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Background: Although cognitive impairment (CI) is increasingly recognized as a core feature of multiple sclerosis
(MS), the exact mechanisms that underlie CI are poorly understood. However, a recent study suggested that
cortical atrophy and cognitive decline accelerate together during the progressive phase of MS. In this study, we
aimed to clarify at what stage the progression of CI increases in Japanese patients with MS.

Methods: In this longitudinal retrospective analysis, fifty-five consecutive Japanese MS patients — relapsing-
remitting MS (RRMS) (76%) and secondary progressive MS (SPMS) (24%)—were included. We evaluated the
information processing speed (IPS), calculated the raw score and Z score, and investigated how much the values
declined from 2021 to 2022. Brain volumes were evaluated with FreeSurfer software.

Results: Patients with SPMS had more severe physical disability, lower IPS, and more prominent brain atrophy
than patients with RRMS, but there was no significant difference in the annual change in IPS. However, since three
of the 13 SPMS patients transitioned from RRMS to SPMS between 2019 and 2021, we divided SPMS patients into
the RRMS-to-SPMS transition group and the SPMS group and repeated the analysis. Compared with the RRMS
group and RRMS-to-SPMS transition group, the SPMS group showed a significant increase in its annual IPS decline. The
SPMS group had a lower Z score in 2021 than the other two groups, and the score tended to decrease further in 2022.
Conclusion: Impairment in IPS begins to progress rapidly 2 years or more after the onset of the SPMS phenotype.
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Table 1. Comparison of clinical and radiological findings between RRMS and SPMS patients.

MS (n=55) RRMS (n=42) SPMS (n=13) p value
Age (y)* 44 (37-50) 43 (37-49) 47 (37-53) 0.451
Sex (F, M) n=40 (73%), n=15 (27%) n=31 (74%), n=11 (26%) n=9 (69%), n=4 (31%) 0.746
Education (y) 13 (12-15) 14 (12-14) 13 (12-16) 0.7947
Duration (y)* 12 (8—-17) 11 (7.75-16.25) 16 (11-26) 0.0268
EDSS * 2 (1-35) 1.25 (0.75-2) 55 (45-6.25) <0.0001
Processing speed
Raw score (2021) 55 (46-62) 575 (50.8—64.5) 40 (255-495) 0.0002
Raw score (2022) 56 (44-5) 59 (52-66) 39 (19-51) 0.0002
7 score (2021) -084 (-177— —007) -052 (-137-012) -283 (—-395—- —124) 0.0002
7 score (2022) -066 (—205-022) -0.31 (—-1.27-050) -327 (=52— —135) 0.0001
Araw score -1 (—4-4) 0 (-3-5) -3 (-7-2) 0.1312
A7 score -0.02 (-0.39-062) 0.055 (—0.33-0.66) -032 (-082-0.32) 0.1481
DMT *
Platform, Escalation n=14 (25%), n=41 (75%) n=14 (33%), n=28 (67%) n=0 (0%), n=13 (100%) 0.0159
MS (n=54) RRMS (n=41) SPMS (n=13) p value
BrainSegVol/eTICV 071 (068-0.73) 072 (0.70-0.73) 0.65 (0.62—-0.69) 0.0002
CortexVol/eTICV 029 (0.27-0.30) 0.29 (0.28—-0.30) 026 (0.25-0.30) 0.0048
SubCortGray/eTICV 0.034 (0.030-0.036) 0.035 (0.033-0.037) 0.029 (0.027-0.031) <0.0001

*Data in 2021. Quantitative variables are expressed as the median (IQR). Delta (A) indicates the 2022 score minus the 2021 score.

The p values reflect comparisons between RRMS and SPMS.

BrainSegVol: brain segmentation volume; CortexVol: cortical grey matter volume; SubCortGrayVol: subcortical grey matter volume;

eTICV: estimated total intracranial volume.
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Figure 1. Comparison of the annual change in raw and Z-score values of information processing speed among the 3 groups.

Compared with the RRMS group and the RRMS-to-SPMS transition group, the SPMS group showed significant increases in its annual
declines in both raw information processing speed (A) and the Z score of information processing speed (B).

RRMS—RRMS RRMS—SPMS SPMS—SPMS

Z score (2021) Z score (2022) Z score (2021) Z score (2022) Z score (2021) Z score (2022)

Figure 2. Parallel plots comparing the evolution of the Z score of information processing speed among the 3 groups.
The SPMS group had lower Z scores in 2021 than the other two groups, and the scores for this group tended to decrease further in 2022.
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Figure 3. Comparison of disease course between the two groups.

Among 55 MS patients overall, 27 and 28 MS patients showed increases and decreases, respectively, in the Z score of information
processing speed over the course of a year. The proportions of RRMS, RRMS-to-SPMS, and SPMS disease courses were significantly
different between the two groups. The 28 MS patients with decreased processing speed Z scores included a significantly higher proportion

of SPMS patients than the 27 patients with increased Z scores.
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