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Abstract

Background Multiple sclerosis (MS) is a multifactorial neurodegenerative autoimmune disease with a varied clinical
course and presentation, which is more frequent than ever in the Middle East. The aim of this work is to investigate
potential predictors of MS progression in order to help in early diagnose and predict progressive course of the disease.

Results This is a retrospective case—control study conducted on a group of multiple sclerosis (MS) patients who
developed secondary progression of the disease course (SPMS). The cases were matched with control MS patients
who did not develop any disease progression (relapsing remitting MS (RRMS)). The matching was done for sex,

and age with a ratio 1:1, total of 150 patients were included as cases and were matched with 150 control patients.
Significant associations between MS progression and smoking, vitamin D deficiency, disease duration, delay in MS
diagnosis, unemployment, site and number of lesions, and number of black holes were reported. About half

of SPMS patients (53.3%) had 3 or more spinal lesions compared to only 1.4% of RRMS patients (p <0.001). Moreo-
ver, about 76% of RRMS patients had no black holes in their radiological finding, while it was found that 35.3%

of the SPMS patients had more than 5 black holes, compared to 8% of RRMS patients. Additionally, juxta-cortical site
lesions were more frequent in SPMS than that in RRMS in a percentage 72.7 and 46%, respectively. Also, infra-tentorial
lesions were found to be more frequent in SPMS group rather than RRMS group 92% and 78.7%, respectively.

On the other hand, a lower SDMT scale was associated with a shorter time to SPMS diagnosis in the multivariate Cox
regression analysis adjusted to baseline factors and 25-FWT (HR: 0.928, 95% Cl: 0.906-0.95).

Conclusions MS secondary progression can be predicted among MS patients in routine practice comprising expo-
sure history, clinical assessment, laboratory findings, and radiological examinations.
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Background

Multiple sclerosis (MS) is a chronic, seriously debilitat-
ing condition that has a significant social and economic
impact. In young adults, it is the main contributor of
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non-traumatic impairment [1]. The most prevalent form
of MS at disease onset, particularly in young patients, is
RRMS. It is characterized by distinct attacks with com-
plete or partial recovery (also known as relapses, flares,
or exacerbations). There is little disease progression
between relapses, while the relapses themselves may
occasionally result in significant residual disability [2]. An
initial RRMS disease course, followed by gradual wors-
ening with or without sporadic relapses, small remis-
sions, and plateaus, defines SPMS. SPMS is diagnosed
retrospectively, and there are no recognized criteria to
determine when RRMS transforms into it [3]. Second-
ary progressive multiple sclerosis was reported to occur
in about 50% with 15 years [4] and roughly 80% within
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20 years among people with RRMS that may be lower
with newer disease-modifying drugs [5]. Because of the
heterogeneity associated with the clinical presentation
of SPMS, establishing a precise diagnosis is challenging
as it is hindered by the lack of precise clinical, radio-
logical, immunologic or pathologic criteria to determine
the transition to SPMS [6]. Therefore, SPMS diagno-
sis is entirely based on clinical judgment which is done
retrospectively and delayed up to 3 years due to several
patient- and clinician-related factors [7]. However, the
definition of secondary progression is not always easy
to apply in clinical practice because of its wide spectrum
including deterioration independent of relapses for more
than 6 months following an initial RRMS. On the other
hand, the optimal time after RRMS onset to assess for
the secondary progression has not been exactly deter-
mined. The mean duration of progression to SPMS was
2.9+0.8 years after reviewing 123 patients with RRMS in
one study [8]. Another study reported an average time of
23.3+1.23 months to secondary progression [9]. In inves-
tigating the potential risk factors of secondary progres-
sion of MS, some studies found associations with age at
MS onset, disease-modifying drugs (DMD) [9], and first-
recorded Expanded Disability Status Scale (EDSS) score
[10]. It is important to establish a diagnosis criteria of
SPMS through investigating sociodemographic, expo-
sure historical, clinical, and radiological data. The present
study aimed to evaluate many potential factors associated
with the development of SPMS among RRMS patients.

Methods
It is a retrospective case—control study during the period
from November to 2020 May 2022. Cases were selected
as a consecutive sample who fulfilled the inclusion cri-
teria comprising MS diagnosed according to McDonald
criteria 2017 [11], aged more than 18 years, and clinically
diagnosed with SPMS. Control patients were selected
with 1:1 ratio who matched the cases for sex and age,
diagnosed with MS according to McDonald criteria 2017,
and clinically diagnosed with RRMS [11]. Our study
adopted the definition of secondary progressive patients
as any increase in EDSS by 1.5 points if the last EDSS
before conversion to SPMS was 0, or increase by 1 point
if the EDSS was between 1 and 5.5, or an increase by 0.5
points if the EDSS was above 5.5, if these changes occur
this means that patient is stepping into the secondary
progressive phase over a period of 6 months [12].
Patients with any other autoimmune disease were
excluded from cases and control. For sample size calcula-
tion, we were planning a study of matched sets of cases
and controls with 1 matched control per case. Prior data
indicated that the probability of exposure among controls
was 0.4 [14]. If the true odds ratio for disease in exposed
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subjects relative to unexposed subjects is 2, we would
need to study 99 SPMS patients with 1:1 matched control
per case to be able to reject the null hypothesis that this
odds ratio equals 1 with power of 0.8. The Type I error
probability associated with this test of this null hypoth-
esis is 0.05.

Sociodemographic data, exposure history, clinical
assessments, laboratory data and radiological findings
were obtained from medical records. Sociodemographic
data included weight, height, education level, and
employment status. Comorbidities included diabe-
tes mellitus (DM), hypertension, hypo- and hyperthy-
roidism, epilepsy, and deep venous thrombosis (DVT).
Exposure history included smoking status, drugs, and
food intake. Clinical assessments included neurologi-
cal examination, MS diagnosis, assessment for dete-
rioration, 25-feet timed walk test (25-FWT), and simple
digit modalities test (SDMT). Radiological assessments
included magnetic resonance imaging (MRI) of brain and
spine. Patients and their relatives were contacted for any
missed data.

Qualitative data were analyzed using the appropriate
Chi-square or Fisher exact tests. The Chi-square test was
used when at least 80% of the expected values of cells
were 5 or greater. Alternatively, Fisher’s exact test was
used. Numerical data were analyzed using independent
samples t-test or Mann—Whitney U test as appropriate.
Time analysis using multivariate Cox regression was used
including all baseline data to obtain the adjusted rela-
tionship between 25-FWT and SDMT and the diagnosis
time of SPMS. A receiver operating characteristic (ROC)
curve was used to optimize a cutoff point for better sensi-
tivity and specificity for either SDMT or 25-FWT. R ver-
sion 4.1.1 (2021-08-10) and RStudio 2021.09.0+ 351 were
used. All tests were two-tailed and conducted at a 0.05
level of significance.

Results
There were 150 patients diagnosed with SPMS group
and 150 patients diagnosed with RRMS who served as
control. The distribution of sex and age did not show
significant differences between the groups. The soci-
odemographic and historical comparison showed that
onset age was slightly higher among SPMS but insignifi-
cant. However, disease duration and time before diagno-
sis years were longer among SPMS compared to RRMS
(p<0.05). Additionally, more frequent diabetes, vitamin
D deficiency, and smoking, less frequent employment,
and higher mean BMI were reported among SPMS com-
pared to RRMS patients (p <0.05), as shown in Table 1.
Type and number of relapses before starting any DMD
comparison showed that SPMS patients were more likely
to have cerebral lesions (48%) or spinal lesions (65.3%)
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Table 1 Sociodemographic data

RRMS (n=150) SPMS (n=150) p-value

No. % No. %
Female 114 76 1 74 0.69
Smoking 18 12 34 22.7 0.015*
Comorbidities 18 88 34 773 0.015%
DM 6 4 17 1.3 0.028*
DVT 0 0 1 0.7 1
Epilepsy 2 1.3 2 13 1
Favism 0 0 1 0.7 1
HTN 6 4 9 6 0.6
Hyperthyroidism 0 0 1 0.7 1
Hypothyroidism 4 27 2 13 0.68
Thyroiditis 0 0 1 0.7 1
Vitamin D deficiency 18 12 31 19.3 0.04*
Age years, mean+SD 31.9+648 33.08+5.89 0.1
Onset age, mean=+SD 274+63 28.5+5.36 0.1
Disease duration, mean +SD 452+324 5.14+148 0.034*
Time before diagnosis, mean +SD 0.07+0.01 0.32+0.08 <0.001*
BMI 26.34+4.72 28.18+5.66 0.002
Educated 135 90 138 92 0.545
Employed 85 56.7 42 28 <0.001*

Age: the current age years of the patient in 2022, BMI: body mass index, disease duration: the difference between onset age and current age years, onset age: the age
years at which the patient began to have symptoms of MS. Chi-square test was used for qualitative data comparison, while independent t-test was used for qualitative

data comparison, *significant p-value at 0.05 level of significance

compared to RRMS patients. On the other hand, RRMS
were more likely to have motor relapse (40.7%) compared
to SPMS patients. However, brainstem, sensory and
vision relapse did not differ between the groups. Num-
ber of relapses before starting DMD were higher among
SPMS compared to RRMS patients with mean+SD of
(3.13+2.1), respectively, as shown in Table 2.

Patients with more than 10 lesions were more frequent
in SPMS group compared to RRMS group (58.7%). Addi-
tionally, juxta-cortical (72.7%) and infra-tentorial lesions
(92.7%) were more frequently reported among SPMS
compared to RRMS patients. Spinal lesions number more
than 3 were found only in SPMS patients with 23.6%
compared to 0% in RRMS group (p<0.05). Black holes
number > 3 holes were more frequent in SPMS compared
to RRMS group (66%) oligoclonal bands (OCB) showed
larger median in SPMS that that was reported in RRMS
(5) with IRQ of (2-10).

Simple digit modality test showed lower mean+SD
among SPMS patients compared to those with RRMS at
the time of first diagnosis (30 £ 9.13) and at the time of the
study (20.23+7.6). Additionally, 25-FWT showed higher
mean + SD among SPMS patients compared to those with
RRMS at the time of first diagnosis (11.83+2.23) and at
the time of the study (26 + 16.86) (Table 3).

In the multivariate Cox regression analysis using, lower
SDMT scale at the time of SPMS diagnosis was associ-
ated with greater hazard of progression (HR, 95% CI;
0.928, 0.906-0.95). However, the 25-FW'T was not asso-
ciated with SPMS diagnosis (HR, 95% CI; 1.005, 0.994—
1.015) (Fig. 1). In the diagnostic accuracy analysis, a
cutoft <29.5 for the SDMT scale showed a sensitivity and
specificity of 96% and 88.7%, respectively, as shown in the
ROC curve (Fig. 2).

Discussion

As long as the diagnosis of SPMS is challenging, the pre-
sent study provides the literature with an objective tool
to help in the prediction and diagnosis of secondary pro-
gressive form of MS comprising prognostic and diag-
nostic elements. We found in this matched case—control
study that smoking, vitamin D deficiency, longer disease
duration, longer time before diagnosis, unemployment,
and larger BMI were associated with secondary progres-
sion among MS patients. Consistently, a retrospective
study conducted on 400 MS patients of registry database
in Iran found that smoking was an independent risk fac-
tor for SPMS with hazard ratio (HR) and 95% CI of 2.43
(1.28-4.6) [13]. In contrast, a survey study conducted on
364 patients with MS reported that smoking has no effect
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Table 2 Disease characteristics Table 3 Scales assessments
RRMS (n=150) SPMS (n=150) p-value RRMS (n=150) SPMS (n=150) p-value
No. % No. % Mean+SD Mean+SD
Relapse before starting DMDs SDMT at diagnosis 4136+7.89 30+9.13 <0,001*
Brainstem 19 127 29 193 0115 25-FWT at diagnosis 8.75+1.97 11.83£223 <0,001*
Cerebellar 26 173 72 48 <0.001* 25-FWT (current EDSS)  12.28+1.8 26+16.86 <0.001*™
Motor 61 407 39 26 0007* SDMT (current EDSS) 3724+63 20.23+76 <0.001*
Sensory 6 4 12 8 0.145 SDMT at EDSS=3 2596+5.85
Spinal 53 353 08 653 <0.001* 25-FWT at EDSS=3 14.93+3.68
Vision 66 44 62 413 064 Independent t-test/Mann-Whitney test (m) was used for the above data
Relapses no, Mean+5SD  1.67+0.7 313421 <0007*™ comparison, *significant p-value at 0.05 level of significance
Number of lesions <0.001* 25—FW7T25—feet. ti.med wa!k.test, RRMS relapsing remitting myltiple sc'Ierosis,
SDMT simple digit modalities test, SPMS secondary progressive multiple
1-5 32 213 8 53 sclerosis, EDSS Expanded Disability Status Scale
6-10 73 487 54 36
>10 5 30 88 >87 expression of matrix metalloproteinases in smokers may
Enhanced lesions <000T" " make it easier for immune cells to enter the parenchyma
-3 9 22759 393 of the central nervous system [15]. Another cohort study
>3 = 2868 267 using the NARCOMS Registry found that MS patients
Not present 28 1876 4 with vascular comorbidities at any time during their dis-
Site of lesion PV 150 100150 100 NA ease course progressed to an EDSS score of 6 on aver-
Site of lesion JC 69 46 109 727 <0001 age 6 years faster than MS patients without a vascular
Site of lesion IT 118 787 139 92.7  <0.001*f comorbidity [16].
Spinal lesions number <0.001% Vitamin D deficiency has been also reported as an envi-
! /8 7 23 155 ronmental risk factor for secondary progression of MS.
2 60 429 46 3 A total of 465 MS patients in a large clinical trial had a
3 2 1444 29.7 serial measures of serum 25(OH)D concentrations. The
4 0 oz 18.2 study found that lower 25(OH) vitamin D levels signifi-
> 0 o 8 34 cantly predicted rate of secondary progression and MS
Visual involvement 033 activity [17]. Another study included 137 MS patients
ND /4 493 69 46 and 218 MS-free controls. The study reported that vita-
Normal 20 133 14 93 min D deficiency was associated with secondary progres-
Prolonged 56 373 67 4.7 sion and disability of MS [18]. Noteworthy, vitamin D
OCB, median (IQR) 2 (2-10) 5(2-10) 0024 supplementation role in reducing rate of MS progression
Black holes has been studied. An under power study could not prove
<3 33 2 2 193 benefits in decreasing MS progression after vitamin D
>5 12 8 53 353 <0007% supplementation with 20,000 IU vitamin D3 weekly to 35
3.5 27 18 46 307 patients [19]. The effects of vitamin D supplementation
Not present 78 52 21 14 in MS are recommended to be further studied in big-

IT infra-tentorial, JC juxta-cortical, PV periventricular, RRMS relapsing remitting
multiple sclerosis, SPMS secondary progressive multiple sclerosis, VEP visual
evoked potential, DMDs disease-modifying drugs, OCB oligoclonal bands, ND
not done, QR interquartile range

For the above comparisons, Chi-square test/Fisher exact test (f) was used for
qualitative data comparison, while independent t-test/Mann-Whitney test (m)
was used for qualitative data comparison, *significant p-value at 0.05 level of
significance

on the clinical course of the disease in multiple sclero-
sis [14]. Since immune cells and bodily fluids of smok-
ers typically have greater amounts of numerous matrix
metalloproteinases, upregulating these enzymes is one
possible way that smoking impacts MS. The increased

ger clinical trials with chosen patient groups, preferably
clinically isolated syndrome patients and young patients
at the time of diagnosis, using vitamin D3 supplements
to obtain a 100 nmol/l level [20]. Moreover, fatigue,
muscle weakness, or urinary dysfunction are symptoms
of vitamin D poisoning that may resemble the progres-
sion of MS in its normal state. Given these restrictions,
vitamin D supplementation in MS is a delicate task that
requires medical supervision [21]. The possible underly-
ing mechanism of vitamin D is that vitamin D also influ-
ences the development of CD4+T helper cells, resulting
in decreased production of pro-inflammatory Thl and
Th17 cells and increased production of Th2 cells, which
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Fig. 2 Area under the ROC curve for SDMT in the diagnosis of SPMS

helps to lessen the pro-inflammatory state characteristic
of MS [17].

Regarding MS disease duration, the period effect, it had
an impact on the entire severity spectrum and second
progression. Nevertheless, the time to secondary pro-
gression could be longer with DMD [22]. Another study

reported that disease duration was an independent risk
factor for progression in step-wise regression analysis
[23]. Relapses type and number could predict secondary
prognosis of MS in the present study, whereas cerebral
and spinal lesions with more than 10 relapses before
starting DMD were strongly associated with SPMS. Con-
sistent with our findings, a cross-sectional study was con-
ducted on 113 patients involving 30 controls. The study
found that the fractional anisotropy, mean diffusivity,
and radial diffusivity in the grey matter and posterior col-
umns of spinal cord were all substantially higher in SPMS
than RRMS [24].

Radiological assessments in the present study using
MRI revealed that number of enhanced lesions, juxta-
cortical lesions, infra-tentorial lesions, number of
black holes, and OCB could have diagnostic values
in the identifying of secondary progression in MS. In
agreement with the present study findings, baseline
gadolinium-enhancing lesions and spinal cord lesions
were independently linked to secondary progressive
multiple sclerosis (odds ratios of 3.16 and 4.71, respec-
tively, P 0.05) [25]. Another study reported that cor-
tical lesion volume was an independent risk factor
for MS-related disability [26]. In a more recent study,
black holes, infra-tentorial lesions, and higher baseline
EDSS scores were found to be potential predictors of
secondary progression by univariate analysis. However,
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only infra-tentorial lesions were the independent risk
for SPMS [27]. OCB prediction value for disease pro-
gression has been studied with conflicting results. It
was associated with 20% higher risk of conversion to
SPMS which agreed with our results [28]. In contrast,
OCB was not associated with disease progression in
a Canadian study including 1200 MS patients [29].
Another study did not find difference in OCB between
RRMS and SPMS including 149 MS patients [30].

SDMT and 25-FWT evaluation scores at base-
line and at the time of SPMS diagnosis in the present
study showed significant differences between RRMS
and SPMS indicating their beneficial roles in predic-
tion and diagnosis of secondary progression in MS.
Noteworthy, the most common used reliable and
sensitive test for measuring cognition in MS patients
is the SDMT [31]. Additionally, as EDSS and SDMT
cover different parts of secondary progression, and
the combination of SDMT and EDSS led to increased
sensitivity for progression and treatment outcomes
[32]. Moreover, worsening in 5 years SDMT could be
predicted by baseline SDMT, age, EDSS, and T2 lesion
volume [33]. In contrast, using original trial data from
the 2-year ASCEND trial, it was found that SDMT
might not be a reliable outcome indicator of disease
progression, whereas the gradual cognitive impair-
ment that SPMS patients endure is not captured by the
SDMT [34]. On the other hand, the 25-FWT is used to
detect progression. A minimum of 20% deterioration
on the 25-FWT confirmed after at least 6 months was
utilized as the criteria for detecting progression [35].
Additionally, the 1-year reduction in 25-FWT or EDSS
was considered an accepted treatment response for
DMD [36].

Limitations

Some of the registry data were missing (could not give
us full picture about the natural history of the disease,
hence many patients were excluded from the study).

Many SPMS patients when interviewed at our clinic
already had cognitive impairment that could affect his-
tory taking.

This study’s retrospective design inherently limits its
ability to establish temporal relationships between vari-
ables, hindering the capacity to infer causation. Conse-
quently, the absence of a prospective approach restricts
the study’s ability to definitively identify risk factors, as
it primarily relies on historical data without capturing
dynamic changes over time. It is essential to acknowl-
edge that the retrospective nature of the study confines
the scope of conclusions regarding causal relationships
and risk factor assessments.
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Recommendation

Establishing multidimensional approach including clin-
ical, laboratory, and MRI measures, available in routine
follow-up, may be helpful in identifying patients with
early unfavorable prognosis and help tailoring individu-
alized treatment strategies for patients with RRMS,

Conclusions

Clinicians can prospectively diagnose patients at the
transitioning phase of MS identifying who are the
patients at risk for progression, then calculating the
risk of future progression, close detailed clinical assess-
ments on short time intervals, and finally making the
diagnosis of confirmed disability progression early
prior to reaching an irreversible stage of neurological
damage, SDMT and 25 FWT scores can predict early
conversion to SPMS. Variables that are associated with
high risk of progression are smoking, employment
state, number of relapses and relapse recovery, disease
duration, number and site of lesions, DMDs used.

Abbreviations
MS Multiple sclerosis

SPMS Secondary progressive multiple sclerosis
RRMS Relapsing remitting MS

EDSS Expanded Disability Status Scale
PPMS Primary progressive MS

DMD Disease-modifying drugs

DM Diabetes mellitus

DVT Deep venous thrombosis
25-FWT  25-Feet timed walk test

MRI Magnetic resonance imaging
SDMT Simple digit modalities test

SD Standard deviation

IQR Interquartile range

BMI Body mass index

0CB Oligoclonal bands

HR Hazard ratio
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