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ARTICLE INFO ABSTRACT

Keywords: Objective: The present study aims to analyse the bidirectional hypothesis between stress and multiple sclerosis
Anxiety with several measures of stress, impairment and functionality, considering also the interaction role of stress-
Coping related psychosocial factors such as anxiety, coping and social support.

Functionality

Methods: A one-year follow-up was conducted with 26 people with multiple sclerosis. Participants reported i) at
baseline, anxiety (State-Trait Anxiety Inventory), and social support (Multidimensional Scale of Perceived Social
Support); ii) daily, Ecological Momentary Assessment through self-reported diaries of stressful events and coping
strategies; iii) monthly, the perceived stress (Perceived Stress Scale), iv) trimonthly, the self-reported function-
ality (Functionality Assessment in multiple sclerosis) and v) at baseline and at the end, neurologist rated
impairment (Expanded Disability Status Scale). Mixed-effect regression models were conducted.

Results: The bidirectional hypothesis was confirmed with perceived stress and self-reported functionality, which
were negatively related in both directions. Coping and anxiety showed an interaction effect: active coping
increased functionality only with high levels of stress, and high-trait anxiety showed lower functionality whereas
low-trait anxiety showed higher functionality but only with low stress levels.

Conclusion: People with multiple sclerosis may benefit from different types of psychological therapies, from gold-
standard therapies like Cognitive Behavioural Therapy to third-waves therapies like Dialectical Behaviour
Therapy or mindfulness, that focus on dealing with stress and affective symptoms, adjusting to the disease, and to
improving their overall quality of life. More research is needed in this field under the biopsychosocial model.

Multiple sclerosis
Social support
Stress

1. Introduction

Multiple Sclerosis (MS) is an autoimmune neurological disease that
affects 2.8 million people worldwide. According to the Atlas of MS in
2020, the global median prevalence has increased to 35.9 per 100.000
inhabitants, with 30% more cases than in 2013. It is more prevalent in
women than men, with a ratio of 2:1 or higher [1]. There are two main
types of MS: relapsing-remitting and progressive forms, but 85% of
people with Multiple Sclerosis (pwMS) start with the first one [2]. The
clinical symptoms are very varied and depend on the location of the

lesions and the inflammatory processes [3]. The most frequent symp-
toms are motor and sensory alterations, loss of strength in the extrem-
ities, paraesthesia, vision problems, and disorders in coordination and
balance. Also, it is common to experience fatigue, pain, affective dis-
orders, cognitive deficits like alterations in attention or memory, and
lower quality of life [3-5]. There is no definite cure for MS.

The diagnosis of the disease is usually made by a neurologist ac-
cording to the McDonald Criteria [6] which is based on a complex
interaction of different factors (biological, clinical). Thus, the worsening
of the disease may be evaluated through several measures [7]. First, at a
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biological level, inflammation and new lesions in the brain can be
measured through Magnetic Resonance Imaging scan (MRI). Second, at
a clinical level, relapses, symptoms, functionality and impairment levels
can be rated by a neurologist (i.e., Expanded Disability Status Scale;
EDSS) or self-reported by the patient (i.e., functionality). However, to
understand and analyse the daily life with pwMS the most suitable as-
sessments are symptoms, functionality, and impairment. Relapses may
occur occasionally, and lesions and inflammation observed via MRI may
not be directly correlated with clinical symptoms or disability.

Psychological stress is believed to have an impact on the progression
of MS [8,9], and it is commonly observed that pwMS experience high
levels of stress [10,11]. Stress may be defined as any stimulus that dis-
rupts or threatens homeostasis. The stress response aims to restore ho-
meostatic processes through a complex interaction between the
Hypothalamic-Pituitary-Adrenal (HPA) axis, and the nervous and im-
mune systems [12]. If this response lasts, there is immune deregulation,
altering or amplifying cytokine production through stress-triggered
neuroendocrine hormones, which may affect autoimmune diseases like
MS [13,14]. Studies assessing stress as a trigger factor for disease pro-
gression in MS yielded disparate results, but most showed an association
[15-18]. Psychological stress has been found to be associated with the
exacerbation of MS symptoms and with new brain lesions on MRI
[16,19]. At the same time, worsening of the disease has been related to
higher levels of stress [20-22]. As MS progresses, new symptoms can
emerge that may have a significant impact on daily life and cause psy-
chological difficulties and stress, resulting in a process of continual
adaptation [23]. The bidirectional hypothesis has been confirmed in
several studies, giving rise to a complex interplay between psychological
stress and the course of the disease, [20,21,24] and highlighting the
importance for pwMS to manage stressful situations [25].

One of the most challenging issues in the study of psychological
stress is its evaluation. According to Lazarus [26], stress is a complex
phenomenon that is considered a process involving many variables and
moderating factors associated with appraisal and coping. As a dynamic
process, it needs to be assessed repeatedly over time. Studies addressing
the relationship between stress and MS have mainly used self-
administered questionnaires [20,21,25,27,28] or weekly self-reported
diaries [29,30]. However, most of them measured stress only once,
and only a few considered stress-related factors (for a review, see
Briones-Buixassa et al., 2015) [8]. Ecological Momentary Assessment
(EMA) is a set of methods that used repeated collection of real-time data
on subjects' behaviour and experience in their natural environments to
improve ecological validity [31]. In the study of psychological stress,
EMA measures have been widely used [32,33]. However, in the study of
MS, few studies have used EMA measures to track stress [29,30] and the
data recorded by participants may have recall bias because it is collected
once a week.

Another crucial issue in the study of stress on disease progression is
the interaction effect of other stress-related factors. Some of these factors
were identified in a previous systematic review [8] and were tested in a
case-control study, where the most relevant were coping, anxiety and
social support [34]. These results together highlight the importance of
studying the role of these specific factors when analysing the relation-
ship between stress and disease progression.

Based on the literature review, this study aims to a) test the bidi-
rectional hypothesis between stress, functionality, and impairment
using several methods (EMA, self-reported questionnaires, and objective
measures of impairment) in a cohort of pwMS during 1-year follow-up,
and b) analyse the interaction role of coping, anxiety and social support
on this relationship. This knowledge may help us better understand the
relationship between stress and MS, and develop and test more accurate
psychotherapeutic interventions for pwMS.
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2. Method
2.1. Participants

Twenty-six adult volunteers with MS participated in the study from
May 2014 to September 2015. Participants were recruited from Vic
University Hospital in Catalonia, Spain. After screening possible in-
dividuals with MS with a neurologist through the clinical history, we
contacted eligible participants. Inclusion criteria were a) age over 18, b)
diagnosed with MS by a neurologist, ¢) EDSS score of <7. Exclusion
criteria were a) pregnancy, b) current abuse of alcohol or drugs, c)
diagnosis of other neurologic or psychopathological disorders. All adult
volunteers had clinically definite relapsing remitting MS. All partici-
pants gave written informed consent. A consort flow diagram of the
participants' recruitment process is shown in Fig. 1.

2.2. Study design and procedure

It is an observational, one-year follow-up study nested within the
project “PsychoMSS Study: Stress and Psychosocial Factors in Multiple
Sclerosis”. Each participant received a total of 5 individual interviews by
a trained psychologist at Vic University Hospital: one at baseline and
every three months at 3, 6, 9 and 12 months. In the first interview, the
psychologist asked for socio-demographic and lifestyle data, adminis-
tered standardised questionnaires for functionality and for psychosocial
factors of anxiety and social support, and provided instructions and
material to complete the self-reported measures of stress and coping. In
the subsequent interviews, data about stress (EMA and questionnaire)
and functionality were collected. At the beginning and end of the study,
data on impairment (EDSS) was neurologist rated.

The study was approved by the local ethics committee, Fores Foun-
dation (23 July 2013, register number 2013841-PR71), and conducted
according to the Declaration of Helsinki [35].

2.3. Measures

2.3.1. Socio-demographic, lifestyle, and medical record data
Information about age, gender, marital status, and educational level

(Assessed for eligibility (n=121) w

Excluded (n=87):

Enrollment L . o
- Not meeting inclusion criteria (n=59)

|- Declined to participate (n=20)
- Not responded telephone call (n=8)

| Recruited (n=34) |

Changed their mind (n=8)

| Follow-up / analysis |
) |

‘ Final participants (n=26) ‘

Participants that dropped out:

- Pregnant (n=1)

1 Moved to another town (n=2)
- Health reasons (n=2)

Participants completed the whole follow-up (n=21)

Fig. 1. Participants consort flow diagram.
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was obtained in the first interview. Year of diagnosis, type of MS, EDSS
score, and MS medication were obtained through medical record.

2.3.2. Stress

Stress was assessed using two self-reported measures: an EMA diary
and the Perceived Stress Scale (PSS) questionnaire (monthly).

The EMA diary used a combination of event-based and time-based
sampling schemes [31], where participants were instructed to record
any stressful event that occurred to them at any time, as well as at least
once a day (even if they did not experience any stressful situation).
Participants were also given the freedom to decide what constituted a
stressful situation, as it was considered a subjective experience. Thus,
every person completed a register every day and each time they had a
stressful event, along with the coping strategy used to deal with it. This
information was compiled for each week of the 1-year follow-up period
(52 weeks), with the total number of stressful events for every week
being calculated.

The Spanish version of PSS [36] is a self-reported questionnaire
comprising 14 items that measure perceived stress over the last month. It
was completed every 4 weeks during the 1-year follow-up period, for a
total of 13 times. To facilitate completion, a period of 4 weeks was
considered as “a month”. The score ranged from 0 to 56, with a higher
score indicating higher perceived stress.

2.3.3. Psychosocial factors

Coping strategies were assessed through the EMA self-reported di-
aries (as mentioned above), which provided the strategy used with every
stressful event. Coping strategies were categorised as active (i.e., dealing
with the problem, seeking social support) or passive (i.e., avoidance)
according to the axis of the Strategic Approach to Coping Scale of
Hobfoll (SACS) [37], and then the median was calculated to see the more
prevalent strategy.

Trait anxiety was assessed by the State-Trait Anxiety Inventory
(STAI) [38]. The total score ranged from 0 to 60 points, with a higher
score indicating higher levels of anxiety. High trait anxiety was
considered to be >28 in men and > 31 in women (above the 75th
percentile adjusted for age and gender in standardised Spanish popu-
lation tables).

Perceived social support was assessed by the Multidimensional Scale
of Perceived Social Support (MSPSS) [39], which assessed 3 sources of
social support: from family, friends, and relevant persons. The total
score ranged from 12 to 84 points, with a higher score indicating higher
levels of perceived social support.

2.3.4. Impairment and functionality

Impairment was objectively measured through EDSS, and function-
ality through the self-reported Functional Assessment of MS (FAMS)
questionnaire.

The EDSS score was rated at the beginning and at the end of the
follow-up by a neurologist. EDSS is the most widely used scale to mea-
sure impairment in MS [40]. It ranges from O (no impairment) to 10
(death from MS complications). A score of 7 and above means daily life
support is required.

The FAMS questionnaire [41] was administered at baseline (T0) and
every three months at times T3, T6, T9 and T12. FAMS measures 7
subscales of different symptoms: mobility, symptoms (i.e., pain),
emotional state, life satisfaction, mental activity and fatigue, family and
social environment, and other preoccupations (i.e., incontinence). The
score ranges from O to 236, with a higher score indicating higher
functionality and fewer symptoms. It was evaluated every three months
in order to observe substantial changes.

2.4. Statistical analysis

The data were analysed using IBM SPSS Statistics for Windows,
version 23. To present descriptive data, means and standard deviations
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were used for continuous variables and absolute frequencies and per-
centages for categorical variables. The normality of the data was tested
using the Shapiro-Wilk and Kolmogorov-Smirnov tests.

To test the bidirectional hypothesis, several steps were taken. First,
the data on stress and disease parameters were temporally matched by
calculating the mean of the times T3, T6, T9, and T12 for all measures
except EDSS. Second, bivariate correlations were conducted to assess the
relationship between stress measures (number of stressful events and
PSS), and disease parameters of impairment and functionality. Third,
four mixed-effect regression models were estimated to test the statisti-
cally significant correlations. The variable “time” was considered a
distributing variable, and the data were transformed into long format. It
means that the distribution of data changes from a row to a column,
meaning that each person has several data rows, and each row repre-
sents one time point (TO or baseline, T3, T6, T9 and T12). Four separate
regression models were estimated for each direction of the bidirectional
hypothesis, regressing the outcome at the current time (t) point on the
predictor assessed at the previous time point (—t). The models tested
were perceived stress and functionality, stressful events (number) and
functionality, in both directions, considering all variables as predictors
and outcomes. In step 1, age and gender were entered as covariates. In
step 2, the main predictor was introduced. In step 3, the different psy-
chosocial stress-related variables were added individually to assess their
main effects. Finally, in step 4, the interaction effect between the pre-
dictor and each psychosocial variable was tested. Coping style was
categorised as active or passive, anxiety was categorised as high or low
trait anxiety, and social support was treated as a continuous variable.
The significance level was set at 5% (p < .05). Fig. 2 presents a diagram
of the models tested.

3. Results

Socio-demographic data, clinical data, and psychosocial factors of
the participants are presented in Table 1. The participants were mainly
female (73%), married (85%) and with higher educational levels (69%).
The summary of descriptive statistics for stress measures, impairment,
and functionality assessments at different time points is presented in
Table 2.

Table 3 summarizes the bivariate correlations. Impairment (EDDS)
did not show any significant correlation and was not entered into the
models. Functionality (FAMS) was inversely correlated with both stress
measures (events through EMA and perceived stress through PSS),
indicating that higher stress scores were related to lower functionality
and higher symptomatology. FAMS showed low negative correlations
with stressful events (—0.30 to —0.50) and moderate (—50 to-0.70) and

Stress measures:

SEs, Functionality measures:

\

1 FAMS
PSS t
t-1
] . Stress measures:
Functionality measures: L SEs
bl tl
FAMS | PSS
tl
Interaction
Stress-related psychosocial factors:
Coping
Anxiety
Social Support

Fig. 2. Diagram of the models tested.

Note: FAMS=Functional Assessment of Multiple Sclerosis; PSS=Perceived
Stress Scale; SEs = Stressful Events; t = current time point; t-1 = previous
time point.
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Table 1
Sociodemographic data, clinical data and psychosocial factors of PWMS.
PwMS (n = 26)
Female n (%) 19 (73%)

Age y M (SD; range)

MS age diagnosis M (SD; range)

MS duration y M (SD; range)

EDSS baseline M (SD); Median (range)
EDSS final M (SD); Median (range)
Marital status n (%)

47.1 (11.9; 25-67)
34.4 (10.6; 12-51)
13.8 (7.5; 4-29)

1.96 (1.84); 1.5 (0-6)
2.17 (1.92); 2 (0-6)

Single 4 (15%)
Married 22 (85%)
Educational level n (%)
Elementary 5 (19%)
Secondary 3 (12%)
FP or equivalent 8 (31%)
University 10 (39%)
Medication n (%)
No medication 17 (65%)
Glatiramer acetate (Copaxone) 4 (15%)
Beta interferon 1b (Betaferon, Rebif 44) 3 (12%)
Beta interferon 1a (Avonex) 2 (8%)

Psychosocial factors
Social support (MSPSS) M (SD; range)
Trait Anxiety (STAI-T) M (SD; range)
Coping (more prevalent) n (%)
Active coping
Passive coping

70.23 (14.57; 29-84)
23.08 (11.32; 3-42)

13 (50%)
13 (50%)

Note: MS = multiple sclerosis; M = mean; SD = standard deviation; EDSS =
Expanded Disability Status Scale; y = years; STAI-T = State Trait Anxiety In-
ventory — Trait; MSPSS = Multidimensional Scale of Perceived Social Support.

Table 2
Summary of descriptive statistics for all the measures at different time points.
Mean(SD)  TO- T3 T6 T9 T12 Total/M
Baseline
Predictors
SEs - 8.69 6.74 6.90 9.30 27.50
3.27) (4.02) (3.96) (5.26) (15.23)
PSS - 26.55 27.20 24.90 27.59 26.53
(10.02) (9.39) 9.37) (10.18) (8.61)
Outcomes
EDSS 1.96 - - 2.17 2.07
(1.84) (1.92) (1.85)
FAMS 153.88 156.62 156.57 157.19 152.58 157.19
(42.07) (40.88) (42.90) (40.48) (43.80) (41.40)

Note: SEs = Stressful Events; PSS=Perceived Stress Scale; EDSS = Expanded
Disability Status Scale; FAMS=Functional Assessment of MS; Mean for each
trimester period: T3 = 3 months; T6 = 6 months; T9 = 9 months; T12 = 12
months; M = Mean; SD=Standard Deviation.

high (—0.70 to —0.90) negative correlations with perceived stress
through all the PSS scores (criteria in Mukaka, 2012) [42].

Table 4 presents the results of the mixed-effect regression models.
The first model used perceived stress (PSS) as a predictor and func-
tionality (FAMS) as an outcome. After adjusting for age and gender, an
inverse relationship was observed between perceived stress and func-
tionality, indicating that higher levels of perceived stress were associ-
ated with lower levels of functionality and increased symptomatology.
Coping style (passive/active) and social support did not show any sig-
nificant relationship with functionality, but the interaction between
perceived stress and coping was significant. With low levels of stress,
active coping was related to decreased functionality, but with high levels
of stress, active coping was associated with increased functionality.
Anxiety (STAI) showed a significant positive main effect, indicating that
low anxiety was related to higher levels of functionality. There was also
a significant interaction effect between anxiety and perceived stress.
Low-anxious individuals appeared to have better functionality without
stress, but with higher levels of stress, functionality decreased at almost
the same level as the whole sample. Perceived social support (MSPSS)
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Table 3
Bivariate Correlations (confidence intervals) for stress, functionality, and
impairment variables.

EDSS (baseline and FAMS (baseline and FAMS (T3, T6, T9 &

final) total) T12)
. FAMS baseline— FAMS T3—
PSS T3 %I;S(Sj)assfl::%o 46 0707 (08610 0.74*** (~0.87 to
: i : ~0.43) ~0.49)
FAMS T6—
PSST6 - - 0.56%* (—0.80 to
~0.16)
FAMS T9—
PSST9 - - 0.70%** (~0.87 to
~0.38)
pssTiz  LDSS finald - FQIY[S T(1?>094 to
.04 (-0.41 to 0. ) e
04 (~0.41 to 0.48) 062
FAMS total—
EDSS final0
PSS total 0.75%** (~0.88 to -
09(-031100.46) (%
SEe T3 EDSS baseline— gfgf (lf'geél;“;* FAMS T3
- 0.03(-041100.37) ' T 0.27 (—0.60 to 0.13)
FAMS T6—
SEs.T6 - - 0.36 (—0.69 to 0.08)
FAMS T9—
SEsT9 - - 0.43 (—0.73 to 0.00)
FAMS T120
EDSS final—
SEs_T12 - 49* (~0.77 to
0.04 (—0.47 to 0.41) “ 008
SEs_total EDSS final0 51:1;[5 (tj:)aé; to
- 06(-0.33100.44) 0

Note: PSS=Perceived Stress Scale; SEs = Stressful Events; EDSS = Expanded
Disability Status Scale; FAMS=Functional Assessment of MS; Mean for each
trimester period: T3 = 3 months; T6 = 6 months; T9 = 9 months; T12 = 12
months; base = baseline. Significance (two-tailed) = *p < .05, **p < .01, ***p <
.001.

did not show any effect (see Model 1).

The second model used functionality as the predictor and perceived
stress as the outcome, showing an inverse relationship between them.
An increase in the functionality score was related to a decrease in the
perceived stress score. Coping and social support did not show any
relationship. However, anxiety showed a negative main effect, meaning
that low-anxious people were related to lower levels of perceived stress
(see Model 2).

The third model used stressful events (SEs) as the predictor and
functionality as the outcome. This model showed no significant re-
lationships (data not shown).

The fourth model used functionality as the predictor and stressful
events as the outcome, showing an inverse relationship between them.
An increase in the functionality score was related to a decrease in the
number of stressful events. Coping did not show any relationship.
Perceived social support and anxiety showed a negative main effect,
meaning that higher levels of perceived social support and low-anxious
people were related to a decrease in stressful events (see Model 3).

4. Discussion

To our knowledge, this is the first prospective study to test the
bidirectional hypothesis using different methods and measures of stress,
impairment, and functionality, and to consider the interaction role of
psychosocial stress-related factors such as anxiety, coping, and social
support. The bidirectional hypothesis was only confirmed with self-
reported measures of perceived stress and functionality. Coping and
anxiety showed an interaction effect with stress and functionality.
Active coping seemed to be adaptive with high levels of stress, but not
with low levels, while low-anxiety individuals showed higher levels of
functionality compared to the whole sample. However, as stress
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Table 4

Mixed-effect regression models to test the bidirectional hypothesis and the interaction of psychosocial stress-related factors.

Journal of Psychosomatic Research 170 (2023) 111375

Model 1 Outcome: FAMS Model 2 Outcome: PSS Model 3 Outcome: SEs
Predictor: . Predictor: . Predictor: .
PSS i (CD) AIC p value FAMS i (CD) AIC p value FAMS i (CD) AIC p value
—17.86 (—118.71 —1.33 (—9.99 to 1.59 (-1.38 to
Step 1 Step 1 Step 1
to 82.99) 0.730 7.34) 0.760 4.57) 0.280
giﬁ dor 130 (-361t0 83 o giﬁ dor 003 (<0310 090 g ggﬁ dor 004 (00710 13 44
1.01) 0.37) 0.16)
Step 2 —1.38 (—2.21 to Step 2 —0.18 (—0.22 to . Step 2 —0.03 (—0.05 to
. .002%* .2 .00 *** .2 .04*
PSS 0.56) 790.35 0.00 FAMS _013) 568.26 <0.00 FAMS 0.00) 476.28 0.04
Step 3a 3.59 (—2.01 to Step 3a —1.59 (—4.29 to Step 3a 1.23 (-0.18 to
Coping 0.18) 746.72 0.19 Coping 1.11) 521.72 0.24 Coping 2.65) 423.98 0.09
Step 3b 0.62 (—0.17 to Step 3b —0.24 (—-0.67 to Step 3b —0.09 (—0.16 to .
MSPSS 1.40) 808.71 0.12 MSPSS 0.19) 670.22 0.28 MSPSS 0.02) 495.49 0.02
Step 3c 31.75 (12.55 to B Step 3c —4.27 (—8.44 to N Step 3c —4.06 (—6.84 to
12.91 .01* 1 .05* . 3
STAI 50.95) 8129 0.0 STAI —0.10) 557.15 0.05 STAI -1.27) 470.68 0.004
Step 4a Step 4a Step 4a
PSS x 0.96 (0.19t01.72) 739.57 0.01* FAMS x 0.01 (-0.08 to 526.63 0.70 FAMS x 0.02 (-0.2t0 429.35 0.35
. . 0.05) . 0.05)
Coping Coping Coping
Step 4b Step 4b Step 4b
PSS x ag';o (12210 o4963 071 FAMS x g.gg)z (00710 gr649  0.97 FAMS x 3'(7)32(;0'002 52071 096
MSPSS : MSPSS ’ MSPSS ’
Step 4c Step 4c Step 4c
PSS x _(1)';8)( 290t 73818 0.01*  FAMSx g'(l)z)( 005t 9360 0.1 FAMS x g'gz)( 003t 21516 036
STAI ’ STAI ’ STAI ’

Note: PSS=Perceived Stress Scale; SEs = Stressful Events; FAMS=Functional Assessment of MS; MSPSS = Multidimensional Scale of Perceived Social Support;
STAI=State-Trait Anxiety Inventory. Significance (two-tailed) = *p < .05, **p < .01, ***p < .001.

increased, differences in functionality decreased. Individuals with high-
trait anxiety also showed lower levels of functionality. Finally, less social
support was related to more stressful events.

Previous studies have shown that stress is negatively associated with
some disease parameters [29,43], and a meta-analysis [17] found that
stress was associated with exacerbations of disease (more relapses,
symptoms or brain lesions) with an effect size of d = 0.53 (95% CI 0.40
to 0.65), p < .0001. These exacerbations usually occur several weeks
after the onset of the stressor, and after the stressful situation has ended
[20,21,29]. One explanation for this is the resolution hypothesis, which
suggests that the dissipation of stress, accompanied by a decrease in
cortisol levels, facilitates the development of active inflammation and
increases the risk of exacerbation a few weeks after the onset of stress
[7,44]. Furthermore, a study by Mohr et al. (2012) [18] tested an in-
dividual training program in stress management strategies for 24 weeks,
which was associated with a significant decrease in the number of new
lesions seen on MRI compared to a waiting list control group. Moreover,
a higher percentage of patients remained lesion-free during the inter-
vention period, although the effects disappeared at the end of the
intervention [18].

Only a few studies have tested the bidirectional hypothesis (i.e., it
maybe that exacerbation results in greater stress rather than the other
way around). Schwartz et al., (1999) [24] found that there was almost
twice the risk of stress following physical deterioration compared to the
risk of functional deterioration given a particular level of self-reported
stress. Otherwise, Brown et al. (2006) [20,21] found that the strength
of the stress-relapse relationship was similar to the strength of the
relapse-stress relationship, for both acute and chronic stressors.

In the present study, the bidirectional hypothesis was tested using
different stress assessments (perceived stress and stressful events) and
disease measures (neurologist-rated impairment and self-reported
functionality). Only perceived stress and self-reported functionality
supported the bidirectional hypothesis. Worsening functionality was
related to an increase in both perceived stress and the occurrence of
more stressful events. These findings suggest that perceived stress may
provide more reliable information than the number of stressful events to
understand self-reported functionality and day-to-day symptoms in MS.
This may be because perceived stress and self-reported functionality
may share much of the variance; people who perceive or self-report
more stress may also report more symptoms and functional problems

related to stress, even if they think they are related to MS. Moreover,
more symptoms and functional problems may, in turn, increase the
perception of stress. These results highlight the difference in results
when using different parameters for measuring disease progression. The
EDSS provides a general perception of the disease stage, and it only
changes after significant deterioration. However, symptoms such as fa-
tigue, cognitive deficits, or bladder dysfunction are common and often
more disabling in the daily life of pwMS. For this reason, self-reported
measures of symptoms and functionality may be more useful in deter-
mining the immediate effect of stress and other stress-related psycho-
social factors in the daily life of pwMS.

In this regard, anxiety also appears to be a significant factor in MS. It
has been identified as one of the main factors associated with MS, with a
higher prevalence (between 22,1-34,2%) than in the general population
(13%) [34,45]. In the present study, anxiety was found to be related to
higher levels of stress (both perceived and number of stressful events)
and lower levels of functionality. The high prevalence of anxiety in
pwMS may be due to the disease diagnosis, but additional precipitating
factors such as fatigue, insomnia, cognitive dysfunction, spasticity,
neurogenic bladder, pain, and sexual dysfunction [45] could also
contribute to it. However, it is worth noting that some patients reported
experiencing higher levels of anxiety many years before the diagnosis or
had a high trait anxiety throughout their lives, indicating a potential
biological link between MS and anxiety. Future studies could investigate
this link through various approaches, such as a) exploring the potential
connection with the serotonin transporter gen (5-HTT), which is asso-
ciated with anxiety [46]; b) studying the brain structures involved in
anxiety (e.g., amygdala or pre-frontal cortex) [47]; or c) analysing the
link with physiological measures of anxiety (e.g., startle reflex, elec-
trodermal activity, heart rate) as done by Ackerman et al. (2003) [28].

Furthermore, therapies aimed at managing stress and anxiety,
particularly those utilizing Cognitive Behavioural Therapy (CBT) and
relaxation techniques, have demonstrated positive impacts on biological
outcomes of the disease [18], mental health symptoms [48], better
adjustment to the disease [49], and improved quality of life [50].
Therefore, it appears reasonable to continue investigating psychother-
apeutic interventions that focus on improving the adjustment to MS,
daily living with the disease, and the treatment of associated mental
health symptoms and disorders.

In previous studies, coping has been shown to interact with the
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relationship between stress and MS inflammation [7,51]. Problem-
focused coping has been associated with better adjustment [52] and
lower levels of depression in pwMS [53]. In the present study, active
coping was found to be associated with better self-reported functionality
with high perceived stress but not with low levels of stress. A possible
explanation is that although active coping can give a sense of control and
empowerment, especially when it successfully solves the problem, it
may require effort that can result in increased short-term stress
perception. It would be interesting to investigate whether active coping
is advisable in all situations in a chronic and unpredictable disease like
MS, especially in the relapse phase, progressive forms, or with greater
levels of disability where some forms of passive coping (e.g., acceptance)
may be more appropriate [54]. Third-wave therapies like Mindfulness or
Dialectic-Behavioural Therapy (DBT) have shown to be useful in
improving emotion regulation, distress tolerance, self-acceptance, vali-
dation of experience, and non-judgment, which can improve symptoms
of stress, depression, anxiety, and overall quality of life. However, evi-
dence for these therapies in pwMS is still limited (for a scoping review,
see Zaroti et al., 2022) [55].

4.1. Strengths and limitations

The strengths of this study are the design and the methods used. It is a
prospective study where data were collected during a 1-year follow-up
at various times using different methods. Moreover, the use of EMA
ensures more ecological validity as repeated data were collected in the
real-time and natural context of individuals.

The main limitation is the small sample size. The number of tasks
required, and the duration of the study (1 year) may have excluded those
participants who were unable to commit to the follow-up. Another
limitation is that most participants were female. Despite the male-to-
female ratio in MS being approximately 1:2, it may be difficult to
generalise the results to the entire MS population. Similarly, a control
group would have been useful to compare the bidirectional relationship
with healthy volunteers. However, the outcome variables were focused
on MS symptoms, functionality and impairment, and therefore would
not have been appropriate for people without MS. Finally, some pa-
rameters of the disease worsening (e.g., EDSS) would have needed more
time to observe reliable results.

5. Conclusions and future directions

In summary, the results supported the bidirectional hypothesis with
self-reported measures of perceived stress and functionality, although
we must be cautious due to the small sample size. Considering the as-
sociation between stress, anxiety and functionality, and the fact that
active coping might be counterproductive with low levels of stress,
pwMS may benefit from psychotherapeutic interventions to reduce
stress and anxiety and to increase acceptance, compassion, and
emotional regulation, to prevent a possible potential deteriorating cycle.
Focusing on these aspects, more research is needed in both psycholog-
ical gold standard therapies like CBT as well as third-wave therapies (e.
g., Mindfulness or DBT) that may be useful for pwMS to deal with stress
and affective symptoms, adjust to the disease, and improve their overall
quality of life. Moreover, as results were collected before the COVID-19
pandemic, some stressors may have changed, and future studies should
consider how these new stressors (e.g., lockdowns) may affect pwMS.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Ethical approval

The study was approved by the local ethics committee, Fores

Journal of Psychosomatic Research 170 (2023) 111375

Foundation (23 July 2013, register number 2013841-PR71), and con-
ducted according to the Declaration of Helsinki (World Medical Asso-
ciation, 2013).

Informed consent

All the participants gave written informed consent before being
included to the study.

Declaration of Competing Interest
The authors have no competing interests to report.
Data availability

The datasets generated during and/or analysed during the present
study are available from the corresponding author on reasonable
request.

Acknowledgments

A special thanks to all the participants for helping us to carry out the
study.

References

[1] C. Walton, R. King, L. Rechtman, et al., Rising prevalence of multiple sclerosis
worldwide: insights from the atlas of MS, third edition, Mult. Scler. J. 26 (14)
(2020) 1816-1821, https://doi.org/10.1177/1352458520970841.

[2] P. Villoslada, Esclerosis multiple, MARGE BOOKS, 2010.

[3] M.P. McGinley, C.H. Goldschmidt, A.D. Rae-Grant, Diagnosis and treatment of
multiple sclerosis: a review, JAMA. 325 (8) (2021) 765-779, https://doi.org/
10.1001/jama.2020.26858.

[4] 1.M. Nauta, A.E.M. Speckens, R.P.C. Kessels, et al., Cognitive rehabilitation and
mindfulness in multiple sclerosis (REMIND-MS): a study protocol for a randomised
controlled trial, BMC Neurol. 17 (1) (2017) 201, https://doi.org/10.1186/512883-
017-0979-y.

[5] A.L. Sesel, L. Sharpe, S.L. Naismith, Efficacy of psychosocial interventions for
people with multiple sclerosis: a Meta-analysis of specific treatment effects,
Psychother. Psychosom. 87 (2) (2018) 105-111, https://doi.org/10.1159/
000486806.

[6] A.J. Thompson, B.L. Banwell, F. Barkhof, et al., Diagnosis of multiple sclerosis:
2017 revisions of the McDonald criteria, Lancet Neurol. 17 (2) (2018) 162-173,
https://doi.org/10.1016/51474-4422(17)30470-2.

[7] D.C. Mohr, D. Pelletier, A temporal framework for understanding the effects of
stressful life events on inflammation in patients with multiple sclerosis, Brain
Behav. Immun. 20 (1) (2006) 27-36, https://doi.org/10.1016/j.bbi.2005.03.011.

[8] L. Briones-Buixassa, R. Mila, J. Ma Aragones, E. Bufill, B. Olaya, F.X. Arrufat, Stress
and multiple sclerosis: a systematic review considering potential moderating and
mediating factors and methods of assessing stress, Health Psychol. Open. 2 (2)
(2015), https://doi.org/10.1177/2055102915612271.

[9] J. Melief, S. de Wit, C. Teunissen, et al., Severe multiple sclerosis is associated with
low stress-axis activity, J. Neural Transm. 115 (12) (2008) 1718.

[10] S. Karimi, B. Andayeshgar, A. Khatony, Prevalence of anxiety, depression, and
stress in patients with multiple sclerosis in Kermanshah-Iran: a cross-sectional
study, BMC Psychiat. 20 (1) (2020) 166, https://doi.org/10.1186/512888-020-
02579-z.

[11] A.M. Novak, S. Lev-Ari, Resilience, stress, well-being, and sleep quality in multiple
sclerosis, J. Clin. Med. 12 (2) (2023) 716, https://doi.org/10.3390/jcm12020716.

[12] G. Russell, S. Lightman, The human stress response, Nat. Rev. Endocrinol. 15 (9)
(2019) 525-534, https://doi.org/10.1038/s41574-019-0228-0.

[13] L. Stojanovich, Stress and autoimmunity, Autoimmun. Rev. 9 (5) (2010)
A271-A276, https://doi.org/10.1016/j.autrev.2009.11.014.

[14] L. Stojanovich, D. Marisavljevich, Stress as a trigger of autoimmune disease,
Autoimmun. Rev. 7 (3) (2008) 209-213, https://doi.org/10.1016/j.
autrev.2007.11.007.

[15] AK. Artemiadis, M.C. Anagnostouli, E.C. Alexopoulos, Stress as a risk factor for
multiple sclerosis onset or relapse: a systematic review, Neuroepidemiology. 36 (2)
(2011) 109-120.

[16] X.J. Liu, H.X. Ye, W.P. Li, R. Dai, D. Chen, M. Jin, Relationship between
psychosocial factors and onset of multiple sclerosis, Eur. Neurol. 62 (3) (2009)
130-136, https://doi.org/10.1159/000226428.

[17] D.C. Mohr, S.L. Hart, L. Julian, D. Cox, D. Pelletier, Association between stressful
life events and exacerbation in multiple sclerosis: a meta-analysis, BMJ. 328 (7442)
(2004) 731, https://doi.org/10.1136/bm;j.38041.724421.55.

[18] D.C. Mohr, J. Lovera, T. Brown, et al., A randomized trial of stress management for
the prevention of new brain lesions in MS, Neurology. 79 (5) (2012) 412-419,
https://doi.org/10.1212/WNL.0b013e3182616ff9.


https://doi.org/10.1177/1352458520970841
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0010
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.1186/s12883-017-0979-y
https://doi.org/10.1186/s12883-017-0979-y
https://doi.org/10.1159/000486806
https://doi.org/10.1159/000486806
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1016/j.bbi.2005.03.011
https://doi.org/10.1177/2055102915612271
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0045
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0045
https://doi.org/10.1186/s12888-020-02579-z
https://doi.org/10.1186/s12888-020-02579-z
https://doi.org/10.3390/jcm12020716
https://doi.org/10.1038/s41574-019-0228-0
https://doi.org/10.1016/j.autrev.2009.11.014
https://doi.org/10.1016/j.autrev.2007.11.007
https://doi.org/10.1016/j.autrev.2007.11.007
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0075
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0075
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0075
https://doi.org/10.1159/000226428
https://doi.org/10.1136/bmj.38041.724421.55
https://doi.org/10.1212/WNL.0b013e3182616ff9

L. Briones-Buixassa et al.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

D.C. Mohr, D.E. Goodkin, P. Bacchetti, et al., Psychological stress and the
subsequent appearance of new brain MRI lesions in MS, Neurology. 55 (1) (2000)
55-61.

R.F. Brown, C.C. Tennant, M. Sharrock, S. Hodgkinson, S.M. Dunn, J.M. Pollard,
Relationship between stress and relapse in multiple sclerosis: part II. Direct and
indirect relationships, Mult. Scler. 12 (4) (2006) 465-475.

R.F. Brown, C.C. Tennant, M. Sharrock, S. Hodgkinson, S.M. Dunn, J.D. Pollard,
Relationship between stress and relapse in multiple sclerosis: part I. Important
features, Mult. Scler. Houndmills Basingstoke Engl. 12 (4) (2006) 453-464.

J. Djelilovic-Vranic, A. Alajbegovic, M. Tiric-Campara, et al., Stress as provoking
factor for the first and repeated multiple sclerosis seizures, Mater. Socio.-Medica.
24 (3) (2012) 142-147, https://doi.org/10.5455/msm.2012.24.142-147.

H. Irvine, C. Davidson, K. Hoy, A. Lowe-Strong, Psychosocial adjustment to
multiple sclerosis: exploration of identity redefinition, Disabil. Rehabil. 31 (8)
(2009) 599-606, https://doi.org/10.1080/09638280802243286.

C.E. Schwartz, F.W. Foley, S.M. Rao, L.J. Bernardin, H. Lee, M.W. Genderson,
Stress and course of disease in multiple sclerosis, Behav. Med. 25 (3) (1999)
110-116, https://doi.org/10.1080/08964289909596740.

H.S. Oz, F. Oz, A psychoeducation program for stress management and
psychosocial problems in multiple sclerosis, Niger. J. Clin. Pract. 23 (11) (2020)
1598-1606, https://doi.org/10.4103/njcp.njcp_462_19.

R.S. Lazarus, Toward better research on stress and coping, Am Psychol. 55 (6)
(2000) 665-673, https://doi.org/10.1037//0003-066X.55.6.665.

K.D. Ackerman, Stressful life events precede exacerbations of multiple sclerosis,
Psychosom. Med. 64 (6) (2002) 916-920, https://doi.org/10.1097/01.
PSY.0000038941.33335.40.

K.D. Ackerman, A. Stover, R. Heyman, et al., Relationship of cardiovascular
reactivity, stressful life events, and multiple sclerosis disease activity, Brain Behav.
Immun. 17 (3) (2003) 141-151, https://doi.org/10.1016/50889-1591(03)00047-
3.

D. Buljevac, W.C.J. Hop, W. Reedeker, et al., Self reported stressful life events and
exacerbations in multiple sclerosis: prospective study, BMJ. 327 (7416) (2003)
646, https://doi.org/10.1136/bmj.327.7416.646.

C. Potagas, C. Mitsonis, L. Watier, et al., Influence of anxiety and reported stressful
life events on relapses in multiple sclerosis: a prospective study, Mult. Scler.
Houndmills Basingstoke Engl. 14 (9) (2008) 1262-1268, https://doi.org/10.1177/
1352458508095331.

S. Shiffman, A.A. Stone, M.R. Hufford, Ecological momentary assessment, Annu.
Rev. Clin. Psychol. 4 (2008) 1-32.

A.C. Feneberg, P.A.G. Forbes, G. Piperno, et al., Diurnal dynamics of stress and
mood during COVID-19 lockdown: a large multinational ecological momentary
assessment study, Proc. Biol. Sci. 289 (1975) (2022), https://doi.org/10.1098/
RSPB.2021.2480.

C. Lazarides, E.B. Ward, C. Buss, et al., Psychological stress and cortisol during
pregnancy: an ecological momentary assessment (EMA)-based within- and
between-person analysis, Psychoneuroendocrinology. (2020) 121, https://doi.org/
10.1016/J.PSYNEUEN.2020.104848.

L. Briones-Buixassa, R. Mila, F.X. Arrufat, et al., A case-control study of
psychosocial factors and their relationship to impairment and functionality in
multiple sclerosis, J. Health Psychol. 24 (8) (2019), https://doi.org/10.1177/
1359105317692142.

Association GA of the WM, World medical association declaration of Helsinki:
ethical principles for medical research involving human subjects, J. Am. Coll. Dent.
81 (3) (2014) 14.

E. Remor, Psychometric properties of a European Spanish version of the perceived
stress scale (PSS), Span J. Psychol. 9 (1) (2006) 86-93, https://doi.org/10.1017/
S$1138741600006004.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Journal of Psychosomatic Research 170 (2023) 111375

E.J. Pedrero Perez, M.A. Santed German, A.M. Perez Garcia, Spanish adaptation of
Hobfoll’s strategic approach to coping scale (SACS), Psicothema. 24 (3) (2012)
455-460.

C.D. Spielberger, R.L. Gorsuch, R.E. Lushene, Cuestionario de Ansiedad Estado-
Rasgo, Barc Spain Tea Ediciones, 1982. Published online.

0. Landeta, E. Calvete, Adaptacion y Validacion de la Escala Multidimensional de
Apoyo Social Percibido, Rev. Ansiedad Estrés. 8 (2-3) (2002) 173-182.

J.F. Kurtzke, Rating neurologic impairment in multiple-sclerosis - an expanded
disability status scale (Edss), Neurology. 33 (11) (1983) 1444-1452.

D.F. Cella, K. Dineen, B. Arnason, et al., Validation of the functional assessment of
multiple sclerosis quality of life instrument, Neurology. 47 (1) (1996) 129-139.
M. Mukaka, A guide to appropriate use of correlation coefficient in medical
research, Malawi Med. J. J. Med. Assoc. Malawi. 24 (3) (2012) 69-71.

C.I. Mitsonis, I.M. Zervas, P.A. Mitropoulos, et al., The impact of stressful life
events on risk of relapse in women with multiple sclerosis: a prospective study, Eur.
Psychiat. J. Assoc. Eur. Psychiatr. 23 (7) (2008) 497-504, https://doi.org/
10.1016/j.eurpsy.2008.06.003.

D. Golan, E. Somer, S. Dishon, L. Cuzin-Disegni, A. Miller, War stress, psychological
coping mechanisms and exacerbations of multiple sclerosis, Mult. Scler. 13 (2007)
$238.

F. Mustac, H. Pasi¢, F. Medi¢, et al., Anxiety and depression as comorbidities of
multiple sclerosis, Psychiatr. Danub. 33 (Suppl. 4) (2021) 480-485.

K.P. Lesch, D. Bengel, A. Heils, et al., Association of anxiety-related traits with a
polymorphism in the serotonin transporter gene regulatory region, Science. 274
(5292) (1996) 1527-1531, https://doi.org/10.1126/science.274.5292.1527.

R.J. Davidson, Anxiety and affective style: role of prefrontal cortex and amygdala,
Biol. Psychiatry 51 (1) (2002) 68-80, https://doi.org/10.1016/50006-3223(01)
01328-2.

AK. Artemiadis, A.A. Vervainioti, E.C. Alexopoulos, A. Rombos, M.

C. Anagnostouli, C. Darviri, Stress management and multiple sclerosis: a
randomized controlled trial, Arch. Clin. Neuropsychol. Off. J. Natl. Acad.
Neuropsychol. 27 (4) (2012) 406-416, https://doi.org/10.1093/arclin/acs039.
R. Moss-Morris, L. Dennison, S. Landau, L. Yardley, E. Silber, T. Chalder,

A randomized controlled trial of cognitive behavioral therapy (CBT) for adjusting
to multiple sclerosis (the saMS trial): does CBT work and for whom does it work?
J. Consult. Clin. Psychol. 81 (2) (2013) 251-262, https://doi.org/10.1037/
a0029132.

R.B. Hughes, S. Robinson-Whelen, H.B. Taylor, J.W. Hall, Stress self-management:
an intervention for women with physical disabilities, Womens Health Issues 16 (6)
(2006) 389-399.

D.C. Mohr, D.E. Goodkin, S. Nelson, D. Cox, M. Weiner, Moderating effects of
coping on the relationship between stress and the development of new brain
lesions in multiple sclerosis, Psychosom. Med. 64 (5) (2002) 803-809, https://doi.
org/10.1097/01.PSY.0000024238.11538.EC.

K.I. Pakenham, C.A. Stewart, A. Rogers, The role of coping in adjustment to
multiple sclerosis-related adaptive demands, Psychol. Health Med. 2 (3) (1997)
197-211, https://doi.org/10.1080,/13548509708400578.

D.C. Mohr, D. Russo, M. Reiss, J. Chang, D.E. Goodkin, Relationship of stress,
psychological distress, and disease activity in multiple sclerosis patients, Ann.
Neurol. 42 (3) (1997) T201.

A. Senders, D. Bourdette, D. Hanes, V. Yadav, L. Shinto, Perceived stress in multiple
sclerosis: the potential role of mindfulness in health and well-being, J. Evid-Based
Complement Altern. Med. 19 (2) (2014) 104-111, https://doi.org/10.1177/
2156587214523291.

N. Zarotti, F. Eccles, A. Broyd, C. Longinotti, A. Mobley, J. Simpson, Third wave
cognitive behavioural therapies for people with multiple sclerosis: a scoping
review, Disabil. Rehabil. (2022) 1-16, https://doi.org/10.1080/
09638288.2022.2069292. Published online May 6.


http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0095
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0095
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0095
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0100
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0100
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0100
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0105
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0105
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0105
https://doi.org/10.5455/msm.2012.24.142-147
https://doi.org/10.1080/09638280802243286
https://doi.org/10.1080/08964289909596740
https://doi.org/10.4103/njcp.njcp_462_19
https://doi.org/10.1037//0003-066X.55.6.665
https://doi.org/10.1097/01.PSY.0000038941.33335.40
https://doi.org/10.1097/01.PSY.0000038941.33335.40
https://doi.org/10.1016/S0889-1591(03)00047-3
https://doi.org/10.1016/S0889-1591(03)00047-3
https://doi.org/10.1136/bmj.327.7416.646
https://doi.org/10.1177/1352458508095331
https://doi.org/10.1177/1352458508095331
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0155
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0155
https://doi.org/10.1098/RSPB.2021.2480
https://doi.org/10.1098/RSPB.2021.2480
https://doi.org/10.1016/J.PSYNEUEN.2020.104848
https://doi.org/10.1016/J.PSYNEUEN.2020.104848
https://doi.org/10.1177/1359105317692142
https://doi.org/10.1177/1359105317692142
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0175
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0175
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0175
https://doi.org/10.1017/S1138741600006004
https://doi.org/10.1017/S1138741600006004
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0185
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0185
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0185
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0190
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0190
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0195
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0195
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0200
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0200
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0205
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0205
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0210
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0210
https://doi.org/10.1016/j.eurpsy.2008.06.003
https://doi.org/10.1016/j.eurpsy.2008.06.003
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0220
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0220
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0220
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0225
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0225
https://doi.org/10.1126/science.274.5292.1527
https://doi.org/10.1016/s0006-3223(01)01328-2
https://doi.org/10.1016/s0006-3223(01)01328-2
https://doi.org/10.1093/arclin/acs039
https://doi.org/10.1037/a0029132
https://doi.org/10.1037/a0029132
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0250
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0250
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0250
https://doi.org/10.1097/01.PSY.0000024238.11538.EC
https://doi.org/10.1097/01.PSY.0000024238.11538.EC
https://doi.org/10.1080/13548509708400578
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0265
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0265
http://refhub.elsevier.com/S0022-3999(23)00232-5/rf0265
https://doi.org/10.1177/2156587214523291
https://doi.org/10.1177/2156587214523291
https://doi.org/10.1080/09638288.2022.2069292
https://doi.org/10.1080/09638288.2022.2069292

	The bidirectional effect of stress and functionality in multiple sclerosis and the interaction role of anxiety, coping and  ...
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Study design and procedure
	2.3 Measures
	2.3.1 Socio-demographic, lifestyle, and medical record data
	2.3.2 Stress
	2.3.3 Psychosocial factors
	2.3.4 Impairment and functionality

	2.4 Statistical analysis

	3 Results
	4 Discussion
	4.1 Strengths and limitations

	5 Conclusions and future directions
	Funding
	Ethical approval
	Informed consent
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	References


