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Abstract
Multiple sclerosis (MS) is a debilitating neurological disease which significantly impacts the patients’ quality of life. The aim
of this study was to identify and quantify the most important risk factors associated to the quality of life, as quantified
through Multiple Sclerosis Quality of Life-54 Questionnaire (MSQOL-54). A retrospective observational study was
designed. 54 patients were considered and three quality of life indicators were derived: physical health, mental health and
perceived quality of life (QL Score). A correlation and causality analysis was performed, in order to describe the relationship
between these three factors and relevant clinical characteristics, such as age, gender, Expanded Disability Status Scale (EDSS
score) and treatment duration. The results indicated a strong positive correlation between all three quality of life indicators
and a moderate negative correlation between age, EDSS and physical health and QL Score. In addition, the good cause-effect
relationship between the clinical characteristics and the quality of life parameters may offer a basis of developing
personalized machine learning prediction algorithms which might further optimize the physical health and mental health of
MS patients.

Rezumat
Scleroza multiplă este o afecțiune neurologică severă care influențează în mod semnificativ calitatea vieții pacienților care
suferă de această boală. Astfel, obiectivul acestui studiu a fost dat de identificarea și cuantificarea celor mai importanți factori
de risc care pot influența calitatea vieții pacienților cu scleroză multiplă, cuantificată prin intermediul chestionarului
MSQOL-54. A fost derulat un studiu retrospectiv observațional, în care au fost incluși 54 de pacienți; în urma analizei
chestionarului, au fost luați în considerare 3 indicatori: sănătatea fizică, sănătatea psihică și scorul QL de percepție a calității
vieții. În scopul identificării legăturii dintre acești indicatori și caracteristicile clinice ale pacienților (vârsta, sexul scorul
EDSS, durata tratamentului), au fost puse la punct o analiză de corelație și una de cauzalitate. Rezultatele au indicat o
corelație pozitivă semnificativă între toți cei 3 indicatori de calitate a vieții, precum și o corelație negativă moderată între
vârstă, EDSS pe de o parte și sănătatea fizică și scorul QL pe de cealaltă parte. În plus, relația de cauzalitate dintre
caracteristicile clinice și parametrii de cuantificare a calității vieții pot constitui un punct de plecare pentru dezvoltarea unor
algoritmi personalizați de predicție care să îmbunătățească în mod suplimentar sănătatea fizică și psihică a pacienților cu SM.
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based on relevant assessment tools, one of the most
frequently implemented being the Multiple Sclerosis
Quality of Life-54 Questionnaire (MSQOL-54) [1-3,
26]. Therefore, the aim of the current study was to
identify and quantify the most important patient related
and clinical characteristics which might influence the
MS patients’ quality of life, as determined through
MSQOL-54.

Introduction
Multiple sclerosis (MS) is a severe and progressive
neurological disease, which affects both young and
old adults. The high variability related to disease
prognosis, as well as the consistent levels of disability
can significantly influence the quality of life in MS
patients [6, 9, 12, 14]. Hence, relevant interventions
must focus on limiting the disability, as well as on
other factors which might influence the quality of
life, from three important points of view: physical
health, mental health and perceived quality of life [1].
However, the interventions must be developed after
carefully considering the clinical and patient related
characteristics which might optimize both on the short
and long term the quality of life of MS patients,

Materials and Methods
Study design
A retrospective observational study was conducted at
Bucharest Emergency University Hospital (Department
of Neurology). The patients which were included in
the study were all diagnosed with MS and under
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treatment with specific drug therapies. They were
selected based on their availability of completing
the MSQOL-54 questionnaire. Initially, 60 patients
were selected, of which 6 were excluded, due to the
lack of complete clinical and quality of life data
(the quality of life questionnaire could not be
validated for these patients) [26].
Hence, the study finally included 54 patients (77.77%
(42 patients) females and 22.22% (12 patients) males)
treated with 4 different drug therapies through the
Multiple Sclerosis National Programme: interferon
beta-1a (subcutaneous administration: 3 doses per
week), interferon beta-1a (30 µg/0.5 mL – intramuscular administration: 1 dose per week), interferon
beta-1b (250 µg/mL – subcutaneous administration: 1
dose every 2 days), glatiramer acetate (subcutaneous
administration: 1 dose per day or 1 dose every 2 days
depending on the concentration: 20 mg/mL or 40
mg/mL) [13].
The study received the approval of the Ethics
Committee of the Emergency University Hospital
Bucharest and was conducted in accordance with the
ethical requirements of the Helsinki Declaration of
1975, as revised in 2000.
Data collection and Quality of Life Assessment
The data were collected from the patients’ medical
records. The following characteristics were taken
into account: age at disease onset (Ageonset), age,
gender, Expanded Disability Status Scale (EDSS: at
disease onset – EDSSonset, current EDSS - EDSSpresent),
current drug treatment and treatment duration [10, 25].
Age and gender were considered as relevant parameters
because of their interrelationship with the selected
clinical features (such as EDSS), as highlighted in
relevant studies [3, 25]. In addition, the evolution of the
EDSS score was computed based on the following
formula:
𝐸𝐷𝑆𝑆 (𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛) =

𝐸𝐷𝑆𝑆𝑝𝑟𝑒𝑠𝑒𝑛𝑡− 𝐸𝐷𝑆𝑆𝑜𝑛𝑠𝑒𝑡
𝐴𝑔𝑒−𝐴𝑔𝑒𝑜𝑛𝑠𝑒𝑡

language version 3.7.9 was used for data processing
[18].
Data analysis
The data analysis comprised in three important parts:
preliminary statistical analysis, correlation analysis
and causality evaluation. The correlation and causality
analyses were performed in order to establish certain
dependencies between the clinical data extracted
from the patients’ medical records and the three selected
QL indicators.
Preliminary statistical analysis
Aiming at offering a general characterization of the
obtained data, several statistical measures were computed
on the continuous variables: mean, standard deviation
and relative standard deviation (RSD) [8]. The processed
variables were: age, EDSS (evolution), treatment
duration, physical health, mental health and QL score.
The relative standard deviation was computed based
on the following formula [8]:
𝑅𝑆𝐷 (%) =

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
𝑀𝑒𝑎𝑛

𝑥 100 ,

(2)

Correlation analysis
The correlation analysis was performed by computing
the Pearson correlation coefficient available in the
Scipy package, along with the p value which quantified
the statistical significance of the results [8, 23]. Eight
variables were included and the correlation was
performed between each pair of variables: age, gender,
EDSSpresent, EDSSevolution, treatment duration, physical
health, mental health, QL score.
Causality analysis
In order to evaluate whether the patient related
characteristics are related to the quality of life
indicators in a cause-effect manner, a causality analysis
was also performed, based on the CausalImpact Python
package. The model evaluated the probability that
the QL indicators’ values (physical health score,
mental health score, QL score) occurred in a causal
manner, had they been predicted by using certain
patient related (clinical) characteristics [17]. The
analysis was implemented for each of the three QL
indicators. The predictive variables were the same
in each of the three cases, namely age, gender,
EDSSonset, EDSSpresent, EDSS (evolution) and treatment
duration. In order to apply the causality model, the
dataset was randomly split into two parts: one part
(41 patients) represented the training set (or the pre
period) and the other part (13 patients) represented
the test set (or the post period), corresponding to a
3:1 training set: test set ratio. For each of the three
QL indicators, the causality evaluation was performed
for three different random splits [17].

, (1)

The patients were evaluated based on the MSQOL54 questionnaire, which comprises a set of 54 items,
which are then used to compute 12 health related
subscales, 2 summary scores (physical health and
mental health) and 2 single item measures (satisfaction
with sexual function, change in health). After computing
the specific subscales and scores related to the
questionnaire, 3 parameters were selected for data
analysis: physical health (can take values from 1 to
100), mental health (can take values from 1 to 100)
and perceived quality of life (Quality of Life (QL)
Score - can take values from 1 to 10). The choice
was made based on the consideration that these three
scores can thoroughly described the overall MS
patients’ health, as well as the perceived (selfreported) health [3, 16, 26].
Afterwards, the obtained data was processed by
using several statistical techniques. Python programming

Results and Discussion
Preliminary statistical analysis
Table I presents the values which were obtained in
terms of mean, standard deviation and relative standard
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deviation for the continuous variables which were
analysed, while Table II presents specific patient
and quality of life characteristics within each of the
4 drug therapy groups. In addition, in order to allow

a simplified visualization of the quality of life
indicators, Figure 1 offers a graphical distribution
of the QL Score values.
Table I
Preliminary Statistical Analysis Results

Variable
Age
EDSS Evolution
Treatment duration (years)
Physical health
Mental health
QL Score

Mean ± Standard deviation
41.1482 ± 10.1533
0.0879 ± 0.1672
5.3519 ± 4.2911
68.2718 ± 21.849
71.6848 ± 22.7201
7.3704 ± 1.9748

RSD%
24.67%
190.25%
80.18%
32.00%
31.69%
26.79%

Table II
Specific characteristics within the 4 drug therapy groups

Age
Physical health
Mental health
Male (%)
Female (%)
Number of patients
QL Score
EDSS Evolution
Treatment duration (years)

Interferon beta-1a
Interferon beta-1b
(i.m. administration) (s.c. administration)
41.6
41.0833
74.894
69.7025
79.374
73.76
20.00%
16.67%
80.00%
83.33%
5
12
8.2
7.4167
0.25
0.1019
3.6
7.0833

Glatiramer acetate
(s.c. administration)
36.9091
67.4618
69.55
0.00%
100.00%
11
7.3636
0.0913
3.4545

Interferon beta-1a
(s.c. administration)
42.8846
66.6823
70.1535
34.62%
65.38%
26
7.1923
0.0488
5.6923

Causality analysis
Table III presents the results obtained in terms of
causality analysis. The probability of a causal relationship was computed for 3 random splits of the data
in training set and test set (3:1 ratio).
The obtained results showed an overall good physical
health, mental health and quality of life for the MS
patients for which the characteristics were analysed,
which are consistent with the studies published in
recent years, especially when considering the selfreported health status [15, 27].
Figure 1.
QL Score values distribution
Table III
Causality Analysis results. The given percentages represent the probabilities of a causal relationship between the
predictive variables and the QL indicator
QL indicator
Split 1
Split 2
Split 3
Mean

Physical health
73.83%
99.20%
73.43%
82.15%

First of all, the mean value in terms of physical health
was 68.27, compared to a slightly higher value for
mental health, 71.68 (Table I). Both scores were
computed using a 0 - 100 scale, therefore yielding
relatively high values, despite of the progressive nature
of multiple sclerosis. No significant differences were
found between the 4 drug therapy groups; however,
the highest average values in terms of both physical

Mental Health
54.05%
91.11%
52.15%
65.77%

QL Score
81.52%
88.41%
82.22%
84.05%

health (74.89) and mental health (79.37) were obtained
within the interferon beta-1a treated patients (intramuscular administration: 1 dose per week). However,
these differences could not be considered statistically
significant, since only 5 patients were treated with
interferon beta-1a intramuscular, 1 dose per week,
and hence the obtained values were more likely to be
caused by other relevant patient-related characteristics.
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In addition, the lower physical health values could be
explained by a moderate negative correlation between
this parameter and age (-0.3068 correlation coefficient,
p = 0.0268, resulting in a statistically significant
correlation), especially considering the fact that the
average age was 41 years (Table I).
Secondly, the average QL Score was 7.37 (of a
maximum value of 10), with an imbalanced distribution:
20 patients had a QL Score of 9 or 10 (7 patients – 10,
13 patients – 9), which resulted in 37% of the patients
(20 out of 54) having a very good perceived quality
of life (graded 9 or 10) (Table I, Figure 1). By
contrast, only 10 patients (18.5%) had a perceived
low quality of life - graded equal to or lower than 5
(2 patients – QL Score = 5, 7 patients – QL Score = 4,
1 patient – QL Score = 3). The QL Score was also
negatively correlated with the patients’ age (correlation
coefficient = -0.2983, p = 0.0285).
In terms of correlation analysis results, besides the
moderate negative correlation which was obtained
between age and physical health (a correlation coefficient
of -0.3068, p = 0.0241), as well as between age and
QL Score (a correlation coefficient of -0.2983, p =
0.0285), other statistically significant relationships
were found between two QL indicators and EDSSpresent.
A correlation coefficient of -0.3418 between EDSSpresent
and physical health was computed (p = 0.0114), as
well as a correlation coefficient of -0.2852 between
EDSSpresent and QL Score (p = 0.0366). By contrast,
the EDSS evolution was correlated with neither of the
quality of life indicators, which can be explained by
the fact that the quality of life of MS patients is
significantly influenced by the current status (age,
EDSS and other patient-related factors) and less by
their evolution in time [20]. The three quality of life
indicators which were analysed were all positively
correlated two by two, with a correlation coefficient of
0.7655 between mental health and QL Score, 0.8149
between physical health and QL Score and 0.9063
between physical health and mental health; all three
situations yielded a p value less than 0.0001 (10 -4),
resulting in a very high degree of statistical significance.
Secondly, the data analysis yielded (unrelated to the
quality of life indicators) a moderate positive correlation
between age and EDSSpresent (a correlation coefficient
of 0.3735, p = 0.0054), as well as a statistically
significant negative correlation between female gender
and treatment duration (a correlation coefficient of
-0.5686, p value less than 0.0001). The moderate
positive correlation between age and EDSS can be
explained by the progressive nature of MS, while the
negative correlation between female gender and the
number of years of treatment could not be explained
by current knowledge and was attributed to the
observational, hence bias prone nature of the study
[6, 13].
In addition, the lack of positive correlations between
the quality of life parameters and other patient

characteristics can be explained by the fact that there
are other important factors which might influence on
both the short and the long term the general wellbeing of MS patients, as outlined in recent studies.
Therefore, as a first limitation of the current work,
it should be mentioned that important parameters
which were not included in the study are the depressive
and cyclothymic temperament, anxiety disorders,
relationship with caregivers and number of relapses
[19-21]. Another important limitation of the current
work was the small number of patients which were
included in the study. The final dataset contained the
clinical and demographical data for 54 MS patients,
which, when also taking into account the small number
of selected parameters, negatively influenced the
statistical significance and clinical relevance of the
obtained results.
Even though there were several important factors
which could not be included in the current research,
the causality impact results, as highlighted in Table
III, showed satisfactory results in terms of causeeffect relationship between the predictive variables
and physical health, mental health and QL Score. The
computed probabilities which estimated the chance
of a cause-effect relationship between the predictive
variables and the quality of life indicators ranged from
73.43% to 99.20% for physical health (an average
value of 82.15%), from 52.15% to 91.11% for mental
health (an average value of 65.77%), while the causal
impact algorithm applied to the QL Score values
estimation yielded the highest average value, 84.05%,
with a more compact range (81.52% - 88.41%). The
higher variability in terms of causal probabilities which
was observed for physical health and mental health,
as opposed to the QL Score can be explained by the
higher degree of complexity of the factors which lead
to the computation of these two indicators [26], as
well as by the high variance of the predictive variables,
as reflected by the RSD% in Table I. By contrast, the
QL Score was a self-reported measure which implied
the perceived quality of life of MS patients and was
not computed based on a standardized, objective
approach [26].
Therefore, the obtained results could lead in future
studies to the development of specific predictive
algorithms which could be able to accurately estimate
these indicators. Given the enhanced and more stable
results obtained by applying the causal impact algorithm
for the QL Score, one direction may concentrate on
adding more patients to the processed data, while
keeping the same variables as predictive parameters.
The second objective, mandatory for the development
of a predictive algorithm which might be able to
estimate the physical health and mental health indicators,
might be that of including more relevant patientrelated characteristics, such as the number of relapses,
as well as anxiety disorders, other relevant psychiatric
conditions or relationship with caregivers [19-21].
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The development of such machine learning algorithms
is a growing need in many medical fields [24]. As for
multiple sclerosis patients, the unpredictable nature
of the disease, as well as the relapsing evolution of
many individuals make such a purpose of an utmost
importance, especially considering the fact that the
majority of the machine learning algorithms focused
on disease course prediction and diagnostic and
prognostic modelling rather than on quality of life
estimation [4, 5, 7, 11, 14, 22, 28].
Conclusions

5.

A retrospective observational study which focused
on the most important factors which might influence
the MS patients’ quality of life, as quantified through
the MSQOL-54 questionnaire was described. The
quality of life was assessed through three indicators,
physical health, mental health and the self-reported
QL Score, computed for 54 MS patients. A correlation
analysis and a causality evaluation were undertaken.
The correlation analysis results showed a strong
positive correlation between all three quality of life
indicators, as well as a moderate negative correlation
between age, EDSS and physical health, QL Score.
The causality analysis yielded satisfactory results
given the small dataset and the limited number of
predictive variables; the causal impact algorithm
computed the probability of a causal relationship
between the patient characteristics and the physical
health, mental health and QL Score. The algorithm
yielded an 82.15% causal probability for physical
health and a 84.05% probability for the QL Score.
The analysis proves the potential of implementing
artificial intelligence into quantifying the quality of
life of MS patients. Future studies must focus on
developing clinically relevant predictive algorithms
for estimating the physical health, mental health and
perceived QL indicators; by doing this, important
interventions can be made in order to improve on
the long term the health status of MS patients.
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