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Association between stressful life events and exacerbation in
multiple sclerosis: a meta-analysis
David C Mohr, Stacey L Hart, Laura Julian, Darcy Cox, Daniel Pelletier

Abstract
Objective To quantify the association between stressful life
events and exacerbations of multiple sclerosis.
Data sources PubMed, PsychInfo, and Psychological Abstracts
searched for empirical papers from 1965 to February 2003 with
terms “stress”, “trauma”, and “multiple sclerosis”.
Review methods Three investigators independently reviewed
papers for inclusion/exclusion criteria and extracted the
relevant data, including methods, sample statistics, and
outcomes.
Results Of 20 studies identified, 14 were included. The
meta-analysis showed a significant increase in risk of
exacerbation in multiple sclerosis after stressful life events, with
a weighted average effect size of d = 0.53 (95% confidence
interval 0.40 to 0.65), P < 0.0001. The studies were
homogenous, Q = 16.62, P = 0.22, I 2 = 21.8%. Neither
sampling nor study methods had any effect on study outcomes.
Conclusions There is a consistent association between stressful
life events and subsequent exacerbation in multiple sclerosis.
However these data do not allow the linking of specific stressors
to exacerbations nor should they be used to infer that patients
are responsible for their exacerbations. Investigation of the
psychological, neuroendocrine, and immune mediators of
stressful life events on exacerbation may lead to new
behavioural and pharmacological strategies targeting potential
links between stress and exacerbation.

Introduction
Multiple sclerosis is a chronic, often disabling disease in which
the immune system attacks the myelin sheath of axons of the
central nervous system.1 Most people with multiple sclerosis have
a relapsing form of the disease, characterised in part by exacer-
bations in which symptoms appear suddenly within 24 hours.
These symptoms remit slowly over the course of weeks or
months but often can leave some residual impairment.
Symptoms vary considerably across patients and can include loss
of function or feeling in limbs, loss of bowel or bladder control,
sexual dysfunction, debilitating fatigue, blindness due to optic
neuritis, double vision, loss of balance, pain, loss of cognitive
functioning, and emotional changes.

Numerous triggers of exacerbation have been proposed,
including bacterial or viral infections that cause T cells to
“mistake” myelin proteins for these antigens, bacterial “superan-
tigens,” physical injury, or stressful life events.2 Of these, the role
of stressful life events has been by far the most controversial.3

The notion that psychological stress might trigger exacerba-
tion dates back more than 100 years to Charcot, who speculated

that grief, vexation, and adverse changes in social circumstance
were related to the onset.4 Most patients with multiple sclerosis
believe that stressful events can cause or contribute to their exac-
erbations.5 Over the past decades numerous empirical studies of
the question have been published. Goodin et al’s qualitative
literature review on the effects of stress on clinical exacerbation
arrived at an equivocal conclusion.3 While the review contained
careful discussions of each paper included, it did not include all
relevant studies and did not use quantitative meta-analytic tech-
niques. Furthermore, several important studies have been
published since this review.

To clarify the present state of empirical research we
conducted a systematic review and quantitative meta-analysis to
evaluate and quantify the association between stress and clinical
exacerbation in multiple sclerosis.

Methods
Identification of studies
We searched PubMed, PsychInfo, and Psychological Abstracts
from 1965 to February 2003 using the terms “stress”, “trauma”,
and “multiple sclerosis”. Potential unpublished data sources were
obtained by using the same keywords in a search on the database
of computer retrieval of information on scientific projects
(National Institutes of Health). This database includes federally
funded ongoing projects. On the basis of title and abstract we
manually examined English and non-English reference lists of
all articles to locate any other referenced journal articles not
identified in the preliminary search.

Inclusion criteria
We included studies if they used standardised diagnosistic crite-
ria for multiple sclerosis (for example, Schumacher6 or Poser7)
with a relapsing course equivalent to current classifications of
relapsing-remitting or secondary progressive, or both; exacerba-
tion was confirmed by a neurologist; they used standardised or
standard checklist methods through interview or questionnaire
to measure stressful life events; they used case-control or
longitudinal design; and they provided enough information
about results to allow us to compute an estimate of effect size
(such as means and standard deviations; group percentages, etc).
We excluded studies if stress could not be distinguished from
psychopathology or “temperament”; stress included only
physical trauma (for example, head injury) or a medical
condition, as these might be confounded with outcome
measurement; there was no clear effect size or test statistic that
allowed us to compute an effect size; or the same data were used
for two reports.
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Coding of studies
Three authors (DCM, LJ, SLH) reviewed all eligible studies. They
coded studies on design (case-control v longitudinal prospec-
tive); outcome (first diagnosed exacerbation v exacerbation in a
diagnosed sample); type of patients, included relapsing-remitting
multiple sclerosis v secondary-progressive multiple sclerosis
(studies before this distinction were presumed to contain both);
use of validated v unvalidated measure of stress; use of self report
v structured interview assessment of stress; age; proportion of
female patients; and method used to identify exacerbation of
multiple sclerosis (judgment of neurologist, change on a
standardised neurological exam called the expanded disability
status score,8 or retrospective validation by neurologist of stand-
ardised exacerbation and symptoms reported by the patient). We
had intended to code for severity of disease, but markers were
too variable across studies to be aggregated.

Statistical analysis
The dependent variable was occurrence of exacerbation of mul-
tiple sclerosis. The primary measure of stressful life events was
the independent variable for all studies. Many of the studies
report additional subanalyses of the effects of specific areas of
stress (such as family, work, bereavement, etc) on exacerbation.
However, there was little consistency in how these sources of
stress were conceptualised or grouped, making it impossible for
us to code them reliably. We therefore focused only on global
stressful life events as the independent variable.

Meta-analytic calculations were conducted as described in
Lipsey and Wilson,9 with the aid of their effect size calculator
computer program as well as three macros written by those
authors for SPSS. We calculated effect sizes from statistics
provided in each article. An effect size is defined as a
standardised index of the ability of stress as measured in these
studies to predict clinical exacerbation of multiple sclerosis, or
the magnitude of differences between the exacerbation group
and the control or comparison group on the measure of stress.
Weighted effect sizes were used for aggregation of effect sizes.
Each effect size was weighted by the inverse variance weight,
which provides an adjustment based on the sample size and
standard error of the mean effect size. Once this adjustment was
made we calculated 95% confidence intervals for the mean effect
sizes using the simple random effects approach, which is consid-
ered a statistically conservative estimate. The effect sizes and their
confidence intervals resulting from the meta-analysis are
reported in Cohen’s d, a standardised effect size measure
((mean1 − mean2)/�)). Several of the papers did not contain
enough information for us to calculate Cohen’s d. We therefore
calculated standard errors of measurement for Fisher’s z, using
effect size and sample size, and translated them into Cohen’s d
and multiplied them by 1.96. We used the Q test to test homoge-
neity of variance. This test examines if the observed variability in
study effect sizes is within the range that can be expected if all
studies shared a common population effect size. We also
calculated the I 2 statistic (I 2 = 100%*(Q − df)), which ranges from
0-100% and provides the degree of inconsistency across studies
(that is, larger percentages reflect higher degrees of inconsist-
ency). We examined the impact of study characteristics, including
sample and study design, on study effect sizes using the analog to
one way analysis of variance (ANOVA) and regression. As we
assumed excess variability to be due to both sampling error and
random differences across studies, we fitted the data to a random
effects model, which provides more conservative estimates than a
fixed effects model.

Results
The literature search produced a total of 20 articles. Six papers
were excluded because they did not meet inclusion criteria.5 10–14

The table shows the general characteristics of the 14 included
studies, including sample sizes, available details of participants
and the disease, study design, length of follow up, exacerbation
criteria, and measurement of stress. Of the 14 studies, seven were
case-control studies and seven were longitudinal prospective
studies. Two studies examined first exacerbations, which led to a
diagnosis of multiple sclerosis, and 12 examined exacerbations
after diagnosis.

Outcomes
The figure shows the mean effect sizes and standard deviations
for each study. The primary analysis for the main hypothesis
found that the weighted average effect sizes for the impact of
stress on exacerbation over the 14 included studies was d = 0.53
(95% confidence interval 0.40 to 0.65), P < 0.0001. The studies’
effects sizes were homogenous (Q = 16.62, P = 0.22), with a low
degree of inconsistency (I 2 = 21.8%).

Effect sizes were not significantly affected by any study design
characteristics, including the use of longitudinal prospective v
case-control designs (P = 0.31), the use of first exacerbation v
exacerbation after diagnosis as an outcome criterion (P = 0.59),
the use of validated v unvalidated assessment of stress (P = 0.12),
the use of self report v structured interview in the assessment of
stress (P = 0.12), and the inclusion of relapsing-remitting
multiple sclerosis only or relapsing-remitting multiple sclerosis
and secondary-progressive multiple sclerosis (P = 0.11). Regard-
ing sample characteristics, neither the proportions of female
participants (P = 0.11) nor age of participants (P = 0.89) were sig-
nificantly related to effect size. None of the methods of
determining exacerbation was related to outcomes, including the
use of the expanded disability status score v neurologist
judgment (P = 0.45), the use of expanded disability status score
≥ 1.0, or the use of retrospective neurologist verification with
standardised data27 (P = 0.41).

Discussion
On the basis of this meta-analysis of 14 empirical studies, our
results support the hypothesis that stress is related to
exacerbation of multiple sclerosis, with a weighted average effect
size of d = 0.53. The effect sizes were statistically homogenous,
indicating that these studies are comparable. Differences in study
design, methods, or sample characteristics did not significantly
influence the outcomes.

This effect size is clinically meaningful. As a comparison, a
recent meta-analysis of the effects of interferon beta, the princi-
pal class of disease modifying drug used to treat multiple sclero-
sis, showed an overall effect of d = 0.36 in reducing exacerbations
in the first year and d = 0.30 over the first two years of
treatment.29 This comparison is not meant to question the use of
interferon beta as the underlying biological mechanisms of
interferon beta and stress are not necessarily related to each
other. Rather, we suggest that the negative effects of stress on
exacerbation of multiple sclerosis are at least as great as the posi-
tive effects of a class of drugs widely considered to produce clini-
cally meaningful results.

Recent neuroimaging data have provided substantial weight
to the clinical evidence on which this meta-analysis was based.
The review by Goodin et al suggested that a longitudinal
prospective study of stress in multiple sclerosis with gadolinium
enhancing magnetic resonance imaging (Gd+MRI) as the
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primary outcome would “convincingly test the relationship.”3

Gd+MRI can detect breakdown in the blood-brain barrier and is
therefore a highly sensitive marker of lesion formation in multi-
ple sclerosis and is highly predictive of subsequent clinical exac-
erbation. Subsequent to the Goodin et al review, a prospective
study of 36 patients with multiple sclerosis receiving monthly
gadolinium enhancing magnetic resonance imaging showed that
the occurrence of interpersonal stressors was associated with a
significantly increased risk of a new brain lesion eight weeks
later.25

Our meta-analysis is an improvement over the previous quali-
tative review, which included a study by Rabins et al.5 We did not
include this because the data and statistics provided were not suffi-

cient to calculate an effect size. Our meta-analysis also contained
seven studies that the Goodin et al review omitted.18 21 22 24–26

Is all stress the same?
While our findings were statistically homogenous, the study by
Nisipeanu and Korczyn, in contrast to all other published
reports, found that stress reduced the risk of exacerbation.19

These findings raise the important hypothesis that different
types of stressors may have different effects. While all other stud-
ies examined normal everyday stress, Nisipeanu and Korczyn
examined the effects of a traumatic, life threatening stressor—
namely, being under one month of missile attacks in Tel Aviv
during the first Gulf war. The finding that traumatic stressors
reduced the risk of exacerbations is consistent with animal mod-
els and other biological data. Numerous studies of stress in
experimental autoimmune encephalomyelitis, an animal model
of multiple sclerosis, have shown significant reductions in symp-
toms related to stress.30 Stress is known to increase the release of
cortisol, and cortisol is known to be a potent anti-inflammatory
hormone.31 However, more moderate stressors have been shown
to activate experimental autoimmune encephalomyelitis.32

Potential mechanisms
At least one study has found that reducing distress in people with
multiple sclerosis can reduce T cell production of � interferon,33

a proinflammatory cytokine believed to be vital in the pathogen-
esis of exacerbation.2 However, no biological mechanism linking
stress or distress and inflammatory processes in multiple sclero-
sis has been tested. Animal studies have suggested several poten-
tial mechanisms. Small increases of cortisol concentrations,
similar to concentrations seen in non-traumatic stress, have been
shown to enhance the sensitivity of T cells to a number of cyto-
kines and peptides that promote a proinflammatory response.34

Alternatively, sustained increases in cortisol concentration in
response to chronic stress produce a counter-regulatory
reduction in the number, binding capacity, and affinity of gluco-

Characteristics of patients with multiple sclerosis (MS), study design, and measures of stress for primary studies included in meta-analysis

Study No of participants Mean age Female (%) Design Length of follow up Exacerbation criterion Stress measure

Warren, 198215 200 (100 with MS,
100 medical controls)

N/A 56.5 Case-control — Neurologist confirmation Modification of validated
checklist

Franklin, 198816 55 with MS 34.9 88.9 Prospective Mean 20 months Neurologist confirmation Validated interview

Grant, 198917 79 (39 with MS, 40 healthy
controls)

35.65 74.4 Case-control — Neurologist confirmation Validated interview

Warren, 199118 190 with MS (95 with
exacerbation, 95 in
remission)

35.0 56.5 Case-control — Neurologist confirmation Validated checklist

Gaiatto, 199219 42 with MS (20 with
exacerbation, 22 stable)

49.5 70.0 Case-control — Neurologist confirmation Validated checklist

Nisipeanu, 199320 32 with MS 38.2 56.3 Prospective 26 months Neurologist confirmation Single traumatic event

Stip, 199421 68 (35 with MS, 33 medical
controls)

42.5 60.0 Case-control — Neurologist confirmation Validated checklist

Morrison, 1994212 17 with MS 73.4 73.4 Prospective Mean 24 months 0.5 increase on EDSS Modification of validated
checklist

Gasperini, 199523 178 with MS (89 with
exacerbation, 89 stable
controls)

35.6 69.7 Case-control — 1.0 increase on EDSS Unvalidated questionnaire

Sibley, 199724 304 (170 with MS,
134 healthy controls)

41.5 62.5 Prospective Mean 5.2 years Neurologist confirmation Unvalidated interview

Palumbo, 199825 92 (65 with MS, 27 medical
control)

45.0 61.5 Case-control — Neurologist confirmation Unvalidated questionnaire

Mohr, 200026 36 with MS 44.0 61.1 Prospective Mean 10 months 1.0 increase on EDSS Modification of validated
checklist

Ackerman, 200327 50 with MS 39.4 100 Prospective 12 months Patient report and
retrospective neurologist
confirmation

Validated/interview

Buljevac, 200328 73 with RRMS 39.9 76.7 Prospective Mean 17 months Neurologist confirmation Weekly diary

EDDS= expanded disability status score; N/A=not available; RRMS= relapsing-remitting multiple sclerosis.

Warren 198215

Franklin 198816

Grant 198917

Warren 199118

Gaiatto 199219

Nisipeanu 199320

Stip 199421

Morrison 199422

Gasperini 199523

Sibley 199724

Palumbo 199825

Mohr 200026

Ackerman 200327

Buljevac 200328

Mean effect size

0.53 (0.25 to 0.81)

0.57 (0.02 to 1.12)

1.09 (0.64 to 1.54)

0.34 (0.05 to 0.63)

0.83 (0.19 to 1.47)

-1.03 (-1.77 to -0.20)

0.70 (0.20 to 1.20)

0.79 (-0.30 to 1.88)

0.42 (0.13 to 0.71)

0.34 (0.04 to 0.64)

0.36 (-0.06 to 0.78)

0.28 (-0.41 to 0.97)

1.00 (0.43 to 1.57)

0.35 (-0.12 to 0.82)

0.55

d (95% CI)

-2.0-1.5-1.0-0.500.51.01.52.0

Stress decreases
risk of exacerbation

Stress increases
risk of exacerbation

Effect of stress on exacerbations in multiple sclerosis
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corticoid receptors on immune cells,35 increasing risk of inflam-
mation. Finally, mast cells, which reside in the endothelium, can
be activated by increases in corticotropin releasing factor related
to stress. Activated mast cells increase the permeability of the
blood-brain barrier and increase inflammation through the
release of tumour necrosis factor �, histamines, and tryptase.36

While these potential mechanisms are intriguing, none has been
adequately tested among patients with multiple sclerosis. The
absence of a clear biological model is a substantial weakness in
the current literature.

Limitations and recommendations
Our meta-analysis had several limitations. The quality of the
studies included varied. Even the best longitudinal prospective
designs, which permit stronger inferences than case-control
studies, do not offer absolute evidence of a causal association.
Other unmeasured factors may affect both the perception of
stress and exacerbation. For example, changes in normal
appearing white matter may occur months before traditional
neuroimaging markers of inflammation or clinical exacerba-
tion.37 Thus, we cannot rule out the hypothesis that decreased
ability to manage stressors or increased perceived stress may be
an early marker of changes in normal appearing white matter.

On the basis of our review, we can recommend issues for
future research. Because distress resulting from stressful life
events can increase the perceived severity of symptoms, objective
measures of exacerbation or inflammation are critical. To exam-
ine the potential differential effects of various types of stressors,
various dimensions of stressful life events must be carefully
assessed, including severity, chronicity, type, and source. Variabil-
ity in individual reactions to stressful events, including cognitive
appraisal and subjective distress, will help to tease apart the
effects of environment and individual psychological differences.
The development and evaluation of potential biological
pathways has received little attention. Finally, the association
between stress and exacerbation in multiple sclerosis can be con-
clusively confirmed only with a clinical trial of a behavioural
intervention that teaches patients to reduce the occurrence and
impact of stress.

In summary, it is important to note that while these findings
show a significant association between stress and exacerbation in
multiple sclerosis, the effect size is modest. This association is not
consistent across patients or even within individual patients across
time. The potential differential effects of various types of stress or
the mechanisms by which stress affects inflammation are not
known. Thus, the occurrence of any specific exacerbation cannot
yet be linked to any specific stressor. Furthermore, these findings
should in no way be misconstrued to suggest that patients with
multiple sclerosis bear any responsibility for exacerbations. Rather,
we hope that these findings will open investigation into new
avenues of managing multiple sclerosis, either through stress
management or through pharmacological management of poten-
tial neuroendocrine or immune responses to stress.
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Amendment

This is Version 2 of the paper. In this version, there has been
a change in the table to the entry for Gasperini under the
heading “Stress measure.” Where it read “1.0 increase in
EDSS” this has been corrected to read “Unvalidated
questionnaire.”
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