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Introduction. Multiple sclerosis (MS) is a common disorder in some regions of the world, with over 2.3 million people diagnosed
worldwide. Cognitive impairment is one of the earliest symptoms to present in the course of the disease and can cause significant
morbidity. We proposed a study to explore the psychosocial predictors of cognitive impairment in MS patients in Saudi Arabia, a
previously unexplored patient population. Methods. Demographic data, depression scale (PHQ9), symptom burden (PHQ15),
anxiety (GAD7), disease duration, and Montreal Cognitive Assessment (MOCA) scores were collected from 195 patients in a
neurology clinic in Ryiadh, Saudi Arabia. Univariate and multiple regression analyses were conducted to identify variables that
are significantly associated with cognitive impairment. Results. Variables that were identified to be significantly associated with
cognition, p < 0 05, were education level, disease duration, and family history. Discussion. Both education level and disease
duration were variables identified in previous studies. We showed family history to be a significant variable, and no association
was found with depression or anxiety, which is unique to our study population. Conclusions. We identified several psychosocial
predictors that are associated with cognition in our patient population. It was also noted that a difference exists between patient
populations, highlighting the need for further studies in specific geographical regions.

1. Introduction

Multiple sclerosis (MS) is a chronic and recurrent neurolog-
ical disorder with approximately 2.3million people diagnosed
worldwide, spanning every region around the world [1]. Mul-
tiple sclerosis causes significantmorbidity [2] andmortality in
young adults with a reduced average lifespan of less than 6 to 7
years [3]. Of particular significance is the high prevalence of
cognitive symptoms in patients diagnosed with MS, which
impacts overall quality of life [4]. Cognitive symptoms can be
one of the earliest symptoms and are present in up to 70% of
patients [5, 6]. In fact, cognitive impairments in particular
as well as depression, fatigue, and motor function resulting
from MS have been shown to contribute to lowered work

performance [7] and increased unemployment rates [8–11],
reduced social activities [12], long-termdisability [10],mental
health [13], and overall quality of life [14].

Cognitive impairment has been reported from the earliest
stages of MS and is considered one of the main manifesta-
tions of the disease [15, 16]. Early stages of MS have been
associated with significant cognitive impairment focused on
attention, executive functions, memory, and learning [16].
Information processing in particular is the cognitive domain
most widely affected by MS and is notably the first deficit to
emerge [17–19]. MS patients with progressive disease course,
especially secondary progressive, can also experience a range
of cognitive deficits and associated disability [20]. MS has
been associated with delayed recall performance and lower
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acquisition of verbal memory [21] and episodic short-term
memory [22]. In addition, MS can also result in slow process-
ing speed [23], which has been linked to executive function
deficits [24].

Studies have attempted to elucidate the relationship
between psychosocial variables and cognition in patients
with MS. Patients with MS exhibiting depressive symptoms
show increased propensity to experience cognitive symp-
toms, thus contributing to disability and disease duration
[13]. Other studies have suggested that mood is a strong pre-
dictor of cognitive function [12, 25]. Specifically, depression
was found to affect executive function [26]. However, each
study reported different predictors as being more important,
either fatigue or low mood, emphasizing the need for further
studies. Borghi et al. have examined multiple predictors,
highlighting anxiety and depression as having impact on
cognition [6]. The overall symptom burden or correlation
to MS lesions was not examined in this study. Interestingly,
self-reported cognitive impairment has also been showed to
strongly correlate with fatigue and depression, both promi-
nent complaints in MS [27]. In addition, there is a strong
correlation between the presence of active lesions and cogni-
tive decline when compared to dormant lesions [28]. Despite
this literature, variability in results and the lack of studies
looking at multiple predictors in the context of function
andMS lesion activity highlight the need for further research.

Several studies have also explored the variation indifferent
populations on MS outcomes, specifically the prevalence of
cognitive impairment and degree of fatigue and depressive
symptoms. A 10-year longitudinal study done by Chruzander
et al. in Sweden showed that cognition, fatigue, and depression
affect morbidity and mortality. The proportion of individuals
with depression was found to be 18% which was associated
with poor cognition and worsening disability [10]. A similar
study performed in Italy showed a depression rate of 25%,
which was not noted to be different than the general popula-
tion [29]. Interestingly, both studies commented on variation
in predictor prevalence, which they deemed surprising. Simi-
lar studies have been performed in Latin American [30] and
Sicilian [31] patient populations with varying results. Interest-
ingly, the authors discussed possible cultural differences and
perception of cognitive symptoms in their study group as a
possible reason for the differences in these subpopulations
[32]. Nevertheless, there is limited literature available examin-
ing different patient populations and comparing predictors of
cognition in MS. Examining different patient population can
lead to a better understanding of the disease process and an
improvedability toprovide individualized treatment forbetter
outcomes and improve outcomes in MS treatment [6].

This cross-sectional study aims to study psychosocial
predictors of cognitive impairment in MS and provide
enhanced understanding of differences in population-
dependent outcomes. Specifically, we aim to focus on the
impact of psychosocial predictors of cognitive impairment
in Middle Eastern MS patient population, which serves as
an understudied patient population. Specifically, the study
looks at the impact of depression, anxiety, and pain on
cognitive impairment in a Saudi Arabian patient population
with MS.

2. Methods

2.1. Patient Recruitment.A total of 195 patients withMS were
recruited from 203 consecutive patients seen in a neurology
clinic at two hospitals in Ryiadh, Saudi Arabia: King Khalid
University Hospital and King Faisal Hospital. A total of 158
female patients (81%) and 37 (19%) male patients were
recruited between January 2014 and June 2015. All the
patients in the study were 18 and over and were formally
diagnosed with MS according to the McDonald criteria [33]
with a neurologist confirming the diagnosis of MS. Patients
included in the study group had the relapsing-remitting, pri-
mary, and secondary progressive MS. Patients had to be able
to speak and read in Arabic language in order to complete
study questionnaires. Patients with cognitive impairment
due toothermedical conditionswere excluded fromthis study.

Informed consent was obtained during follow-up with a
research assistant from patients that were interested in par-
ticipating in the study. Ethics approval was obtained from
the ethics review board at the Faculty of Medicine in Riyadh,
Saudi Arabia.

2.2. Study Measures. Study participants underwent a series of
assessments to collect demographic and clinical data. Demo-
graphic data, including age and sex, as well as information on
the clinical features of MS (e.g., MS duration), were gathered
by the study research assistant and clinic neurologist. Age
was analyzed in the logistic regression in age groups of 10
years difference (18 to 30 years, 30 to 40 years, etc.). A visual
analogue scale (VAS) for adherence was used to assess
patient compliance with MS therapy as recommended by
the neurological team [34].

Cognition was assessed using the Arabic version of the
Montreal Cognitive Assessment (MOCA) to determine
degree of cognitive impairment [35]. The MOCA has been
used to assess the degree of cognitive impairment in partici-
pants. The MOCA was administered by a research assistant
clinically trained to administer the assessment. The MOCA
yields a total score with a maximum of 30, and cut-off scores
for cognitive impairment have been defined as follows: A
score of 26 and above is defined as normal, 25 to 23 as mild
cognitive impairment, 23 to 11 is moderate cognitive impair-
ment, and 10 and below is severe cognitive impairment [36].
The MOCA has good internal consistency with a Cronbach
alpha of 0.83 and excellent positive (89%) and negative
(100%) predictive values for mild Alzheimer’s disease [37].

Depressive symptoms were assessed by administering the
Arabic version of the PHQ9 questionnaire, which has been
extensively used in MS patient population [38–40] to assess
depressive symptoms. PHQ9 has also been used in the Arabic
population for depression screening with similar cut-offs and
thresholds [41]. The PHQ9 consists of 9 items scored from 0
to 3, and PHQ9 thresholds for mild, moderate, and severe
depression are 5, 15, and 20, respectively. The PHQ-9 has
been shown to have 88% specificity and 88% sensitivity for
depression using a score of ≥10 when administered in
primary care populations [42].

Similarly, a validated version of the Arabic version of
the standardized GAD7 was used to assess anxiety
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symptoms and has been previously used in MS patient
populations [43, 44]. Thresholds for anxiety severity on the
GAD7 are 5 for mild, 10 for moderate, and 15 for severe. The
GAD7 has good sensitivity (S) and specificity (Sp) for specific
anxiety disorders: panic disorder (S = 0.74, Sp=0.81), social
anxiety disorder (S = 0.72. Sp=0.82), generalized anxiety
disorder (S = 0.89, Sp=0.82), and posttraumatic stress disor-
der (S = 0.66, Sp=0.91) [45]. The GAD7 has high internal
consistency, with a Cronbach alpha=0.79–0.91 [46].

PHQ-15 was used to measure the physical symptoms
including fatigue and measures physical symptom burden
for patients. The PHQ15 has a Cronbach alpha of 0.80, which
suggests excellent internal validity [47]. The PHQ15 com-
monly uses a scale of 0 to 30 where 30 indicates higher symp-
tom burden. PHQ-15 was not available in the Arabic
language at the time the study was conducted, and an Arabic
version of the PHQ15 was validated for the purpose of this
study. PHQ-15 was first translated into Arabic by a linguistic
specialist, fluent in both English and Arabic. Then, another
specialist, fluent in both English and Arabic, carried out back
translation into English. During this time, the back transla-
tion and the original scale were compared and any differ-
ences were discussed and resolved. Then, the scale was
reviewed by content experts in psychosomatic medicine
who were also fluent in both languages. The study question-
naire and all the five scales were then piloted on 20 individ-
uals before the study began. The wording and suggested
answers were modified based on the feedback from the pilot
sample response.

2.3. Statistical Analysis. Mean and standard deviations were
reported for continuous variables, and frequencies and per-
centages were reported from categorical variables. IBM SPSS
was used to conduct a univariate linear regression and a mul-
tiple logistic regression analysis with the dependent variable
being the MOCA score. The univariate analysis used each
individual predictor versus the dependent variable to test
variables in order to eliminate nonsignificant previously
studied variables [48] from this patient population. We
included nonsignificant demographic variables if there was
a clinical rationale or preexisting research to demonstrate
their relevance in the final model due to low statistical power.
The MOCA score is defined in our study as a binomial
variable with either none to mild cognitive or moderate to
severe cognitive deficit (MOCA of 23 and below was con-
sidered moderate to severe cognitive deficits). Odds ratios
and p values for each individual variable were reported with
a p < 0 05 or lower for statistical significance.

3. Results

Demographic data for the 195 participants is summarized in
Table 1. Most patients were female (n = 158, 81.0%), and 124
(63.9%) patients had completed a bachelor degree or more.
Patients were evenly divided into categories of single or mar-
ried, with 73 (50.8%) married. None of the patients in the
study were common-law. Most patients were unemployed
at the time of the study with 73 (37.4%) patients either having
a full or part-time job. Patient mean age was 31.83± 8.94

years and had been diagnosed with MS for 6.33± 4.15 years.
Mean MOCA scores for participants were 20.51± 4.67, with
4 patients (2.1%), 43 patients (22.2%), and 129 patients
(66.5%) scoring in the severe, moderate, and mild cognitive
impairment range, respectively. The average PHQ15,
GAD7, and PHQ9 scores were 10.19± 5.51, 8.04± 5.83, and
9.28± 6.38, respectively.

3.1. Variables Associated with Cognitive Impairment. The
result of the univariate logistic regression analysis is summa-
rized in Table 2. Age and education at an elementary school
level or lower were found to be significantly associated with
cognitive impairment with p values of less than 0.05. On
the other hand, family history of multiple sclerosis was signif-
icantly associated with lower cognitive impairment. Multiple
logistic regression including all the variables in the model
showed family history, education at elementary level or
lower, and unemployment to be significantly associated with
cognition seen in Table 3. The internal validity and reliability
of our model were assessed using Cronbach coefficient and
determined to be 0.68. Disease duration, family history, and
an education at an elementary school level or lower were
significantly associated with cognition.

4. Discussion

In this study,we identify several psychosocial factors thatwere
associated with cognition in a unique patient population. Our
study examined psychosocial predictors of cognition in the
previously unexplored population of MS patients in Saudi
Arabia. MS research into psychiatric comorbidities is limited
in the SaudiArabia population. Previously, Al-Deeb et al. have
focused on epidemiologicalfindings in the area [49]. Recently,
a study has described rates of depression and anxiety in the
Saudi population [50]. To date, an examination of specific
psychosocial predictors and their relationship to cognition
was not done in the Saudi population.We also includedmulti-
ple variables thatwere previously explored to compare current
literature findings, as well as unique variables, such as a

Table 1: Study participant characteristics.

Study characteristic

Age (years) 31.83± 8.94
Sex (females)∗ 158 (81.0%)

Education

Bachelor degree or higher 124 (63.9%)

High school diploma 46 (23.7%)

Relationship status (married)∗ 99 (50.8%)

Employment (employed)∗ 73 (37.4%)

Duration of MS (years) 6.33± 4.15
PHQ15 10.19± 5.51
PHQ9 9.28± 6.38
GAD7 8.04± 5.83
MOCA 20.51± 4.67
∗Data listed as frequency (%); all other data listed as mean ± standard
deviation. Note: married included common-law; however, no participants
were in a common-law relationship.
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patient’s belief that MS is caused by “supernatural reasons,”
and marital status. From our analysis, we discovered that two
significant predictors thatwerenegatively associatedwith cog-
nition are unemployment and education level. Moreover, we

also expect that higher education levels act as a cognitive
reserve and buffer the potential impact on cognition. Both
findings are consistent with the other studied patient popula-
tions and serve aspsychosocial predictors [6, 10, 51]. It appears
that family history of MS has a positive effect on cognition, a
finding not previously described in specific patient popula-
tions to the best of our knowledge. It is possible that families
more familiar with the diagnosis ofMSmay bemore equipped
to deal with symptoms of cognitive impairment and help their
family members. Further work is necessary to explore this
relationship.

We did not show any significant association between
physical symptom burden (PHQ15), anxiety (GAD7), previ-
ous mental illness, sex, presence of other diseases, or employ-
ment status, which is consistent with previous findings. It has
been shown that people that receive an MS diagnosis have
difficulty in finding and maintaining employment as com-
pared to the general population [8, 9], and our study shows
association between unemployment and cognitive symp-
toms. Our average employment rate was 37.4% which is sig-
nificantly lower than the national average around 90% [52]
and is consistent with previous findings. However, it remains
unclear if this is due to severity of cognitive symptoms, as
previously postulated. Depression symptoms did not seem
to influence cognitive impairment in our patient population,
which challenges the findings of previous studies [6]. It is
unclear why this association exists; however, it does highlight
the need to further explore the potential for geographical
differences between MS patients.

Limitations of our study include reliance on MOCA for
cognitive assessment rather than more specific neurocogni-
tive testing. Despite the fact that MOCA is a well-validated
tool for assessing global cognition, it does not have the spec-
ificity of some neurocognitive tests that are more specific for
MS. Using specific testing can highlight the particular cogni-
tive domains that are affected and is a proposed future study.
We did not show a significant association between disease
duration and cognitive impairment, which could be related
to our younger patient population or sample size. Studying
a specific cultural population also limits the study generaliz-
ability; however, we demonstrate the possibility that cogni-
tion in heterogeneous patient populations can be better
assessed by recognizing the impact of underlying cultural
and geographical variables. Moreover, while physical symp-
tom burden was not statistically significant as studied by
the PHQ15 test, this questionnaire was not previously vali-
dated in Arabic-speaking patient populations and requires
further validation. Finally, there have been previous studies
that show worsening symptoms for patients with active
versus nonactive MS lesions [15, 53]. It is possible that active
MS lesions could serve as an interesting additional variable to
include in future analyses of cognitive impairment in future
studies.

5. Conclusions

In summary, we presented important psychosocial factors of
cognition in MS patients, including disease duration, family
history of MS, and education level. Differences in predictors

Table 2: Univariate logistic analysis examining relationship between
variables andMOCA scores.

Variable Odds ratio
Lower CI,
upper CI

p value

Age group 1.05 1.01, 1.11 0.021∗

Sex (female versus male) 0.73 0.34, 1.58 0.425

Disease duration 1.02 0.95, 1.10 0.570

PHQ9 1.05 0.98, 1.11 0.370

GAD7 1.03 0.98, 1.08 0.283

PHQ15 1.02 0.96, 1.09 0.554

VAS 0.99 0.98, 1.01 0.229

Presence of other diseases 0.93 0.49, 1.79 0.811

Family history 0.31 0.15, 0.64 0.001∗

Previous mental illness 0.91 0.21, 3.92 0.898

Patient perception of MS
etiology (attributing to
magic or “evil eye”
versus organic cause)

1.21 0.52, 2.48 0.611

Marital status (single or not) 0.823 0.52, 1.31 0.412

Education (bachelor or higher
versus lower than bachelor
degree)

1.55 0.61, 3.81 0.422

Education (elementary or
lower versus bachelor degree)

6.38 1.40, 29.1 <0.001∗

Employment status
(unemployed versus employed)

1.81 0.86, 2.11 0.052

∗ indicates significant variables where p < 0 05.

Table 3: Multiple logistic regression analysis examining relationship
between variables and MOCA scores. Hosmer and Lemeshow
(chi-square 9.96, p = 0 268).

Variable Odds ratio
Lower CI,
upper CI

p value

Age groups 1.04 0.99, 1.09 0.140

Sex (female versus male) 0.59 0.24, 1.43 0.245

Disease duration 1.03 0.94, 1.12 0.558

PHQ9 1.06 0.98, 1.14 0.137

GAD7 0.99 0.91, 1.07 0.799

Family history 0.292 0.13, 0.65 0.003∗

Education (bachelor or
higher versus lower than
bachelor degree)

1.95 0.84, 4.56 0.122

Education (elementary or
lower versus bachelor degree)

5.522 2.06, 31.56 <0.001∗

Employment status
(unemployed versus employed)

2.49 1.01, 3.61 0.011∗

Homemaker versus employed 1.08 0.32, 3.61 0.904

Student versus employed 0.371 0.11, 1.24 0.108

∗ indicates significant variables where p < 0 05.
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from previous studies highlight the need for further valida-
tion in specific patient populations, which is particularly
important for community practice. This study also highlights
the need to monitor cognitive symptoms in patients where
certain psychosocial factors are present.

Conflicts of Interest

The authors declare that they have no competing interests.

Acknowledgments

The authors would like to express their gratitude to Dr.
Ibrahim Alquraishi and Ms. Ahoud Alluhaim for their
assistance in preparation of study tools and Ms. Fatima
Jama for her help in data entry. Moreover, they would like
to thank Dr. Mohammad Zuheir Alkawi (Senior Consultant,
Neurology Department, King Faisal Specialist Hospital and
Research Centre, Riyadh, Saudi Arabia) for his administra-
tive support. The study received funding from the Deanship
of Scientific Research at King Saud University, Riyadh, Saudi
Arabia, Research Group no. RG−1435-087.

References

[1] P. Browne, D. Chandraratna, C. Angood et al., “Atlas of
Multiple Sclerosis 2013: a growing global problem with
widespread inequity,” Neurology, vol. 83, no. 11, pp. 1022–
1024, 2014.

[2] C. L. Martin, B. A. Phillips, T. J. Kilpatrick et al., “Gait and bal-
ance impairment in early multiple sclerosis in the absence of
clinical disability,” Multiple Sclerosis, vol. 12, no. 5, pp. 620–
628, 2006.

[3] E. Leray, T. Moreau, A. Fromont, and G. Edan, “Epidemiology
of multiple sclerosis,” Revue Neurologique (Paris), vol. 172,
no. 1, pp. 3–13, 2016.

[4] O. Fernández, K. Baumstarck-Barrau, M.-C. Simeoni, and
P. Auquier, “Patient characteristics and determinants of quality
of life in an international population with multiple sclerosis:
assessment using the MusiQoL and SF-36 questionnaires,”
Multiple Sclerosis, vol. 17, no. 10, pp. 1238–1249, 2011.

[5] A. G. Trenova, G. S. Slavov, M. G. Manova, J. B. Aksentieva,
L.D.Miteva, andS.A. Stanilova, “Cognitive impairment inmul-
tiple sclerosis,” Folia Medica, vol. 58, no. 3, pp. 157–163, 2016.

[6] M. Borghi, M. Cavallo, S. Carletto et al., “Presence and signifi-
cant determinants of cognitive impairment in a large sample
of patients withmultiple sclerosis,” PloS One, vol. 8, no. 7, 2013.

[7] B. C. Baughman, M. R. Basso, R. R. Sinclair, D. R. Combs, and
B. L. Roper, “Staying on the job: the relationship between work
performance and cognition in individuals diagnosed with mul-
tiple sclerosis,” Journal of Clinical and Experimental Neuropsy-
chology, vol. 37, no. 6, pp. 630–640, 2015.

[8] V. M. Kordovski, S. E. Frndak, C. S. Fisher, J. Rodgers,
B. Weinstock-Guttman, and R. H. B. Benedict, “Identifying
employed multiple sclerosis patients at-risk for job loss: When
do negative work events pose a threat?” Multiple Sclerosis and
Related Disorders, vol. 4, no. 5, pp. 409–413, 2015.

[9] M.Cadden andP.Arnett, “Factors associatedwith employment
status in individuals with multiple sclerosis,” International
Journal of MS Care, vol. 17, no. 6, pp. 284–291, 2015.

[10] C. Chruzander, S. Johansson, K. Gottberg et al., “A 10-year
follow-up of a population-based study of people with multiple
sclerosis in Stockholm, Sweden: changes in disability and the
value of different factors in predicting disability and mortal-
ity,” Journal of the Neurological Sciences, vol. 332, no. 1-2,
pp. 121–127, 2013.

[11] C. A. Honan, R. F. Brown, and J. Batchelor, “Perceived cogni-
tive difficulties and cognitive test performance as predictors of
employment outcomes in people with multiple sclerosis,”
Journal of the International Neuropsychological Society,
vol. 21, no. 2, pp. 156–168, 2015.

[12] S. Johansson, K. Gottberg, M. Kierkegaard, and C. Ytterberg,
“Variations in and predictors of the occurrence of depressive
symptoms and mood symptoms in multiple sclerosis: a longi-
tudinal two-year study,” BMC Neurology, vol. 16, no. 1, p. 32,
2016.

[13] D. Nunnari, M. C. De Cola, G. D’Aleo et al., “Impact of depres-
sion, fatigue, and global measure of cortical volume on cogni-
tive impairment in multiple sclerosis,” BioMed Research
International, vol. 2015, no. 5, pp. 11–13, 2015.

[14] J. Noseworthy, C. Lucchinetti, M. Rodriguez, and B.
Weinshenker, “Multiple Sclerosis,” The New England Journal
of Medicine, vol. 343, no. 13, pp. 938–952, 2000.

[15] R. H. Benedict, S. Morrow, J. Rodgers et al., “Characterizing
cognitive function during relapse in multiple sclerosis,”
Multiple Sclerosis Journal, vol. 20, no. 13, pp. 1745–1752, 2014.

[16] L. B. Kiraç, O. Ekmekçi, N. Yüceyar, and A. S. Kocaman,
“Assessment of early cognitive impairment in patients with
clinically isolated syndromes and multiple sclerosis,” Behav-
ioural Neurology, vol. 2014, Article ID 637694, 5 pages, 2014.

[17] J. Van Schependom, M. B. D'hooghe, K. Cleynhens et al.,
“Reduced information processing speed as primum movens
for cognitive decline in MS,” Multiple Sclerosis, vol. 21, no. 1,
pp. 83–91, 2015.

[18] M. P. Amato, D. W. Langdon, X. Montalban et al., “Treatment
of cognitive impairment in multiple sclerosis: position paper,”
Journal of Neurology, vol. 260, no. 6, pp. 1452–1468, 2013.

[19] A. K. Roth, D. R. Denney, and S. G. Lynch, “Information
processing speed andattention inmultiple sclerosis: reconsider-
ing the attention network test (ANT),” Journal of Clinical and
Experimental Neuropsychology, vol. 37, no. 5, pp. 1–12, 2015.

[20] M. Cerezo Garcia, P. Martin Plasencia, and Y. Aladro Benito,
“Alteration profile of executive functions in multiple sclerosis,”
Acta Neurologica Scandinavica, vol. 131, no. 5, pp. 313–320,
2015.

[21] J. M. Lafosse, S. M. Mitchell, J. R. Corboy, and C. M. Filley,
“The nature of verbal memory impairment in multiple sclero-
sis: a list-learning and meta-analytic study,” Journal of the
International Neuropsychological Society, vol. 19, no. 9,
pp. 995–1008, 2013.

[22] G. Adler and Y. Lembach, “Memory and selective attention in
multiple sclerosis: cross-sectional computer-based assessment
in a large outpatient sample,” European Archives of Psychiatry
and Clinical Neuroscience, vol. 265, no. 5, pp. 439–443, 2015.

[23] M. B. Downer, M. C. Kirkland, E. M. Wallack, and M.
Ploughman, “Walking impairs cognitive performance among
people with multiple sclerosis but not controls,” Human
Movement Science, vol. 49, pp. 124–131, 2016.

[24] V. M. Leavitt, G. Wylie, D. Krch, N. Chiaravalloti, J. DeLuca,
and J. F. Sumowski, “Does slowed processing speed account
for executive deficits in multiple sclerosis? Evidence from

5Behavioural Neurology



neuropsychological performance and structural neuroimag-
ing,” Rehabilitation Psychology, vol. 59, no. 4, pp. 422–428,
2014.

[25] B. Nourbakhsh, L. Julian, and E. Waubant, “Fatigue and
depression predict quality of life in patients with early multiple
sclerosis: a longitudinal study,” European Journal of Neurology,
vol. 23, no. 9, pp. 1482–1486, 2016.

[26] K. T. Hanssen, A. G. Beiske, N. I. Landrø, and E. Hessen,
“Predictors of executive complaints and executive deficits in
multiple sclerosis,” Acta Neurologica Scandinavica, vol. 129,
no. 4, pp. 234–242, 2014.

[27] M. Beier, D. Amtmann, and D. M. Ehde, “Beyond depression:
predictors of self-reported cognitive function in adults living
with MS,” Rehabilitation Psychology, vol. 60, no. 3, pp. 254–
262, 2015.

[28] G. Bonnier, A. Roche, D. Romascano et al., “Multicontrast
MRI quantification of focal inflammation and degeneration
in multiple sclerosis,” BioMed Research International,
vol. 2015, Article ID 569123, 9 pages, 2015.

[29] F. Mattioli, F. Bellomi, C. Stampatori, G. Parrinello, and
R. Capra, “Depression, disability and cognitive impairment in
multiple sclerosis: a cross sectional Italian study,” Neurological
Sciences, vol. 32, no. 5, pp. 825–832, 2011.

[30] F.Cáceres, S.Vanotti, S.Rao, andR.Workgroup, “Epidemiolog-
ical characteristics of cognitive impairment ofmultiple sclerosis
patients in a Latin American country,” Journal of Clinical and
Experimental Neuropsychology, vol. 33, no. 10, pp. 1094–1098,
2011.

[31] F. Patti, A. Nicoletti, S. Messina et al., “Prevalence and inci-
dence of cognitive impairment in multiple sclerosis: a
population-based survey in Catania, Sicily,” Journal of Neurol-
ogy, vol. 262, no. 4, pp. 923–930, 2015.

[32] S. M. Seyed Saadat, M. Hosseininezhad, B. Bakhshayesh,
S.N. SeyedSaadat, and S. P.Nabizadeh, “Prevalence andpredic-
tors of depression in Iranian patients with multiple sclerosis: a
population-based study,” Neurological Sciences, vol. 35, no. 5,
pp. 735–740, 2014.

[33] C. H. Polman, S. C. Reingold, B. Banwell et al., “Diagnostic
criteria for multiple sclerosis: 2010 revisions to the McDonald
criteria,”Annals of Neurology, vol. 69, no. 2, pp. 292–302, 2011.

[34] B. L. Svarstad, B. A. Chewning, B. L. Sleath, and C. Claesson,
“The brief medication questionnaire: a tool for screening
patient adherence and barriers to adherence,” Patient Educa-
tion and Counseling, vol. 37, no. 2, pp. 113–124, 1999.

[35] T. T. A. Rahman and M. M. El Gaafary, “Montreal cognitive
assessment Arabic version: reliability and validity prevalence
of mild cognitive impairment among elderly attending geriat-
ric clubs in Cairo,” Geriatrics & Gerontology International,
vol. 9, no. 1, pp. 54–61, 2009.

[36] Y. T. Chang, C. C. Chang, H. S. Lin et al., “Montreal cognitive
assessment in assessing clinical severity and white matter
hyperintensity in Alzheimer’s disease with normal control
comparison,” Acta Neurologica, vol. 21, no. 2, pp. 64–73, 2012.

[37] Z. S. Nasreddine, N. A. Phillips, V. Bédirian et al., “The
Montreal cognitive assessment, MoCA: a brief screening tool
for mild cognitive impairment,” Journal of the American
Geriatrics Society, vol. 53, no. 4, pp. 695–699, 2005.

[38] R. Viner, S. B. Patten, S. Berzins, A. G. M. Bulloch, and K. M.
Fiest, “Prevalence and risk factors for suicidal ideation in a
multiple sclerosis population,” Journal of Psychosomatic
Research, vol. 76, no. 4, pp. 312–316, 2014.

[39] D. Amtmann, A. M. Bamer, K. L. Johnson et al., “A compari-
son of multiple patient reported outcomemeasures in identify-
ing major depressive disorder in people with multiple
sclerosis,” Journal of Psychosomatic Research, vol. 79, no. 6,
pp. 550–557, 2015.

[40] S. B. Patten, J. M. Burton, K. M. Fiest et al., “Validity of four
screening scales formajor depression inMS,”Multiple Sclerosis,
vol. 21, no. 8, pp. 1–8, 2015.

[41] W. Al-Qadhi, S. Ur Rahman, M. S. Ferwana, and I. A.
Abdulmajeed, “Adult depression screening in Saudi primary
care: prevalence, instrument and cost,” BMC Psychiatry,
vol. 14, no. 1, p. 190, 2014.

[42] K. Kroenke, R. L. Spitzer, and J. B. Williams, “The PHQ-9:
validity of a brief depression severity measure,” Journal of
General Internal Medicine, vol. 16, no. 9, pp. 606–613, 2001.

[43] A. L. Terrill, N. Hartoonian, M. Beier, R. Salem, and K.
Alschuler, “The 7-item generalized anxiety disorder scale
as a tool for measuring generalized anxiety in multiple scle-
rosis,” International Journal of MS Care, vol. 17, no. 2,
pp. 49–56, 2015.

[44] F. Alosaimi, O. Al-sultan, Q. Alghamdi, I. Almohaimeed, and
S. Alqannas, “Association of help-seeking behavior with
depression and anxiety disorders among gastroenterological
patients in Saudi Arabia,” Saudi Journal of Gastroenterology,
vol. 20, no. 4, p. 233, 2014.

[45] R. L. Spitzer, K. Kroenke, J. B. W. Williams, and B. Löwe, “A
brief measure for assessing generalized anxiety disorder,”
Archives of Internal Medicine, vol. 166, no. 10, p. 1092, 2006.

[46] B. F. Dear, N. Titov, M. Sunderland et al., “Psychometric com-
parison of the generalized anxiety disorder scale-7 and the
Penn State worry questionnaire for measuring response during
treatment of generalised anxiety disorder,” Cognitive Behav-
iour Therapy, vol. 40, no. 3, pp. 216–227, 2011.

[47] K. Kroenke, R. L. Spitzer, and J. B. W.Williams, “The PHQ-15:
validity of a new measure for evaluating the severity of somatic
symptoms,” Psychosomatic Medicine, vol. 64, no. 2, pp. 258–
266, 2002.

[48] F. D. Alosaimi, A. AlMulhem, H. AlShalan et al., “Psychosocial
predictors of patient adherence to disease-modifying therapies
for multiple sclerosis,” Patient Prefer Adherence, vol. 11,
pp. 513–518, 2017.

[49] S. Al-deeb, “Epidemiology of MS in Saudi Arabia,” in Congress
of the European Comittee for Treatment and Research in Mul-
tiple Sclerosis, ECTRIMS, Dusseldorf, Germany, 2009.

[50] Y. Alamri and I. S. Al-Busaidi, “Multiple sclerosis in Saudi
Arabia: anxiety, depression and suicidality,” Psychiatry
Research, vol. 238, p. 24, 2016.

[51] A. Martins Da Silva, S. Cavaco, I. Moreira et al., “Cognitive
reserve in multiple sclerosis: protective effects of education,”
Multiple Sclerosis, vol. 21, no. 10, pp. 1312–1321, 2015.

[52] “Saudia Arabia Statistics,” Central Inteligence Agency,
United States of America, 2016, https://www.cia.gov/
library/publications/the-world-factbook/geos/sa.html.

[53] F. Patti, M. De Stefano, L. Lavorgna et al., “Lesion load may
predict long-term cognitive dysfunction in multiple sclerosis
patients,” PLoS One, vol. 10, no. 3, 2015.

6 Behavioural Neurology

https://www.cia.gov/library/publications/the-world-factbook/geos/sa.html
https://www.cia.gov/library/publications/the-world-factbook/geos/sa.html


Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


