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Introduction

Multiple sclerosis (MS) is a chronic disease that most
frequently affects young adults. It is pathologically
characterized by inflammation and myelin loss in the
brain and spinal cord. It can be an asymptomatic or
progressive disease. However, most patients experience
periods of relapse and recovery."* Cognitive decline is a
common finding in these patients that affects attention,
learning, memory, information processing, verbal fluency,
executive function, and visuospatial skills. Cognitive
dysfunction may occur early in the course of the disease.
It is one of the most problematic aspects of diseases.** The
diagnosis of MS and evaluation of disease progression
are made based on the signs and symptoms of the disease
along with brain magnetic resonance imaging (MRI). In
the case of cognitive decline, MRI is a helpful diagnostic
approach. Gray matter shrinkage is an early indicator
of future cognitive decline, according to MRI studies.
Besides, extensive alterations in brain networks lead to

cognitive failure.®

Abstract

There are limited data on the possible association between conventional and advanced magnetic
resonance imaging (MRI) findings and cognitive function in patients with multiple sclerosis (MS).
Therefore, this systematic review and meta-analysis aimed to explore the correlation between
MRI-derived metrics and cognitive tests in patients with MS. An electronic literature search
of the PubMed, Web of Sciences, Embase, and Scopus databases was performed to identify
related studies. The correlation coefficients of the MRI indices and cognitive tests were pooled.
Thirteen studies were selected for inclusion of 824 patients diagnosed with MS. Most evaluated
patients (60.44%) had relapsing-remitting MS (RRMS). The Paced Auditory Serial Addition Test
(PASAT-3), Brief Visuospatial Memory Test (BVMT), and Symbol Digit Modalities Test (SDMT)
were inversely correlated with the mean diffusivity (MD) of the brain with pooled correlation
coefficient of -0.225, -0.361, and -0.438, respectively (P<0.0001). The SDMT test positively
correlated with fractional anisotropy (FA) with a correlation coefficient of 0.351 (P<0.0001) and
inversely correlated with T2 lesion volume with a correlation coefficient of -0.367 (P<0.0001).
In the case of other tests, there was low number of studies with significant correlations being
reported. We found significant correlations between some neuropsychological tests and MRI
findings in patients with MS. Brain atrophy might disrupt the process of correct registration
between anatomical and MRI diffusion scans. However, we did not have enough studies with
exactly matched anatomical areas to evaluate correlations and we recommend that histological
validation of diffusion tensor imaging (DTI) findings for brain atrophy is needed as a basis for
picture processing procedures and correlation with cognition status.

Traditional imaging methods such as dual-echo,
FLAIR, and Gd-enhanced sequences play an important
role.” Functional MRI (fMRI) is more beneficial than
other imaging modalities because it provides proof of
MS. In comparison to healthy individuals, numerous
investigations have found that MS patients had worse
functional connectivity in transcallosal sensory networks.®
Another MRI based imaging is diffusion tensor imaging
(DTI) that is being with the background assumption of
“water diffusivity in MS lesions is higher than normal-
appearing white matter, which is higher than water
diffusivity in healthy individuals’ white matter”®

Early in the course of MS, brain atrophy appears, which
worsens as the disease progresses.'® Gray matter atrophy
progresses more quickly than white matter atrophy and is
more common in the early stages of MS.!* MRI technologies
are commonly used to track the pathological progression
of MS over time and determine the effects of therapy.
To date, the quantity and amount of macroscopically
apparent lesions have been investigated most often.
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These MRI results showed clear therapeutic effects but
no corresponding clinical benefits, implying that there
are other components of MS pathogenesis that need to be
examined. In this respect, quantifying brain atrophy as a
more universal measure of the poor cognitive outcomes of
MS pathology, whether it occurs in macroscopic lesions
or normal-appearing tissues, has attracted attention.'
Cognitive impairment is aggravated by gray matter
atrophy. Brain parenchymal and gray matter fractions have
been used to estimate atrophy in patients with MS.”* In
clinical practice, fractional anisotropy (FA) values are
indicators of the degree of MS brain atrophy exclusively
in the corpus callosum.' Patients’ higher mean diffusivity
(MD) values have been shown to be mostly restricted
to the temporal and cingulate cortices. Compared with
the normal-appearing cortex, the demyelinated cortex
may have greater FA values . In addition, volumetric
investigations have shown patterns of gray matter atrophy
across the brain that appear to prevail in eloquent regions
such as the thalamus, posterior cingulate cortex, and
precuneus.’® In other studies, whole-brain volume, gray
matter volume, and T2 lesion load were considered for
brain atrophy assessment in relation to cognitive status in
MS."” Although various studies with different indicators
of brain atrophy have used multiple MRI modalities for
the assessment of cognitive disorders, the results are
controversial. Therefore, the present systematic review and
meta-analysis aimed to investigate the possible correlation
between MRI findings and cognition tests in patients with
MS with cognitive impairment and [cognitively preserved
patients or healthy patients.

Methods

This study was conducted according to the guidance
provided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement.'®
The protocol of this study was registered at the PROSPRO
registry (CRD42022300985).

Search strategy

We implemented our systematic search in online databases
such as PubMed, Embase, Web of Sciences (WOS),
and Scopus to identify the studies reporting cognitive
impairment in patients with MS along with various MRI
modality findings. Following terms were used (“MRI” [All
Fields] OR “functional MRI” [All Fields] OR “diffusion
tensor MRI” [All Fields] OR “conventional MRI” [All
Fields] OR “DTI MRI” [All Fields] OR “Magnetic
Resonance Imaging” [All Fields]) AND (“Cognition” [All
Fields] OR “cognitive decline” [All Fields] OR “cognitive
assessment” [All Fields]) AND (“MS” [All Fields] OR
“multiple sclerosis” [All Fields] OR “BRB-N” [All Fields]
OR “PASAT” [All Fields] OR “MSFC” [All Fields]).

Eligibility criteria
The inclusion criteria were studies applying any MRI

assessment along with cognition assessment in patients
with MS with case-control retrospective designs,
prospective cohort studies, or case series. Pairwise
comparison of groups of eligible studies should report the
correlation coefficients of MRI findings with cognition
tests in patients with MS. Furthermore, exclusion criteria
were studies with no data of interest available, non-English
language, study designs of the descriptive cross-sectional,
randomized trials, studies with confounding variables
affecting cognition, and studies focusing on diseases along
with MS that significantly affect cognition, head trauma,
and dementia. Preprint studies and grey literature were
not included in this study.

Outcome measure

Cognitive tests included a 3 seconds-interstimulus interval
Paced Auditory Serial Addition Test (PASAT-3), Symbol
Digit Modalities Test (SDMT), and Brief Visuospatial
Memory Test (BVMT). Final scores of these cognition
tests were considered in analyses. All MRI findings for
individual brain regions or whole brain that were used for
correlation coefficient tests were recorded.

Screening and data extraction

Two independent reviewers assessed studies for eligibility,
and a third skilled author judged inclusion in case of
disagreement between the two reviewers. The reference
lists of the final included papers were manually searched
for potentially relevant studies. A checklist of data
extraction was used to extract the results of the cognition
tests for MS along with the MRI findings. Age, sex, MS
disease duration, severity and type of MS, count of
relapsing-remitting MS (RRMS)/secondary-progressive
MS (SPMS), and primary-progressive MS (PPMS) were
recorded. The correlation coefficient and the number of
observations were recorded as the main outcomes. Two
independent authors completed the checklist. Significant
differences in the extracted data were considered.

Risk-of-bias and publication bias assessment

The Newcastle-Ottawa Scale (NOS) was used for each
eligible study and was judged by two independent
reviewers and ranked as low-risk, moderate-risk, or high-
risk. A third reviewer judged the in case of a disagreement.
The NOS has four scores for selection, two scores for
comparability, three for exposure and a final score of 9.
Studies with NOS scores > 6 were included.

Statistical Analysis

When data were presented in different groups of patients
with MS based on the severity of disease, subgrouping was
performed. Disease duration was considered for meta-
regression in cases with high heterogeneity levels. The
correlation coefficients and the corresponding 95% CI as
a pooled effect size (ES) of MRI findings with cognition
tests in cognitively impaired patients with MS were pooled
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using the CMA version 3 software. Fixed or random
effects models were used to pool data.””

Results

A total of 549 articles were identified in the primary
search of which 123 relevant and non-duplicate articles
were selected. Based on the abstracts, 54 potentially
relevant records were collected for full-text review. Finally,
13 articles were included in the present meta-analysis of
qualitative analysis (Figure 1).

A total number of 824 patients with MS were elated
in selected studies. MRI modalities were conventional
and DTI processed MRI. Neuropsychological tests were
variable in studies but tests had overlap. One single
study had used Montreal Neurological Institute (MNI)
tests that were not included in quantitative analyses as
there was no other study using MNI scoring.® Multiple
Sclerosis Functional Composite (MSFC) was used in three
studies. Expanded Disability Status Scale (EDSS) was
the most applied test for neuropsychological profiling.
Cognitive impairment index was used in two studies.
Brief Visuospatial Memory Test-Revised was used in two
studies. The mean age of MS participants was about 42
years old. Disease duration was ranging from about six
years to 21.5 years (Table 1). In(the)case of disease type,

most evaluated patients (60.44%) were RRMS, following
SPMS (22.94%), benign MS (15.05%), and PPMS (1.58%).
Notably, studies with low quality (NOS score less than 6)
were excluded from the study. Therefore, we reduced the
possible sources of bias as much as possible.

In the pooled analysis of the correlation of the PASAT-3
test with MD of MRI findings in the brain, seven studies
were included in the random-effect model (I*=65.2%).
The pooled correlation coefficient was statistically
significant (r=-0.225, 95% CI=-0.316 to -0.130,
P<0.0001) (Figure 2). Eggers test showed a 1-tailed
P=0.440, supporting the absence of publication bias, as
well as gross symmetry in the funnel plot (Figure 3).

In the pooled analysis of the correlation of the SDMT
test with MD of MRI findings in the brain, three studies
(four sub-studies) were included in the fixed-effect
model (I’=0.0%). The pooled correlation coefficient
was statistically significant (r=-0.438, 95% CI=-0.531
to -0.335, P<0.0001) (Figure 4). Egger’s test did not
show publication bias and symmetry in the funnel plot
(P=0.089) (Figure 5).

The SDMT test was positively correlated with FA in two
studies (three sub-studies) (r=0.351, 95% CI=0.212 to
0.476, P<0.0001), with a low possibility of heterogeneity
(I*=0) (Figure 6) and publication bias (Egger’s test
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Figure 1. PRISMA flowchart of the study

J Res Clin Med, 2023, 11: 34 | 3



Asadollahzadeh et al

"SW udluag

1159 Sulusea [equaA eIUIOjI[BD) I TAD ‘9]edS AlIaASS andieq ‘SS4 1159 8ad 9J0H-6: LdH-6 “{|eA 1004-G7 pawil] ‘A 14GT 2591 Suniog wa)sAs uonouny aanndax3 uejdey-sijaQ
‘1S S43)-a ‘xopu] yuawuredw] aAn1uSoD) ‘1D {pasiAaY-15a] Aloway [enedsonsiA jaig “N-1LIWAE 151 Uonippy [e1as Alo)ipny paoed ‘1vSvd ‘Suiewr 1osua) uotsnyip ‘|1 ‘91eds snieis Aujigesiq papuedxy ‘ssa3 @usodwo) jeuonouny
s1504910G a|dnNW ‘D4SW 4591 sanifepow 131Q [oquiAs ‘L NAS ‘@imnsu| [ed130[0INaN [BSUOW ‘INW ‘Jeuoisuawip-aaiy) ‘g€ Buidewn payySrom-uoisnyiq ‘|MA ‘A19A00a1 UoISIaAUL 3|qno ‘Y1 ‘S1S049]2s ajdnnw ‘SW :suoneiraiqqy

A D4SW ‘ssa3 11Q ‘[euonusnuo) 0 0 9¢ v/ 9z e ST 9¢  |0NU0d-3sE) 0c€L0T ‘|© 19 B[[apIeqs
/ [} 11Q ‘[euonusnuo) L€ 0 0 0z 81 vy 0s /€ |ohuod-ase) 6:020T ‘|© 39 191221y
1S s4i-a
8 1VSVd “4-LWA4 IMa 0 (014 oy 87l 007t 89St 09  |0NU0D-dsED) 2200 ‘|& 10 PIpausg
I-L1AD ‘ssad
SS4 1LWas
. 0JJu0d-95® ‘e 19 ueSei(1-0zsA10,
/ 16513 ISW LWAS 1La 0 0 0S /€ & Va4 0S| D 6810T Q-0xzsAnjod
L ssail 1a 0 ST 0s L1 €g 7o 8l G/ |0nu0d-858D) €10 ‘|e 10 PIpausg
8 11D ‘ssai , 1 ae ST Ly €8 €1 €8 91y ov 6L |0NUOD-9sED) 0z£ 10T ‘e 19 esoizald
‘oyda-jenp {1d “¥IA :
VA ssai 11Q {[euonusAuo) 0 0€ (014 Sy'€s 43 0€  |ohuod-ase) <910T ‘|e 30 Joflayy
8 INW ‘ssa3 . 1d ;ﬁ , 0 0 19 78 or £6€ 19 19 |onuod-ase) 0910T |& 30 eSo1zald
A€ ‘oyoagenp ‘11 ‘Tl
[INE e . . ; y
L ssail e e T 0 0 9¢ 98 9z Se/€ €l 9¢  |0NU0D-asED) 42800 ‘[e 19 U1
Aw‘_OUm w>_tcw0u {[euonuaAuO AO.m— wO‘_Quuwm ‘_Ow g 0Jju0d-ase ‘e 19 SLIeAO
/ ausoduwon) 5613 11 ‘Jeuon 8 +09 9¢ 0 1612 uBIuaq 10y) L€ vSy 61 86  [on D 28007 [B 19 SLIeAOY
LNGS
N 0JJU0d-ase ‘e 19 Siuao
L s A AR 1La 0 €l 44 Ll 6€ 9t L1 L8| ®) «S10T | 1uS0Y
9 NYeE] 11 'zl1a 0 0 143 S'9 4 R 43 0 vE  aAndadsonay «1200T ‘[ 19 sieroy
(€-1VSVd
, , . 01U0D-9se ‘19 2A
I e, 1La €l 4 9 SLL S/ v 91 oL | D €107 ] S
SON s153} uontugo)d Ajpepow YW SWddSWdd SWJS SWYY uopeinp aseasiq  djewd sjudned S jo a8e ueapy  s|o1puod AyjesH-u SW-u ugisag Apms

SOIPNIS PAPN|OUI DY) JO SONSIIBIOBIRYD UlewW dY] *| d]qel

] Res Clin Med, 2023, 11: 34



Correlation of MRI finings with cognitive function in MS

Study name

Syc et al., 2013 [total]
Benedict et al. 2007
Rovaris et al. 2008
Koenig et al. 2015

Lin et al. 2008

Sbardella et al. 2013
Rovaris et al. 2002 [brain]

0.00

Correlation

-0.230
0.000
-0.380
0.000
-0.530
0.000
-0.350
-0.225

Statistics for each study Correlation and 95% CI
Lower Upper
limit limit Z-Value p-Value
-0.407 -0.036 -2.318 0.020 ——
-0254  0.254 0.000 1.000
-0.5638 -0.196  -3.899 0.000 1+i—
-0.261  0.261 0.000 1.000
-0.731 0244  -3.390 0.001 ——
-0.329 0.329 0.000 1.000 .
-0.615 -0.013  -2.035 0.042 =
-0.316  -0.130  4.582 0.000 >

-1.00 -0.50 0.00 0.50 1.00

Figure 2. Forrest plot of the PASAT-3 correlation with mean diffusivity

Funnel Plot of Standard Error by Fisher's Z
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Figure 3. Funnel plot of the PASAT-3 correlation with mean diffusivity

Statistics for each study Correlation and 85§% CI

Lower Upper

Correlation  limit limit Z-Value p-Value

Koenig et al. 2015 [ posterior limb of the internal capsule]

Rovaris et al 2008
Benedicl el al. 2007
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0.3
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-0.60
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Figure 4. Forrest plot of the SDMT correlation with mean diffusivity
Funnel Plot of Standard Error by Fisher's Z
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Figure 5. Funnel plot of the SDMT correlation with mean diffusivity
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P=0.407, Figure 7).

Regarding the pooled analysis of the correlation of the
BVMT test with the MD of MRI findings in the brain, two
studies were included in the fixed-effect model (I>*=0%).
The pooled correlation coefficient was statistically
significant (r=-0.361, 95% CI=-0.511 to -0.190,
P<0.0001) (Figure 8). Egger’s test was not conducted due
to a low number of studies.

In the pooled analysis of correlation of the BVMT test
with the T2 lesions volume of MRI findings, two studies
(three sub-studies) were included in the fixed-effect
model (I*=4.1%). The pooled correlation coefficient
was statistically significant (r=-0.302, 95% CI=-0.451 to
-0.136, P<0.0001) (Figure 9). Egger’s test was significant

(P=0.010) as well as non-asymmetric funnel plot
(Figurel0).

The pooled results obtained based on the two included
articles (three sub-studies) using the fixed-effects model
revealed that the SDMT test with T2 lesion volume of MRI
findings in the brain was negatively correlated (r=-0.367,
95% CI=-0.508 to -0.207, P<0.0001) (Figure 11). There
was no evidence of significant heterogeneity across the
included articles (I*=0.0%). Moreover, Egger’s test results
were not statistically significant (P=0.487) (Figure 12).

Discussion
In this study, we found an inverse correlation between
PASAT-3, SDMT, and MD of the brain in patients with

Study name Statistics for each study Correlation and 98% CI
Lower Upper

Correlation  limit limit  Z-Value p-Value
Pokryszko-Dragan et al 2018 [ Genu corpus callosum FA] 0330 0083 0533 2588 0010
Pokryszko-Dragan et al. 2018 [ Splenium corpus callosum FA] 0.380 0140 0578 3.020 0.003
Koenig et al. 2015 [ posterior limb of the inlernal capsule] 0342 0089 0553 2619 0009

0351 0212 0476 4752 0.000 <>
-1.00 -0.60 0.00 0.50 1.00

Figure 6. Forrest plot of the SDMT correlation with fractional anisotropy

Funnel Plot of Standard Error by Fishor's Z

0.00
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4
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™
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Figure 7. Funnel plot of the SDMT correlation with fractional anisotropy
Study name Statistics for each study Correlation and 95% Cl
Lower Upper
Correlation  limit limit  Z-Value p-Value
Koenig et al. 2015 -0422 -0615 -0.181  -3.308 0.001
Benedict et al. 2007 -0.300 -0515 -0.050 -2.337 0.019
-0.361 -0.511 -0.190 -3.982 0.000
-1.00 -0.50 0.00 0.50 1.00

Figure 8. Funnel plot of the BVMT correlation with mean diffusivity

Study name Statistics for each study
Lower Upper
Correlation  limit limit  Z-Value
Benedict et al. 2007 -0.380 -0.578 -0.140 -3.020
Benedict et al. 2013 [RR] -0.320 -0.549 -0.046 -2274
Benedict et al. 2013 [SP] -0.040 -0.428 0.361 -0.188
-0.302 -0451 -0.136 -3.499

Correlation and 956% CI

p-Value
0.003
0.023
0.851
0.000 <>

-1.00

-0.50

0.00 0.50 1.00

Figure 9. Funnel plot of the BVMT correlation with T2 lesions volume
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Figure 10. Funnel plot of the BVMT correlation with T2 lesions volume

Study name Statistics for each study Correlation and 96% CI
Lower Upper
Correlation  limit limit Z-Value p-Value
Benedict et al. 2007 -0450 -0.632 -0221 -3669  0.000
Benedict et al. 2013 [RR] -0230 -0478 0.062 -1606  0.108
Benedict et al. 2013 [SP] -0.420 -0.699 -0.030 -2100  0.036
-0.367 -0.508 -0.207 -4319  0.000
-1.00 -0.50 0.00 0.50 1.00
Figure 11. Funnel plot of the SDMT test with T2 lesions
Funnel Plot of Standard Error by Fisher's Z
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Figure 12. Funnel plot of the SDMT test with T2 lesions

MS. Using lesion-symptom mapping, researchers have
discovered numerous areas linked to lower PASAT scores.
Matias-Guiu and colleagues’ study® showed white matter
lesions in the left cingulum, corpus callosum, corticospinal
tract, and arcuate fasciculus were associated with worse
performance in the PASAT test, while diffusion tensor
MRI was not used.

White matter impairment, in contrast to gray matter
atrophy has been reported to have a secondary role in
PASAT performance decline®; however, we were forced to
analyze whole-brain data due to the limited reported data
in the included studies.

In a similar study to our meta-analysis, Mollison et al
focused on only T2 hyperintense lesion volume and found

that SDMT had a summary effect size of r=- 0.37 and
PASAT had a summary impact size of r =- 0.28 that in case
of SDMT. These findings were in line with our results, but
we found a further correlation between DTT MRI findings
(MD and FA) that has not been reported in any previous
meta-analysis.”

Another recent meta-analysis by Jandric et al evaluated
fMRI connectivity changes in comparison to cognition,*
which does not include any cognition tests.

In another systematic review and meta-analysis,” it
was suggested that to resolve the continuing clinical-
radiological contradiction, various components of
the complicated disease will most likely need to be
evaluated simultaneously utilizing the best assessment

J Res Clin Med, 2023, 11:34 | 7
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methodologies for both cognitive tests and brain imaging,
as well as the conclusion of our study.

The neurodegenerative process underlying brain
atrophy causes irreversible damage and is linked to physical
and mental impairments.'? Strong evidence supports the
association between lesions in different anatomical areas
of the brain and clinical disability in patients with MS.*
However, in the case of cognition disorders, although
many studies have been conducted, most studies used new
methods and different capabilities of brain MRI imaging,
which has caused great variability in the methodology
of the studies. The lack of a uniform protocol between
studies and the lack of(repetition) uniform definitions
for brain atrophy makes data pooling very difficult. As
Koenig et al pointed out,? cerebral atrophy itself disrupts
the processing of diffusion data and warns of the need
for multiple steps to ensure the comparison of identical
brain regions.

Because of theseissues, the results of our study mighthave
been highly biased by comparing data of heterogeneous
regions from the brain. This limits these findings to the
clinical setting; therefore, we aimed to unify definitions
based on postmortem studies as the most trustworthy
data available. As for histological validation of DTT with
post-mortem data, DTI-based assessments can be very
sensitive to white and gray matter microstructures.”
Schmierer et al discovered a substantial association
between two conventional diffusion measurements (MD
and FA), myelin content, and to a lesser extent, axonal
count in a postmortem analysis of progressive MS cases.™

The present meta-analysis had some limitations that
should be considered when interpreting the findings.
One main limitation of our study was the lack of meta-
regression and subgroup analysis due to the small number
of studies; while we know that as an advantage of DTI
imaging in MS patients, it helps display differences in the
type of MS disease. This limitation deterred the authors
from elucidating the possible confounders and the
characteristics of the included studies such as MS types,
RRMS, PPMS, SPMS, and disease duration. Patients with
SPMS showed significant changes in the amount of MD
and FA compared to RRMS patients but we were not able
to adjust for this. Another limitation of the study was that
meta-regression of disease duration and study variables
was not possible due to the small number of studies; while
we know that based on previous reports brain atrophy
and DTI-derived metrics are substantially linked to the
duration of MS.* Moreover, even though some studies
compared the MRI findings between cognitive impairment
and non-cognitive impairment groups, we could not
include them in the analyses, which could be considered a
limitation. However, further studies are recommended to
explore such possible relationship between these groups.
On the other hand, our study’s key strength is that there
might be independent associations between numerous
MRI parameters and cognitive impairment in MS patients.

Nonetheless, the various quantitative MRI indicators
used in studies have made it difficult to perform pooled
analyses of results.

Conclusion

Our study showed that the PASAT-3, BVMT, and SDMT
tests exhibited a negative correlation with brain MD, and
the SDMT test positively correlated with FA and inversely
correlated with T2 lesion volume. In the case of other tests,
there were just a few research that revealed significant
relationships.
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