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Overview. The idea that physical trauma or psychological stress might be involved in either the causation or
exacerbation of MS dates back to the time of Charcot and the earliest descriptions of the illness.1 In 1897, for
example, Mendel reported four cases of MS that began within a year of severe skull or spinal injury.2 In 1901,
Klausner found antecedent trauma in 24 of 126 (19.0%) new-onset cases of MS.3 Similarly, in 1902, Hoffman
reported a series of 100 new-onset MS patients, of whom 8 (8%) had experienced trauma within the previous year.4
A 1922 report from a commission of the Association of Nervous and Mental Diseases concluded that “in a small
percentage of cases the disease [MS] appears to be excited by trauma, but trauma cannot itself cause the disease.”5
Despite such assertions, however, the debate about the relationship between MS and trauma continued. In 1933,
Harris reported 16 of 234 cases (6.8%) that developed shortly after severe injury to the back or head,6 and in 1934,
Von Hoesslin found 58 of 516 cases (11.2%) that were precipitated by trauma occurring within the previous 2
months.7 In 1950, Keschner, defining trauma only as severe cranial or spinal injury, found a possible relationship
between trauma and the onset of MS in only 4 of 255 patients (1.7%).8 He concluded, nonetheless, that “severe
trauma to head or spinal column may aggravate the course of multiple sclerosis.”8 In 1952, McAlpine published the
final results of the first controlled study of this relationship, reporting a history of trauma within the 3 months
preceding the onset of MS in 36 of 250 patients (14.4%) compared with only 13 (5.2%) of 250 control subjects.9
However, in 1954, Kurland and Westlund, in a population-based case-controlled study in Canada, reported no
difference between 112 MS patients and 123 control subjects with respect to antecedent head injury.10 In 1961,
Ridley and Schapira11 reported deterioration of MS symptoms following 8 of 57 operations (14.0%). Similarly, in
1964, Miller described in detail 7 cases of MS that developed less than a week (in many cases within hours) after
traumatic injury.12 In 1985, Kelly reported that each of 14 MS patients (100%) had experienced a severe
exacerbation within 3 weeks following thalamotomy.13
Thus, despite the long history of this idea, the proposed causal link between these factors and MS has yet to be
established or refuted conclusively (e.g., references 14 through 18). Much of this uncertainty and debate occurs
because many reports that propose such a causal link are either uncontrolled series or reports using very small
sample sizes (studies that today would be regarded as examples of Class III evidence). These reports are also
complicated by the fact that memorable injuries (in the absence of known sequelae) are quite common. For example,
the annual incidence of injuries of all types in the United States has been estimated to be 33.2 injuries/100
persons/year.19 As a result, even well-designed retrospective case-controlled studies may be contaminated by
substantial recall bias—a circumstance that underscores the need for prospectively acquired data. Nevertheless, any
genuine causal link between either traumatic injury or psychological stress and the onset or exacerbation of MS
would have very important implications for practicing physicians—not only for the recommendations they make to
their patients, but also for the suitability of asserting such a link as evidence in the resolution of medicolegal matters
(e.g., references 20 and 21). Recently, attempts have been made to address this question using modern
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epidemiologic methods (e.g., prospective cohort and retrospective case-control designs) that are more scientifically
rigorous than many of the designs used previously. This analysis reviews these studies and the earlier controlled
studies in an attempt to define the current state of knowledge in this area.
For this review, articles were searched for in Medline under keywords multiple sclerosis and trauma as well as
under keywords multiple sclerosis and stress. Each member of the panel was also asked to identify relevant articles,
chapters, or letters. We also reviewed reference lists for each article published after 1965 to identify articles not
found by the computer search as well as articles published too early to have been included in the computer database.
The reference lists of these additional articles were also reviewed for the same reason. For the purpose of this
analysis, because no Class I studies were identified, only Class II studies (i.e., studies with a defined control
population) were considered in detail. A summary of selected examples of the available Class III data is provided in
the introduction above. A definition of the different classes of evidence is provided in the table.
Table Definitions of classification of evidence: quality of evidence ratings for therapeutic modalities
Class
Definition

III

Evidence provided by one or more well-designed, randomized, controlled clinical trials
Evidence provided by one or more well-designed clinical studies such as case control and
cohort studies
Evidence provided by expert opinion, nonrandomized historical controls, or reports of
one or more

ED

I
II

R

ET

IR

Before the scientific evidence is considered, however, it is important to address a few questions that are
relevant to a consistent evaluation of the studies involved. The first question regards the biological plausibility of
the proposed causal relationship between the trauma and the onset of MS or an attack. Clearly, in the absence of
such biological plausibility, any epidemiologic evidence of an association, in order to be convincing, would need to
be overwhelming. One possibility, which has been proposed frequently in the literature, relates to the idea that a
breakdown of the blood-brain barrier (BBB) is an early and seminal event in the development of an MS lesion.22-25
Physical trauma (even minor trauma) might injure the brain or spinal cord so as to disrupt the BBB and allow
immune-competent cells from the periphery to gain access to the CNS and thereby gain exposure to CNS antigens.
Indeed, such disruptions of the BBB are well known to occur following trauma, especially severe trauma. There is
also ample evidence from MRI and elsewhere that the BBB is disrupted during the acute phase of an MS attack
(e.g., references 26 through 28). In this circumstance, it is certainly plausible that the peripheral immune system
might become activated against certain CNS myelin antigens such as myelin basic protein, proteolipid protein,
myeline oligodendrocyte glycoprotein, or myelin-associated glycoprotein and thereby initiate an MS attack. In fact,
there is substantial evidence, in other contexts, that trauma can result in demyelinating lesions in the CNS (e.g.,
reference 29). Whether the demyelination in this circumstance is the result of an immune-mediated attack similar to
that seen in MS, however, is less clear.
As a consequence of considerations such as those, it seems reasonable to conclude that a causal relationship
between trauma and either the onset or the exacerbation of MS is biologically plausible. Nevertheless, when a
possible causal relationship between trauma and the onset of MS is considered, the mechanism of pathogenesis
outlined above also raises certain other questions if trauma were to account for a substantial percentage of MS
cases. For example, although head trauma often produces shear injury to the white matter, it also often results in
injury to the cerebral cortex. As a result, it is unclear why the pathologic changes in MS would be largely (but not
exclusively) confined to the white matter. Similarly, the marked female preponderance of MS would be unexpected
if trauma were a major etiologic factor, because men (at all ages) are more prone to traumatic injury than women.19
These considerations, however, have no bearing on the possible relationship between trauma and MS exacerbation.
It is becoming increasingly clear that activated T-lymphocytes can traffic normally from the bloodstream into
the intact CNS (e.g., reference 30) without requiring breakdown of the BBB. Moreover, in experimental allergic
encephalomyelitis, the animal model of MS, the inflammatory lesions in heterotopic brain transplants occur
selectively in the core of the transplant, where the BBB is intact rather than at the edges of the transplant, where the
BBB is absent.31 Also, evidence is accumulating that changes within the normal-appearing white matter precede and
predict the occurrence of gadolinium enhancement (a measure of BBB breakdown) on MRI.32 Observations such as
these raise the possibility that the breakdown of the BBB is not the initial event in the development of an MS lesion.
Interestingly, Rodriguez et al.33 have reported that the earliest pathologic evidence of injury in an MS lesion is
to the cell processes that are most distant from the oligodendrocyte soma (i.e., the inner lamellae of the myelin
sheath). This is unlike the findings in experimental allergic encephalomyelitis, where the outer lamellae of the
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myelin sheath are the first structures to be involved pathologically,34 and where it is known that peripheral
lymphocytes directed against CNS myelin antigens are responsible for the myelin destruction. If confirmed, the
observations of Rodriguez et al. suggest that the initial injury is to the cell body of the oligodendrocyte rather than
to the myelin sheath itself, raising the possibility that the immune response to myelin antigens is a secondary effect
of the oligodendrocyte injury.33,35 Even so, however, this does not preclude the possibility that a BBB disruption
might lead to this injury.
The second question relates to the kinds of evidence that might be acceptable as a demonstration of a causal
relationship between trauma or psychological stress and MS. A least two acceptable approaches for establishing
such a link are recognized. One (a cohort study) is to demonstrate, prospectively, that the incidence of MS onset or
attacks is higher in persons or patients following traumatic injury or stress than in similar persons who have not
experienced such antecedent events. Another, less direct, method (a case-control study) is to demonstrate that prior
traumatic injury or stress is more common in patients than in matched control subjects. Each of these methods,
however, has its own associated difficulties (e.g., reference 36), and each raises other important questions. For
example, following a traumatic injury, it is not clear how long the onset of MS or the MS attack can be delayed
from the trauma before it is no longer reasonable to link the two events. Certainly, in a BBB breakdown, the
disruption would be expected to be time limited, peaking early and having a sharp falloff with time. Thus, Poser17
has suggested that 3 months is an appropriate time frame because this is the typical duration of gadolinium
enhancement of acute MS lesions on MRI.26-28 Others have argued for an even shorter time (e.g., references 12 and
23). As noted above, however, many authors have used periods of up to a year (e.g., references 2 through 4),
whereas still others have chosen periods of 3 to 6 months.9,37-39 Regardless, it is clear that some upper limit needs to
be established. Because most authors seem to agree that after a year any association is unreasonable, (e.g.,
references 2 through 9, 12, 13, 17, 23, and 37 through 39), a year or so seems to be a reasonable upper limit.
Additionally, it is uncertain what kinds of trauma should be included in the analysis. Although many authors
have included minor traumatic events (e.g., dental procedures, minor abrasions, bruises) as examples of “trauma” in
their analyses, it is not clear that the biological plausibility outlined above applies to any of these circumstances.
Thus, in 1993, Poser argued that “trauma never actually causes MS and…in order for trauma to be considered in
aggravating or accelerating the course of the disease, there must be evidence of injury to the head, neck or back
above the lumbosacral region, i.e., above the conus.”22 Other authors might disagree (e.g., references 9 and 12).
Nevertheless, in attempting to establish a causal link between trauma and MS, it seems prudent (as Poser suggests)
to concentrate on injuries to the head and spine, where altered CNS function can be demonstrated or inferred.
Moreover, under any circumstance, it is preferable to consider each class of traumatic injury separately because any
relationship between MS and trauma will probably be different for different antecedent events.
A third question relates to how best to evaluate the many (and often bitter) criticisms that have been leveled at
either individuals or individual studies on this topic (e.g., references 14 through 18, 25, 40, and 41). Clearly, there is
considerable room for disagreement, but at the very least, in order for a criticism to be valid, the concerns raised
must affect the trial results in a plausible manner. For example, criticizing a study with negative results because the
authors failed to make adjustments for multiple statistical comparisons is inappropriate because any such adjustment
will only make the findings less (not more) significant. Similarly, a study that includes only severe trauma or longlasting exacerbations cannot be invalidated solely on this basis, because this choice would not be expected to bias
the findings in favor of one group or another; this choice may, however, limit the power of the study to detect a
difference between groups or may limit the inferences that can be drawn from the results. For example, studying
only cases of severe trauma would limit conclusions (in a strict sense) to only the occurrence of MS following
severe injury. Nevertheless, it is a reasonable presumption (based on the biological plausibility outlined above) that
any association between trauma and MS should be most apparent for more serious traumatic injury or for more
serious MS attacks because these circumstances would be expected to produce or be associated with the greatest
breakdown in the BBB.
Studies reporting negative results can also be criticized reasonably for lacking the statistical power to reliably
detect an effect of trauma on MS. However, even if a particular study is underpowered, its results may still be used
to exclude certain specific alternative hypotheses to the null. For example, if an experimenter decides to test the
hypothesis that a particular coin is biased (55%) in favor of heads and tosses the coin only 10 times, the study is
grossly underpowered. If, however, the coin lands tails on all 10 tosses, the original hypothesis is exceedingly
unlikely (p = 0.0003) and should be rejected. Indeed, any hypothesized bias in favor of heads should be rejected on
the basis of this experimental outcome (p < 0.001). It is often said that negative studies cannot exclude an
association between variables. Nevertheless, although this is true, it is also true that a negative study limits the
magnitude of any possible association. Thus, the 95% CI around any experimental observation can be used to
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establish an upper and lower bound for the plausible (i.e., p ≥ 0.05) difference between groups that can be posited,
given the experimental data.
Last, in the literature regarding the relationship between trauma and MS, some discussion has been devoted to
the issue of the reliability and appropriate role of anecdotal evidence in the science of medicine. Some authors
dismiss such evidence as being of only limited worth (e.g., references 10 and 42). Others emphasize that such
evidence from detailed case studies has frequently provided important medical insights (e.g., references 9 and 25).
Both viewpoints are partially correct. Anecdotal evidence can often point to the appropriate direction of future
scientific inquiry. The conclusions of such inquiry, however, must be buttressed by more rigorous scientific
evidence. Physicians should not base their beliefs entirely on anecdotal (i.e., Class III) evidence.
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Physical trauma and MS. Discussion of the studies. The first controlled study of the effects of trauma on MS was
reported by McAlpine and Compston in 19529 following a preliminary report by McAlpine in 1946.43 The study
involved interviewing 250 MS patients in addition to 250 control patients who were selected randomly from the
admissions to the Middlesex hospital, and who were matched with MS patients with respect to sex and age at the
time of the interview. Those authors reported that 36 patients (14.4%) had a history of trauma within the 3 months
preceding the onset of their MS, compared with only 13 (5.2%) of the control subjects (χ2 = 11.3; df = 1; 0.001 < p
< 0.01).
In order to interpret such a result and compare it to other studies, however, it is best if the magnitude of the
reported effect (the effect size) is expressed in units that are independent of sample size. One way of doing this in a
4-cell case is to use the odds ratio (OR), together with its 95% CI, as discussed by Hibberd.36 This statistic also
provides directional information depending on whether the observed OR is above or below 1.0. Similarly, the effect
size for a chi-square analysis can be expressed using the w statistic, as discussed by Cohen,44 a statistic than can also
be extended naturally (for the 2-cell goodness-of-fit case) to provide both directional and effect size information. In
this circumstance, w ranges from –1.0 to +1.0 depending on the direction and magnitude of the effect. On this scale,
w = 0.1 or w = -0.1 represents a small positive or negative effect size, w = 0.3 or w = -0.3 represents a medium
effect size, and w = 0.5 or w = -0.5 represents a large effect size.44 A 95% CI around w can be calculated from the
critical value (p = 0.05) of the chi-square distribution above and below the experimental observation. This latter
method can be applied to any chi-square analyses of 2 cells,44 thereby making the difference clinical studies of
trauma and MS (which often use 2-cell designs) easy to compare. When either method is used, however, the results
of McAlpine and Compston9 are highly significant; OR = 3.07 (CI = 1.58 to 5.94); w (2-cell) = 0.47 (CI = 0.22 to
0.71).
There are, however, important concerns about this study. First, there were notable differences in the time
between interview and disease onset in the two groups (patients being interviewed about more remote events).
Because this study was self-reported and retrospective, this time difference may have resulted in substantial recall
bias, as discussed earlier. Second, there are also concerns about the comparability of the control and MS groups for
factors other than age or sex. Because of these difficulties, the authors themselves concluded that “although
statistically significant differences occur between the two groups, it is not always possible to accept their validity
with confidence.”9 Third, and more importantly, there are concerns about the details of the trauma involved. Few
details are provided in the article. It is clear that peripheral trauma, head trauma, and dental procedures were
included in the definition of trauma but that operative trauma was not.9,43,45 However, the breakdown of the numbers
of patients in each of the different categories of trauma is not known, nor is the nature and extent of the injuries
documented or defined. These authors also examined the effect of trauma on MS exacerbations within the 3 months
following injury in patients already having a diagnosis of MS. This analysis failed to demonstrate any significant
effect of trauma on the occurrence of MS attacks, although, again, many of the details of this analysis are missing.
In summary, although this study has a retrospective case-controlled design, it provides only weak Class II
evidence in favor of an association between trauma and the onset of MS, the weakness being largely due to the lack
of details about the actual data and descriptions of the data analysis. It also provides weak Class II evidence against
a relationship between trauma and MS exacerbation, although, again, the lack of details prevents firm conclusions
from being drawn.
In 1954, Kurland and Westlund10 investigated 112 patients with MS and 123 control subjects who were
carefully selected from the same community as the MS patients. These authors reported no significant association
between “head injuries causing unconsciousness” and the onset of MS (time frame not specified). Again, this casecontrolled study would best be classified as weak Class II evidence against an association between moderately
severe head trauma and MS, the major weaknesses, as with the study of McAlpine and Compston,9 being the lack of
details about the actual findings and data analysis.
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In 1968, Alter and Speer46 reported a study of 36 patients with MS, each of whom was paired with two control
subjects matched for sex and age. Patients and control subjects were interviewed with regard to the various events
(including surgery and accidents resulting in unconsciousness) that had occurred an unspecified time before the
onset of illness (the “assigned onset” for control subjects was made comparable to the onset in the patients with
whom they were paired). Neither surgery (w = -0.03; CI = -0.26 to 0.20) nor head trauma (w = 0.11; CI = -0.24 to
0.45) was significantly associated with MS onset. Thus, this case-controlled study provides some Class II evidence
against an association between either surgery or moderately severe head trauma and MS onset, although the small
number of patients studied, and the resultant wide CIs, weaken the strength of the negative evidence.
In 1991, Sibley et al.38 reported the final results of their prospective cohort study, which had been published
earlier in preliminary form by Bamford et al.37 This study involved 170 patients with clinically definite MS who
were monitored prospectively at monthly intervals for a mean of 5.2 years. Also monitored, in a similar manner,
were 134 control subjects without neurologic disease who were matched to patients with respect to sex and age
distribution. These workers reported that the frequency of trauma was two to three times higher in patients than in
control subjects (no statistical confirmation given), which they seem to attribute to the greater propensity of patients
with MS for sustaining trauma as a result of their neurologic disability. The control group was otherwise not used in
the analysis of their data. For their principal analysis, the authors defined, within the MS cohort, periods of time
when the patients were “at-risk” for an exacerbation because of having sustained a traumatic injury within the
previous 3 months, and also periods of time when they were “not-at-risk” because they had been free of trauma
during the previous 3 months. The statistical analysis consisted of using a 2-cell goodness-of-fit chi-square test
(e.g., reference 44) comparing the actual number of exacerbations observed during the at-risk and not-at-risk
periods with the expected number of such exacerbations based on the null hypothesis that the number of
exacerbations would reflect the same attack rate within each time-period (i.e., the overall attack rate for both time
periods combined). These authors reported no significant difference between the actual and the expected number of
exacerbations, either for trauma as a whole or for any specific category of traumatic injury, with the possible
exception of electrical injury. The effect of electrical injury, however, was of only marginal significance (p < 0.02),
was based on a very few patients, and was unadjusted for multiple comparisons. This observation, therefore, is of
uncertain validity. Although not specifically indicated in the manuscript, it is, nonetheless, possible to calculate the
effect sizes and CIs for different categories of trauma from the data given in table 2 of their article and thereby
provide a measure of how large an effect (of trauma on MS) might have been missed by this study. Thus, for trauma
as a whole, w = 0.06 (CI = -0.07 to 0.19), for closed head injuries with and without loss of consciousness, w = 0.02
(CI = -0.20 to 0.24), and for major surgical procedures, w = -0.11 (CI = -0.34 to 0.12).
In summary, these data provide strong Class II evidence that effectively excludes anything more than a modest
effect (w < 0.24) of trauma within the previous 3 months on exacerbations of MS. In fact, the actual observations
are considerably more supportive of no association than they are of an effect of this magnitude.
In 1993, Siva et al.39 reported their experience with the Mayo Clinic defined population of Olmsted County,
MN. They studied an incidence cohort of 225 new-onset MS cases occurring between 1905 and 1991 as well as a
prevalence cohort of 164 MS patients residing in the county for the year preceding December 1, 1991. They studied
MS exacerbations that occurred within a 1-year time period, divided into the 6 months before (“not-at-risk”) and the
6 months after (“at-risk”) traumatic injury. Their definition of trauma included head trauma severe enough to
produce skull fracture, loss of consciousness, focal neurologic deficits, or posttraumatic amnesia, as well as
peripheral and spinal trauma severe enough to result in fractures. These authors also studied a cohort of 819 patients
(age 10 to 50 years) who had sustained head trauma (as defined above) to assess the likelihood of MS developing
within the 10 years following such an injury. They found only 39 patients with trauma in the prevalence cohort,
none of whom had experienced head trauma during the average of 19 years when these patients were monitored.
Only 36 of the 39 such trauma patients are shown in their figure and, of these, only 13 had experienced
exacerbations during the 1-year study period.39 Of those, the authors found only 4 patients who had an exacerbation
during the at-risk period who did not also have an exacerbation in the not-at-risk period. This was not significantly
different compared with the 6 patients who had an exacerbation in the not-at-risk period but not in the at-risk period
(w = -0.2; CI = -0.81 to 0.41). They also reported that in only 2 of the 819 patients who experienced head trauma (as
defined above) did the trauma antedate the onset of MS; in both instances, the trauma was remote (3 and 21 years
before MS onset).
This study, at least for some of its analyses, lacks statistical power. For example, if the incidence rate of MS
onset in Olmsted County (as estimated by others) is 5.17 cases/100,000 population/year, one would only expect
0.42 cases of MS developing in this 8,190 person-years of follow-up represented by this study.15,16 Even if this
estimated rate is an underestimate of the true incidence rate, as argued by the authors,18 it is unlikely that the
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expected number of new cases of MS could ever be adequate to allow study of the relationship between trauma and
MS with such a small sample, particularly when only MS occurring within a year of the trauma is considered.
Indeed, it may be, as discussed by Hibberd,36 that it is simply not feasible to study differences in the occurrence of
MS following some antecedent event because the low incidence rate of MS requires such a large number of subjects
to be monitored prospectively. The power of their analysis assessing the relationship between trauma and MS
exacerbations is similarly limited. Indeed, as discussed above, the authors observed only 10 patients discordant for
exacerbations in the at-risk and not-at-risk periods, and in whom this relationship could be assessed. As a result, the
CI for this experimental observation (see above) is extremely wide. Moreover, there are also a few uncertainties
about the analysis as reported. For example, it is unclear from the figure whether patients who are listed as having
exacerbations within either the at-risk or the not-at-risk period had only one exacerbation, or whether they had more
than one exacerbation; if more than one, it is unclear whether the exacerbation rates were compared and were the
same. Also, it would be of interest to know the total number of exacerbations and the exacerbation rate in the entire
prevalence cohort during the period of observation and to compare this rate in patients with and without trauma.
Despite these uncertainties and the occasional lack of statistical power, however, the population-based methods
of case ascertainment, retrieval, and diagnostic coding used by the Mayo Clinic are rigorous, and the population of
study is well defined.18 As a result, and independently of the above considerations, certain results of this study have
important implications with regard to any proposed general relationship between serious head trauma and either the
onset of MS or its exacerbation. None of the 225 patients with new-onset MS in Olmsted County between 1905 and
1991 had serious head trauma in the year preceding the onset of their illness. This observation alone limits the upper
bound (95% confidence limit for λ; Poisson distribution) for any proposed occurrence of antecedent head trauma in
MS to no more than 1.3%. Similarly, none of the 164 patients identified as having MS and residing in Olmsted
County on December 1, 1991, had even a single episode of head trauma within the 6 months preceding an
exacerbation during the average of 19 years when these patients were monitored. Thus, even though the total
number of exacerbations in this prevalence cohort is not known, it seems almost certain that the actual number of
exacerbations would be at least several hundred, given the 3,116 person-years of follow-up represented by this
prevalence cohort. If so, the lack of even one episode of head trauma within the 6 months preceding an exacerbation
would limit the possible number of MS exacerbations associated with antecedent head trauma to only a fraction of a
percent of the total number of exacerbations (95% confidence limit for λ; Poisson distribution). Thus, although the
statistical power for some of the analyses used by this study is low, this is largely caused by the fact that serious
head trauma is simply not a factor in the MS of this patient population. Certainly, the findings of this study argue
strongly against anything even approaching the prevalence of MS related to head trauma that is suggested by some
of the Class III data reviewed earlier.
In summary, despite some limitations to this study, the results provide strong Class II evidence that restricts any
posited association between serious head trauma and the onset of MS to no more than 1.3%. The association
between serious head trauma and MS exacerbation is similarly limited to no more than a fraction of a percent of
cases by these results.
In 1996, Gusev et al.47 performed a case-control study of 155 patients with MS compared with 155 control
subjects matched to the patients on the basis of sex, age, and national origin. As part of this study, the authors
examined the occurrence of antecedent head trauma (severe enough to cause loss of consciousness) in the two
groups. The report lacks some of the relevant details such as the timing of the head trauma relative to disease onset
or even the range of ages at onset in the patients. Nonetheless, the authors found that head trauma was not
significantly associated with a higher risk of MS with an OR of 1.13 (CI = 0.62 to 2.03). When only head trauma
occurring after age 15 (i.e., the head trauma most likely to have occurred within a year of disease onset) was
considered, however, the authors actually found more such episodes in the control subjects than in the patients (OR
= 0.59; CI = 0.22 to 1.58). Thus, although somewhat incomplete, this study still provides reasonably good Class II
evidence against an association between moderately severe head trauma and MS onset.
Psychological stress and MS. Discussion of the studies. The possible role of psychological stress in either the
cause or the exacerbation of MS is more difficult to evaluate than the role of physical trauma. Part of the difficulty
has been caused by a lack of any clear biological plausibility for the proposed relationship. Nevertheless, there has
recently been a growing interest in the interactions that occur between stress and the immune system, in the
influence of the immune system on the distribution of T-cell subsets, in the association of a disordered
hypothalamic-pituitary-adrenal axis and MS, and in the possible influence of stress-induced heat-shock proteins on
the pathogenesis of the disease (e.g., references 48 through 52). As a result, it now seems that details of a plausible
biological model may well evolve. Another factor that has hampered research in this area has been the lack of any
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consistent or agreed-upon measure of stress. This is not to suggest that different types of stress cannot be measured
in valid and reliable manners. Rather, as discussed in connection with the possible relationship between MS and
physical trauma, it seems likely that any relationship between psychological stress and MS will be different for
different types and degrees of life stress, and this complicates interpretation of the existing data. This is of particular
concern in an area such as stress, where the possible variations are so numerous. For example, stress can be acute
and self-limited, it can be chronic and long-lasting, or it can be somewhere in between. Its severity can range from a
minor disruption of a person’s life to a life-threatening or psychologically traumatic life event. Neither is it clear that
the stress produced in all these different circumstances will result in the same pathophysiologic mechanisms.
Moreover, there is almost certainly considerable variability in the actual impact of similar life events (e.g., divorce,
loss of employment, or the death of a loved one) on different individuals. As a result of such complexities, more
precision and consistency about what is measured are necessary.
There are also concerns about the use of retrospective interviews, a technique typically used by studies in this
area. These interviews, in which subjects are asked to remember and report on life events that preceded the onset or
exacerbation of MS, are quite prone to recall bias. Thus, there is an urgent need to obtain tightly defined prospective
data in this area if an association between these life events and MS is to be established. Possibly in part because of
such difficulties, the experience in the different controlled trials has been mixed. Thus, early controlled trials tended
not to find a significant relationship between MS and stress (e.g., references 54 through 56), whereas some of the
more recent trials, possibly because of more rigorous definitions of stress, have reported a positive association (e.g.,
references 57 through 60).
For example, in 1982, Warren et al.57 studied 100 MS patients and 100 control subjects with various other
neurologic or rheumatologic diseases. The two groups were matched with regard to age, sex, race, and MS risk zone
of residence. The authors conducted interviews of both patients and control subjects about various life events that
might or might not have occurred during the 2 years before disease onset. Using part of the Holmes and Rahe scale
for stressful life events, these authors found that 79% of the MS patients and only 54% of the control subjects (p <
0.001) reported more unwanted stress than usual in the 2-year study period. They also found that patients had
experienced three times the total number of stressful life events (180) than had control subjects (59) during the 2year period.
In 1986, Rabins et al.56 reported on 20 MS patients with exacerbation who had previously filled out a life-event
questionnaire, the Holmes-Rahe schedule of recent events (SRE), both within the month before the exacerbation and
previously. They found only 3 of the 20 patients with an SRE score in the month preceding exacerbation that was 1
SD above their prior mean score and only 2 of 20 with an SRE score 1 SD below their prior mean score. With so
few observations, however, this study lacks the statistical power to enable any firm conclusions to be drawn.
In 1988, Franklin et al.58 prospectively studied the relationship between exacerbations of MS and stressful life
events (SREs) determined from the Psychiatric Epidemiology Research Interview. Fifty-five patients completed the
study, in which these interviews were administered at consecutive 4-month intervals until an exacerbation occurred.
Twenty-five patients experienced exacerbation during an average of 20 months of follow-up. These 25 patients did
not have significantly more SREs in the 6 months preceding an exacerbation (20.2 events) than did the 30 control
subjects (17.2 events) during a comparable period of time. Exposure to “extreme events,” by contrast, was
marginally higher in the patients than in the control subjects (p < 0.05). Thus, this study, despite its prospective
nature, provides only marginal evidence in favor of an association between extreme stress and MS attacks.
In 1989, Grant et al.59 reported the results of a study of 39 MS patients and 40 nonpatient volunteers matched
on the basis of age, sex, marital status, and socioeconomic positions. Patients and control subjects were evaluated on
the life events and disability scale. These authors found that in the 6 months preceding the onset of MS, 62% of the
patients and only 15% of control subjects had experienced “severely threatening events” as defined by the life
events and disability scale (p < 0.001).
In 1991, Warren et al.60 interviewed 95 pairs of MS patients who were either in exacerbation or in remission,
using the general health questionnaire to measure emotional stress (a score of ≥5 on this scale defined emotional
stress). These authors found that in the 3 months preceding an exacerbation, 56.8% of the patients had experienced
such intense emotionally stressful events, compared with only 28.4% of the patients who were in remission at the
time of the interview (p < 0.001)
In 1993, Nisipeanu and Korczyn61 reported on their experience in Israel during the Persian Gulf War of January
and February 1991. Among 32 MS patients entered into a therapeutic trial on the basis of having had at least 1
attack per year between 1989 and 1990, they found 3 who experienced exacerbation either in the 2 months of the
war or in the 2 months following. This attack rate was reported to be significantly lower (p < 0.01) than the prewar
(and also pretherapeutic trial) attack rate. However, the very brief time of observation, the small number of subjects
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studied, and most notably the well-documented tendency for MS attack rates to drop spontaneously following entry
into a therapeutic trial (e.g., references 62 through 64) raise important concerns about the validity of these findings.
In 1997, Sibley65 reported the final results of a prospective evaluation of life events preceding an exacerbation
in 170 MS patients, determined as part of the monthly questionnaire discussed previously.37,38 The results of this
study had been reported earlier in preliminary form by Pratt.54 Although the possibility of an association between
MS exacerbation and antecedent stress is discounted in those articles, the actual analysis of the data66 indicated a
marginally significant (p < 0.02) association between job or marital stress with the subsequent occurrence of MS
exacerbation (w = 0.22; CI = 0.01 to 0.43). As a result, and despite its prospective nature, this study does not
provide conclusive evidence either for or against an association between antecedent stress and MS exacerbation.
In summary, there is Class II evidence both for and against an association between antecedent stress and the
onset or exacerbation of MS. Moreover, the strength of the favorable evidence is tempered by the lack at present of
a clear biological model, the lack of an agreed-upon definition of stress, the possible bias of retrospective
interviews, the apparent inconsistency of the relationship, and, perhaps most importantly, by the lack of any
conclusive prospective data. However, because radiographic attacks of MS occur frequently and can be easily
documented by serial gadolinium-enhanced MRI scanning, and because stress is frequent even in control subjects as
outlined above, it should now be possible to study the association between stress and exacerbations of MS
prospectively and thereby convincingly test the proposed relationship.

IR

ED

Conclusions. Physical trauma. On the basis of strong and generally consistent Class II evidence, any posited
association of trauma, especially head trauma, with more than a small effect on either MS onset or MS exacerbation
is excluded. Moreover, the preponderance of the Class II evidence supports no association between physical trauma
and either MS onset or MS exacerbation.
Psychological stress. On the basis of several Class II studies, the relationship between antecedent stress and
either MS onset or MS exacerbation is considered possible. Nevertheless, as outlined above, the existing Class II
studies on this relationship have important limitations, and at present, the prospective data are insufficient to
establish any such relationship with reasonable medical certainty.
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Disclaimer
This statement is provided as an educational service of the American Academy of Neurology. It is based on an
assessment of current scientific and clinical information. It is not intended to include all possible proper methods of
care for a particular neurologic problem or all legitimate criteria for choosing to use a specific procedure. Neither is
it intended to exclude any reasonable alternative methodologies. The American Academy of Neurology recognizes
that specific patient care decisions are the prerogative of the patient and the physician caring for the patient, based
on all of the circumstances involved.
Appendix 1
Panel of experts: Douglas S. Goodin, MD (chair and lead author), George C. Ebers, MD; Kenneth P. Johnson, MD;
Moses Rodriguez, MD; William A. Sibley, MD; and Jerry S. Wolinsky, MD.
American Academy of Neurology Therapeutics and Technology Assessment Subcommittee members: John
Ferguson, MD (chair); Elliot Mark Frohman, MD, PhD; Robert Goldman, MD; Douglas Goodin, MD (facilitator);
Philip B. Gorelick, MD, MPH; Chung Hsu, MD, PhD; Andres Kanner, MD; Anne Marini, MD; E. Steven Roach,
MD; and Edward Westbrook, MD.
Appendix 2
Definitions
Safe: A judgment of the acceptability of risk in a specified situation, e.g., for a given medical problem, by a
provider with specified training, at a specified type of facility.
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Effective: Producing a desired effect under conditions of actual use.
Established: Accepted as appropriate by the practicing medical community for the given indication in the specified
patient population.
Possibly useful: Given current knowledge, this technology appears to be appropriate for the given indication in the
specified patient population. If more experience and long-term follow-up are accumulated, this interim rating may
change.
Investigational: Evidence insufficient to determine appropriateness, warrants further study. Use of this technology
for given indication in the specified patient population should be confined largely to research protocols.
Doubtful: Given current knowledge, this technology appears to be inappropriate for the given indication in the
specified patient population. If more experience and long-term follow-up are accumulated, this interim rating may
change.
Unacceptable: Regarded by the practicing medical community as inappropriate for the given indication in the
specified patient population.
Suggested strength of recommendations
Type A: Strong positive recommendations, based on Class I evidence, or overwhelming Class II evidence when
circumstances preclude randomized clinical trials.

ED

Type B: Positive recommendation, based on Class II evidence.

Type C: Positive recommendation, based on strong consensus of Class III evidence.

Type D: Negative recommendation, based on inconclusive or conflicting Class II evidence.

IR

Type E: Negative recommendation, based on evidence of ineffectiveness or lack of efficacy, based on Class II or
Class I evidence.

R

ET

References
1. Charcot JM. Lectures on the diseases of the nervous system. London: New Sydenham Society, 1879:157-222.
2. Mendel K. Tabes und multiple Sklerose in ihren Beziehungen zum Trauma. Neurol Ctrbl 1897;16:140-141.
3. Klausner I. Ein Beitrag zur Aetiologie der multiplen Sklerose. Arch Psychiatr Nervenk 1901;34:841-868.
4. Hoffman J. Die multiple Sklerose des Centralnervensystems. Dtsch Zts Nervenheilk 1902;21:1-27.
5. Dana CL. Multiple sclerosis and the methods of ecology. Res Publ Assoc Nerv Ment Dis 1922;2:43-48.
6. Harris W. The traumatic factor in organic nervous disease. Br Med J 1933;4:955-960.
7. Von Hoesslin R. Über multiple Sklerose. Munchen: JF Lehmans Verlag, 1934:68-74.
8. Keschner M. The effect of injuries and illness on the course of multiple sclerosis. Res Publ Assoc Nerv Ment
Dis 1950;28:533-547.
9. McAlpine D, Compston N. Some aspects of the natural history of disseminated sclerosis. Q J Med
1952;21:135-167.
10. Kurland LT, Westlund KB. Epidemiologic factors in the etiology and prognosis of multiple sclerosis. Ann NY
Acad Sci 1954;58:682-701.
11. Ridley A, Schapira K. Influence of surgical procedures on the course of multiple sclerosis. Neurology
1961;11:81-82.
12. Miller H. Trauma and multiple sclerosis. Lancet 1964;1:848-850.
13. Kelly R. Clinical aspects of multiple sclerosis. In: Vinken PJ, Bruyn GW, Koestier C, eds. Handbook of clinical
neurology. Amsterdam: Elsevier, 1985;47:49-78.
14. Jellnick EH. Trauma and multiple sclerosis. Lancet 1995;343:1053-1054.
15. Visintainer PF. Physical trauma and multiple sclerosis. Neurology 1994;44:1360. Letter.
16. Lauer K. Physical trauma and multiple sclerosis. Neurology 1994;44:1360. Letter.
17. Poser CM. Physical trauma and multiple sclerosis. Neurology 1994;44:1360-1362.
18. Kurland LT, Rodriguez M, O’Brien PC, Sibley WA. Physical trauma and multiple sclerosis. Neurology
1994;44:1362-1364.
19. US Department of Health and Human Services. Types of injuries and impairments due to injuries. National
Health Survey 1986; Series 10; (PHS)159:8-26
20. Christie B. Multiple sclerosis linked with trauma in a court case. Br Med J 1996;313:1228. Letter.

MS and Trauma

Page 10

R

ET

IR

ED

21. Weintraub MI. Trauma and multiple sclerosis: medicolegal implications. Dev Med Child Neurol 1988;30:407408.
22. Poser CM. The pathogenesis of multiple sclerosis: additional considerations. J Neurol Sci 1993;115(suppl):S3S15.
23. Mathews W. Clinical aspects. Pathophysiology. In: Mathews W, ed. McAlpine’s multiple sclerosis, 2nd ed.
Edinburgh: Churchill Livingstone, 1991:210-232.
24. Poser CM. The role of the blood-brain barrier in the pathogenesis of multiple sclerosis. In: Salvati S, ed. A
multidisciplinary approach to myelin diseases II. New York: Plenum Press, 1994:221-229.
25. Poser CM. The role of trauma in the pathogenesis of multiple sclerosis: a review. Clin Neurol Neurosurg
1994;96:103-110.
26. Nesbit GM, Forbes GS, Scheithauer BW, Okazzaki H, Rodriguez M. Multiple sclerosis: histopathologic and
MR and/or CT correlation in 37 cases at biopsy and three cases at autopsy. Neuroradiology 1991;180:467-474.
27. Barnes D, Munro P, Youl B, et al. The longstanding MS lesion. Brain 1990;114:1271-1280.
28. Kermode AG, Thompson AJ, Tofts PS, et al. Onset and duration of the blood-brain barrier breakdown in
multiple sclerosis. Neurology 1990;40(suppl 1):377. Abstract.
29. Waxman SG. Demyelination in spinal cord injury and multiple sclerosis: what can we do to enhance functional
recovery? J Neurotrauma 1992;9:S105-S117.
30. Wekerle SG. T-cell autoimmunity in the central nervous system. Intervirology 1993;35:95-100.
31. Knobler RL, Marini JC, Goldowitz D, Lublin FD. Distribution of the blood-brain barrier in heterotopic brain
transplants and its relationship to the lesions of EAE. J Neuropathol Exp Neurol 1992;51:36-39.
32. Filippi M, Rocca MA, Martino G, Horsfield MA, Comi G. Magnetization transfer changes in the normal
appearing white matter precede the appearance of enhancing lesions in patients with multiple sclerosis. Ann
Neurol 1998;43:809-814.
33. Rodriguez M, Scheithauer BW, Forbes G, Kelly PJ. Oligodendrocyte injury is an early event in lesions of
multiple sclerosis. Mayo Clin Proc 1993;68:627-636.
34. Lampert P, Carpenter S. Electron microscopic studies on the vascular permeability and the mechanism of
demyelination in experimental allergic encephalomyelitis. J Neuropathol Exp Neurol 1965;24:11-14.
35. Ebers GC. Multiple sclerosis: new insights from old tools. Mayo Clin Proc 1993;68:711-712.
36. Hibberd PL. Use and misuse of statistics for epidemiological studies of multiple sclerosis. Ann Neurol
1994;36:S218-S230.
37. Bamford CR, Sibley WA, Thies C, Laguna JF, Smith MS, Clark K. Trauma as an aggravating factor in multiple
sclerosis. Neurology 1981;31:1229-1234.
38. Sibley WA, Bamford CR, Clark K, Smith MS, Laguna JF. A prospective study of physical trauma and multiple
sclerosis. J Neurol Neurosurg Psychiatry 1991;54:584-589.
39. Siva A, Radhakrishnan K, Kurland LT, O’Brien PC, Swanson JW, Rodriguez M. Trauma and multiple
sclerosis: a population-based cohort study from Olmsted County, Minnesota. Neurology 1993;43:1878-1882.
40. Poser CM. A prospective study of physical trauma and multiple sclerosis. J Neurol Neurosurg Psychiatry
1992;55:524. Letter.
41. Sibley WA. A prospective study of physical trauma and multiple sclerosis. A reply. J Neurol Neurosurg
Psychiatry 1992;55:524. Letter.
42. Kurland LT. Trauma and multiple sclerosis. Ann Neurol 1994;36:S33-S37.
43. McAlpine D. The problem of disseminated sclerosis. Brain 1946;69:233-250.
44. Cohen J. Statistical power analysis for the behavioral sciences, 2nd ed. Hillsdale, NJ: Lawrence Erlbaum
Associates, 1988:215-271.
45. McAlpine D, Lumsden CE, Acheson ED. Multiple sclerosis: a new appraisal. Baltimore: Williams & Wilkins,
1965.
46. Alter M, Speer J. Clinical evaluation of possible etiologic factors in multiple sclerosis. Neurology 1968;18:109115.
47. Gusev E, Boiko A, Lauer K, et al. Environmental risk factors in MS: a case-control study in Moscow. Acta
Neurol Scan 1996;94:386-394.
48. Reder AT, Lowy MT, Meltzer HY, Antel JP. Dexamethasone suppression test abnormalities in multiple
sclerosis: relation to ACTH therapy. Neurology 1987;37:849-853.
49. Foley FW, Miller AH, Traugott U, et al. Psychoimmunological dysregulation in multiple sclerosis.
Psychosomatics 1988;29:398-403.

MS and Trauma

Page 11

R

ET

IR

ED

50. Fassbender K, Schmidt R, Mößner R, et al. Mood disorders and dysfunction of hypothalamic-pituitary-adrenal
axis in multiple sclerosis: association with cerebral inflammation. Arch Neurol 1998;55:66-72.
51. Foley FW, Traugott U, LaRocca NG, et al. A prospective study of depression and immune dysregulation in
multiple sclerosis. Arch Neurol 1992;49:238-244.
52. Van Nort JM. Multiple sclerosis: an altered immune response or an altered stress response. J Mol Med
1996;74:285-296.
53. Raine CS, Wu E, Ivanyi J, et al. Multiple sclerosis: a protective or a pathogenic role for heat shock protein 60
in the central nervous system. Lab Invest 1996;75:109-123.
54. Pratt RTC. An investigation of the psychiatric aspects of disseminated sclerosis. J Neurol Neurosurg Psychiatry
1951;14:326-336.
55. Antonovsky A, Leibowitz U, Medalie JM, et al. Reappraisal of possible etiologic factors in multiple sclerosis.
Am J Public Health 1968;58:836-848.
56. Rabins PV, Brooks BR, O’Donnell, et al. Structural brain correlates of emotional disorder in multiple sclerosis.
Brain 1986;109:585-597.
57. Warren S, Greenhill S, Warren KG. Emotional stress and the development of multiple sclerosis: case-control
evidence of a relationship. J Chronic Dis 1982;35:821-831.
58. Franklin GM, Nelson LM, Heaton RK, et al. Stress and its relationship to acute exacerbations in multiple
sclerosis. J Neurol Rehab 1988;2:7-11.
59. Grant I, Brown GW, Harris T, et al. Severely threatening events and marked life difficulties preceding onset or
exacerbation of multiple sclerosis. J Neurol Neurosurg Psychiatry 1989;52:8-13.
60. Warren W, Warren, KG, Cockerill R. Emotional stress and coping in multiple sclerosis (MS) exacerbations. J
Psychosomat Res 1991;35:37-47.
61. Nisipeanu P, Korczyn AD. Psychological stress as a risk factor for exacerbation in multiple sclerosis.
Neurology 1993;43:1311-1312.
62. IFNB MS Study Group. Interferon-beta-1b is effective in relapsing-remitting multiple sclerosis: clinical results
of a randomized double blind, placebo-controlled trial. Neurology 1993;43:655-661.
63. Johnson KP, Brooks BR, Cohen JA, et al. Copolymer I reduces relapse rate and improves disability in
relapsing-remitting multiple sclerosis. Neurology 1995;45:1268-1276.
64. Jacobs LD, Cookfair DL, Rudick RA, et al. Intramuscular interferon beta-1a for disease progression in
relapsing multiple sclerosis. Ann Neurol 1996;39:285-294.
65. Sibley WA. Risk factors in multiple sclerosis. In: Raine CS, McFarland HF, Tourtellotte WW, eds. Multiple
sclerosis: clinical and pathogenic basis. London: Chapman and Hall, 1997:141-148.
66. Sibley WA. Risk factors in multiple sclerosis—implications for pathogenesis. In: Crescenzi GS, ed. A
multidisciplinary approach to myelin diseases, NATO Advanced Research Series. New York: Plenum Press,
1988:227-232.

The relationship of MS to physical trauma and psychological stress [RETIRED]: Report of
the Therapeutics and Technology Assessment Subcommittee of the American Academy of
Neurology
D.S. Goodin, G.C. Ebers, K.P. Johnson, et al.
Neurology 1999;52;1737
DOI 10.1212/WNL.52.9.1737
This information is current as of June 1, 1999
Updated Information &
Services

including high resolution figures, can be found at:
http://n.neurology.org/content/52/9/1737.full

Citations

This article has been cited by 15 HighWire-hosted articles:
http://n.neurology.org/content/52/9/1737.full##otherarticles

Permissions & Licensing

Information about reproducing this article in parts (figures,tables) or in its
entirety can be found online at:
http://www.neurology.org/about/about_the_journal#permissions

Reprints

Information about ordering reprints can be found online:
http://n.neurology.org/subscribers/advertise

Neurology ® is the official journal of the American Academy of Neurology. Published continuously since 1951, it
is now a weekly with 48 issues per year. Copyright . All rights reserved. Print ISSN: 0028-3878. Online ISSN:
1526-632X.

