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Abstract

Purpose: The previous analysis of systematic reviews and meta-analyses have illustrated that multiple

sclerosis (MS) is correlated with multiple health outcomes. We designed an umbrella review to evaluate

the breadth, validity and presence of biases of the associations of MS with diverse health outcomes.

Methods: We searched three databases (PubMed, We of Science and Embase) to recalculate the

summary effect sizes, 95%CI, heterogeneity and small-study effects in the included meta-analyses. For

each meta-analysis, we assessed the quality with AMSTAR2 and graded the epidemiologic evidence.

Results: A total of 28 articles comprising 84 unique meta-analyses were included in this study. Among

the 84 unique outcomes, 52 unique outcomes had significant associations (p < 0.05). Only 6 outcomes

(inflammatory bowel disease (IBD), ulcerative colitis (UC), crohn’s disease (CD), atrial fibrillation,

herpes simplex virus type 2-IgG, hypothyroidism) showed high quality of epidemiological evidence.

The remaining 46 outcomes were assessed to moderate or weak quality of evidence.

Conclusion: In our umbrella review, MS seems to increase the risk of IBD, UC, CD, herpes simplex

virus type 2-IgG and hypothyroidism while decrease the risk of atrial fibrillation, with high

epidemiological evidence. In order to verify our results, more prospective observational studies are

needed.

Key words: multiple sclerosis, health outcomes, umbrella review, meta-analysis.

Abbreviation: CI, confidence interval; HR, hazard risk; RR, relative risk; OR, odd ratio; SMD,

standardized mean difference; g, hedges’ g; PPMS, progressive primary multiple sclerosis; RRMS,

relapsing-remitting multiple sclerosis; BMD, bone mineral density; ToM, theory of mind.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory and demyelinating disease of autoimmune originate.
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The main agents responsible for the MS development include exogenous, environmental, and genetic

factors. MS is characterized by multifocal and temporally scattered central nervous system (CNS)

damage which lead to the axonal damage[1]. The Atlas of MS that is an open-source global

compendium of data and the availability of resources for people with MS reported at country, regional

and global levels shows that the 2020 global prevalence is 35.9 [95% CI: 35.87, 35.95] per 100,000

people is 30% higher than in 2013. The estimated number of people with MS worldwide has increased

to 2.8 million in 2020[2]. More unfortunately, MS can result in significant mental and physical

symptoms, especially muscle weakness, abnormal walking mechanics, balance problems, spasticity,

fatigue, cognitive impairment and depression. Patients with MS frequently decrease physical activity

due to the fear from worsening the symptoms and this can result in reconditioning[3].

Some meta-analyses have shown that MS could exacerbate risks for incurring a variety of

adverse health outcomes. For example, compared to healthy controls, MS was significant relationship

with an increased risk for social cognitive dysfunction[4]. A large number of results indicated the

prevalence of depression and anxiety were increased in MS[5]. However, there is no systematic

summary to evaluate the breadth, validity of the associations of MS with multiple health outcomes.

Due to the umbrella review integrates existing systematic reviews and meta-analyses, and it has the

potential to provide the highest quality of evidence if properly performed and interpreted[6], we

conducted an umbrella review that integrated existing studies and systematically evaluated the recorded

associations between MS and health outcomes. We believe that our work will help to raise awareness of

MS and improve the motivation to treat it.

Methods

We have registered the protocol in PROSPERO (CRD42022323620). The umbrella review was
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conducted according to the preferred reporting items for systematic reviews and meta-analyses

(PRISMA) regulations[7].

Literature search

Two reviewers searched PubMed, Web of science and Embase in duplicate, using the search term:

(Multiple Sclerosis [Title/Abstract]) AND (meta-analys*[Title/Abstract]), from inception to 2022/4/6

and limited the search to humans and English language, as the overwhelming majority of review

studies are published in English language, peer reviewed journals. Any discrepancies were evaluated

and resolved by a third reviewer.

Study selection

Articles that met the following criteria were included:

1) Meta-analyses of observational studies (cohort, case-control, and cross-sectional studies) with

quantitative analysis.

2) Meta-analyses of observational studies that evaluate the associations of MS with any health

outcomes in humans.

3) Participants are not limited by age, sex, race, region, or health status.

4) The studies do not include publications in languages other than English

Articles that met the following criteria were excluded:

1) Letters, conference abstracts, and research protocols.

2) Studies are only reviews.

3) The studies involve animal research.

4) Multiple sclerosis is not the exposure of interest.

When multiple meta-analyses investigated the same health outcomes, we selected the one with the
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largest number of included primary studies or the newest study.

Data extraction

Two researchers (LS and LZ) extracted the information independently form the included studies.

We extracted the following information: name of first author, publication year, health outcomes, study

design (case-control, cross-sectional, or cohort studies), number of studies included in each

meta-analysis, number of participants and events, type of metric (OR, odds ratio; RR, relative risk; HR,

hazard ratio; SMD, standardized mean difference; g, hedges’g ), summary effect size, 95% confidence

interval (CI) of the results, P-values for statistically significant level, Q-test and Egger’s test.

Data analysis

We used the extracted data obtained from the eligible studies to re-analyze each meta-analysis. If the

data we want was missing, we tried our best to find the raw data to calculate the value and the summary

effect size and its 95%CI were all re-estimated. We used I2 metric and Cochran’s Q-test to evaluate the

heterogeneity. When the I2 is greater than 50%, we choose the random effect model; otherwise, we

choose the fixed effect model. We also calculated the P value of the publication bias using Egger’s test.

P＜0.1 for heterogeneity and publication bias were considered statistically significant. All differences

that arose during the extraction process with a third person (ST).

Assessment of methodological quality and epidemiologic evidence quality

We applied A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR2), a robust and validated

tool, to assess the methodological quality of each included study. AMSTAR2 contains 16 items, seven

of which are key items, and it classifies the study quality into four ranks as following: critically low,

low, moderate and high[8]. To evaluate the evidence quality of the association between MS and each

health outcomes, grading parameters that have been adapted in various researches[9-11] were used in this
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study. According to the criteria (precision of the estimate, number of cases, heterogeneity and

small-study effects), the strength of epidemiologic evidence was categorized into high, moderate, weak

or not applicable. The above assessment process was independently completed by LS and LZ.

Results

Search result

The flowchart of study selection process for our umbrella review was showed in Figure 1. Overall, a

total of 3111 articles were identified form three databases (1112 articles from PubMed, 631 form Web

of Science, and 1368 from Embase). After excluding 1490 duplicates, we perused the title and abstract

of each citation and then retrieved potentially eligible articles for perusal in full text. On the basis of the

inclusion and exclusion criteria, we found the remaining 54 articles with full-text available. Because 26

articles with identical outcomes were not the most included studies, we excluded them and 28 eligible

articles with 84 unique health outcomes were remained finally. All 28 articles were published between

2006 and 2022. The characteristics of these meta-analyses were all shown in Supplementary table 1.

Health outcomes due to MS were involved to following categories of diseases: digestive diseases (n=3),

cardiovascular diseases (n=7), infectious diseases (n=8), allergic diseases (n=4), skeletal system

disorders (n=13), immune and metabolic diseases (n=5), cognitive affective disorders (n=18), serum

marker disorders (n=14), other outcomes (n=12) (Figure 2).

Digestive diseases

The adverse effects of MS on digestive diseases are presented in supplementary table 1. We observed

three digestive diseases were linked to MS. Previous data indicated that MS increased risk of IBD[12],

UC[13], CD[13].

Cardiovascular diseases



7

MS was associated with an increased risk for myocardial infarction[14], heart failure[14], any type of

stroke and ischemic stroke[15] in particular. We found no difference for ischemic heart disease[14],

bradycardia[14] and preeclampsia[16] in MS or without MS. But the risk of atrial fibrillation[14] was

lower in MS.

Infectious diseases

This study has showed that MS had significant relationship with an increased risk for human herpes

virus 6 (HHV6) infection[17], herpes simplex virus (HSV) infection[18], Chlamydia pneumoniae[19]. In

Asian countries, Varicella-zoster virus (VZV) infection [20] was more common in MS patients than in

controls, but no significant association was found in European countries. Cytomegalovirus (CMV)

infection was lower among people with MS than controls in Europe. In contrast, CMV was more

common among MS patients compared to controls in the Middle East region and there was no

significant association in North America[21].

Allergic diseases

The data showed that there is no evidence supporting an association between allergic diseases, asthma,

allergic rhinitis, eczema and MS[22].

Skeletal system disorders

MS was associated with an increased risk for tibia fracture risk, femur fracture risk, hip fracture risk,

pelvis fracture risk, vertebrae fracture risk, and humerus fracture risk, but not for ribs and radius/ulna[23].

The study suggests that MS patients have reduced overall BMD compared with healthy controls[24].

Immune and metabolic diseases

An increased risk of between MS and type 1 diabetes, diabetes and hypothyroidism were observed in

this umbrella review. But MS was not related to either systemic lupus erythematosus (SLE) or
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Rheumatoid arthritis (RA)[25].

Cognitive affective disorders

There was no difference between progressive primary MS(PPMS) and secondary progressive MS in

overall ToM, cognitive ToM, affective ToM, and Facial emotion recognition. However, patients with

relapsing-remitting MS(RRMS) had more serious defects in facial emotion recognition[26]. PPMS

patients exhibit significantly more cognitive impairment in almost every cognitive domain:

Particularly verbal learning and all measures of verbal memory discriminated between PPMS and

RRMS, whereas no significant differences emerged for either anxiety & depression or fatigue[27].

Serum marker disorders

MS had higher serum levels of homocysteine[28], malondialdehyde and lipid hydroperoxide by

tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH)[29] compared with control groups.

In contrast, concentrations of albumin were significantly decreased in MS patients when compared

with those in HC subjects[29]. We found no associations between MS and advanced oxidation protein

product, total oxidative status, copper, cholesterol superoxide dismutase, total antioxidant status,

glutathione, uric acid[29] , vitamin B12 and folate[28].

Other outcomes

MS was related to an increased risk of suicide[30], primary headaches [31], vitiligo[32], female sexual

dysfunction[33], restless legs syndrome[34], psoriasis[35].The risk of cancer[36] in patients with MS was

lower than the general population. There was no association between traumatic injury[37] and multiple

sclerosis. People with MS had greater center of mass displacements and longer response times and had

significantly worse reactive balance than healthy controls[38].

Heterogeneity
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Among 84 included meta-analyses, we could not re-analyze the heterogeneity for 11 meta-analyses due

to lack of detailed data from original studies. Twenty-seven meta-analyses showed low heterogeneity

(I2<50%), while the remaining 48 show high heterogeneity (I2>=50%) in our study.

Publication bias

Eight (9%) of the 84 included meta-analyses had significant publication bias, 61(73%) studies did not

show significant publication bias and 15 (18%) studies did not make publication bias due to insufficient

number of studies (Figure 3).

AMSTAR2 and strength of epidemiologic evidence

We observed that there had no high/moderate methodological quality according to the strict AMSTAR2

tool. Only 1 (4%) article was rated as low, with the other 27 (96%) articles were rated as critically low

(Figure 4). The detailed information of 16 items in AMSTAR2 and the results of specific quality scores

were shown in Supplementary table 2.

According the criteria (Supplementary table 3), the assessment of epidemiologic evidence was not

applicable for 32 (38%) medical ramifications because the p-values for their summary effects were

greater than 0.05. Among 52 significant medical ramifications, 6 (7%), 12 (14%) and 34 (41%) medical

ramifications were rated as high, moderate and weak epidemiologic evidence, respectively (Figure 5).

Discussion

Main findings and possible explanation

Our umbrella review included 28 articles that covered 84 health outcomes. The umbrella review

provided a broad overview of the current evidence of relationships between MS and digestive diseases,

cardiovascular diseases, infectious diseases, allergic diseases, skeletal system disorders, immune and

metabolic diseases, cognitive affective disorders, serum marker disorders, other outcomes. The results

showed that MS increased the risk of 50 health/medical end-points and reduced the risk of atrial
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fibrillation and cancer. However, only 6 (7%) health outcomes (increased risk of IBD, UC, CD, herpes

simplex virus type 2-IgG, hypothyroidism and decrease the risk of atrial fibrillation) showed high

epidemiologic quality evidence, 12 (14%) showed moderate level of evidence, 34 (41%) were rated as

weak epidemiologic evidence.

Literature suggests that IBD patients can manifest demyelinating events in both central and

peripheral nervous system[39]. As is known to all, MS is also a demyelinating disease of the central

nervous system. The interactions between autonomic dysfunction and the immune system, as well as

the role of autonomic dysfunction in the pathogenesis and progression of multiple sclerosis, have been

a matter of increasing interest[40]. MS was considered as a secondary cause, of central origin, for

autonomic dysfunction[41]. Both MS and IBD are moderately heritable, with estimated liability-scale

single nucleotide polymorphism (SNP) heritability of 19%[42] for MS and approximately 25% for IBD

(27% for UC and 21% for CD)[43]. A large number of studies sheds light on the biological basis of

comorbidity between MS and IBD. Patients with MS had a higher prevalence of IBD than controls (RR

= 1.53, 95% CI 1.38-1.70, p < 0.00001)[12]. Our analysis found that MS offers harmful effect on IBD

(included UC and CD) with high epidemiologic evidence. Another meta-analysis included ten

observational studies about IBD (included UC and CD) was consistent with our findings.

Our study found the risk of atrial fibrillation was lower in MS (HR 0.7, 95% CI 0.6 to 0.8, I2

0%, n = 354,070)[14] with high quality of evidence. Although the sample size was large and nationwide,

the association between atrial fibrillation and MS was only based on three cohort study. Therefore, the

association between MS and atrial fibrillation should be interpreted with more caution. We speculated

that the known risk factors (hypertension and cardiac value disease) for atrial fibrillation were less

frequent in MS patients, which may be the possible explanation for the result. Studies have shown that



11

mice with the strain of type 2 herpes simplex virus (HSV-2) causes a brief encephalitis associated with

multifocal central nervous system demyelination[44]. MS might have an increased risk of HSV-2

infection and the exact mechanism remains to be further studied[18]. MS has been described as the

archetypal autoimmune disease of the central nervous system and the gene most strongly associated

with MS is the HLA-DRB1*1501 MHC class II haplotype, a number of other genes, many associated

with immune function, have been associated with MS in large-scale genome-wide association

studies[45]. The study of the risk of additional autoimmune diseases in both people with MS, and their

first-degree relatives has been pursued over many years, with studies employing a variety of designs

and yielding conflicting results[46]. Based solely on population-based studies, thyroid disease (6.44%)

was more prevalent autoimmune comorbidities, and the incidence of autoimmune thyroid disease in

MS was increased[47], which was similar to our study.

In addition to discovering that MS can decrease the risk of atrial fibrillation, our research also

found that the risk of cancer in patients with MS is less than the general population, even if rated as

moderate evidence. One explanation for the decreased risk of cancer in MS is anti-tumor

immune-surveillance[48, 49]. The other explanation is shorter life spam of MS patients and smoking

cessation at early stages of the disease[50]. In theory, this could represent a genuine reduction in risk or

“diagnostic neglect”, that cancer is undiagnosed when symptoms are misattributed to MS. A large

amount of research and theory are needed to confirm this point of view.

However, serious heterogeneity between studies existed in most of the meta-analyses. The

following factors contributed to the heterogeneity of the included meta-analyses: age, sex, geographical

area, education, MS subtypes, disease duration and study design. The standards of methods

implemented in all selected meta-analyses was categorized as “critically low” or“low”, and none was
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grade as high/moderate based on the AMSTAR2 criteria. Mostly because of the following reasons: a

pre-recognized explicit statement/protocol, a list of excluded studies, funding source details of primary

studies, heterogeneity observed within review results, report of potential sources for conflicts of

interest.

Strength and limitations

As far as we know, it is the first time to perform a critical appraise of the range and validity of reported

relationships between MS and various medical endpoints. We applied robust search term to identify

eligible articles in three databases to ensure the research result as far as possible and reasonable. Then,

two authors independently screen the articles and extract the data form eligible studies. At the same

time, AMSTAR2 tool and a strong evaluation method of evidence were used to assess the quality of

methodology and the epidemiologic evidence. We believe that this work can improve the understanding

of MS to provide a strong scientific basis.

Notwithstanding, some limitations and defects inevitably existed in this umbrella review. Firstly,

we conducted the review based on the published studies with the largest number of included primary

studies, but some individual studies might be too small or missed, failed completely to find the full text

and under-developed meta-analysis were beyond the scope which could affect the results, such as the

concentration of pregnancy outcome. Secondly, due to lack of raw data, most of the meta-analyses

failed to be conducted subgroup analyses. For example, The meta-analysis shows MS had an increased

risk of suicide[30], but sex, ethnic and geographical differences were not considered. The proportion of

suicide was found to be significantly higher among females and those aged 18-25 years[51]. What calls

for special attention is that are disease subtype and regional problems. Cytomegalovirus (CMV)

infection was lower among people with MS than controls in Europe. In contrast, CMV was more
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common among MS patients compared to controls in the Middle East region and there was no

significant association in North America[21]. An international panel of multiple sclerosis experts, the

MS Phenotype Group, recently revised the multiple sclerosis phenotypic classifications and published

their recommendations in 2014. Recent research developments have helped improve the accuracy of

multiple sclerosis diagnosis[52]. There was no way to perform subgroup analyses to provide more

reliable and accurate results due to the lack of data. Thirdly, the study extracts data of hedges'g, which

is different with general umbrella review. Due to small sample size, we should expand the sample size

to increase credibility. Finally, this umbrella review limited the language to English but did not include

publications in languages other than English, caused some outcomes may have been overlooked, which

increased the selection bias.

Conclusion

In a word, this umbrella review provided a detailed evaluation of all available data on links between

MS and various health/medical end-points. The results showed that MS increased the risk of 5

health/medical end-points and reduced the risk of atrial fibrillation. Considering that evidence for most

outcomes were categorized as “moderate” and “weak,” additional high-quality prospective cohort

studies are required in order to draw a powerful, persuasive conclusion.
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Figure Legends

Figure 1. Flowchart of study selection process for umbrella review

Figure 2. Map of outcomes associated with MS

Figure 3. Map of results of publication bias
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