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Microstructure white matter changes and serum GFAP 
among different phenotypes of multiple sclerosis
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AbStrAct
Background. Multiple sclerosis (MS) is an autoimmune disease that targets the central nervous system (CNS). A patient’s 
degree of demyelination and axonal degeneration can only be roughly estimated based on clinical symptoms, neuro-
chemical analysis or standard clinical MRI. Magnetic resonance diffusion tensor imaging (DTI) may provide more informa-
tion on MS pathology than T1- and T2-weighted MRI alone. Glial fibrillary acidic protein (GFAP) uniquely found in astro-
cytes in the (CNS), non-myelinating Schwann cells in the peripheral nervous system (PNS), and enteric glial cells. GFAP is 
postulated to be a biomarker of astrocytic damage and reactive astrogliosis.
Methods. A total of 60 patients with MS was categorized into three equal groups according to The Multiple Sclerosis 
Progression Discussion Tool (MSProDiscuss tool): RRMS, SPMS, RRMS with high risk to become SPMS and 20 healthy 
controls. Baseline clinical characteristics and detailed medical and neurological history were taken into consideration, as 
well as time of onset of MS, delay in diagnosis, initial symptoms, relapses features and behavior, EDSS and disease modi-
fying therapy. They were subjected to DTI-MRI and blood sampling for GFAP.
Results. DTI was able to differentiate between different MS phenotypes and was able to detect progression when we 
evaluated DTI changes in NAWM in different brain areas as low FA and high MD were associated with progression and 
increasing disability (p value =0.001). Serum GFAP differs significantly between patients with SPMS or patients in transi-
tion, also, it was higher in patients in transition than RRMS or control group (P value <0.001). There was a significant 
correlation between serum GFAP and DTI changes in NAWM as higher titres of GFAP were associated with lower FA and 
higher MD values in NAWM of frontal, temporal lobes, and CC body.
Conclusion. Serum GFAP in addition to DTI measurable microdamage in NAWM can give us a wide scope of view about 
potential progression in MS pathology and related astrocytopathy.
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IntrOductIOn

Multiple sclerosis (MS) is a prevalent condition 
that primarily affects the brain and spinal cord and is 
recognized as one of the most prevalent non-trau-
matic disorders in young people. It impacts approxi-
mately 1 million people in the United States alone [1]. 
In the majority of MS patients, the disease initially 
manifests as episodes of localized or multifocal neu-
rological deterioration, which improve on their own 
(known as relapsing-remitting MS or (RRMS)) [2]. 
From a pathological standpoint, these relapses are 
caused by infiltration of by immune cells mainly 

macrophages, T lymphocytes and B lymphocytes 
which cause focal or multifocal inflammation and 
demyelination in both white and grey matters [3]. 
The majority of cases eventually progress to second-
ary progressive MS (SPMS), and in this stage neuro-
degeneration takes the upper hand over inflamma-
tion and the patients show gradual deterioration and 
accumulation of disability over time which is mainly 
affecting mental function and ambulation. However, 
in a minority of MS patients, progression is evident 
from the onset of the disease, which is referred to as 
primary progressive MS (PPMS) [4].
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However, it isn’t easy to assess the degree of de-
myelination and axonal damage from just disease 
presentation, laboratory investigation, or standard 
conventional MRI. Magnetic resonance diffusion ten-
sor imaging (DTI) can provide more information 
about MS pathology than routine conventional Mag-
netic resonance imaging (MRI) alone. For example, 
lower fractional anisotropy (FA) values  were report-
ed to be associated with MS although this finding ap-
pears not to be consistent [5]. This may depend on the 
certain site or may be due to progressive or reversi-
ble damage that occur over time. The reduced FA was 
verified as a universal indicator and observed in 
both non-affected white matter regions and specific 
areas with lesions [6].

Previously, it was commonly believed that astro-
cytes in multiple sclerosis (MS) lesions only became 
active after inflammation subsided and formed a gli-
al scar. However, it is now recognized that astrocytes 
are actually involved at an early stage and have a 
substantial impact on lesion formation. They play a 
vital role in facilitating the entry of immune cells 
from the peripheral system into the central nervous 
system. Reactive astrocytes are present at the active 
borders of demyelinating lesions and can even ex-
tend into adjacent normal-appearing white matter 
(NAWM), suggesting that they are among the primary 
contributors to the progression of lesions [7].

Glial fibrillary acidic protein (GFAP) is present 
mainly in astrocytes within the central nervous sys-
tem (CNS), non-myelinating Schwann cells in the pe-
ripheral nervous system (PNS), and enteric glial cells. 
GFAP is thought to serve as a biomarker for both as-
trocytic damage and reactive astrogliosis [8].

PAtIEntS And MEtHOdS
Standard protocol approvals and                        
patient consents

The Institutional Research Board – IRB Ethics 
Committee under the code of (MS.22.01.1843) ap-
proved the research protocol. A written informed 
consent was obtained from all participants according 
to the Declaration of Helsinki.

Study patients and protocols
A total of 60 patients with multiple sclerosis was 

categorized into three equal groups according to The 
Multiple Sclerosis Progression Discussion Tool 
(MSProDiscuss tool): RRMS, SPMS, RRMS with high 
risk to become SPMS and 20 healthy controls were 
recruited from the neurology outpatients’ clinic in 
Mansoura University Hospital between September 
2021 and September 2022. The exclusion criteria 
were patients with known neurological or non-neu-
rological disease that can cause a disability that af-
fects the expanded disability status scale (EDSS), cas-

es with no informed consent or lost samples and 
general contraindication for MRI scans.

Baseline clinical characteristics and detailed med-
ical and neurological history taking were the follow-
ing: time of onset of MS, delay in diagnosis, initial 
symptoms, relapses features and behavior, EDSS and 
disease modifying therapy.

Brain MRI was performed on a 1.5T Siemens Aera, 
Germany, and closed-configuration whole body scan-
ner using a standard quadrature head coil. 3D flu-
id-attenuated inversion recovery (FLAIR) images 
were acquired. DTI was obtained using an echo-plan-
ner imaging sequence of mean values for fractional 
anisotropy (FA) and mean diffusivities (MD) were cal-
culated both within the whole and segmented NAWM 
(frontal, parietal, temporal, occipital, cingulate and 
deep) using region of interest (ROI) approach.

A blood sample was obtained from each patient 
and healthy controls were done, within 30 minutes, 
aliquots of plasma and serum underwent separation 
and were kept at -20°C for one year or stored at 2-8°C 
for 6 months. If individual reagents are opened, it is 
recommended that the kit be used within 1 month 
and repeated thaw cycles are avoided. In all patients 
and healthy control groups serum glial fibrillary 
acidic protein (GFAP) was measured using GFAP 
ELISA kits. Wuhan, Hubei, China (430206) based on 
manufacturer guidelines.

This kit was based on sandwich enzyme-linked 
immune-sorbent assay technology. Capture antibody 
was pre-coated onto 96 well plates and the biotin con-
jugated antibody was used as detection antibodies. 
The standards, test samples and biotin conjugated 
detection antibody were added to the wells subse-
quently, and washed with wash buffer. Horseradish 
peroxidase (HRP)-Streptavidin was added and un-
bound conjugates were washed away with wash 
buffer. Tetramethylbenzidine (TMB) substrates were 
used to visualize HRP enzymatic reaction. TMB was 
catalyzed by HRP to produce a blue color product 
that changed into yellow after adding acidic stop 
solution. The density of yellow is proportional to the 
target amount of the sample captured in the plate. 
Then we read the optical density (O.D.) absorbance at 
450nm in a microplate reader, and then the concen-
tration of the target can be calculated.

StAtIStIcAL AnALYSIS

We used Statistical Package for the Social 
Sciences (SPSS) software, version 25, provided by 
SPSS Inc., for analyzing the data. Qualitative data 
were presented using numbers and percentages. 
Quantitative data were described differently 
depending on their distribution. For non-normally 
distributed data, we reported the median along with 
the minimum and maximum values. For normally 
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distributed data, we reported the mean ± standard 
deviation. We tested the normality of the data using 
the Kolmogorov-Smirnov test. The significance level 
for our analysis was set at ≤0.05. To compare quali-
tative data between different groups, we employed 
appropriate statistical tests such as the Chi-Square 
test and Monte Carlo tests. For non-normally distri-
buted data, we used the Mann Whitney U test when 
comparing two groups and the Kruskal Wallis test 
when comparing more than two groups. For nor-
mally distributed data, we used the Student t-test for 
comparing two independent groups. When compa-
ring more than two independent groups, we 
employed the One-Way ANOVA test followed by the 
Post Hoc Tukey test for pairwise comparisons. To 
determine the strength and direction of a linear 
relationship between two non-normally distributed 
continuous variables and/or ordinal variables, we 
used the Spearman’s rank-order correlation. The 
validity of continuous variables, including sensi ti-
vity and specificity, and the calculation of the opti-
mal cutoff point, were assessed using the Receiver 
Operating Characteristics curve (ROC curve). Finally, 
we performed binary logistic regression using the 
Stepwise/forward Wald/Enter technique to evaluate 
the impact of a combination of more than two 
independent variables on a dichotomous outcome.

rESuLtS 

The demographics and clinical characteristics of 
MS patients revealed that the studied subgroups had 
no statistically significant difference as regard age, 
sex, mean age of RRMS group is 31.75 years of pa-
tients in transition group is 35 years and patients in 
SPMS group is 35.9. Median time of disease onset is 
longer among SPMS group followed by patients in 
transition group and the least for RRMS group with 
statistically significant difference between them. No 
statistically notable distinction was observed among 
the groups under investigation in terms of delay in 
diagnosis and forms of initial symptoms presenta-
tion. Median number of relapses illustrates statisti-
cally significant higher median among SPMS group 
followed by patients in transition group and the least 
for RRMS group. A statistically significant association 
was also detected between types of recovery from re-
lapse among studied groups. 

All cases with RRMS shows complete recovery, 
70% of patients in transition group show incomplete 
recovery, 25% complete recovery and 5% Initially 
complete then incomplete recovery and 80% of SPMS 
have incomplete recovery and 20% Initially complete 
then incomplete recovery. In addition, there was sta-
tistically significant higher median EDSS among 
SPMS group followed by patients in transition group 
and the least for RRMS group [6, 4, 1 respectively]. 

There is statistically significant higher mean GFAP 
among SPMS group followed by patients in transition 
group and RRMS group and the lowest median was 
detected for control group (Table 1).

First DMT was distributed as following; 40% of 
RRMS use Avonex, 30% naïve and 25% Betaferon and 
5% dimethyl. for patients in transition; 50% Betafer-
on, 20% naïve, 20% Avonex and 10% Gilynea. for the 
SPMS group; 50% Avonex, 25% Gilynea and 25% 
Betaferon. Reasons for changing DMT were as fol-
lows: one case in RRMS changed as it is ineffective, 9 
cases in patients in transition group changed as it is 
ineffective,15 cases in SPMS group changed as it is 
ineffective and one case because of its side effects.

Table 2 illustrates a statistically notable distinc-
tion observed among the groups under investigation 
regarding FA assessed at left and right frontal lobes 
with the highest mean value in the control group fol-
lowed by RRMS, patients in transition and SPMS, 
within which group significance demonstrates a sta-
tistically notable distinction between each of the 
studied groups except between RRMS and the control 
group for the left side. Also, a statistically notable dis-
tinction observed among the groups under investiga-
tion regarding MD at left and right frontal lobes with 
the lowest mean value is detected for control groups 
followed by RRMS, patients in transition and SPMS, 
that within group significance demonstrate a statisti-
cally significant difference between each of the stud-
ied groups except between RRMS and the control 
group for the right side. Parietal lobe study revealed 
a statistically notable distinction observed among the 
groups under investigation in terms of FA assessed at 
the left side with the highest mean value in the con-
trol group followed by patients in transition, SPMS 
and RRMS, that within group significance demon-
strates a statistically notable distinction between 
each of the studied groups except between RRMS and 
the control group (p=0.007), between patients in tran-
sition and the control group (p=0.04) and between 
SPMS and the control group (p=0.02).

In addition, there is a statistically notable distinc-
tion observed among the groups under investigation 
regarding FA assessed at left and right frontal lobes 
with the highest mean value being in the control 
group followed by RRMS, patients in transition and 
SPMS, that within group significance demonstrate a 
statistically significant difference between each of 
the studied groups. Also, a statistically notable dis-
tinction observed among the groups under investiga-
tion in terms of MD at left and right temporal lobes 
with the lowest mean value being detected for the 
control group followed by RRMS, patients in transi-
tion and SPMS, that within group significance demon-
strate a statistically significant difference between 
each of the studied groups except between RRMS and 
the control group for the right side.
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tAbLE 1.  Demographic characteristics of the studied groups
RRMS
N=20

Patients in transition
N=20

SPMS
N=20

Test of 
significance

Within group 
significance

Age / years

Sex
Male
Female 

31.75±6.77

8(40.0)
12(60.0)

35.0±6.26

6(30.0)
14(70.0)

35.90±8.85

6(30.0)
14(70.0)

F=1.75
(ρ)=0.183

MC=0.60
(ρ)=0.741

(ρ)1=0.1698
(ρ)2=0.08
(ρ)3=0.701
(ρ)1=0.507
(ρ)2=0.507
(ρ)3=1.0

Time to onset of diseases (years) 1.75(0.25-7.0) 9.0(5.0-13.0) 15.0(5.0-22.0) Kw=61.36
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3<0.001*

Delay in diagnosis (years) 1.0(1.0-2.0) 3.0(1.0-8.0) 3.0(1.0-6.0) Kw=1.59
(ρ)=0.223

(ρ)1=0.086
(ρ)2=0.170
(ρ)3=0.604

Initial symptom
Motor 
Cerebellar
Sensory 
Optic neuritis
Multifocal
Diplopia

1(5.0)
0

4(20.0)
9(45.0)
3(15.0)

0

3(15.0)
2(10.0)
2(10.0)
8(40.0)
2(10.0)
1(5.0)

2(10)
3(15)

0
6(30)
5(25)
1(5)

MC=11.06
(ρ)=0.524

(ρ)1=0.447
(ρ)2=0.924
(ρ)3=0.505

Number of relapses 1(1-5) 5(1-10) 9(3-15) Kw=48.70
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3<0.001*

last year Number
0
1
2

0
18(94.7)

1(5.3)

0
9(47.4)

10(52.6)

15(83.3)
3(16.7)

0

MC=58.45
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3<0.001*

Recovery 
Initially complete then incomplete 
Incomplete
Complete

0
0

20(100)

1(5)
14(70)
5(25)

4(20)
16(80)

0

MC=46.40
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3<0.001*

Prodiscuss
Secondary progression
RRMS
High risk

0
20(100)

0

0
1(5.0)
19(95)

20(100)
0
0

Mc=114.28
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3<0.001*

EDSS 
Median (range)

1(0-2) 4(2.5-5.0) 6(5-7) KW=298.07
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3<0.001*

GFAP
Mean ± SD

0.365±0.08 0.645±0.087 2.72±0.49 F=406
(ρ)<0.001*

(ρ)1<0.001*
(ρ)2<0.001*
(ρ)3=0.424
(ρ)4<0.001*
(ρ)5<0.001*
(ρ)6<0.001*

MC: Monte Carlo test, *statistically significant, P1: difference between RRMS , patients in transition group, p2: difference between RRMS, 
SPMS, P3: difference between patients in transition, SPMS, P4: Patients in transition group, SPMS group, P5: Patients in transition group, 
control, P6: SPMS, control group, KW: Kruskal Wallis test, F: One Way ANOVA test 

Corpus callosum DTI study revealed a statistically 
notable distinction observed among the groups under 
investigation in terms of FA with the highest mean val-
ue being in the control group followed by RRMS, pa-
tients in transition and SPMS, that within group signif-
icance demonstrate a statistically significant difference 
between each of the studied groups. Also, a statistically 
notable distinction observed among the groups under 
investigation regarding MD with the lowest mean val-
ue is detected for the control group followed by RRMS, 
patients in transition and SPMS, that within group sig-
nificance demonstrate a statistically significant differ-

ence between each of the studied groups except be-
tween RRMS and the control group.

Table 3 demonstrates that there is a statistically sig-
nificant higher mean GFAP among the SPMS group fol-
lowed by the patients in transition group and RRMS 
group and the lowest median was detected for the con-
trol group.

The RRMS group had a statistically significant nega-
tive correlation between GFAP and MD at left side as-
sessed for parietal lobe (r= -0.492, p=0.027). For the pa-
tients in transition group, a statistically significant 
positive correlation was detected between GFAP and 
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tAbLE 2.  Comparison of DTI between studied groups
RRMS
N=20

Patients in 
transition

N=20

SPMS
N=20

Control group
N=20

Test of 
significance Within group significance

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
Frontal

FA 
(Left side)

MD 
(Left side)

FA
(Right side)

MD 
(Right side)

0.611±0.071

0.839±0.02

0.616±0.06

0.836±0.02

0.430±0.02

0.951±0.02

0.432±0.028

0.954±0.02

0.301±0.04

1.42±0.09

0.305±0.037

1.38±0.14

0.808±0.06

0.748±0.02

0.822±0.05

0.833±0.09

F=369.6
(ρ)<0.001*

F=676.17
(ρ)<0.001*

F=483.03
(ρ)<0.001*

F=191.94
(ρ)<0.001*

(ρ)1=0.001*
(ρ)2=0.001*
(ρ)4=0.001*

(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*
(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*
(ρ)1=0.001*
(ρ)2=0.001*
(ρ)4=0.001*

(ρ)5=0.001*
(ρ)6=0.001*

(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*
(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*
(ρ)5=0.001*
(ρ)6=0.001*

Parietal
FA (left side) 0.595±0.06 0.613±0.06 0.607±0.06 0.663±0.11 F=3.04

(ρ)=0.034*
(ρ)3=0.007*
(ρ)5=0.042*

(ρ)6=0.024*

Temporal
FA 
(Left side)

MD 
(Left side)

FA 
(Right side)

MD 
(Right side)

0.615±0.08

0.838±0.016

0.636±0.05

0.839±0.02

0.424±0.024

0.959±0.02

0.429±0.02

0.965±0.07

0.293±0.03

1.40±0.096

0.325±0.12

1.44±0.15

0.723±0.11

0.745±0.02

0.849±0.05

0.752±0.02

F=146.53
(ρ)<0.001*

F=656.32
(ρ)<0.001*

F=194.46
(ρ)<0.001*

F=254.62
(ρ)<0.001*

(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*
(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*
(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*
(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*

(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*
(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*
(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*
(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*

Corpus 
callosum

FA

MD

0.611±0.07

0.826±0.03

0.433±0.028

0.954±0.02

0.303±0.036

1.42±0.18

0.808±0.059

0.806±0.129

F=362.78
(ρ)<0.001*

F=122.51
(ρ)<0.001*

(ρ)1=0.001*
(ρ)2=0.001*
(ρ)3=0.001*
(ρ)1=0.001*
(ρ)2=0.001*
(ρ)4=0.001*

(ρ)4=0.001*
(ρ)5=0.001*
(ρ)6=0.001*
(ρ)5=0.001*
(ρ)6=0.001*

F: One Way ANOVA test, *statistically significant, P1: difference between RRMS and Patients in transition group, p2: difference between RRMS 
andSPMS, P3: difference between RRMS and control group, P4: Patients in transition groupand SPMS group, P5: Patients in transition 
groupand control, P6: SPMS and control group

tAbLE 3.  Comparison of GFAP between studied groups
RRMS
N=20

Patients in transition
N=20

SPMS
N=20

Control group
N=20

Test of 
significance

Within group 
significance

GFAP
mean±SD

0.365±0.08 0.645±0.087 2.72±0.49 0.299±0.04 F=406
P<0.001*

P1<0.001*
P2<0.001*
P3=0.424
P4<0.001*
P5<0.001*
P6<0.001*

F: One Way ANOVA test, *statistically significant, P1: difference between RRMS and Patients in transition group, p2: difference between RRMS 
andSPMS, P3: difference between RRMS and control group, P4: Patients in transition groupand SPMS group, P5: Patients in transition 
groupand control, P6: SPMS and control group. 

the age of the studied cases (r=0.470, p=0.036). Also, a 
statistically significant negative correlation is detected 
between GFAP and FA at the right side assessed for 
frontal lobe (r=-0.596, p=0.006). For the SPMS group, a 
statistically significant positive correlation was detect-

ed between GFAP and EDSS (r=0.575, p=0.008). Moreo-
ver, a statistically significant negative correlation is 
detected between GFAP and MD at the right side as-
sessed for temporal lobe (r=-0.552, p=0.012) (Table 4).
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In Figure 1 area under ROC curve for FA, MD as-
sessed for frontal lobe in differentiating between RRMS 
and patients in transition group is excellent ranging 
from 0.998 to 1, the best detected cut off points for FA 
(left side), MD (left side), FA (right side) andMD (right 
side) are 0.484 with sensitivity 100% and specificity 
95%, 0.865 with sensitivity 95.0% and specificity 100%, 
0.506 with sensitivity 100% and specificity 100% and 
0.863 with sensitivity 90% and specificity 100%.

Area under ROC curve for FA, MD assessed for 
frontal lobe in differentiating between RRMS and 
Patients in transition group is excellent 1.0, the best 
detected cut off points for FA (left side), MD (left 

tAbLE 4.  Correlation between GFAP and clinical and DTI parameters 
Transition group RRMS group SPMS

r p
GFAP

r p r p
Frontal 
FA (left side)
MD (left side)
FA (right side)
MD (right side)

-0.330
-0.162
-0.596
-0.307

0.156
0.496

0.006*
0.187

-0.193
-0.287
0.185
0.172

0.414
0.220
0.436
0.468

-0.07
0.230
-0.121
-0.187

0.770
0.330
0.612
0.430

Parietal
FA (left side)
MD (left side)
FA (right side)
MD (right side)

0.071
0.136
0.223
-0.264

0.768
0.568
0.345
0.261

-0.380
-0.492
-0.102
-0.01

0.098
0.027*
0.670
0.967

0.369
0.275
0.138
0.174

0.110
0.241
0.562
0.464

Temporal
FA (left side)
MD (left side)
FA (right side)
MD (right side)

0.416
0.049
-0.168
0.187

0.07
0.836
0.479
0.429

0.084
-0.083
-0.386
0.308

0.724
0.729
0.093
0.186

-0.211
0.207
-0.003
-0.552

0.372
0.381
0.990

0.012*
Occipital 
FA (left side)
MD (left side)
FA (right side)
MD (right side)

0.014
-0.031
0.201
-0.004

0.954
0.898
0.397
0.986

0.328
0.122
-0.164
-0.063

0.158
.610

0.490
0.791

0.038
-0.045
-0.062
0.035

0.873
0.851
0.794
0.883

CC
FA  
MD

-0.357
-0.372

0.123
0.106

-0.245
-0.037

0.298
0.878

-0.064
-0.098

0.790
0.681

r: Spearman correlation coefficient, *statistically significant 
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FIGurE 1. ROC curve of MD in differentiating RRMS and Patients in transition group, FA in differentiating RRMS and 
Patients in transition group

side), FA (right side) andMD (right side) are 0.484 
with sensitivity 100% and specificity 100%, 0.863 
with sensitivity 95.0% and specificity 100%, 0.528 
with sensitivity 100% and specificity 100% and 0.927 
with sensitivity 100% and specificity 90%.

Area under ROC curve for FA, MD assessed for 
corpus callosum in differentiating between RRMS 
and Patients in transition group is excellent ranging 
from 0.998 to 1, the best detected cut off points for 
FA andMD are 0.484 with sensitivity 100% and spec-
ificity 95% and 0.860 with sensitivity 95.0% and 
specificity 100%.
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Figure 2 containing the area under ROC curve for 
FA, MD assessed for frontal lobe in differentiating 
between RRMS and SPMS is excellent 1.0, the best 
detected cut off points for FA (left side), MD (left 
side), FA (right side) andMD (right side) are 0.429 
with sensitivity 100% and specificity 100%, 1.007 
with sensitivity 100.0% and specificity 100%, 0.436 
with sensitivity 100% and specificity 100% and 1.03 
with sensitivity 100% and specificity 100%.

Area under ROC curve for FA, MD assessed for 
temporal lobe in differentiating between RRMS and 
SPMS group is excellent ranging from 0.950 to 1.0, 
the best detected cut off points for FA (left side), MD 
(left side), FA (right side) andMD (right side) are 
0.426 with sensitivity 100% and specificity 100%, 
1.007 with sensitivity 100.0% and specificity 100%, 
0.466 with sensitivity 100% and specificity 95% and 
1.05 with sensitivity 100% and specificity 90%.

Area under ROC curve for FA, MD assessed for 
corpus callosum in differentiating between RRMS 
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FIGurE 2. ROC curve of MD in differentiating between RRMS and SPMS, MD in differentiating between RRMS and SPMS

and SPMS group is excellent 1.0, the best detected 
cut off points for FA andMD are 0.429 with sensitivi-
ty 100% and specificity 100% and 1.03 with sensitiv-
ity 100.0% and specificity 100%.

Figure 3 Area under ROC curve for FA, MD as-
sessed for frontal lobe in differentiating between 
SPMS from patients in transition groups is excellent 
1.0, the best detected cut off points for FA (left side), 
MD (left side), FA (right side) andMD (right side) are 
0.375 with sensitivity 100% and specificity 100%, 
0.985 with sensitivity 95.0% and specificity 100%, 
0.399 with sensitivity 95% and specificity 100% and 
0.982 with sensitivity 100% and specificity 100%.

Area under ROC curve for FA, MD assessed for tem-
poral lobe in differentiating between SPMS from pa-
tients in transition groups is excellent ranging from 
0.950 to 1.0, the best detected cut off points for FA (left 
side), MD (left side), FA (right side) andMD (right side) 
are 0.373 with sensitivity 100% and specificity 100%, 
1.06 with sensitivity 100.0% and specificity 100%, 0.385 

FIGurE 3. ROC curve of MD in differentiating SPMS from patients in transition groups, MD in differentiating SPMS from 
patients in transition groups
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with sensitivity 100% and specificity 95% and 0.979 
with sensitivity 85% and specificity 90%.

Area under ROC curve for FA, MD assessed for 
corpus callosum in differentiating between SPMS 
from patients in transition groups is excellent 1.0, 
the best detected cut off points for FA andMD are 
0.375 with sensitivity 100% and specificity 100% and 
0.979 with sensitivity 100.0% and specificity 100%.

Binary logistic regression for predictors of stud-
ied cases demonstrates that increase in GFAP, de-
crease in left frontal FA, decrease in right occipital 
MD are statistically significant predictors of cases 
with the overall percent predicted is 97.5% (Table 5).

tAbLE 5.  Binary logistic regression for predictors of studied 
cases

β P value Odds ratio (95%CI)
GFAP
Left frontal FA
Left frontal MD
Right frontal FA
Right frontal MD
Lt parietal MD
Rt parietal FA
Rt parietal MD
Lt temporal FA
Lt temporal MD
Rt temporal FA
Rt temporal MD
LT occipital FA
LT occipital MD
RT occipital FA
RT occipital MD
CC.FA
CC.MD

19.99
-40.79

1077.58
-598.62
88.41

-29.467
23.934

-204.550
-10.978
134.072
-148.399
73.863
-1.867
-6.358

-31.154
-4.942

-57.094
6.201

0.003*
0.003*
0.976
0.984
0.994
.999

1.000
.998

1.000
.999
.999
.999
.912
.672
.265
.812

.036*
.597

48.37(11.29-150.6)
Undefined
Undefined
undefined
undefined
Undefined
undefined
undefined
Undefined
undefined
undefined
Undefined

.155 (Undefined)
.002(Undefined)
.000(Undefined)
.007(Undefined)

.00001(0.001-0.023)
493.262(Undefined)

Overall % predicted=97.5%

dIScuSSIOn

Multiple sclerosis (MS) is a chronic, inflammato-
ry, disease affecting brain and spinal cord and in-
volve two processes, demyelination and neurode-
generation, MS is a multifactorial, immunological 
disease that is caused by complex interaction be-
tween genetic and environmental factors [9]. Ac-
cording to of MS, most of RRMS patients progress to 
SPMS after about 10 to 20 years but, the speed of 
Progression is widely variable [10], and a small per-
centage of patients (i.e., referred to as ‘benign MS’ 
will never progress to SPMS[11].

Many patients face a period of uncertainty when 
it comes to diagnosing the shift from relapsing-re-
mitting multiple sclerosis (RRMS) to secondary pro-
gressive multiple sclerosis (SPMS), which can ex-
tend for as long as three years. In numerous 
instances, individuals with RRMS experience ongo-
ing deterioration in their condition over the long 
term, even in the absence of relapses. These patients 
experience a gradual accumulation of progression 

over time during the early stages of RRMS, yet they 
are not officially diagnosed with SPMS [12].

In multiple sclerosis (MS), the neurodegenera-
tive processes begin early in the relapsing-remitting 
phase (RRMS) of the disease. However, these pro-
cesses remain inactive or “silent” until the compen-
satory mechanisms of the central nervous system 
(CNS) become depleted, which is often associated 
with the concept of “brain reserve.”[13]. Likewise, 
no particular symptoms were identified as distinc-
tive markers for the various stages of the disease. 
However, it was noted that the frequency, duration, 
and overall impact of symptoms on quality of life 
were more pronounced during the phase of second-
ary progressive multiple sclerosis (SPMS)[14].

Neurodegeneration is considered the key charac-
teristic of the progression of multiple sclerosis (MS) 
and usually causes sever irreversible axonal damage, 
atrophy, and the formation of scar tissue in chronic le-
sions. Glial fibrillary acidic protein (GFAP), an impor-
tant intermediate cytoskeletal protein found in astro-
cytes, is recognized as the structural basis for 
astrogliosis and is the primary protein component in 
chronic MS lesions. Our research findings support this 
notion by demonstrating heightened levels of GFAP in 
the blood serum of patients experiencing disease pro-
gression, whether they have secondary progressive MS 
(SPMS) or are in a transitional phase, in comparison to 
patients with relapsing-remitting MS (RRMS) and the 
control group[15].

In a 2023 study led by Xiaotong Jiang, the clinical 
significance of serum glial fibrillary acidic protein 
(sGFAP) levels as a potential biomarker for disability 
progression in multiple sclerosis (MS) was investi-
gated. The study focused specifically on the second-
ary progressive MS (SPMS) phenotype in the ab-
sence of acute inflammation. The research involved 
a retrospective analysis of longitudinal data ob-
tained from the Phase 3 ASCEND trial. The trial in-
cluded participants with SPMS (n = 264) who did not 
experience relapse or show signs of inflammatory 
activity on MRI at the beginning of the study and 
throughout its duration. Prognostic and dynamic 
analyses were conducted using various measure-
ments, including sGFAP, serum neurofilament 
(sNfL), T2 lesion volume, Expanded Disability Status 
Scale (EDSS), Timed 25-Foot Walk (T25FW), 9-Hole 
Peg Test (9HPT), and composite confirmed disability 
progression (CDP). Linear and logistic regressions, 
along with generalized estimating equations, were 
employed for these analyses[16].

The findings of the study indicated a significant link 
between the initial levels of sGFAP concentration, the 
concentrations of sNfL, and the volume of T2 lesions. 
However, when examining the changes in EDSS, Timed 
25-Foot Walk (T25FW), 9-Hole Peg Test (9HPT), or com-
posite confirmed disability progression (CDP), either 
no correlations or weak correlations were observed 
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with sGFAP concentration. This implies that serum 
GFAP may serve as an indicator of silent progression, 
which is not yet clinically evident.

DTI (diffusion tensor imaging) has been exten-
sively studied in the context of multiple sclerosis 
(MS), and most of these studies have reported posi-
tive results regarding the ability of DTI to detect mi-
crostructural changes in normal-appearing white 
matter (NAWM). 

Supporting our findings, a study conducted by A. 
Pokryszko-Dragan et al. in 2018 investigated 50 pa-
tients with relapsing-remitting MS (37 women, 13 men, 
average age 36.4 years) and 27 controls matched for 
age and sex. The study employed DTI to measure frac-
tional anisotropy (FA) and apparent diffusion coeffi-
cient (ADC) values in the corpus callosum (CC), thalami 
(TH), and middle cerebellar peduncles (MCP). Disabili-
ty measures such as Expanded Disability Status Scale 
(EDSS), MS Functional Composite (MSFC), Symbol Digit 
Modalities Test (SDMT), and Fatigue Severity Scale 
(FSS) were utilized to assess the participants. The study 
compared DTI indices between MS patients and con-
trols, as well as examined correlations between these 
indices and disability measures within the MS group. 
The results demonstrated a significant reduction in 
fractional anisotropy (FA) and an increase in apparent 
diffusion coefficient (ADC) in the corpus callosum (CC) 
and thalami (TH) of MS patients compared to controls. 
DTI indices within the CC and TH were significantly 
correlated with the Symbol Digit Modalities Test 
(SDMT) score, while within the TH and middle cerebel-
lar peduncles (MCP), they were correlated with the 
Manual Dexterity measure of the Multiple Sclerosis 
Functional Composite (MSFC). These findings are con-
sistent with previous research that focused on the cor-
pus callosum and used DTI, which also reported posi-
tive outcomes. Although the earlier study specifically 
examined relapsing-remitting MS (RRMS), it indirectly 
demonstrated the potential of DTI in detecting disease 
progression, as indicated by the significant correlation 
between DTI indices within the CC and TH and the 
SDMT score, a commonly used measure for assessing 
progression [17].

Multiple studies were done to test the ability of se-
rum GFAP and DTI in diagnosis and assessment of MS 
and as a simple lab test, GFAP, the correlation between 
serum GFAP level and DTI changes in different MS phe-
notypes has been studied, but to our knowledge only 
few studies have focused on this correlation.

In 2021, a study conducted by Maija Saraste and col-
leagues aimed to investigate the relationship between 
increased levels of serum glial fibrillary acidic protein 
(GFAP) and pathological factors in the normal-appear-
ing white matter (NAWM) of multiple sclerosis (MS) 
patients using diffusion tensor imaging (DTI). The 
study involved 62 MS patients with a median age of 
49.2 years. DTI-MRI scans were performed to measure 
various DTI parameters, such as mean fractional aniso-

tropy (FA), mean diffusivity (MD), axial diffusivity (AD), 
and radial diffusivity (RD), in both the entire NAWM 
and segmented NAWM regions. Blood samples were 
also analyzed for GFAP levels. The study found a signif-
icant correlation between elevated serum GFAP levels 
and decreased FA values in the overall NAWM, as well 
as in the frontal, temporal, and cingulate NAWM re-
gions. Additionally, higher MD and RD were observed 
in the frontal NAWM. Multiple regression analysis, ac-
counting for sex and disease-modifying treatment, 
confirmed that increased GFAP levels were associated 
with lower FA values specifically in the frontal and cin-
gulate NAWM regions. These findings suggest a con-
nection between elevated GFAP levels in MS patients 
and changes in DTI parameters, characterized by re-
duced FA and increased MD and RD, particularly in the 
frontal and cingulate NAWM regions [8].

cOncLuSIOn 

Serum GFAP in addition to DTI measurable mi-
crodamage in NAWM can give us a wide scope of 
view about potential progression in MS pathology 
and related astrocytopathy. 
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