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Environmental risk factors and multiple sclerosis: an 
umbrella review of systematic reviews and meta-analyses
Lazaros Belbasis, Vanesa Bellou, Evangelos Evangelou, John P A Ioannidis, Ioanna Tzoulaki

Summary
Background The cause of multiple sclerosis is believed to involve environmental exposure and genetic susceptibility. 
We aimed to summarise the environmental risk factors that have been studied in relation to onset of multiple 
sclerosis, assess whether there is evidence for diverse biases in this literature, and identify risk factors without 
evidence of biases.

Methods We searched PubMed from inception to Nov 22, 2014, to identify systematic reviews and meta-analyses of 
observational studies that examined associations between environmental factors and multiple sclerosis. For each meta-
analysis we estimated the summary eff ect size by use of random-eff ects and fi xed-eff ects models, the 95% CI, and the  
95% prediction interval. We estimated the between-study heterogeneity expressed by I² (defi ned as large for I²≥50%), 
evidence of small-study eff ects (ie, large studies had signifi cantly more conservative results than smaller studies), and 
evidence of excess signifi cance bias (ie, more studies than expected with signifi cant results).

Findings Overall, 44 unique meta-analyses including 416 primary studies of diff erent risk factors and multiple sclerosis 
were examined, covering a wide range of risk factors: vaccinations, comorbid diseases, surgeries, traumatic events and 
accidents, exposure to environmental agents, and biochemical, infectious, and musculoskeletal biomarkers. 23 of 
44 meta-analyses had results that were signifi cant at p values less than 0·05 and 11 at p values less than 0·001 under the 
random-eff ects model. Only three of the 11 signifi cant meta-analyses (p<0·001) included more than 1000 cases, had 
95% prediction intervals excluding the null value, and were not suggestive of large heterogeneity (I²<50%), small-study 
eff ects (p for Egger’s test >0·10), or excess signifi cance (p>0·05). These were IgG seropositivity to Epstein-Barr virus 
nuclear antigen (EBNA) (random eff ects odds ratio [OR] 4·46, 95% CI 3·26–6·09; p for eff ect size=1·5 × 10–¹⁹; I²=43%), 
infectious mononucleosis (2·17, 1·97–2·39; p=3·1 × 10–⁵⁰; I²=0%), and smoking (1·52, 1·39–1·66; p=1·7 × 10–¹⁸; I²=0%).

Interpretation Many studies on environmental factors associated with multiple sclerosis have caveats casting doubts on 
their validity. Data from more and better-designed studies are needed to establish robust evidence. A biomarker of 
Epstein-Barr virus (anti-EBNA IgG seropositivity), infectious mononucleosis, and smoking showed the strongest 
consistent evidence of an association.

Funding None.

Introduction
Multiple sclerosis is the most common demyelinating 
disease in high-income countries1 and, according to a 
report by the Multiple Sclerosis Inter national Federation,2 
the global median prevalence of multiple sclerosis has 
increased from 30 per 100 000 in 2008 to 33 per 100 000 in 
2013. Prevalence varies considerably between countries3,4 
and is highest in North America (140 per 100 000) and 
Europe (108 per 100 000) and lowest in sub-Saharan Africa 
(2·1 per 100 000) and east Asia (2·2 per 100 000).2 The 
cause of multiple sclerosis is multi factorial; both genetic 
and environmental factors contribute to disease risk. In 
particular, several environ mental risk factors, such as 
Epstein-Barr virus infection,5 smoking,6 and latitude,7 have 
been proposed; however, the causes of multiple sclerosis 
are still largely unknown and there are at present no well-
established risk factors to assist disease prevention.8

Numerous meta-analyses and systematic reviews for 
environmental risk factors associated with multiple 
sclerosis have been published. However, to our 
knowledge, there has been no eff ort to summarise the 

evidence from these meta-analyses and their associated 
limitations, such as the presence of diverse biases. We 
did the fi rst umbrella review of the evidence across 
existing systematic reviews and meta-analyses of 
observational studies, to provide an overview of the range 
and validity of the reported associations of diverse 
environmental risk factors with multiple sclerosis. We 
summarise the risk factors that have been associated 
with multiple sclerosis in meta-analyses, assess whether 
there is evidence for diverse biases in these meta-
analyses, and fi nally assess which of the previously 
studied associations that have been synthesised in meta-
analyses have robust evidence.

Methods
Search strategy and eligibility criteria
We did an umbrella review (a systematic collection and 
assessment of multiple systematic reviews and meta-
analyses done on a specifi c research topic).9 We 
systematically searched PubMed from inception to 
Nov 22, 2014 to identify systematic reviews and meta-
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analyses of observational studies examining associations 
between environmental (non-genetic) factors and 
multiple sclerosis. The search strategy used the keywords 
“multiple sclerosis” AND (“systematic review” OR “meta-
analysis”). The full text of potentially eligible articles was 
scrutinised independently by two investigators (LB and 
VB). We excluded meta-analyses that investigated the 
association between genetic markers and risk of multiple 
sclerosis because these factors have been examined 
elsewhere. When a study included meta-analyses of both 
genetic and environmental risk factors, we only extracted 
information on environmental factors. Additionally, 
meta-analyses with an outcome related to relapse or 
remission of multiple sclerosis or severity of symptoms 
were excluded. We also excluded meta-analyses that 
examined multiple sclerosis as a risk factor for other 
medical conditions, and systematic reviews of ecological 
studies with no individual data. We did not apply any 
language restrictions in the selection of eligible studies. 
When more than one meta-analysis on the same research 
question was eligible, the meta-analysis with the largest 
number of component studies with data on individual 
studies’ eff ect sizes was retained for the main analysis.

Data extraction
Data extraction was done independently by two 
investigators (LB and VB) and, in the case of 
discrepancies, the fi nal decsion was that of a third 
investigator (IT). From each eligible article, we recorded 
the fi rst author, journal, year of publication, examined 
risk factors, and number of studies included. If a 
quantitative synthesis was done, we also extracted the 
study-specifi c relative risk estimates (risk ratio, odds ratio 
[OR], hazard ratio, or incident risk ratio) together with 
the corresponding CI and the number of cases and 
controls in each study for each risk factor. Whenever the 
studies used several control groups, we used the data 
from the healthy controls as the control group. For 
studies with no quantitative synthesis, we recorded a 
statement summarising the authors’ main interpretations 
of their fi ndings and the reason why a quantitative 
synthesis was not attempted.

Statistical analysis
For each meta-analysis, we estimated the summary eff ect 
size and its 95% CI with both fi xed-eff ects and random-
eff ects models.10,11 We also estimated the 95% prediction 
interval, which further accounts for between-study 
heterogeneity and evaluates the uncertainty for the eff ect 
that would be expected in a new study addressing that 
same association.12,13 For the largest study of each meta-
analysis, we estimated the SD of the eff ect size and 
examined whether the SD was less than 0·10. In a study 
with an SD of less than 0·10, the diff erence between the 
eff ect estimate and the upper or lower 95% CI is less 
than 0·20 (ie, this uncertainty is less than what is 
considered a small eff ect size).

In the case of meta-analyses with continuous data, the 
eff ect estimate was transformed to an OR with an 
established formula.14 Between-study heterogeneity was 
assessed by the I² metric.15 I² ranges between 0% and 
100% and is the ratio of between-study variance over the 
sum of the within-study and between-study variances.16 
Values exceeding 50% or 75% are usually judged to 
represent large or very large heterogeneity, respectively. 
The 95% CI of I² estimates can be wide when there are 
few studies.17

We assessed whether there was evidence for small-
study eff ects (ie, whether smaller studies tend to give 
substantially larger estimates of eff ect size compared 
with larger studies)18 with the regression asymmetry test 
proposed by Egger and colleagues.19 A p value less than 
0·10 with more conservative eff ect in larger studies than 
in random-eff ects meta-analysis was judged to be 
evidence for small-study eff ects.

We applied the excess statistical signifi cance test, 
which assesses whether the observed number of studies 
with nominally signifi cant results (positive studies, 
p<0·05) is larger than their expected number.20 This test 
assesses whether the number of positive studies among 
those in a meta-analysis is too large based on the power 
that these studies have to detect plausible eff ects at α of 
0·05. The expected number of studies with signifi cant 
results is calculated in each meta-analysis by the sum of 
the statistical power estimates for each component study. 
The true eff ect size for any meta-analysis is not known. 
We estimated the power of each component study using 
the eff ect size of the largest study (smallest SE) in a meta-
analysis.21 The power of each study was calculated with 
an algorithm using a non-central t distribution.22 Excess 
statistical signifi cance for single meta-analyses was 
claimed at p less than 0·10 (one-sided p<0·05, with 
observed values greater than expected values as 
previously proposed20). The observed versus expected 
comparison was done separately for each meta-analysis, 
and it was also extended to groups including many meta-
analyses after summing the observed and expected 
values from each meta-analysis.

In six meta-analyses presented in three articles,23–25 data 
on eff ect sizes or sample size for individual studies were 
not available. For fi ve meta-analyses presented in two 
articles,23,24 the estimation of fi xed-eff ects summary eff ect 
size was not done because of inadequate data. For one 
meta-analysis,24 the I² and the Egger’s test could not be 
estimated because the study-specifi c relative risk 
estimates for component studies were not reported. In 
one other meta-analysis,25 the total number of cases was 
not reported. All six meta-analyses presented in three 
articles23–25 were not included in the excess signifi cance 
bias analysis because the data needed for power 
calculations were not reported.

Finally, we identifi ed associations that had the strongest 
validity and were not suggestive of bias. Specifi cally, we 
noted which associations met the following criteria: had 

For more on the association 
between genetic markers and 

risk of multiple sclerosis see 
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signifi cance according to fi xed-eff ects and random-eff ects 
at p less than 0·05 and at p less than 0·001;26,27 were based 
on greater than 1000 cases; had between-study 
heterogeneity that was not large (I² <50%); had 95% 
prediction interval that excluded the null value; and had 
no evidence of small-study eff ects and excess signifi cance.

The statistical analysis and the power calculations were 
done with STATA version 12.0.

Role of the funding source
There was no funding source for this study. All authors 
had full access to all the study data. The corresponding 
author had fi nal responsibility for the decision to submit 
for publication.

Results
Overall, 609 articles were searched and 20 articles were 
deemed eligible (fi gure). 17 of the 20 eligible articles had a 
quantitative synthesis providing a summary estimate. 
13 of 33 articles screened at full text were excluded 
because a larger meta-analysis that examined the same 
risk factors and population was found. These articles 
pertained to chronic cerebrospinal venous insuffi  ciency,28,29 
Epstein-Barr virus infection30 and seronegativity,31 
hepatitis B vaccination,32,33 immuni sations,34 infectious 
mono nucleosis,35 tetanus vac cination,36 organic solvents,37 
smoking,38 serum homo  cysteine,39 and traumatic injury.40 
Three of these excluded articles were systematic reviews 
without a quantitative synthesis;32–34 one article40 did not 
present adequate data to do our analyses so we included 
an older meta-analysis41 with better reporting. For the 
remaining nine meta-analyses,28–31,35–39 when we compared 
the summary eff ects with the eff ects of the more recent 
respective meta-analysis, agreement existed on the 
direction and presence of nominal statistical signifi cance 
of the association. The diff erence in magnitude of the 
eff ect size varied from 4% to 70%, but this variability 
could be attributed to the larger number of datasets 
included in the more up-to-date meta-analyses.

The three systematic reviews of observational studies 
without further quantitative synthesis examined stress42 
(fi ve studies, 503 patients with multiple sclerosis), 
socioeconomic status43 (21 studies, 7632 patients with 
multiple sclerosis), and serum prolactin44 (23 studies, 
1199 patients with multiple sclerosis) as risk factors for 
the onset of multiple sclerosis. In these systematic 
reviews the authors stated in their conclusions that there 
is evidence for associations between risk for multiple 
sclerosis and stress, high socioeconomic status, and 
elevated serum prolactin on the basis of descriptive 
presentation of the results of individual studies without 
quantitative synthesis. The authors stated that they did 
not attempt quantitative synthesis owing to the large 
heterogeneity in systematic reviews for stress and for 
socioeconomic status, but did not present any reasons for 
not doing quantitative synthesis in the systematic review 
for serum prolactin.

The 17 remaining articles correspond to 44 unique 
meta-analyses, including 416 primary observational 
studies in total. The median number of studies per 
meta-analysis was eight (IQR 6–12) and the median 
number of cases was 933 (IQR 471·5–2045·5). The 
44 meta-analyses covered a wide range of risk factors 
(table 1). 20 (46%) of 44 meta-analyses studied 
associations between infections or vaccinations and 
multiple sclerosis. Seven (16%) of 44 meta-analyses 
examined biomarkers of Epstein-Barr virus or infectious 
mononucleosis. Additionally, other meta-analyses 
examined associations of biochemical biomarkers 
(n=5), musculoskeletal biomarkers (n=3), comorbid 
diseases (n=5), surgeries, traumatic events, or accidents 
(n=8), and exposure to toxic environmental agents 
(n=3). The number of cases was greater than 1000 in 
21 meta-analyses. All eligible meta-analyses used 
summary-level data from published literature and none 
of them had access to individual participant data.

23 (52%) of 44 meta-analyses reported eff ects that were 
signifi cant at p values less than 0·05. 11 (25%) were 
signifi cant at p values less than 0·001 under the random-
eff ects model (table 1): IgG seropositivity for Epstein-
Barr virus nuclear antigen (EBNA),50 IgG seronegativity 
for Epstein-Barr virus,50 IgG seropositivity to Epstein-Barr 

609 articles reviewed by title screening

565 articles were excluded 
 291 were treatment studies
 100 were articles about genetic epidemiology
 78 had outcomes other than risk for multiple sclerosis
 27 were editorials or narrative reviews
 21 were incidence or prevalence studies
 18 were methodological papers
 15 were articles about health economics
 15 were imaging studies

44 articles reviewed by abstract screening

33 articles reviewed by full text screening

20 eligible articles (3 systematic reviews, and 17 articles 
 with 44 unique meta-analyses) published until 

Nov 22, 2014

11 articles were excluded
 6 had outcomes other than risk for multiple sclerosis
 2 were incidence or prevalence studies
 1 was an imaging study
 1 was an editorial or narrative review
 1 was a methodological study

13 articles were excluded
 13 were not the largest systematic reviews or

meta-analysis investigating a risk factor

Figure: Flow chart of literature search
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Risk factor Number of 
primary 
studies

Total number of 
cases/controls

Random-eff ects 
summary eff ect size 
(95% CI)

95% PI p random p fi xed Largest study I² Egger 
test 
p value

Eff ect size (95% CI) SE

Biochemical biomarkers

Duan et al45* Serum vitamin D 11 1007/829 0·44 (0·24–0·78) 0·05–3·70 0·005 3·0 × 10–5 1·22 (0·90–1·66) 0·16 89% 0·05†

Liu et al25* Serum uric acid 8 NA 0·28 (0·14–0·57) 0·02–3·29 4·1 × 10–4 1·0 × 10–22 0·27 (0·16–0·46) 0·27 87% 0·91

Zhu et al46* Serum vitamin B12 8 377/353 0·64 (0·44–0·93) 0·26–1·60 0·02 0·002 0·75 (0·41–1·37) 0·29 38% 0·99

Zhu et al46* Serum folate 6 324/314 0·85 (0·61–1·17) 0·46–1·55 0·33 0·33 1·08 (0·59–1·97) 0·28 12% 0·01†

Zhu et al46* Serum homocysteine 8 639/430 4·57 (1·40–14·89) 0·06–338 0·01 1·6 × 10–8 0·34 (0·23–0·51) 0·20 96% 0·01

Musculoskeletal biomarkers

Huang et al47* BMD in femoral neck 10 518/902 0·36 (0·21–0·61) 0·06–2·26 1·33 × 10–4 9·1 × 10–15 0·68 (0·43–1·08) 0·23 81% 0·20

Huang et al47* BMD in lumbar spine 11 560/930 0·34 (0·24–0·50) 0·11–1·12 1·07 × 10–8 2·0 × 10–13 0·52 (0·33–0·81) 0·23 67% 0·05†

Huang et al47* BMD in hip 8 457/842 0·33 (0·18–0·60) 0·04–2·65 2·95 × 10–4 2·2 × 10–16 0·55 (0·35–0·86) 0·23 86% 0·22

Exposure to toxic environmental agents

Aminzadeh and 
Etminan48

Dental amalgam 4 321/20 656 1·24 (0·96–1·62) 0·41–3·79 0·11 0·38 2·05 (1·19–3·53) 0·28 77% 0·02

Barragan-
Martinez et al49

Organic solvents 15 1811/1 140 990 1·54 (1·03–2·29) 0·37–6·39 0·03 0·12 0·68 (0·40–1·15) 0·27 77% 0·06†

Handel et al6 Smoking 14 3052/457 619 1·52 (1·39–1·66) 1·37–1·68 1·7 × 10–18 4·7 × 10–19 1·50 (1·30–1·80) 0·08 0% 0·50

Infections or vaccinations

Almohmeed 
et al50

Anti-EA IgG 
seropositivity

14 1354/1521 1·40 (0·93–2·10) 0·36–5·47 0·11 8·9 × 10–5 1·35 (0·79–2·29) 0·27 70% 0·51

Almohmeed 
et al50

Anti-EBNA IgG 
seropositivity

30 3511/3797 4·46 (3·26–6·09) 1·46–13·62 1·5 × 10–19 5·0 × 10–35 9·04 (3·57–22·86) 0·47 43% 0·06

Almohmeed 
et al50

Anti-EBV IgG 
seronegativity

7 933/1.427 0·13 (0·05–0·32) 0·01–1·39 2·0 × 10–5 1·1 × 10–9 0·05 (0·003–0·87) 1·45 52% 0·05

Almohmeed 
et al50

Anti-VCA IgG 
seropositivity

24 2949/3376 4·52 (2·85–7·15) 0·87–23·42 3·4 × 10–10 2·8 × 10–23 9·15 (3·25–25·78) 0·53 58% 0·24

Bagos et al23‡ Chlamydia pneumoniae 
DNA in CSF

19 822/688 3·22 (1·20–8·59) NA 0·02 NA 10·27 (2·34–45·02) 0·75 88% 0·46

Bagos et al23‡ Ig for Chlamydia 
pneumoniae in serum

12 740/950 1·07 (0·75–1·53) NA 0·72 NA 1·70 (1·10–2·70) 0·23 91% 0·36

Bagos et al23‡ Ig for Chlamydia 
pneumoniae in CSF

6 264/261 3·82 (0·72–20·37) NA 0·12 NA 1·28 (0·60–2·74) 0·39 83% 0·32

Bagos et al23‡ Intrathecal production 
of Ig for Chlamydia 
pneumoniae

6 313/315 3·84 (1·32–11·21) NA 0·01 NA 1·54 (0·65–3·66) 0·44 55% 0·15

Farez and 
Correale51

BCG vaccination 6 536/751 0·96 (0·69–1·34) 0·60–1·54 0·82 0·82 1·00 (0·40–2·60) 0·48 0% 0·01†

Farez and 
Correale51

Diphtheria vaccination 3 237/387 0·60 (0·40–0·91) 0·04–8·57 0·02 0·02 0·80 (0·37–1·74) 0·39 0% 0·88

Farez and 
Correale51

Hepatitis B vaccination 6 15 241/12 339 1·00 (0·74–1·37) 0·45–2·26 0·99 0·10 0·92 (0·84–1·01) 0·05 48% 0·36

Farez and 
Correale51

Infl uenza vaccination 4 14 997/10 128 0·97 (0·77–1·23) 0·42–2·23 0·81 0·77 1·02 (0·96–1·09) 0·03 37% 0·84

Farez and 
Correale51

MMR vaccination 3 568/1880 1·02 (0·64–1·62) 0·05–20·58 0·94 0·94 0·90 (0·40–1·80) 0·38 0% 0·33

Farez and 
Correale51

Poliomyelitis 
vaccination

7 570/725 0·87 (0·61–1·26) 0·39–1·98 0·46 0·59 0·80 (0·07–2·80) 0·94 29% 0·13

Farez and 
Correale51

Tetanus vaccination 8 929/3203 0·71 (0·57–0·88) 0·47–1·07 0·002 1·2 × 10–4 0·60 (0·40–0·80) 0·18 17% 0·15

Farez and 
Correale51

Typhoid fever 
vaccination

4 288/467 1·05 (0·72–1·53) 0·37–3·01 0·81 0·79 1·02 (0·50–2·06) 0·36 14% 0·92

Handel et al5 Infectious 
mononucleosis

18 19 519/16 136 2·17 (1·97–2·39) 1·96–2·41 3·1 × 10–50 3·1 × 10–50 2·06 (1·71–2·48) 0·09 0% 0·68

Santiago et al52 EBV DNA in CSF and 
brain tissue

7 211/251 1·57 (0·66–3·73) 0·23–10·94 0·31 3·6 × 10–4 2·80 (0·99–2·49) 0·24 36% 0·53

(Table 1 continues on next page)
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virus viral-capsid antigen (VCA),50  bone mineral density 
in femoral neck, lumbar spine, and hip,47 chronic 
cerebrospinal venous insuffi  ciency,55 cyto megalovirus 
infection,24 infectious mononucleosis,5 serum uric acid,25 
and smoking.6 In only three meta-analyses—those of 
anti-EBNA IgG seropositivity, infectious mononucleosis, 
and smoking—the 95% prediction interval rule for 
random-eff ects model did not include the null. The 
remaining meta-analyses of risk factors had prediction 
intervals that included the null value, showing that, 
although on average some risk factors are associated with 
multiple sclerosis, this might not always be the case in 
specifi c settings (tables 1, 2).

The results of the largest study were more conservative 
than the summary result in 19 (43%) meta-analyses. 
However, the largest study was typically not very large or 
substantially diff erent in weight from other studies. In seven 

meta-analyses, the SD of the largest study was less than 0·10 
in a log OR scale (it was <0·20 in 16 meta-analyses).

21 (48%) meta-analyses had large heterogeneity (I²≥50%) 
and 12 (27%) meta-analyses had very large heterogeneity 
(I²>75%). The meta-analyses with very large heterogeneity 
examined asthma, dental amalgam, bone mineral density 
in femoral neck and hip, Chlamydia pneumoniae DNA in 
CSF, chronic cerebro spinal venous insuffi  ciency, immuno-
globulins for C pneumoniae in serum, immunoglobulins 
for C pneu moniae in CSF, organic solvents, serum hom-
cysteine, serum vitamin D, and serum uric acid.

Evidence for small-study eff ects was noted in ten 
(23%) meta-analyses by use of the Egger’s test. In six of 
these ten meta-analyses (serum vitamin D, BCG 
vaccination, serum folate, anti-EBV IgG seronegativity, 
bone mineral density in lumbar spine, and organic 
solvents) the largest individual study had a more 

Risk factor Number of 
primary 
studies

Total number of 
cases/controls

Random-eff ects 
summary eff ect size 
(95% CI)

95% PI p random p fi xed Largest study I² Egger 
test 
p value

Eff ect size (95% CI) SE

(Continued from previous page)

Santiago et al52 EBV DNA in 
mononuclear cells and 
serum

6 392/337 1·84 (1·02–3·30) 0·39–8·63 0·04 0·001 3·10 (1·81–5·38) 0·28 49% 0·79

Sundqvist et al24‡ Cytomegalovirus 
infection

11 2030/2192 0·77 (0·67–0·87) NA 1·0 × 10–6 NA 0·73 (0·58–0·92) 0·12 NA NA

Surgeries, traumatic events, or accidents

Lunny et al53 Tonsillectomy at age 
≤20 years

12 4414/4422 1·32 (1·09–1·61) 0·80–2·18 0·005 5·2 × 10–10 1·35 (1·22–1·51) 0·05 44% 0·72

Lunny et al53 Tonsillectomy at age 
>20 years

9 1801/1618 1·19 (0·94–1·50) 0·69–2·05 0·15 0·12 1·02 (0·77–1·34) 0·14 32% 0·29

Lunny et al53 Appendectomy at age 
≤20 years

7 21 218/205 124 1·17 (1·02–1·34) 0·99–1·38 0·02 0·02 1·11 (0·94–1·31) 0·08 0% 0·13

Lunny et al53 Appendectomy at age 
>20 years

5 21 360/205 021 1·26 (0·92–1·72) 0·52–3·07 0·15 0·38 1·02 (0·93–1·11) 0·05 46% 0·09†

Lunny et al53 Adenoidectomy at age 
≤20 years

3 458/636 1·07 (0·68–1·68) 0·02–73·45 0·78 0·96 0·85 (0·54–1·34) 0·23 35% 0·15

Lunny et al53 Other surgeries at age 
≤20 years§

4 485/1202 0·80 (0·50–1·28) 0·12–5·18 0·36 0·14 1·00 (0·75–1·33) 0·15 63% 0·90

Lunny et al53 Other surgeries at age 
>20 years§

15 1099/1371 1·19 (0·86–1·65) 0·40–3·57 0·30 0·25 1·00 (0·75–1·33) 0·15 67% 0·46

Warren et al41 Traumatic injury 12 1486/1479 1·41 (1·03–1·92) 0·60–3·29 0·03 0·01 1·29 (0·69–2·40) 0·32 42% 0·29

Comorbid diseases

Monteiro et al54 Allergic disease 8 1834/255 374 0·91 (0·68–1·23) 0·37–2·28 0·54 0·80 1·45 (1·13–1·87) 0·13 72% 0·18

Monteiro et al54 Allergic rhinitis 6 2061/262 707 0·82 (0·59–1·12) 0·30–2·18 0·23 2·0 × 10–4 1·32 (0·78–2·24) 0·27 70% 0·56

Monteiro et al54 Asthma 8 2726/263 562 0·83 (0·47–1·44) 0·12–5·63 0·53 0·23 2·39 (1·79–3·18) 0·15 89% 0·17

Monteiro et al54 Eczema 4 1435/255 629 0·93 (0·71–1·22) 0·45–1·95 0·61 0·70 0·76 (0·45–1·29) 0·27 13% 0·18

Tsivgoulis et al55 Chronic cerebrospinal 
venous insuffi  ciency

19 1250/899 8·45 (3·47–20·56) 0·33–217 3·5 × 10–6 1·2 × 10–21 4·10 (2·66–6·30) 0·22 80% 0·23

The eff ect sizes are expressed as odds ratios (ORs). For infectious, biochemical, and musculoskeletal biomarkers, the level of comparison is high values versus low values, whereas for the remaining risk factors the 
level of comparison is exposed versus not exposed. BMD=bone mineral density. PI=prediction interval. p random=p value for random-eff ects meta-analysis. p fi xed=p value for fi xed-eff ects meta-analysis. 
EA=early antigen. EBNA=Epstein-Barr virus nuclear antigen. EBV=Epstein-Barr virus. VCA=viral-capsid antigen. NA=not available. MMR=measles, mumps, and rubella. *Random-eff ects summary eff ect size 
estimated from standardised mean diff ernce transformed to OR. †Both criteria for existence of small-study eff ects fulfi lled (p value for Egger’s test <0·10, and largest study with a smaller [more conservative] 
eff ect size than random-eff ects summary eff ect size). ‡Meta-analyses did not provide adequate data to estimate the random-effects summary effect size, and we report the random-effects summary effect size as 
presented by the authors of the original meta-analyses. §In these analyses, the component studies did not defi ne the type of surgery.

 Table 1: Characteristics, quantitative synthesis, and bias assessment of the 44 eligible meta-analyses of environmental risk factors for multiple sclerosis
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Sample size 
(number of 
cases)

Signifi cance threshold 
reached (under the 
random-eff ects 
model)

95% prediction 
interval rule

Estimate of 
heterogeneity*

Small-study eff ects or 
excess signifi cance 
bias

Random-eff ects 
summary eff ect 
size (95% CI)

Associations supported by convincing evidence

Anti-EBNA IgG 
seropositivity50

>1000 <0·001 Excluding the null 
value

Not large Neither 4·46 (3·26–6·09)

Infectious mononucleosis5 >1000 <0·001 Excluding the null 
value

Not large Neither 2·17 (1·97–2·39)

Smoking6 >1000 <0·001 Excluding the null 
value

Not large Neither 1·52 (1·39–1·66)

Associations supported by suggestive evidence

Appendectomy at age 
≤20 years53

>1000 <0·05 but >0·001 Including the null 
value

Not large Neither 1·17 (1·02–1·34)

Diphtheria vaccination51 <500 <0·05 but >0·001 Including the null 
value

Not large Neither 0·60 (0·40–0·91)

EBV DNA in mononuclear 
cells and serum52

<500 <0·05 but >0·001 Including the null 
value

Not large Neither 1·84 (1·02–3·30)

Serum vitamin B12
46 <500 <0·05 but >0·001 Including the null 

value
Not large Neither 0·64 (0·44–0·93)

Tetanus vaccination51 >500 but <1000 <0·05 but >0·001 Including the null 
value

Not large Neither 0·71 (0·57–0·88)

Tonsillectomy at age 
≤20 years53

>1000 <0·05 but >0·001 Including the null 
value

Not large Neither 1·32 (1·09–1·61)

Traumatic injury41 >1000 <0·05 but >0·001 Including the null 
value

Not large Neither 1·41 (1·03–1·92)

Associations supported by weak evidence

Anti-EBV IgG 
seronegativity50

>500 but <1000 <0·001 Including the null 
value

Large Neither 0·13 (0·05–0·32)

Anti-VCA IgG 
seropositivity50

>1000 <0·001 Including the null 
value

Large Neither 4·52 (2·85 to 7·15)

BMD in femoral neck47 >500 but <1000 <0·001 Including the null 
value

Very large Excess signifi cance bias 0·36 (0·21–0·61)

BMD in lumbar spine47 >500 but <1000 <0·001 Including the null 
value

Large Small-study eff ects 0·34 (0·24–0·50)

BMD in hip47 <500 <0·001 Including the null 
value

Very large Neither 0·33 (0·18–0·60)

Chlamydia pneumoniae 
DNA in CSF23

>500 but <1000 <0·05 but >0·001 NA Very large NA† 3·22 (1·20–8·59)

Chronic cerebrospinal 
venous insuffi  ciency55

>1000 <0·001 Including the null 
value

Very large Neither 8·45 (3·47–20·56)

Intrathecal production of 
Ig for Chlamydia 
pneumoniae23

<500 <0·05 but >0·001 NA Large NA† 3·84 (1·32–11·21)

Organic solvents49 >1000 <0·05 but >0·001 Including the null 
value

Very large Small-study eff ects 1·54 (1·03–2·29)

Serum vitamin D45 >1000 <0·05 but >0·001 Including the null 
value

Very large Small-study eff ects 0·44 (0·24–0·78)

Serum homocysteine46 >500 but <1000 <0·05 but >0·001 Including the null 
value

Very large Neither 4·57 (1·40–14·89)

Serum uric acid25 NA <0·001 Including the null 
value

Very large Neither 0·28 (0·14–0·57)

Associations not adequately assessed owing to absence of data

Cytomegalovirus 
infection24

>1000 <0·001 NA NA NA 0·77 (0·67–0·87)

Non-signifi cant associations

Anti-EA IgG 
seropositivity50

>1000 >0·05 Including the null 
value

Large Neither 1·40 (0·93–2·10)

Appendectomy at age 
>20 years53

>1000 >0·05 Including the null 
value

Not large Small-study eff ects 1·26 (0·92–1·72)

(Table 2 continues on next page)
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conservative eff ect size than the random-eff ects 
summary eff ect size. Assuming that the eff ect size in 
the largest study was the true eff ect, four of the 38 meta-
analyses (bone mineral density in femoral neck, 
tonsillectomy at age >20 years, other surgeries at age 
>20 years, and other surgeries at age ≤20 years) had a 
signifi cant diff erence between the number of observed 
and expected positive studies.

Of the 44 eligible meta-analyses, ten (23%) had 
nominally signifi cant summary associations (p<0·05) 
per random-eff ects calculation and had no evidence of 
small-study eff ects, had no evidence for excess 
signifi cance bias, and did not have large heterogeneity 
(I²<50%). These meta-analyses pertained to vaccination 
for diphtheria,51 vaccination for tetanus,51 smoking,6 
traumatic injury,41 infectious mononucleosis,5 anti-EBNA 

Sample size 
(number of 
cases)

Signifi cance threshold 
reached (under the 
random-eff ects 
model)

95% prediction 
interval rule

Estimate of 
heterogeneity*

Small-study eff ects or 
excess signifi cance 
bias

Random-eff ects 
summary eff ect 
size (95% CI)

(Continued from previous page)

Adenoidectomy at age 
≤20 years53

<500 >0·05 Including the null 
value

Not large Neither 1·07 (0·68–1·68)

Allergic disease54 >1000 >0·05 Including the null 
value

Large Neither 0·91 (0·68–1·23)

Allergic rhinitis54 >1000 >0·05 Including the null 
value

Large Neither 0·82 (0·59–1·12)

Asthma54 >1000 >0·05 Including the null 
value

Very large Neither 0·83 (0·47–1·44)

BCG vaccination51 >500 but <1000 >0·05 Including the null 
value

Not large Small-study eff ects 0·96 (0·69–1·34)

Dental amalgam48 <500 >0·05 Including the null 
value

Very large Neither 1·24 (0·96–1·62)

EBV DNA in CSF and brain 
tissue52

<500 >0·05 Including the null 
value

Not large Neither 1·57 (0·66–3·73)

Eczema54 >1000 >0·05 Including the null 
value

Not large Neither 0·93 (0·71–1·22)

Hepatitis B vaccination51 >1000 >0·05 Including the null 
value

Not large Neither 1·00 (0·74–1·37)

Ig for Chlamydia 
pneumoniae in serum23

>500 but <1000 >0·05 NA Very large NA† 1·07 (0·75–1·53)

Ig for Chlamydia 
pneumoniae in CSF23

<500 >0·05 NA Very large NA† 3·82 (0·72–20·37)

Infl uenza vaccination51 >1000 >0·05 Including the null 
value

Not large Neither 0·97 (0·77–1·23)

MMR vaccination51 >500 but <1000 >0·05 Including the null 
value

Not large Neither 1·02 (0·64–1·62)

Other surgeries at age 
≤20 years53

<500 >0·05 Including the null 
value

Large Excess signifi cance 0·80 (0·50–1·28)

Other surgeries at age 
>20 years53

>1000 >0·05 Including the null 
value

Large Excess signifi cance 1·19 (0·86–1·65)

Poliomyelitis vaccination51 >500 but <1000 >0·05 Including the null 
value

Not large Neither 0·87 (0·61–1·26)

Serum folate46 <500 >0·05 Including the null 
value

Not large Small-study eff ects 0·85 (0·61–1·17)

Tonsillectomy at age 
>20 years53

>1000 >0·05 Including the null 
value

Not large Excess signifi cance 1·19 (0·94–1·50)

Typhoid fever 
vaccination51

<500 >0·05 Including the null 
value

Not large Neither 1·05 (0·72–1·53)

Convincing evidence criteria: more than 1000 cases, signifi cant summary associations (p<0·001) per random-eff ects calculations, no evidence of small-study eff ects, no 
evidence for excess signifi cance bias, prediction intervals not including the null, and not large heterogeneity (I2≤50%). Suggestive evidence criteria: nominally signifi cant 
summary associations (p<0·05) per random-eff ects calculations, no evidence of small-study eff ects, no evidence for excess signifi cance bias, and not large heterogeneity 
(I²<50%). Weak evidence criteria: all other risk factors with nominally signifi cant summary associations (p<0·05). Non-signifi cant associations were p>0·05. EBNA=Epstein-
Barr virus nuclear antigen. EBV=Epstein-Barr virus. VCA=viral-capsid antigen. BMD=bone mineral density. EA=early antigen. NA=not available. MMR=measles, mumps, and 
rubella. *Heterogeneity was categorised as not large (I²<50%), large (I²≥50% but I²≤75%), and very large (I²>75%). †In the respondent risk factors, small-study effects were not 
present, but the relevant articles did not provide adequate data to do the excess statistical signifi cance test.

 Table 2: Assessment across the 44 associations of environmental risk factors with multiple sclerosis
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IgG sero positivity,50 Epstein-Barr virus DNA in 
mononuclear cells and serum,52 elevated serum B12,46 and 
appendectomy at age 20 years or younger,51 and 
tonsillectomy at age 20 years or younger.53 Of these only 
anti-EBNA IgG seropositivity, smoking, and infectious 
mononucleosis included more than 1000 cases in the 
meta-analysis, eff ects with p values less than 0·001, and a 
95% prediction interval excluding the null value. Anti-
EBNA IgG seropositivity had a summary OR of 4∙46 
(95% CI 3∙26–6∙09; p=1∙5 × 10–¹⁹) with moderate 
heterogeneity (I²=43%). Evidence was supported by a 
total of 3511 cases. Smoking had a summary OR of 1∙52 
(95% CI 1∙39–1∙66; p=1∙7 × 10–¹⁸) with 3052 cases, and 
infectious mononucleosis had an OR of 2∙17 (95% CI 
1∙97–2∙39; p=3∙1 × 10–⁵⁰) with 19 519 cases; there was no 
observed heterogeneity (I²=0%) with either association.

An overall assessment of signifi cant risk factors for 
multiple sclerosis—using as criteria the sample size, the 
replication as expressed by the I2 hetrogeneity metric, a 
more conservative p value than p less than 0·05 
(p<0·001), the 95% prediction interval rule (ie, excluding 
the null value), and the presence of small-study eff ects—
is presented in table 2.

In the meta-analysis on anti-EBNA IgG seropositivity, 
data quality was assessed by use of the Newcastle-Ottawa 
assessment scale50 and in those on infectious 
mononucleosis and smoking data quality was assessed by 
study design, exposure assessment, and diagnostic 
criteria.5,6  All three meta-analyses compared the summary 
estimates of studies of high versus low quality and 
reported no signifi cant diff erences between the 
subgroups.

Discussion
We provide an overview and appraisal of environmental 
risk factors that have been associated with multiple 
sclerosis. Overall, 44 risk factors have been studied for an 
association with the disease, including infections and 
vaccinations, comorbid diseases, surgeries, traumatic 
events and accidents, exposure to toxic environmental 
agents, and biochemical biomarkers. Only three of these 
risk factors (anti-EBNA IgG seropositivity, infectious 
mononucleosis, and smoking) were supported by 
evidence with strong epidemiological credibility, as 
expressed by large sample size, not large heterogeneity, 
not suggestive of small-study eff ects and excess 
signifi cance bias, a p value less than 0·001, and a 
prediction interval excluding the null. Among these 
studies, the summary eff ect sizes were relatively large 
for anti-EBNA IgG seropositivity and infectious 
mononucleosis (OR>2).

Our assessment did not show an overall excess of 
fi ndings with signifi cant results, by contrast with other 
fi elds, in which an excess of signifi cant results is 
reported.56–58 In our study, a large proportion of the 
examined meta-analyses had large heterogeneity and 
small-study eff ects. The applied Egger test is particularly 

diffi  cult to interpret when between-study heterogeneity 
is large.18 Heterogeneity might often be a manifestation 
of bias in some studies of a meta-analysis, but could also 
emerge from genuine diff erences across studies. 
Genuine heterogeneity might operate in the fi eld of 
multiple sclerosis. Prevalence and incidence of multiple 
sclerosis has marked geographical heterogeneity, which 
might be shown here as diff erential association of the 
risk factors in diff erent geographical regions.8,59 Other 
reasons for heterogeneity include the mixture of cohort 
studies and case-control studies in some of the meta-
analyses, diff erences in defi nition of multiple sclerosis 
(which varies over time as diagnostic criteria change and 
varies between geographical regions), diff erences in 
exposure assessment, diff erences in frequency of 
exposed control groups, and diff erential response rates 
among cases and controls in the primary studies. The 
reported associations with disease need to be interpreted 
with caution, in particular for the meta-analyses in which 
the heterogeneity is large, the number of studies is 
relatively small, the largest study is more conservative 
than the summary eff ect, and small-study eff ects are 
evident.

Meta-analyses examining infections and vaccinations 
were the largest proportion of studies and meta-analyses 
we identifi ed. Many bacterial and viral agents have been 
associated with multiple sclerosis. However, Epstein-
Barr virus was the only viral agent with consistent 
evidence for an association with multiple sclerosis. 
Infectious mono nucleosis and anti-EBNA IgG 
seropositivity had signifi cantly positive associations with 
multiple sclerosis with no signs of bias. The estimated 
prediction intervals of these meta-analyses were very 
wide but did not include the null, and show that the 
eff ect size of the association might vary substantially in 
diff erent settings. In particular, the summary eff ect size 
of the anti-EBNA IgG seropositivity was large (OR>4) 
with wide 95% prediction intervals, suggesting that there 
is probably genuine heterogeneity in the association. 
Serum concentrations of anti-EBNA antibodies are 
thought to be a marker of good immune response to 
Epstein-Barr virus and are usually higher in individuals 
with a history of infectious mononucleosis. Epstein-Barr 
virus in turn is the main cause of infectious 
mononucleosis. Several theories have been suggested to 
explain the possible mechanism underpinning the 
epidemiological associations of multiple sclerosis and 
Epstein-Barr virus, but fi rm conclusions cannot be made. 
Moreover, the clinical implications are unclear because 
presently there is no licensed Epstein-Barr virus vaccine, 
and plans for developing a vaccine have been debated.60 If 
phase 3 and 4 clinical trials are launched for promising 
Epstein-Barr virus vaccines, tracking the incidence of 
multiple sclerosis would be useful, but any eff ect might 
need many years of follow-up to establish. Another 
potential role of a Epstein-Barr virus biomarker could be 
in diff erential diagnosis (eg, low anti-EBNA titres in an 
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individual with clinically isolated syndrome might  
suggest a lower chance of multiple sclerosis).61,62 

Furthermore, the discovery of treatment for the latent 
Epstein-Barr virus infection could be another option for 
the prevention of multiple sclerosis. Rituximab, a 
monoclonal antibody with lytic eff ects on B cells, has 
been tested on multiple sclerosis patients with history of 
infectious mononucleosis, but the potential benefi ts and 
safety of such therapy for disease prevention should be 
assessed on a large scale with high quality randomised 
clinical trials and long-term follow-up.63

Smoking was the only other risk factor, apart from 
Epstein-Barr virus infection, that showed consistent 
association with multiple sclerosis without the presence 
of bias. The association between smoking and multiple 
sclerosis is positive but of modest eff ect. Numerous 
mechanisms have been proposed to explain the adverse 
eff ects of smoking on multiple sclerosis—including 
eff ects on the immune system and immunomodulatory 
eff ects, demyelination, and disruption of the blood–brain 
barrier—but all remain speculative.61,64 Confounding 
cannot be totally excluded. Nevertheless, promotion of 
smoking cessation is probably one of the most 
straightforward and eff ective public health interventions 
and has multiple well established benefi ts, regardless of 
the extent to which it might also reduce the incidence of 
multiple sclerosis.8

Our analysis also confi rms that the association between 
several risk factors and multiple sclerosis is null or has 
very small eff ect. These include several vaccinations 
(tetanus, diphtheria, infl uenza, BCG, mumps, measles 
and rubella, poliomyelitis, hepatitis B virus, and typhoid 
fever), biochemical factors, presence of dental amalgam, 
past surgeries and traumatic events (tonsillectomy, 
adenoidectomy, and traumatic injury), and presence of 
allergies, eczema, and chronic cerebrospinal venous 
insuffi  ciency. The absence of association between these 
factors and multiple sclerosis might have important 
clinical implications because such risk factors have been 
thought to cause multiple sclerosis in populations leading 
to clinical actions that are unjustifi ed and not evidence-
based. For example, in early 1998, hepatitis B vaccination 
was suspended in France65 after preliminary results of two 
case-control studies done in France and the UK reported a 
non-signifi cant increase in the risk of multiple sclerosis 
among vaccinated as compared with unvaccinated 
patients.66,67 The present study, together with compelling 
evidence from pharmacovigilance and pharma coepi-
demiological sources, confi rms no association between the 
vaccine and multiple sclerosis onset.51,68,69

Chronic cerebrospinal venous insuffi  ciency, a chronic 
state of impaired venous drainage in the central nervous 
system, has also been thought to be associated with risk 
for multiple sclerosis by impairing blood drainage from 
the brain and upper spinal cord.70,71 Some organisations 
promote treatment of chronic cerebrospinal venous 
insuffi  ciency with percutaneous balloon angioplasty72,73 to 

treat multiple sclerosis. Our analysis shows that, despite 
the fact that the summary OR is signifi cant and has a 
relatively strong eff ect, the prediction interval is very 
wide and includes the null, and heterogeneity is very 
large. Presently, there is no clear scientifi c evidence to 
support the link between chronic cerebrospinal venous 
insuffi  ciency and multiple sclerosis.

Vitamin D and sun exposure have also received 
attention as risk factors for multiple sclerosis in an 
attempt to explain the geographical trends and latitude of 
multiple sclerosis incidence.7,8 Here, we show that, 
despite the signifi cant association of higher serum 
25(OH)D (a biomarker of vitamin D in serum) with 
lower multiple sclerosis incidence, the estimated 
prediction interval of the eff ect size included the null, 
which suggests that in some settings the eff ect of 
vitamin D on multiple sclerosis might be absent. 
Additionally, the evidence for vitamin D had very large 
heterogeneity and the presence of small-study eff ects, 
further suggesting that the evidence supporting low 
serum vitamin D concentrations as a risk for multiple 
sclerosis is weak and requires assessment in prospective 
studies and clinical trials.74 Similarly, associations 
between homo cysteine and multiple sclerosis had large 
heterogeneity and asymmetry. Presently, vitamin D and 
folate supplementation for multiple sclerosis prevention 
do not have a strong evidence base.

Our analysis has some caveats. First, some meta-
analyses23–25 were excluded from heterogeneity and bias 
tests because they did not provide adequate data to do the 
respective analyses. Second, both asymmetry and excess 
statistical signifi cance tests off er suggestions of bias, and 
not defi nitive proof thereof. Third, eff ect infl ation might 
aff ect even the results of the largest studies because often 
these studies were not necessarily very large or might 
have had inherent biases themselves. Thus, our estimates 
of the extent of excess statistical signifi cance are probably 
conservative. Additionally, we did not appraise the quality 
of the individual component primary studies because 
this was beyond the scope of this umbrella review. This 
was the aim of the original systematic reviews and meta-
analyses, which should include an assessment of study 
quality and whether the study should be included in the 
quantitative calculations. The meta-analysis for the 
association between cytomegalovirus infection and 
multiple sclerosis24 had a p value of less than 0·001, but it 
could not be fully assessed because I² and the predictive 
interval could not be estimated owing to the absence of 
data. An association between cytomegalovirus infection 
and risk for multiple sclerosis could not be excluded. 
Also, in our analysis we assessed only associations 
considered by meta-analyses of observational studies. 
Thus, we might miss other associations with adequate 
evidence that have not yet been assessed through meta-
analytic approaches.

Acknowledging these caveats, our assessment maps 
the status of evidence on 44 associations between 
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environmental risk factors and risk for multiple 
sclerosis. Only three risk factors provided credible 
evidence for positive associations with multiple sclerosis 
without the presence of substantial caveats: infectious 
mono nucleosis, anti-EBNA IgG seropositivity, and 
smoking. The mechanisms of these risk factors are not 
well understood and the public health implications for 
disease prevention based on Epstein-Barr virus infection 
are not clear. Data from more studies and investigation 
of sources of heterogeneity are needed to better 
understand the associations between the remaining risk 
factors and multiple sclerosis. Our methods are likely to 
be generalisable to observational studies of other clinical 
areas beyond multiple sclerosis, because most biases 
described herein are not specifi c to multiple sclerosis 
but operate in observational research of other chronic 
diseases as well. As previously suggested for 
observational research and biomarker studies in 
general,58,75 use of standardised defi nitions for outcomes 
and exposures, adoption of reporting guidelines (eg, 
Strengthening the Reporting of Observational Studies 
in Epidemiology [STROBE]),76,77 and registration of 
hypothesis-testing observational studies78,79 might help 
to improve the evidence in the future.
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