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Who has cognitive impairment?
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Who has cognitive impairment?
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Who has cognitive impairment?
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Who has cognitive impairment?

A Cognitive change during 5 year follow-up in MS patients B Yearly average cognitive change
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Hypothesis: Cognitive decline is a window into progressive
disease

1. Who has cognitive impairment?

e People with progressive clinical phenotypes
and some even at early RRMS stages.
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Cognition during relapse
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Cognitive PIRA
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Cognitive Decline Events Independent of EDSS Worsening
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PIRA across sites
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Cognitive PIRA across sites
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Cognitive PIRA across sites

Baseline Cognitive Impairment per Site
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Cognitive PIRA across sites

Baseline Cognitive Img ipairment per Site
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Cognitive PIRA across sites

Multivariate prediction of cognitive PIRA
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What about acute MRI activity?

A Presence/absence of acute disease activity
40+
80.4%
35+
30+

25+

Number of patients
1)
o

154
104 19.6%
54
0
Acute disease activity No acute disease activity (PIRMA)

Ziccardi, Neurology, 2025 MS Center Amsterdam
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Hypothesis: Cognitive decline is a window into progressive
disease

How does cognitive decline occur?

Largely independent of. . .
relapse, physical disability, and acute

radiologic activity
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No effect of relapse
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Cree, Annals of Neurology, 2019
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“No effect of relapses on confirmed
worsening of the PASAT (p=0.902) or long-
term worsening (p =1.000).”

“SDMT. . . no correlation between relapses. .
. and confirmed worsening (p =0.755).”

MS Center Amsterdam
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Third ventricular width
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Third ventricular width

L Table 4.—Partial Correlations Between Linear Computed Tomography and
Neuropsychological Test Measures Controlling for Effects of Age

Variable® ‘‘Bifrontal’’ “Bicaudate™

WAIS-R
Verbal 1Q (prorated)

Vocabulary

Comprehension

Similarities

WMS
Memory Quotient —.32%

Information —-.25¢%

Orientation

Mental Control

Digit Span -.261 -,29¢

Logical Memory

Visual Reproduction L -.29¢t

Associate Learning . —.26%

FVRT
List A (total recall)

List B Ca -.30%

List A recall

List A delayed

7/24 SRT
Design A (total recall) C -.291

Design B

Design A recall

Design A delayed

Rao, JAMA Neurology, 1985; Campbell, CJNS, 1992

“The width of the third ventricle
proved to be the best indicator of
intellectual and memory dysfunction.
Measures of cognition and ventricular
size did not correlate with length of
illness or overall disability as rated by
the Kurtzke Disability Status Score.”

Ventricular Size, Cognitive Function and
Depression in Patients with Multiple Sclerosis

Campbell M. Clark, Gerald James, David Li, Joel Oger,
Donald Paty and Harry Klonoff

MS Center Amsterdam
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Third ventricular width

Table 3. Results of Significant Linear Regression Analyses

Partial r for Multiple Change in P
Neuropsychological Test Block 1 Covariates Retained MRI Variables § Primary Predictor R? R*From Block1  Value
Series 1: all MRI predictors
GVLT-1I Learning Age, NAART score Third ventricle width -0.45 0.42 0.14 <.001
Age, NAART and CES-D-10 scores § Third ventricle width -0.44 0.26 0.15 .02
GVLT-1I Delayed Recall Age, NAART score Third ventricle width -0.45 0.44 0.14 <.001
Age, NAART and CES-D-10 scores § Third ventricle width -0.45 0.44 0.14 <M
BVMT-R Delayed Recall Age, NAART score Third ventricle width -0.47 0.42 0.17 <.001
Age, NAART and CES-D-10 scores § Third ventricle width -0.47 0.42 0.17 <.01
PASAT Age, NAART score Third ventricle width -0.57 0.43 0.16 <.01
Age, NAART and CES-D-10 scores § Third ventricle width -0.57 0.44 0.26 <.001
SDMT Age, NAART score Third ventricle width -0.71 0.57 0.43 <.001
Age, NAART and GES-D-10 scores § Third ventricle width -0.71 0.57 0.43 <.001

Benedict, JAMA Neurology, 2004 MS Center Amsterdam



Third ventricular width
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Thalamus!

Benedict, Neurology, 2007

Cognitive test
COWAT

JLO
CVLT-II-TR
CVLT-II-D
BVMT-RTR
BVMT-R-D
PASAT

SDMT

Variables remaining
in model after
adjusting for

age and sex
Thalamic fraction
Thalamic fraction
Third ventricle width
Thalamic fraction
Thalamic fraction
Thalamic fraction
Thalamic fraction

Thalamic fraction

Thalamic fraction

Partial r for
variable remaining
in final model

0.47
0.74
-0.77
0.55
0.68
0.67
0.74
0.74
0.69

MS Center Amsterdam
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Cognitive test
COWAT
Jo

CVLT-IFTR
CVLT-I-D
BVMT-RTR
BVMT-RD
PASAT
SDMT

Variables remaining
inmodel after

Thalamic fraction
‘Thalamic fraction
Third ventricle width
Thalamic fraction
Thalamic fraction
Thalamic fraction
‘Thalamic fraction
Thalamic fraction
‘Thalamic fraction

Partial r for
variable remaining
in final model

047

074
-0.77

055

068

067

074

074

069

Average cognition z score

i r=0.551, p<0.001 il r=-0.466, p<0.001 e r=-0.351, p<0.001
1000 1250 1500 17.50 20.00 22.50 7 8 9 10 1 12 05 40 45 20 25 30 .35
Thalamic volume (mL) Thalamic MD (104 mm?/s) Thalamic functional connectivity (SL)

O Healthy controls

O Cognitively preserved patients

 Patients with mild cognitive impairment

O Patients with more severe cognitive impairment




Neocortical atrophy
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Neocortical atrophy
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Neocortical atrophy
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Paramagnetic rim lesions

Persisting PRLs Disappearing PRL
QSM FLAIR QSM FLAIR

Baseline

Follow-up

Reeves et al, MSJ 2022

Newly appearing PRL
QSM FLAIR
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Paramagnetic rim lesions
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Paramagnetic rim lesions
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Paramagnetic rim lesions

E | Group 3 (24 rims)

Absinta, JAMA Neurology, 2019 MS Center Amsterdam
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Paramagnetic rim lesions
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Paramagnetic rim lesions

E | Group 3 (24 rims)
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Paramagnetic rim lesions

Table. Cohort Characteristics of 192 Patients With Multiple Sclerosis in the Cross-Sectional Cohort

No Detected

Statistical Analysis?

Rim Category Rims
Demographic and Clinical Data
No. (%) 84 (44)
Clinical phenotype, No. (%)
CIS/RR 61(73)
SP 16 (19)
PP 7 (8)
Sex, Female, No. (%) 59 (70)
Age, mean (SD), y 47.3(14.5)
Disease duration, mean (SD), y 13.4(12.5)

47.2 (11.4)
12.9(9.9)

443 (11.1)
12.2(8.3)

NA

Fisher 2 x 3 P = .20, NS

Fisher 2 x 3 P = .90, NS

ANOVA P = .40, NS
ANOVA P = .80, NS

Absinta, JAMA Neurology, 2019

MS Center Amsterdam



Paramagnetic rim lesions

Cognitive Progression Independent
of Relapse and MRI Activity

E | Group 3 (24 rims)
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NoDetected
Rim Category Rims L3Rims  24Rims Sttistical Anaysk®
Demographic and Clncalbata
No. () 8@ 6GH 200 M
inica phenotype, No. (%)
ais/RR 6103 4600 24(7)  Fsher2x3P= 20N
sP 16(19) 1421) 10(24)
PP 7(8) 6(9) 8(19)
Sex, Femae, No. () 900) 4568 () Fisher2x3P=90NS
Age, mean (SD), y 47.3(145) 47.2(114) 443(111)  ANOVAP= 40,NS
Disease duration, mean (SD), y 134(125) 129099 122(83) ANOVAP = .80, NS
Patients never treated, No. (%) 27/84(32)  11/66(17)  5/42(12) Fisher2 x 3,
African American, No. (%) 10(12) 12(18) 104 Fisher2 x 3,

Ziccardi, ACTN, 2026
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Paramagnetic rim lesions
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Early aggressive MS > Late severe MS > Early aggressive MS >
Early non-aggressive MS Late non-severe MS Late severe MS
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Functional network collapse

Cognitive Processing Speed, Structure-Function Interaction

Functional network collapse in MS

= Preserved Functional Connectivity
= Deviated Functional Connectivity
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Functional network collapse

Functional network trajectories 10-Year functional network trajectory vs disease trajectory
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Functional network collapse

Functional network collapse in M5

Cognitive Processing Speed, Structure-Function Iteraction
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Lesion volume

Functional network trajectories

Risk of collapse over 10 years
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(8) Thalamus volume

Risk of collapse over 10 years
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(©) Cortical thicknesss
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(6) Combined pathology

Odds ratio=3.89
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10-year functional network
trajectory
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Fuchs, Neurology, in press
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Hypothesis: Cognitive decline is a window into progressive
disease

What biologically co-occurs with cognitive
decline?

Thalamic and cortical atrophy, chronic active
lesions, and functional network failure

MS Center Amsterdam
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Hypothesis: Cognitive decline is a window into progressive
disease

1. Who has cognitive impairment?

2. How does cognitive decline occur?

3. What biologically co-occurs with cognitive
decline?

4. What happens to people with cognitive
decline?

MS Center Amsterdam
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Early Cl and future disease worsening
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Early Cl and future disease worsening
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Quality of life

TABLE 4 Correlations between Mental Component Summary
(MCS) and Physical Component Summary (PCS)

MCS PCS
EDSS 0.14 (p = .235) -0.27 (p = .325)
9HPT -0.06 (p = .658) -0.07 (p = .642)
T25FW 0.14 (p = .308) -0.51 (p < .001)*
PASAT 0.43 (p = .001) 0.17 (p = .239)
TRAIL-B -0.40 (p = .003) -0.07 (p = .641)
SDMT 0.46 (p = .001) 0.12 (p = .406)

*Statistically significant after Bonferroni correction (p < .001).

Chow et el., Brain and Behavior, 2018 MS Center Amsterdam



Employment loss

Full Employment
- Mo restrictions
Full Employment Full Employment
- Reduced Responsibilities . 4 - Reduced Responsibilities

rt Time Employment

Part Time Employment |_ 1
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Full Employment

R Rrtier . Ne"mpi‘;cs:dog'cal Block 1 covariates R*
AN . +
N\ (a) CVLT2-TL MS course™, sex, age, EDSS category, number of months between 415
- Objectively disabled assessments
= MS + EDSS cat ber of months bet
SDMT course™, sex, age, category, number of months between 50.0
assessments
+
(b) CVLT2-TL MS course™, sex, age, EDSS category, number of months between 31.2
assessments
+
SDMT MS course™, sex, age, EDSS category, number of months between 396
assessments

Morrow, Clinical neuropsychologist, 2010 MS Center Amsterdam
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Employment loss

Table 5 Logistic regression model of stable or deteriorated
employment after 2 years

From: Cognitive functioning as a predictor of employment status in relapsing-remitting
multiple sclerosis: a 2-year longitudinal study

Included B S.E. OR [95% CI OR] p value
Constant -3.70 0.78 p<0.001*
Complex attention -0.14 0.27 0.87 [0.51-1.47] p=0.60
Executive functioning [0.10-0.88]

Self-reported cognitive functioning -0.18 0.32 0.84 [0.45-1.57] p=0.58
Self-reported depression 0.36 0.29 1.43 [0.81-2.51] p=0.22
Self-reported fatigue -0.58 0.38 0.56 [0.27-1.18] p=0.13
Expanded Disability Status Scale 0.64 0.25 1.90 [1.16-3.10] p=0.01*

Van Gorp, Neurologic Sciences, 2019 MS Center Amsterdam
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Hypothesis: Cognitive decline is a window into progressive
disease

@ What happens to people with cognitive
decline?
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Hypothesis: Cognitive decline is a window into progressive
disease

What happens to people with cognitive
decline?

Faster time to disability, faster transition to
SPMS, lower quality of life, loss of employment

MS Center Amsterdam
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Hypothesis: Cognitive decline is a window into progressive
disease

-~ ~—~—— 1, Who has cognitive impairment?
2. How does cognitive decline occur?

@ /wf/ 3. What biologically co-occurs with cognitive decline?
4. What happens to people with cognitive decline?
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Hypothesis: Cognitive decline is a window into progressive
disease
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mRRMS = SPMS

-~ ~—~—— |1, Who has cognitive impairment?
2. How does cognitive decline occur?
@ /M/ 3. What biologically co-occurs with cognitive decline?

4. What happens to people with cognitive decline?

MS Center Amsterdam
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Hypothesis: Cognitive decline is a window into progressive

disease

All Cognitive Decline Events

SDMT BVMTR  CVLT-ll Any
Domain

1. Who has cognitive impairment?

2. How does cognitive decline occur?

3. What biologically co-occurs with cognitive decline?
4. What happens to people with cognitive decline?

MS Center Amsterdam
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Hypothesis: Cognitive decline is a window into progressive
disease

1. Who has cognitive impairment?
2. How does comtwe decline occur7

4. What happens to people with cognitive decline?
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Hypothesis: Cognitive decline is a window into progressive
disease

Normal SRT-D
------- Impaired SRT-D
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1. Who has cognitive impairment?

2. How does cognitive decline occur?
@ /M/ 3. What biologically co-occurs with cognitive decline?
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Thank you!
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