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and psychosocial factors in the stress-MS relationship. Also, 
selection and blinding problems were identified in most 
case-control studies. All studies, with only 2 exceptions, re-
sulted in favor of the stress-MS relationship, but due to 
marked stress measurement heterogeneity, no secure con-
clusions could be drawn.  Conclusions:  Future studies should 
incorporate a multidisciplinary approach to stress measure-
ment and radiological criteria for MS. We further encourage 
researchers to test the effect of early life stress and stress 
management techniques on the clinical course of the dis-
ease.   Copyright © 2011 S. Karger AG, Basel

  Introduction

  Multiple sclerosis (MS) is an autoimmune demyelinat-
ing disease of the central nervous system of unknown 
etiology. For decades, a significant part of MS research 
has been focused on possible triggering factors such as 
infections, toxins, immunizations, nutritional and hor-
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  Abstract

   Background:  Stress has been considered a triggering factor 
for multiple sclerosis (MS) since the description of the dis-
ease by Jean-Martin Charcot. Until our times, many pub-
lished studies have supported that both MS onset and re-
lapse could be predisposed by psychological stress. This 
 review aims to synthesize existing knowledge of the rela-
tionship between psychological stress and MS onset and re-
lapse, focusing mainly on the quality of observational stud-
ies.  Methods:  We hand-searched MEDLINE with the terms 
‘stress and multiple sclerosis’, using English language restric-
tions, from January 1980 to November 2010. We included 
only observational longitudinal studies. The Newcastle- 
Ottawa scale proposed by the Cochrane Collaboration was 
used for assessing the quality of the observational studies. 
 Results:  Seventeen publications were analyzed, 5 for MS on-
set (1 cohort and 4 case-control studies) and 12 for MS re-
lapse (9 cohort and 3 case-control studies). We found a 
marked heterogeneity in stress measurement that mostly 
targeted the environmental approach to stress. Only 2 pub-
lications used radiological criteria for MS relapse. Quality is-
sues were identified mainly for comparability, meaning that 
studies failed to control adequately for various triggering 
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monal variables, trauma and sunlight exposure  [1, 2] . 
Psychological stress is one of the oldest putative factors 
proposed by the ‘father’ of clinical neurology, Jean-Mar-
tin Charcot  [3] . A contemporary report by the American 
Academy of Neurology declares that ‘the relationship be-
tween antecedent stress and either MS onset or MS exac-
erbation is considered possible’  [4] . In a more recent me-
ta-analysis of 14 studies, the weighted average effect size 
(standardized index to measure the strength of the rela-
tionship between two variables) of the stress-MS relapse 
relationship in studies was found to be modest (Cohen’s 
d = 0.53; 95% CI: 0.4–0.65), and it was recommended that 
no individualized conclusions should be drawn by clini-
cians  [5] . 

  Scientists and common people use the word stress to 
describe several conditions ranging from environmental 
threats to psychological responses relevant to anxiety. 
The prevailing scientific definition is that ‘stress is a state 
in which homeostasis is actually threatened or perceived 
to be so’  [6] . The state of absent homeostasis is also called 
an ‘allostatic state’, while the process of returning to ho-
meostasis is also referred to as ‘allostasis’  [7] . The inap-
propriate adaptive response from the stress system can 
lead to a state of distress, cacostasis or allostatic overload, 
all of which herald the advent of pathology and disease 
 [6, 8] . The end products or the physiological stress re-
sponses such as cortisol, catecholamines, interleukin-6, 
heart rate and blood pressure serve as biomarkers in basic 
stress research (biological approach)  [9, 10] . However, in 
extensive stress research, stress measurement is based on 
self-report checklists, interviews or diaries that focus ei-
ther on the incidence of stressors (environmental ap-
proach) or on the perceived stressfulness and emotional 
response to them with anxiety, depression, etc. (psycho-
logical approach)  [11] . Notably, it has been said that the 
biological approach is of better prognostic value than the 
psychological approach – and even better than the envi-
ronmental one – for disease risk, meaning that biological 
responses, emotions and perceived stress mediate the 
stress-disease relationship  [11] . 

  So far, published reviews have dealt with studies frag-
mentarily, except for the meta-analysis mentioned, focus-
ing mainly on results and theoretical conceptualizations 
 [12–15] . To our knowledge, there is a lack of systematic 
approach in observational studies. Moreover, onset and 
relapse are reported indiscriminately, while there is evi-
dence that they are pathogenetically different  [16] . In this 
paper, we reviewed studies on stress and MS using a sys-
tematic review method, focusing primarily on the quality 
of studies and, secondarily, on main findings. For these 

purposes, we included only longitudinal observational 
studies because of their inherent capacity to address the 
putative etiological relationship between stress and MS 
onset and relapse. At the end of this review, pathogenetic 
mechanisms mediating this relationship are briefly re-
viewed and updated according to newer concepts of dis-
ease pathogenesis.

  Methods

  Search Methods and Data Extraction
  We hand-searched MEDLINE for articles published in the last 

30 years (from January 1980 to November 2010) using English 
language restrictions. The only search terms used were ‘stress and 
multiple sclerosis’. These criteria firstly served to obtain the most 
current picture of research on this issue without excluding crucial 
evidence, and secondly to better assess the probability of this ev-
idence. Contact with authors helped to access full texts and to 
clarify vague reporting issues. We carefully selected eligible pub-
lications by screening titles and abstracts referring to stress and 
onset or exacerbation/relapse of MS. Search and selection were 
conducted independently by two medical doctors (A.K.A. and 
E.C.A.) qualified for biomedical research methodology issues. 
Classification of observational studies by design was performed 
independently by the two researchers. Only observational longi-
tudinal studies, either case-control or cohort (follow-up) studies, 
were included because of their inherent value in distinguishing 
etiological relations. Publications obtained only in the abstract 
form were excluded. The references of full-text articles were 
screened in order to limit the possibility of missing pertinent 
studies. We independently extracted data concerning criteria for 
MS diagnosis or relapse, stress measurement methods, additional 
measures, time periods at risk before MS onset or relapse, dura-
tion of studies, selection of participants, number of participants, 
sex, mean age, mean duration of disease, disability measures (e.g. 
Expanded Disability Status Scale, EDSS), statistical methods, 
completeness of studies and results.

  Quality Analysis
  Quality measures, assessing the risk of bias, are based on the 

Newcastle-Ottawa scale for assessing the quality of observational 
studies recommended by the Cochrane Non-Randomized Studies 
Methods Working Group (www.cochrane.org)  [17] . The Newcas-
tle-Ottawa scale has 3 subscales: selection, comparability and out-
come (for cohort studies) or exposure (for case-control studies). 
On each subscale, studies were allocated stars according to spe-
cific criteria adjusted to the needs of this review. Adjustments to 
the original form are shown in  table 1 . 

  Representativeness of normal people for MS onset was evalu-
ated mainly by sample size and, for MS relapse, by the inclusion 
or not of relapsing-remitting MS (RRMS) cases, which constitute 
the majority (85–90%) of MS patients  [18] . Small sample sizes in 
relapse studies were considered somewhat representative. Single 
major life events or structured validated interviews are both con-
sidered valid enough for stress exposure and were allocated stars 
 [11] . Where necessary, modifications to valid measures of MS-
related stress by researchers did not affect the quality of the study, 
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  Table 1.   Newcastle-Ottawa quality assessment scale for observational studies 1

Newcastle-Ottawa quality assessment scale for cohort studies (modified) Newcastle-Ottawa quality assessment scale for case-control studies (modified)

 Selection  Selection 
1 Representativeness of the stress-exposed cohort 1 Is the MS diagnosis or relapse definition adequate (clinical and/or 

a

b

c

d

truly representative of the average normal people (for onset) or of 
MS patients in the community (for relapse)*
somewhat representative of the average normal people (for onset) 
or of MS patients in the community (for relapse)*
selected small group of normal people (for onset) or not 
representative MS group of patients (for relapse)
no description of the derivation of the cohort

radiological criteria)?
a
b
c

yes (e.g. with independent validation)*
yes (e.g. record linkage or based on self-reports)
no description

2 Selection of the non-stress-exposed cohort 2 Representativeness of the cases
a

b
c

drawn from the same community as the exposed cohort (for onset) 
or from a selected MS cohort (for relapse)*
drawn from a different source
no description of the derivation of the non-exposed cohort

a
b

consecutive or obviously representative series of cases*
potential for selection biases or not stated

3 Ascertainment of stress exposure 3 Selection of controls
a
b
c

d

single major life event (e.g. loss of a child)*
validated measure (e.g. interview)*
written self-report (e.g. diaries) or unvalidated measure
(e.g. modifications of a validated measure or other)
no description

a

b

c

community controls (for onset) or forming a selected MS group 
(for relapse)*
hospital controls (for onset) or other chronic diseases with 
relapsing-remitting course
no description

4 Demonstration that MS diagnosis or relapse was not present at start of 4 Definition of controls
study a

b
no history of MS or no relapse*
no description of sourcea

b
yes*
no

 Comparability  Comparability 
1 Comparability of cohorts on the basis of the design or analysis 1 Comparability of cases and controls on the basis of the design or analysis

a

b

study controls adequately for age or gender or educational level or 
marital status or residency or disease characteristics*
study controls adequately for possible triggering factors
(e.g. infections) or support or coping or depression or anxiety or 
optimism or health locus of control*

a study controls adequately for age or gender or educational level or 
marital status or residency or disease characteristics*

b study controls adequately for possible triggering factors
(e.g. infections) or support or coping or depression or anxiety or 
optimism or health locus of control*

 Outcome  Exposure 
1 Assessment of MS diagnosis or relapse 1 Ascertainment of stress exposure

a

b
c
d

independent blind assessment with clinical and/or radiological 
criteria*
record linkage*
self-report or non-blinded assessment
no description (e.g. for blindness)

a
b
c
d

e

single major life event (e.g. loss of a child)*
validated measure (e.g. interview) where blind to case/control status*
validated measure not blinded to case/control status
written self-report or unvalidated measure (e.g. modified)
not blinded to case/control status 
no description of blindness

2 Was follow-up long enough (at least 1 year) for MS diagnosis or 2 Same method of ascertainment for cases and controls
relapse to occur (only for clinical criteria) a

b
yes*
noa

b
yes or radiological criteria for diagnosis*
no

3 Adequacy of follow-up of cohorts 3 Non-response rate
a
b

c
d

complete follow-up – all subjects accounted for*
subjects lost to follow-up unlikely to introduce bias –
>80% follow-up or description provided of those lost*
follow-up rate <80% and/or no description of those lost
no statement

a
b
c

same rate for both groups*
non-respondents described
rate different and no designation

Note: a study can be awarded a maximum of one star for each numbered
item within the Selection and Outcome categories.
A maximum of two stars can be given for Comparability.

Note: a study can be awarded a maximum of one star for each numbered 
item within the Selection and Exposure categories.
A maximum of two stars can be given for Comparability.

 1   Different criteria for studies referring to onset and relapse are designated in parentheses.* Quality star allocated if condition is satisfi ed.
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although other types of heuristic change, such as the adoption of 
rating scales for intensity of stressors, did reduce the quality (see 
selection question 3). Regarding comparability issues, we con-
structed two main categories of possible mediators or moderators 
of the stress-MS relationship: one of sociodemographic or disease 
factors, and the other of putative factors triggering MS (e.g. infec-
tions, exercise, smoking) or psychosocial factors ( table 1 )  [12–15] . 
Matching, stratification as well as multivariate analysis, and not 
single correlations or comparisons (e.g.  �  2  test, t test), were con-
sidered as the most proper methods of controlling for the above 
factors. We chose the commonly used 1-year follow-up period for 
MS onset or diagnosis to occur where clinical criteria were ad-
opted (for cohort studies)  [19] . This time restriction was not ap-
plied to radiological criteria because serial gadolinium-enhanced 
MRI has shown a development of 20 enhancing lesions each year 
in the average MS patient  [20] . Adequacy of follow-up was checked 
by the commonly used reference of 80% completeness. Quality 
assessments were conducted separately by the authors (A.K.A., 
E.C.A.) ( table 1 ).

  Results

  Findings
  The search for ‘stress and multiple sclerosis’ resulted 

in 832 articles, from which we retrieved 26 studies con-
cerning stress and MS, 6 referring to MS onset and the 
remaining ones to MS relapse  [21–46] . Only 1 of the 6 
studies concerning onset was designated as a retrospec-
tive cohort study  [30] . The remaining 5  [23, 39, 44–46]  
were case-control studies, and 1 of them, by Warren et al. 
 [46] , elaborated on the results of a previous publication 
and was excluded. Regarding MS relapse, 9 studies were 
designated as cohort studies (follow-up)  [26–29, 32–36] , 3 
as case-control studies  [37, 40, 43] , 5 as cross-sectional 
studies, and 1 as a case series. The case series  [24]  (report 
on exacerbation of MS in 6 female patients undergoing 
assisted reproductive procedures) and the cross-sectional 
studies (3 reporting on exacerbation of the disease during 
a war period  [21, 22, 25] , 1 denying it  [42]  and 1 internet-
based self-report on stress  [31] ) were excluded. Two stud-
ies in favor of the stress-MS relapse relationship were re-
tained as abstracts, and they were excluded from analysis 
(citations of the two studies: 28  [38] , 4  [41] ). 

  Characteristics of Included Studies
  In total, 245 patients, mainly women approximately in 

the middle of their 30s, were studied in case-control stud-
ies, while the only cohort study used a large sample ( ta-
ble  2 ). All but one study by Palumbo et al.  [39]  report 
valid criteria for MS diagnosis. Stress measurement was 
mainly focused on the environmental approach to stress, 
meaning that patients were asked questions about stress-

ors in their lives, either in the form of interviews or by 
record linkage to stressful events such as loss of a child in 
the cohort study  [30] . The only exception were Warren et 
al.  [45] , who also asked patients about how unwanted the 
stress by the stressor they had described was, in relation 
to their usual experience. Palumbo et al.  [39]  and Warren 
et al.  [45]  were the only research teams that used unvali-
dated interviews. As seen in  table 2 , there is limited in-
formation about disease duration and disability, with a 
trend towards below 10 years and limited disability, re-
spectively. Two case-control studies  [39, 44]  focused on 
stress occurrence 1 year prior to onset of symptoms, one 
study at 2 years prior to onset  [45] , and one study at 3 
years prior to diagnosis of MS  [23] .

  The total number of patients examined in all MS re-
lapse studies is 775 (429 in case-control studies), mostly 
patients with a remitting-relapsing course and females 
with a mean age of 38.9 years, a mean duration of disease 
of 8.3 years and a mean EDSS score of less than 6 (exclud-
ing common samples among studies or missing or vague 
data). The duration of follow-up studies was generally 
above 1 year, and case-control studies examined a period 
of 3–6 months before relapse. Risk time for relapse was 
defined differently among follow-up studies and ranged 
from 2 to 12 weeks (except for the studies by Brown et al. 
 [28, 29] , which assessed stress in 3-monthly intervals over 
2 years), depicting either the rate of stress assessment or 
the time inserted into the Cox regression models with 
time-dependent covariates. Two studies used MRI crite-
ria for relapse diagnosis, while the others used only clin-
ical criteria  [35, 36] . Clearly, there is a marked diversity of 
stress measurements, with the majority of studies using 
validated tools, except for the studies by Potagas et al.  [27]  
and Buljevac et al.  [33] , which used only diaries, the study 
by Gasperini et al.  [40] , which used an unvalidated mea-
sure of stress, and the two published studies by Mohr et 
al.  [35, 36] , which used a modified version of the Social 
Readjustment Rating Scale (SRRS). All studies focused on 
the environmental approach to stress, except for Mohr et 
al.  [36] , who measured psychological distress, and anoth-
er study by Ackerman et al.  [32] , which measured cardio-
vascular reactivity to acute experimental stressors.

  Methodological Quality
  Cohort (Follow-Up) Studies
  Regarding MS onset, the sole retrospective cohort 

study did not show major problems, except that it did not 
control for other triggering or psychosocial factors for MS 
 [30] . As for selection criteria for MS relapse, all cohort 
studies selected patients somewhat representative of the 
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average MS patient in their community, meaning mainly 
relapsing-remitting patients under immunomodulatory 
therapy. MS patients were interchangeably classified as 
stress exposed or not across the follow-up time, thus there 
were no periodical differences across groups. Ascertain-
ment of stress exposure was principally made using vali-
dated measures, except for two studies which used writ-
ten self-reports (weekly diaries)  [27, 33]  and one research 
group which used a modified version of the SRRS  [35, 36] . 
Finally, all groups ascertained that MS relapse was not 
present at the beginning of the study. Most problems were 
detected in the comparability section ( tables 2 ,  3 ). Only 
four studies managed to control for both sociodemo-
graphic or disease characteristics and triggering factors 
or possible moderators of the stress-MS relationship  [27–
29, 35] . Two studies controlled for only the first category 
of factors  [32, 36] , and one for the second category  [33] . 
Two studies did not control (adequately or at all) for any 
of them  [26, 34] . All studies scored a maximum number 
of stars on the outcome subscale, except for the study by 
Brown et al.  [28, 29] , in which only 51% of the participants 
had completed the interviews at 24 months. However, re-
searchers performed a weighted analysis and reduced the 
possible bias in the final results.

  Case-Control Studies 
  Regarding MS onset studies, all but one gave an ade-

quate definition of MS diagnosis  [39] . Two studies were 
found to be prone to selection bias due to the lack of a 
consecutive case selection or obviously representative se-
ries of cases  [39, 44] . Only one study used a well-described 
community control group  [44] , and two studies used hos-
pital controls  [39, 45] , increasing the risk for bias due to 
disease characteristics. All controls had no history of MS. 
Proper comparability was present only for sociodemo-
graphic factors. Two studies used validated tools for 
stress, but the researchers could not be blinded to case-
control status  [23, 44] ; one study used nonvalidated tools 
without blinding  [45] , and the study by Palumbo et al. 
 [39]  used a nonvalidated tool with no description of the 
blinding procedure. The ascertainment of stress expo-
sure was not considered the same in two studies by Liu et 
al.  [23]  and Grant et al.  [44]  because MS patients having 
had the disease already for approximately 2 years were 
asked about stress exposure 3 years and 1 year before MS 
onset, respectively, while healthy controls were asked 
about stress exposure during the same time periods be-
fore the time of the interview. Thus, the recall bias was 
different (against the hypothesis tested), and we could 
also deduct the absence of blinding to disease status. The 

remaining two studies used unhealthy controls, and so 
they did not face this problem  [30, 45] . The response rate 
was not a problem in any of the studies.

  As for MS relapse, the relapse definitions were deemed 
adequate,      though      unusual,      but     in     the     study     by     Kroen-
cke and Denney  [37] , questionnaires on symptoms were 
mailed to patients, increasing the risk for bias. The same 
study was also prone to bias concerning the representa-
tiveness of cases since only patients registered in the Na-
tional Multiple Sclerosis Society were included  [37] . Se-
lection and definition of controls did not constitute a 
problem in the three case-control studies, except for the 
study by Kroencke and Denney  [37] , in which the defini-
tion of controls was dubious for the reason mentioned 
above. Comparability was adequate only in the Kro-
encke/Denney study, in contrast to the other two, which 
did not take into account other factors than age, sex and 
disability; in case of the study by Warren et al.  [43] , con-
trol for coping and emotional disturbance was inade-
quate according to our criteria. Two studies used vali-
dated tools for stress, but they were not blinded to disease 
status  [37, 43] , and the other study  [40]  used an unvali-
dated interview without blinding. The method of ascer-
tainment of exposure and the nonresponse rate was not a 
problem in any of the studies.

  Overall, the percentages of both cohort and case-con-
trol studies reaching the maximum number of stars for 
selection (maximum: 4 stars), comparability (maximum: 
2 stars) and exposure/outcome (maximum: 3 stars) are 
the following: 47, 29.4 and 47%, respectively. Also, selec-
tion and exposure problems were identified mostly in 
case-control studies, where only two studies reached the 
maximum number of stars for the selection criterion  [40, 
43]  ( table 3 ).

  Main Results regarding Stress and MS Relationship
  Studies on MS Onset
  In the study by Liu et al.  [23] , MS patients reported 

more negative life events and family problems and less 
utilization of social support 3 years before disease diag-
nosis than healthy controls. The MS group suffered more 
often from negative emotions such as symptoms of de-
pression, anxiety, obsession, phobia, tense interpersonal 
relationship and somatization disorder, all of which were 
positively correlated with negative life events and family 
problem scores, and negatively with utilization of social 
support. Personality did not differ among groups. In a 
large retrospective cohort study in the Danish popula-
tion, parents who had lost a child younger than 18 years 
were at greater risk of MS (hazard ratio, HR: 1.56; 95% CI: 
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  Table 2.   Main characteristics of studies concerning stress and MS onset and relapse relationship

Study type Criteria for MS diagnosis Stress measurement Number of participants (male/female, 
number or ratio)

 Studies on stress and MS onset (reverse chronological order) 
Liu et al. 2009 [23] Case-control Poser Life Event Scale 41 patients (15/26) vs. 41 healthy (15/26)
Li et al. 2004 [30] Retrospective cohort 

(follow-up; 16 years)
Poser, Allison and Millar Single stressor (loss of child) 21,062 exposed parents vs. randomly 

selected 293,745 not exposed parents
Palumbo et al.
1998 [39]

Case-control Lack of bibliographical support Structured unvalidated interview 
modeled upon DSM-IV

65 patients (25/40) (32 RRMS, 11 PPMS,
22 SPMS) vs. 27 unhealthy (15/12)
(chronic polyneuropathies)

Grant et al. 1989 [44] Case-control Poser Life Events and Difficulties Schedule 39 patients (10/29) vs. 40 healthy (10/30)
Warren et al.
1982 [45]

Case-control Schumacher Interview based on a modified version 
of Social Readjustment Rating Scale;
unwanted stress questions

100 patients (1/2.3) vs. 100 matched 
unhealthy (other neurological and 
rheumatologic diseases)

Type of study (duration 
or mean follow-up)

Relapse criteria Stress measurement Risk time period 3 

 Studies on stress and MS relapse/exacerbation (reverse chronological order) 
Mitsonis et al.
2008 [26]

Follow-up
(mean: 56.3 weeks)

Clinical 4  (24 h) Weekly diary; Recent Life Changes 
Questionnaire 

4 weeks

Potagas et al.
2008 [27]

Follow-up (1 year) Clinical 4  (24 h) Weekly diary 4 weeks

Brown et al.
2006 [28]

Follow-up (2 years) Clinical 4  (telephone-
administered questionnaire and, 
whenever possible, clinician 
involvement; 48 h)

Life Events and Difficulties Schedule Multiple times checked (3 monthly 
intervals over 2 years)

Brown et al.
2006 [29]

Follow-up (2 years) Clinical 4  (telephone-
administered questionnaire and, 
whenever possible, clinician 
involvement; 48 h)

Life Events and Difficulties Schedule Multiple times checked   (3 monthly 
intervals over 2 years)

Ackerman et al.
2003 [32]

Follow-up (1 year) Clinical 4  (48 h) Psychiatric Epidemiologic Research 
Interview; Life Events and Difficulties 
Schedule; cardiovascular reactivity to 
acute experimental stressor 

6 weeks

Buljevac et al.
2003 [33]

Follow-up
(average: 74 weeks)

Clinical 4  (24 h) Weekly diaries 2, 3, 4 and 5 weeks

Ackerman et al.
2002 [34]

Follow-up (1 year) Clinical 4  (48 h) Psychiatric Epidemiologic Research 
Interview;
Life Events and Difficulties Schedule

6 weeks

Mohr et al.
2002 [35]

Follow-up (RRMS mean: 
50.13 weeks; SPMS 
mean: 77.6 weeks)

MRI 5 Modified Social Readjustment
Rating Scale (by telephone 24 h
before monthly MRI)

8 weeks

Mohr et al.
2000 [36] 

Follow-up (RRMS mean: 
50.13 weeks; SPMS 
mean: 77.6 weeks)

Clinical 6  MRI 5 Modified Social Readjustment Rating 
Scale – Hassles scale; 
profile of Mood States (by telephone 
24 h before monthly MRI)

Multiple times checked (4, 8, 12 weeks)

Kroencke and
Denney 1999 [37]

Case-control Clinical 7  (questionnaires 
delivered by mail)

Hassles scale;
Uplifts Scale

6 months

Gasperini et al.
1995 [40]

Case-Control Clinical 6 Structured unvalidated interview
with 9 stress categories

3 months

Warren et al.
1991 [43]

Case-Control Clinical 8 Hassles scale;
Uplifts scale

3 months

 PPMS = Primary progressive MS; SPMS = secondary progressive MS.  1  Time 
period checked for stress occurrence before onset of symptoms or diagnosis of MS.
 2  Expanded Disability Status Scale.  3  Time period checked for stress occurrence 
before relapse.  4  Exacerbation was defined as worsening of existing symptoms or 
appearance of new symptoms lasting more than 24 or 48 h (according to stress), 
after at least 30 days of improvement or stability, not associated with fever.  5  Ex-
acerbation was defined as the presence of 1 or more Gd+ lesions not visible on the 
previous MR image.  6  Exacerbation was defined as an increase of 1 point on the 

EDSS from the previous examination or more than 24 h.  7  Exacerbation phase was 
defined as a period of less than 6 months during which 1 or more symptoms of MS 
were continuously present. Chronic patients were defined as those having symp-
toms persisting more than 6 months, and patients in remission as those having 
had no symptoms during the previous 6 months.  8  Exacerbation was defined as 
the sudden appearance of a symptom typical of MS which may have been new to 
participants or experienced during a previous relapse. Remission was defined as 
no symptoms in the previous 6 months.
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Mean age, years Time before onset/
diagnosis of MS 1 

Mean duration of MS
years

Mean EDSS score 2 Factors adequately controlled for (method)

37.44 vs. 36.38 3 years before diagnosis 2.53 Not mentioned Age, sex, educational level (matching)
Age, sex, education, residence, family structure 
(multivariate analysis)

34 vs. 56 1 year before onset 7 Not mentioned None

35.6 vs. 35.7 1 year before onset Median time: 2 2.2 Age, sex, marital status, socioeconomic status (matching)
Not mentioned 2 years before onset 66% of patients 

developed symptoms 
between 20 and 39

2/3; ambulatory, 
either with cane or 
without

Age, sex, race, residency (matching)

Number of participants
(male/female, number or ratio)

Mean age
years

MS duration, years Mean EDSS score 2 Factors adequately controlled for (method)

26 RRMS (0/26) 33.5 6.5 0.4 None

37 RRMS (0/37) 32.8 3.6 0.47 Duration of disease, infection, anxiety
(multivariate analysis) 

101 (20/81); 70 RRMS, 31 SPMS 42.6 8.3 3.6 Multiple sociodemographic factors, MS disability, MS 
type, memory scores, smoking (multivariate analysis)

101 (20/81); 70 RRMS, 31 SPMS 42.6 8.3 3.6 Multiple sociodemographic factors, fatigue, MS type, 
MS disability, MS therapy, other medications, cogni-
tive function, coping, social support, optimism, health 
locus of control, lifestyle factors (multivariate analysis)

50 (0/50); 45 RRMS, 5 SPMS 39.8 9.7 2.7 MS disability, immunomodulatory therapy 
(multivariate analysis)

73 RRMS (16/56) 39.9 5.2 2.6 Infections (multivariate analysis)

23 RRMS (0/23) 39.4 7.9 3 None

36 (14/22); 17 RRMS, 19 SPMS RRMS: 39.8
SPMS: 48.1

Not mentioned RRMS: 1.6
SPMS: 5

Coping, treatment with interferon (multivariate 
analysis)

36 (14/22); 17 RRMS, 19 SPMS RRMS: 39.8
SPMS: 48.1

Not mentioned RRMS: 1.6
SPMS: 5

MS type (stratification)

61 (20/41; separated into 3 
groups) 7 

48.2 Exacerbation group: 6.3
Chronic group: 15.6
Remission group: 13.3

Not measured Duration of MS, symptoms of MS, coping (analysis of 
covariance)

89 RRMS case-control pairs 
(27/62) (patients in relapse vs. 
patients in remission)

35.6/35.3 7.4/7.9 1.7/1.5 Age, sex, MS disability (matching)

95 RRMS case-control pairs 8 
 (1/2.3)

Exacerbation group: 34
Remission group: 36

Onset between 20 and 39 
(71% for exacerbation 
group and 81% for 
remission group)

Walking unaided 
(74% of exacerbation 
group and 83% of 
remission group)

Age, sex (matching)



 Artemiadis   /Anagnostouli   /Alexopoulos   

 

Neuroepidemiology 2011;36:109–120116

  Table 3.   Quality assessment of observational studies on stress and MS onset and relapse 1

Selection 1 Selection 2 Selection 3 Selection 4 Comparability 1 Exposure 1
Outcome 1

Exposure 2
Outcome 2

Exposure 3
Outcome 3

Total

 Studies on stress and MS onset (reverse chronological order) 
Liu
et al. 2009 [23]

1 1 0c 1 1a 0c 0 1 selection: 3
comparability: 1
exposure: 1

Li
et al. 2004 [30]

1a 1 1a 1 1a 1b 1 1a selection: 4
comparability: 1
outcome: 3

Palumbo
et al. 1998 [39]

0c 0 0b 1 0 0e 1 1 selection: 1
comparability: 0
exposure: 2

Grant
et al. 1989 [44]

1 0 1 1 1a 0c 0 1 selection: 3
comparability: 1
exposure: 1

Warren
et al. 1982 [45]

1 1 0b 1 1a 0d 1 1 selection: 3
comparability: 1
exposure: 2

 Studies on stress and MS relapse (reverse chronological order) 
Mitsonis
et al. 2008 [26]

1b 1 1b 1 0 1a 1 1b selection: 4
comparability: 0
outcome: 3

Potagas
et al. 2008 [27]

1b 1 0c 1 2 1a 1 1b selection: 3
comparability: 2
outcome: 3

Brown
et al. 2006 [28]

1b 1 1b 1 2 1a 1 0c selection: 4
comparability: 2
outcome: 2

Brown
et al. 2006 [29]

1b 1 1b 1 2 1a 1 0c selection: 4
comparability: 2
outcome: 2

Ackerman
et al. 2003 [32]

1b 1 1b 1 1a 1a 1 1a selection: 4
comparability: 1
outcome: 3

Buljevac
et al. 2003 [33]

1b 1 0c 1 1b 1a 1 1b selection: 3
comparability: 1
outcome: 3

Ackerman
et al. 2002 [34]

1b 1 1b 1 0 1a 1 1a selection: 4
comparability: 0
outcome: 3

Mohr
et al. 2002 [35]

1b 1 0c 1 2 1a 1 1a selection: 3
comparability: 2
outcome: 3

Mohr
et al. 2000 [36]

1b 1 0c 1 1a 1a 1 1a selection: 3
comparability: 1
outcome: 3

Kroencke and
Denney 1999 [37]

0b 0 1 0 2 0c 1 1 selection: 1
comparability: 2
exposure: 2

Gasperini
et al. 1995 [40]

1 1 1 1 1a 0d 1 1 selection: 4
comparability: 1
exposure: 2

Warren
et al. 1991 [43]

1 1 1 1 1a 0c 1 1 selection: 4
comparability: 1
exposure: 2

 1   Numbers represent the stars allocated to each question, and letters, where needed, represent the subcategory of questions for which studies were 
more suitable (see table 1 for guidance).
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1.05–2.31) than parents who had not, but this difference 
was only significant for the 8- to 17-year follow-up period 
(HR: 2.25; 95% CI: 1.32–3.81)  [30] . Interestingly, the over-
all risk was nearly twice as high for those parents who had 
lost their child unexpectedly (HR: 2.13; 95% CI: 1.13–
4.03). The case-control study by Palumbo et al.  [39]  sug-
gested that although MS patients reported more stressful 
life events (especially family problems such as serious ill-
ness and interpersonal conflicts) for the 1 year preceding 
onset than patients with chronic polyneuropathies (24.6 
vs. 14.8%), the difference was not statistically significant. 
In the study by Grant et al.  [44] , MS patients more often 
reported a marked adversity in the year before onset (77 
vs. 35%; p  !  0.001) than did matched healthy controls, 
and this excess was most evident in the 6 months before 
onset. Interestingly, marital, parental and sibling diffi-
culties were reported significantly more frequently by MS 
patients. In the oldest case-control study, a significantly 
higher proportion of MS patients reported unwanted 
stress (79 vs. 54%) and 3 or more events (36 vs. 13.5%) in 
the 2 years preceding onset than did unhealthy controls 
 [45] . Major differences were documented as problems re-
lated to family, marriage, pregnancy, finances and change 
of residency or lifestyle.

  Studies on MS Relapse
  One recent follow-up study in Greece showed that 3 or 

more life events during a 4-week period (HR: 5.36; 95% 
CI: 1.74–16.46) or at least 1 long-term event lasting at least 
10–14 days (HR: 3.03; 95% CI: 1.01–9.13) per month were 
associated with increased risk of relapse in the following 
4 weeks, whereas the number of short-term events, the 
type and the severity of stressors did not  [26] . In a similar 
study, 3 or more events and not severity were associated 
with increased rate of relapses (HR: 8.9; 95% CI: 3.4–
23.5), and not surprisingly, anxiety levels, measured by 
the Hamilton Rating Scale, were markedly increased with 
3 or more stressors per month and severe stressors  [27] . 
In both studies, family/marital and professional/finan-
cial problems seemed to have been reported most, but 
they did not have a significantly different impact on re-
lapse risk  [26, 27] . 

  In one follow-up study by Brown et al.  [28] , acute (last-
ing less than 6 months) stressor frequency (odds ratio, 
OR: 1.3; 95% CI: 1.1–1.5), being male (OR: 4; 95% CI: 1.6–
9.8) and disability score (OR: 0.5; 95% CI: 0.4–0.8) were 
related to risk of relapse. A bidirectional relation between 
stress and MS relapse was also documented. In another 
study in the same group of patients, acute stressor fre-
quency (OR: 1.3; 95% CI: 1.1–1.4) and coping responses 

that utilize social support (OR: 1.1; 95% CI: 1–1.2), but not 
chronic stressors, disease and demographic, psychosocial 
(such as depression, anxiety, health locus of control, op-
timism) or lifestyle factors (such as substance abuse, sleep 
quality, exercise, relaxation techniques) were found to 
predict MS relapse  [29] . Interestingly, stressors, age, cop-
ing and relaxation training accounted for 33–42% of the 
variance in relapse occurrence. 

  A study by Ackerman et al.  [32]  showed that 42% of 
documented life events were associated with exacerba-
tion in the following 6 weeks, and that 30% of the vari-
ance in the proportion of weeks ill was explained by dis-
ability level, benzodiazepine usage, cardiovascular reac-
tivity to laboratory acute stress, baseline heart rate and 
life event density. Severe short-term threat (lasting less 
than 2 weeks), but not long-term threat (except for severe 
ones) or type of stressor, were related to MS course. Par-
ticipants with pronounced autonomic response to acute 
laboratory stress and increased number of life events were 
more likely to relapse within 6 weeks. In a similar study 
by the same group of researchers  [34] , 85% of stressors 
were linked to relapse within 6 weeks, and an increase in 
frequency of life events was associated with greater likeli-
hood of MS exacerbation (HR: 13.18; 95% CI: 1.67–104.39). 

  The follow-up study by Buljevac et al.  [33]  showed that 
even the presence of a single stressor renders patients at 
risk for exacerbation 4 weeks after (relative risk: 2.2; 95% 
CI: 1.2–4.0), and interestingly, multiple stressors per 
month did not provoke a significant increase in the risk.

  Mohr et al.  [35, 36]  conducted two follow-up studies 
using radiological criteria for the diagnosis of MS relapse. 
In the most recent one, conflict and disruption in routine 
(e.g. family or job conflict), a subscale derived from the 
modified SRRS, was significantly related to increased 
odds of appearance of new Gd+ lesions 8 weeks later (OR: 
1.62; 95% CI: 1.12–2.34)  [35] . Furthermore, the interac-
tion between distraction, as a coping mechanism, and 
conflict and disruption in routine was significantly re-
lated to decreased odds of appearance of new Gd+ lesions 
8 weeks later (OR: 0.69; 95% CI: 0.49–0.98). In contrast, 
distraction alone was not significantly related to new le-
sion formation, thus distraction may be a moderating fac-
tor in the stress-relapse relationship. The second study 
came up with similar results regarding conflict and dis-
ruption in routine for both RRMS and secondary pro-
gressive MS patients (OR: 1.64; 95% CI: 1.22–2.20)  [36] . 
Surprisingly, psychological distress, which is considered 
a mediator of the stress-disease relationship, was not re-
lated to clinical exacerbation of MS in either group of pa-
tients  [36] . 
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  In the most recent case-control study, 61 patients were 
separated into 3 groups according to clinical symptoms 
of MS during the study time ( table 2 )  [37] . The subgroups 
were different with respect to hassle frequency, hassle to-
tal intensity scores and use of passive avoidant or aggres-
sive coping. The exacerbation subgroup had higher hassle 
and coping scores compared with the chronic group, but 
not compared with the remission group. Controlling for 
duration of disease and symptoms, the difference in has-
sle scores remained, but coping as a factor was eliminat-
ed. Another case-control study found no relation be-
tween 9 categories of ‘unusual’ stressors and exacerbation 
of MS  [40] . In the last case-control study, relapse patients 
scored higher on emotional disturbance (questionnaire 
on somatic symptoms, anxiety, depression and social 
dysfunction) and intensity of stressful events, but lower 
on frequency of compensating uplifts, compared to re-
mission patients  [43] . There was also a tendency for MS 
patients in remission to favor emotion-focused coping 
over problem-solving or social support  [43] . However, all 
these stress-related measures accounted for only 10% of 
the variance in exacerbation rates.

  Conclusions 

  In this review, we tried to elucidate the stress-MS rela-
tionship following a systematic approach to the observa-
tional longitudinal studies published in the last 30 years 
in the MEDLINE database. Our conclusions are as fol-
lows. Firstly, there are only few studies (26 in total) on the 
stress-MS relationship in relation to the 30-year period, 
the majority of which referring to MS relapse (20 in total). 
Follow-up studies regarding stress and MS onset are 
scarce, although for stress and MS relapse, it has been the 
main study design used for the last 11 years.

  Secondly, in general, the stress-MS relationship has 
been tested in normal or MS subjects representative of the 
community. The stress measurements were quite hetero-
geneous and mainly limited to the environmental ap-
proach, with three exceptions measuring cardiovascular 
reactivity to laboratory stress and psychological distress 
 [32, 36, 45] . Perceived stress was not measured in any of 
the studies. The extended subanalysis of stress measures 
for different stress aspects discouraged us from conduct-
ing a meta-analysis. Diagnosis of MS onset and relapse 
was mainly clinical, with the exception of one study group, 
for which radiological criteria were used  [35, 36] . In gen-
eral, studies on MS onset used a time window above 1 
year, while follow-up and case-control studies used a time 

window below 3 months and above 3 months, respective-
ly, with only one research group exception  [28, 29] .

  Thirdly, most studies failed to control for triggering 
and/or psychosocial factors for the stress-MS relation-
ship. In addition, the case-control studies faced quality 
problems concerning several aspects of participant selec-
tion, whereas blinding of researchers to clinical status 
posed a big methodological challenge.

  Fourthly, all studies were in favor of the stress-MS re-
lationship, with only two exceptions  [39, 40] . The hetero-
geneity of stress measurements did not allow us to draw 
any secure conclusions about several stress aspects such 
as the number, chronicity, type and severity of stressors. 
Finally, coping seems to arouse the greatest research in-
terest, but results are equivocal.

  Information about biological mechanisms mediating 
the stress-MS relationship mainly comes from animal 
studies of the experimental autoimmune encephalomy-
elitis (EAE) model. Acute stress seems to act enhancing 
prior to EAE induction, but chronic stress acts suppres-
sively both prior to and after EAE induction  [47] . This is 
in accordance with general concepts of the effects of 
stress on the immune system, according to which (1) 
acute stress is immunoenhancing and favors both Th1 
and Th2 immune responses, and (2) chronic stress is im-
munosuppressive and there is downregulation of im-
mune responses (mainly the Th1 type, which predomi-
nates in MS inflammation), a shift to Th2 responses, dys-
regulation of the hypothalamic-pituitary-adrenal (HPA) 
axis and peripheral glucocorticoid resistance  [48] . In ad-
dition, a hyposensitive and hyporesponsive HPA axis has 
been documented, mainly due to diminished drive by 
proinflammatory cytokines in the course of EAE  [47] . 

  In MS patients there is a hyperactivity or hyporeactiv-
ity of the HPA axis  [47] . Notably, the latter has been cor-
related with a high incidence of hypothalamic lesions and 
an adverse clinical course  [47] . Hyperactivity of the HPA 
axis is hypothesized to be the result of a shift from corti-
cotropin-releasing hormone to arginine vasopressin pep-
tide production, which is less sensitive to cortisol negative 
feedback  [49] . One other hypothesis is that hyperactivity 
could be explained by neurodegeneration causing damage 
by the neural projections of regulatory brain areas (such as 
the hippocampus and medial prefrontal cortex) on the hy-
pothalamus  [49] . This is in accordance with the dexameth-
asone-corticotropin-releasing hormone test, which shows 
a decreased HPA feedback correlated with global brain at-
rophy  [47, 49] . Finally, hyperactivity of the HPA axis often 
coexists with peripheral glucocorticoid and catecholamine 
resistance, meaning less control of inflammation  [49] .
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  Two main limitations of this review are that we 
searched only the MEDLINE database, and only for stud-
ies published since 1980. Thus, there is always the possi-
bility that we have missed studies in other databases and 
published before 1980. However, we used no specific lim-
its, thus increasing the sensitivity of the search method. 
We would also like to report that we identified only a few 
missed studies cited in the papers presented above, most 
of which were conducted before 1980. In addition, there 
could always be problems such as publication bias due to 
underreporting of negative results and gray literature.

  Case-control studies are least capable of establishing a 
causal relationship between stress and MS onset or re-
lapse due to recall bias, information bias caused by diag-
nosis- or relapse-related stress and making sense (‘vaga-
ries in recall’)  [29, 50–52] . Follow-up studies have to deal 
with the temporal relationship between stress and MS 
since clinical criteria for relapse do not always correspond 
to inflammation processes, and newer brain imaging 
techniques detect changes at least 1 month before the 
 appearance of clinical symptoms and Gd+ MR images 
 [53–57] . Thus, we recommend Gd-enhancing lesions
for relapse diagnosis and a 2-month or lower limit for 
stress measurement. Additionally, in the absence of a
gold standard measure of stress, we recommend a mul-
tidisciplinary approach while controlling for putative 

confounders  [11] . Finally, apoptosis of oligodendrocytes 
early in the course of the disease denotes different non-
inflammatory pathways accounting for MS onset and re-
lapse  [16, 58] . We raise the hypothesis that the risk of MS 
could be determined in early childhood when multiple 
factors such as stress could render oligodendrocytes vul-
nerable later in life  [59–62] .

  In conclusion, there is evidence that stress can influ-
ence MS onset and its clinical course. For that reason, we 
encourage clinicians to embrace stress and stress man-
agement in their clinical decision making and practice 
with MS patients. We finally hope that this review will 
encourage researchers to investigate the role of stress 
management techniques in the clinical course of the dis-
ease.
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