0.52)(Figure 3a). However, as indicated by the 

95% CI, the post hoc statistical power was only 0.098, leaving room for a type 2 error when concluding that relapses 

had no influence in men but, more important, the dissimilarity of the effect of relapses between men and women was 

strongly statistical significant (p < 0.0001). 
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Start EDSS 0-1.5 Start EDSS 2.0-3.5 Start EDSS 4.0+ 

   
Figure 3b. Relapses and EDSS-worsening, stratified by EDSS at start of interval. Adjusted for length of interval and 
sex. 

 

If all relapses were removed from the female DMT MS population, mean short-term ∆EDSS per in all study intervals in 

women would be downsized by a factor 0.36 from 0.141 to 0.051, and if we also included the 2760 women in whom 

no relapses had ever been recorded, the mean ∆EDSS would be reduced by a factor 0.46 from 0.173 to 0.080. 

With EDSS ≥ 4.0 at start of study interval (Figure 3b), mean EDSS did not increase during the study intervals, neither 

with or without relapses (p = 0.726)(Figure 3b). 

The effect of relapse on EDSS was statistically significant with current age below 40 years (Fig 3c). It was not 

statistically significant in the age intervals 40-49 or 50+ separately (Figure 3d), but when increasing power by merging 

them, the effect was also significant in these ages: p = 0.015. The absent affect with disease duration below 7 years 

may be attributed to a higher mean age at onset: 35 years as opposed to 29 years for patients with disease duration 

13 years or more. Likewise, with increasing age at onset, the effect of relapses on worsening decreased, losing 

statistical significance from 30 years onwards (Fig 3e). In relapse free intervals the EDSS-worsening increased with 

current age, disease duration, and age at onset, but not with increasing EDSS at start of interval. 

 

 

Current age 0-39 Current age 40-49 Current age 50+ 
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Figure 3c. Relapses and EDSS-worsening, stratified by current age. Adjusted for length of interval and sex  

 

 

 

Disease duration 0-6 years Disease duration 7-12 years Disease duration 13+ years 

   

Figure 3d. Relapses and EDSS-worsening, stratified by disease duration. Adjusted for length of interval and sex 

 

Age at onset 18-29 Age at onset 30-39 Age at onset 40+ 

   

Figure 3e. Relapses and EDSS-worsening, stratified by age at onset. Adjusted for length of interval and sex 
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3.2 Functional systems 

We replaced EDSS with the sum of Kurtzke’s Functional Systems (sumFS) across the specific domains as the response 

variable, and design was the same as in the analyses of ΔEDSS with interval length, sex, and sumFS at start of the 

study interval. Of the observations, 95% were within the interval -5 to +5. Estimated Marginal Mean of ΔsumFS was 

for all study intervals 0.279 (95% CI: 0.17 – 0.38), for study intervals with relapse 0.43 (95% CI: 0.24 – 0.62) as opposed 

to study intervals without relapses, where the Estimated Marginal Mean of ΔsumFS was 0.132 (95% CI: 0.06 – 0.21). 

The difference between them was 0.294 (95% CI: 0.095 – 0.493; p = 0.004). There was only a trend without statistical 

significant difference for men (p=0.12), and in the subgroup of study intervals with EDSS ≥ 4.0 at start, relapse did not 

influence the sum of Functional Systems (p = 0.874). 

The mean increase of motoric FS (the highest of Pyramidal or Cerebellar score plus FS for sphincter symptoms) in 

study intervals with relapse was 0.12 and in study intervals without relapse 0.09; p = 0.52. For the sum of sensory FS 

and optic FS it was -0.02 and -0.05 respectively; p=0.63. 

 

 

Figure 4. Sensitivity analysis: The effect of choice of least time 

between relapse and EDSS-assessment on the difference of EDSS 
changes between qualifying study intervals with and without relapse. 
Adjusted for interval length and sex. Shaded areas: 95% confidence 
intervals. Figures: numbers of qualifying study intervals with relapses 
(red) and without relapses (blue). 
 

3.3 Sensitivity analysis 

The results presuppose that the recovery phase after a relapse does normally not exceed 9 months. We have 

examined how it would affect the main results if we alternatively required a 6- or a 12-month quarantine period 
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between start of a relapse and EDSS-assessment. With 12 months, the number of available study intervals is strongly 

reduced, particularly those with relapse, because of the lengths of the study intervals, and because a relapse closer to 

the end of it will make it unqualifying. Figure 4 shows the mean difference of ΔEDSS between study intervals with and 

without relapses. It changed little from the 6- to the 9-month quarantine, but for the 12-month quarantine, the loss of 

data resulted strongly reduced power with broad confidence intervals. 

4. Discussion 

This study, targeting all systematic collected study interval follow-up data for all MS patients in Denmark who started 

DMD treatment from 1996 to 2015, confirms the role of relapses as a cause of sustained worsening of disability. The 

mean increase in EDSS was 0.21 per study period with relapses and 0.065 without relapses.  

By using study intervals with and without relapses from the same patients, they, to a certain degree, served as their 

own controls. 

There are several possible explanations of the worsening in study intervals without relapses. Some relapses may not 

have been reported to the neurologist or inadvertently not recorded in the report form or electronically. Another 

explanation could be that subclinical inflammatory activity either shown in MRI as Gd+ or new T2 lesions could be the 

cause of worsening in relapse-free intervals. Also, the presence of a neurodegenerative process independent of 

inflammation could be the reason for the disease worsening. It is still debated whether such inflammation-

independent neurodegeneration is present from the disease onset, (Henry et al. 2009;Lucchinetti et al. 2011;Rojas et 

al. 2015) and, accordingly, EDSS worsening in the relapse free study intervals tended to increase with increasing 

current age, disease duration, and age at onset.  

There were two distinct exceptions: In male patients, we were unable to show that relapses influenced the sustained 

EDSS change, but men tended to worsen more in relapse free study intervals than women, although not statistically 

significant. Women were significantly affected by relapses but were more stable in relapse free study intervals than 

men, again without statistical significance. The missing effect of relapses in men could be owing to a type 2 error, but 

nevertheless, the disparity between men and women in this respect was strongly statistical significant. The other 

exception was intervals with start-EDSS ≥ 4.0, where EDSS did not increase neither with nor without relapses. This 

probably also reflects the non-linearly property of the EDSS-scale, where it is easier to achieve a higher EDSS score 

from the low values than from higher values, and a tendency to regression towards the means, but also that the 

frequency of relapses tends to decrease later in the course of RRMS and SPMS and that the disease after EDSS 4 

seems to run its own course independent of relapses. This is in keeping with the study from British Columbia (Tremlett 

et al. 2009) and the Lyon database, (Confavreux et al. 2003) and Lublin et al also found that there was a weak albeit 

statistical significant negative correlation between pre-relapse EDSS and residual deficits. (Lublin, Baier, and 

Cutter2003). All patients were under DMD treatment during observation, and our data did not enable analysing 

whether relapses should be worse in DMD treated patients than in patients without treatment. 
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The general tendency that relapses matter for disease worsening has been confirmed by a number of studies as 

reviewed and meta-analysed by Fahrbach et al. (Fahrbach et al. 2013) Lublin et al (Lublin, Baier, and Cutter2003) 

found that after a relapse 42% had an EDSS-increase of ≥ 0.5, and 28% had an increase of ≥ 1.0, and that after an 

average of 161 days after a relapse, 54% of the patients showed a mean residual EDSS worsening of 0.45. In our study 

only 36.2% of patients with relapse had an EDSS-increase increase of ≥ 0.5, and 20.6% had an increase of ≥ 1.0. The 

difference can be attributed to a mean time from relapse to EDSS-assessment of 64 or 161 days in the study of Lublin 

et al (Lublin, Baier, and Cutter2003) as opposed to an average of 380 days (minimum 274 days) in our study. 

As all the patients in our study were under treatment with DMDs, it does not exactly reflect what might happen in 

untreated patients, which nowadays may only have historical interest. The worsening in EDSS may be attenuated by 

the drugs, and this may explain, at least partly, why the worsening following a relapse in our study is less than in for 

example the study by Lublin7 in which only looked at placebo arms from clinical trials.  

We did not stop observation to the study if the patient converted from RRMS to SPMS. One reason was that this 

boundary is often elusive or ill-demarcated and may only be obvious years after the transition. Another reason was 

that our scope was to assess what happened in a “real world” setting, where treating physicians may be reluctant to 

leave a secondary progressive patient without treatment or hope. However, by excluding study intervals with EDSS ≥ 

6.0 at start and patients with no observed relapses at any time during treatment we have reduced inclusion of 

secondary progressive stages in the study. Analysing time to SPMS may be the subject of a future study. 

A weakness of a study, depending on data from different centres, is the semi-narrative characters of the scales with 

adjectives like “mild”, “moderate”, and “severe”, and that EDSS-assessments are performed by different physicians at 

the different centres that different physicians could evaluate the same patients from visit to visit which could result in 

some fluctuation. However, the definitions of FS and EDSS were always at hand: in the first 12 years of the registration 

on the rear side of the score sheet and later as a drop-down menu. 

The question is whether EDSS in some cases had been assessed before the end of the recovery phase. In our 

sensitivity analysis we found that there was little change if we extended the quarantine period from 6 to 9 months, 

where the greatest change was expected, but from 9 to 12 months there was a modest drop in difference between 

study intervals with and without relapses which could be attributed to stochastic variation only, because the 95% 

confidence interval widened considerably and easily encompassed a horizontal line because of a substantial additional 

data loss. In a Swedish study (Lycke et al. 1998) mean neurofilament concentration in CSF proved to drop to a 

horizontal level at 200 - 299 days from start of clinical relapses. Therefore, we felt confident with choosing a 9 month-

quarantine between start of a relapse and EDSS assessment. 

The most important weakness, however, is that MRI data was not available. New GD-positive lesions could have been 

clinical silent in the sense that they did not manifest as sudden events and were not regarded and recorded as 

relapses although they may have influenced EDSS which could explain increase in EDSS even in relapse-free intervals. 

However, our aim was to estimate clinical remnants from clinical relapses beyond the recovery phase. 
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The strength of the study is that it covers complete nationwide systematically recorded data over two decades.  

In conclusion: relapses leave behind residual worsening and thus have their share in accruing disability. However, the 

effect was only present in female patients and with EDSS lower than 4.0.  
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