
RESEARCH ARTICLE

Uveitis characteristics and multiple sclerosis

phenotype of patients with multiple

sclerosis-associated uveitis: A systematic

review and meta-analysis

Paola Saboya-Galindo1☯, Germán Mejı́a-Salgado1,2☯, Carlos Cifuentes-GonzálezID
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Abstract

Purpose

To summarize and meta-analyze uveitis characteristics and multiple sclerosis (MS) pheno-

type of patients with multiple sclerosis-associated uveitis (MSAU) within a systematic review

and meta-analysis.

Methods

A comprehensive literature search was performed on January 25, 2023, utilizing PubMed,

Embase, and Virtual Health Library (VHL) databases. We included studies involving patients

with MSAU, such as case series with over 10 patients, cross-sectional, case-control, and

cohort studies. Quality and risk of bias were assessed using CLARITY tools and validated

metrics like the Hoy et al. and Hassan Murad et al. tools. The pooled analysis focused on 1)

uveitis characteristics, 2) ocular complications, 3) MS phenotype, and 3) administered treat-

ments for uveitis and MS. Gender-based subgroup analysis was conducted across conti-

nents; heterogeneity was measured using the I2 statistic. Statistical analysis was performed

using R software version 4.3.1. The study was registered in PROSPERO with

CRD42023453495 number.

Results

Thirty-six studies were analyzed (24 with a low risk of bias, 8 with some concerns, and 4

with a high risk of bias), including 1,257 patients and 2,034 eyes with MSAU. The pooled

analysis showed a mean age of 38.2 ± 12.1 years with a notable female predominance
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(67%, 95% CI [59%-73%]). MS before uveitis was seen in 59% of the cases (95% CI [48%-

69%]), while uveitis was present before MS in 38% (95% CI [30%-48%]). The mean age for

the first uveitis episode was 35.7 ± 8.3 years, predominantly affecting both eyes (77%, 95%

CI [69%-83%], from 23 studies involving 452 patients). Intermediate uveitis was the most

frequent anatomical location (68%, 95% CI [49%-82%], from 22 studies involving 530

patients), often following a recurrent course (63%, 95% CI [38%-83%]). Key complications

included vision reduction (42%, 95% CI [19%-70%], from five articles involving 90 eyes),

macular compromise (45%, 95% CI [20%-73%], from 4 studies involving 95 eyes), and cata-

racts (46%, 95% CI [32%-61%], from eight articles involving 230 eyes). Concerning MS phe-

notype, relapsing-remitting MS (RRMS) was the most common subtype (74%, 95% CI

[64%-82%], from eight articles involving 134 patients), followed by secondary progressive

MS (24%, 95% CI [18%-33%], from eight articles involving 125 patients). The most fre-

quently occurring central nervous lesions were supratentorial (95%, 95% CI [70%-99%],

from two articles involving 17 patients) and spinal cord (39%, 95% CI [16%-68%], from two

articles involving 29 patients). The mean Expanded Disability Status Scale (EDSS) score

and annual recurrence rates were 2.9 ± 0.6 and 1.07 ± 0.56, respectively. Treatment trends

showed the prevalent use of Fingolimod (96%, 95% CI [17%-100%], from two articles involv-

ing 196 patients), Mycophenolate (48%, 95% CI [11%-87%], from four articles involving 51

patients), and Interferon-beta (43%, 95% CI [24%-65%], from 11 articles involving 325

patients).

Conclusion

MSAU primarily affects young adult females, typically presenting as bilateral intermediate

uveitis with vision-related complications. The most common MS phenotype is RRMS, often

associated with supratentorial and spinal cord lesions on imaging. These findings give oph-

thalmologists and neurologists a comprehensive clinical picture of MSAU, facilitating prompt

diagnosis.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disorder of the central nervous system

(CNS) that primarily affects white matter and is a leading cause of neurological disability in

young adults, with a higher prevalence in females (3:1 female-to-male ratio) with a prevalence

rate of 35 per 100,000 showing a decreasing gradient from north to south hemisphere [1, 2].

There are three types of MS. Relapsing-remitting MS (RRMS), accounting for 85% of all

cases, consists of relapses that may leave sequelae, which remain stable between episodes. Sec-

ondary progressive MS (SPMS) follows RRMS and is characterized by a progressive phase fol-

lowing the remitting phase. Lastly, primary progressive MS (PPMS) is characterized by

progression from the onset without a relapse phase, counting for 15% of the cases [3].

Optic neuritis is the most common ophthalmic manifestation of MS [4–6]; however, uveitis

can also occur in approximately 1%-3% of MS patients (10 times higher than that in the gen-

eral population). Furthermore, MS accounts for 1% of uveitis cases [7–9]. Initially, uveitis can

present with mild vision impairment. Still, the visual prognosis can deteriorate due to common
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ocular complications such as cystoid macular edema, cataracts, glaucoma, vitreous hemor-

rhage, and occlusive vasculitis [10–12].

Bilateral intermediate uveitis (IU) is the most frequently described form in the literature.

However, there is inconsistency across studies [10, 13]. The low prevalence of the disease

means that most of the literature comes from observational studies with limited sample sizes

and generally from a single center, which may not reflect the real clinical picture [7]. This sys-

tematic review aims to summarize and meta-analyze the characteristics of uveitis and MS phe-

notype of patients with multiple sclerosis-associated uveitis (MSAU).

Materials and methods

Type and design of the study

A systematic review and meta-analysis was conducted following the ’Preferred Reporting

Items for Systematic Review and Meta-analysis’ PRISMA) statement (S1 Checklist). This

review was registered in PROSPERO under the reference CRD42023453495. Institutional

review board approval was not required, as this study is based on data available in the public

domain and did not use individual-level data.

Search strategy

PubMed, Embase, and Virtual Health Library (VHL) were used to conduct a systematic litera-

ture search on January 25, 2023. The search algorithm included a combination of terms reflect-

ing the diseases of interest (uveitis) and (multiple sclerosis) using the following search strategy:

“multiple sclerosis”[MeSH Terms] OR “multiple sclerosis”[Title/Abstract]) AND (“Iridocycli-

tis”[MeSH Terms] OR “Iridocyclitis”[Title/Abstract] OR “Iritis”[MeSH Terms] OR “Iritis”[Ti-

tle/Abstract] OR “Uveitis”[MeSH Terms] OR “Uveitis”[Title/Abstract] OR “retinal

vasculitis”[MeSH Terms] OR “retinal vasculitis”[Title/Abstract]). The search strategies were

modified to meet the criteria of each database (S1 File).

Study eligibility criteria

This systematic review considered primary studies involving at least 10 eyes or patients with

MSAU. The accepted types of studies included case series defined as Hassan Murad [14], case-

control studies, cohort studies, cross-sectional studies, and clinical trials. No restriction lan-

guage or publication date was applied. Google Translate [15] was used to select the articles and

extract the information for articles in languages other than English and Spanish. Excluded

from consideration were non-full-text articles, studies conducted in species other than

humans, case reports, economic analyses, systematic reviews, and secondary data sources.

Case series involving fewer than 10 eyes or patients for the specific variable were also

excluded. This means that if the variable was measured at the level of the eye rather than the

patient (e.g., location of uveitis, presence of synechiae) and it was 10 eyes or more, the study

was included even if the number of patients was fewer than 10.

Patient inclusion and exclusion criteria

In the current study, the inclusion criteria encompassed patients of all ethnicities, ages, and

sexes, with a diagnosis of MS made according to the McDonald [16] or Poser criteria [17] and

evidence of uveitis regardless of its location, onset, duration, and course. The patient was

included when the article specified the development of uveitis at any point during the clinical

course, whether before, simultaneously, or after the onset of MS. Patients with multiple sclero-

sis without uveitis were excluded.
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The PROSPERO protocol was established to include only patients with diagnoses con-

firmed by McDonald criteria [16]. Nevertheless, as we do not establish a publication date

restriction, we add Poser criteria [17] after PROSPERO registration to include patients with

multiple sclerosis diagnosed before 2001.

Study selection

All search results were uploaded to the Zotero1 reference manager in RIS format. Subsequent

steps included identifying and removing duplicate entries within Zotero1, complemented by

verification in Microsoft Excel1 using authors’ names, publication titles, and DOIs. After the

duplicates were removed, the remaining studies were randomly assigned and evaluated inde-

pendently by four pairs of reviewers, all trained in SUN, McDonald, and Poser criteria:

LBR-CRR (100%), SGR-PSG (91.15%), SV-MG (86.76%), CHCG-GAMS (97.87%) with a con-

cordance of 93.94%. This review process involved evaluating titles and abstracts, followed by a

full-text assessment, with both stages adhering to predefined inclusion and exclusion criteria.

The outcomes of this review process led to articles being categorized as "included,"

"excluded," or "in doubt," documented in a Microsoft Excel1 database. Disagreements that

arose during the paired review were resolved through further discussion among the authors.

In cases where consensus remained elusive, consultation with one uveitis specialist (AdlT) and

one neurologist specialist (MG-C) was sought to reach a final decision.

Data extraction

The included articles were coded and downloaded using the assigned code for information

extraction. The identified papers were distributed among the eight reviewers (PS-G, GM-S,

CAR-R, LBR, RM-M, JSV, LR-S, MG-C), who verified each article aligned with the predefined

inclusion criteria.

Subsequently, the information extraction was carried out by two reviewers (PS-G, GM-S)

systematically in a Microsoft Excel1 spreadsheet, encompassing various key data points,

including the article code, authorship details, article title, publication year, DOI, study design,

the total number of patients and eyes studied, age at MS diagnosis, age at first episode of uve-

itis, number of patients who presented uveitis first to neurological signs, number of patients

who presented MS before uveitis, clinical characteristics of uveitis (anatomical localization,

onset, duration, clinical course, laterality, type of inflammation [granulomatous, non-granulo-

matous], slit-lamp findings [keratic precipitates, snowballs, snowbanks], ocular complications

[cataracts, glaucoma, cystoid macular edema, epiretinal membrane, vitreous hemorrague] and

treatment strategies employed.

Risk of bias assessment

The risk of bias assessment was conducted independently by two reviewers (PS-G, GM-S),

using validated tools depending on the methodological design of the article. The Clinical

Advances Through Research and Information Translation (CLARITY) group contributed at

McMaster University was used for cohort studies [18]. This scale evaluates 1) the selection of

exposed and non-exposed cohorts, 2) the assessment of exposure, 3) the outcome of interest

not present at the start of the study, 4) exposed and unexposed matching, 5) prognostic factors,

6) the assessment of outcome, 7) follow up, and 8) co-interventions. Cross-sectional studies

used the Hoy et al. modified tool [19], consisting of 10 items addressing four domains plus a

summary risk of bias assessment. The items are 1) study’s target population, 2) sampling frame

representation, 3) sample selection, 4) likelihood of nonresponse, 5) data collection source, 6)

case definition, 7) parameters measurement, 8) data collection consistency, 9) follow up
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period, and 10) appropriateness of numerator and denominator for the parameter of interest;

the four domains are selection, nonresponse, measurement, and analysis bias. Case-control

studies were assessed with CLARITY. This scale consists of 5 items: 1) assessment of exposure,

2) ascertainment of exposure, 3) selection of cases, 4) selection of controls, and 5) comparabil-

ity and analysis of the data [20]. For the case series, we used Hassan Murad’s methodological

quality scale [14]. It consists of 4 general items: 1) population selection, 2) ascertainment of

exposure or outcome, 3) Causality, and 4) sufficient reporting details (S2 File).

In cohort and case-control studies, we analyzed bias following the recommendations. How-

ever, to simplify the scoring (Definitely yes; Probably yes; Probably no; Definitely no), we

assigned the following values: if the question was answered with ’Definitely yes,’ we assigned a

’low risk of bias.’ When it was ’Probably yes’ or ’Probably no,’ we used the term ’some con-

cerns.’ If the classification was ’Definitely no,’ we assigned a ’high risk of bias.’ (S2 File).

In cross-sectional studies, all yes accounts for one point; the external validity was rated

‘High’ for scores 0–1, ‘Some Concerns’ for score 2, and ‘Low’ for score 3. Similarly, internal

validity was assessed as ‘High’ for scores 0–2, ‘Some Concerns’ for score 3, and ‘Low’ for scores

4. Ultimately, studies were considered to have a ‘High risk’ of bias if any domains (internal or

external validity) or CLARITY questions received a ‘High risk of bias.’ (S2 File).

In case-series studies, we analyzed bias following the recommendations; to simplify the

scoring, we assigned the following values: if the question was answered ‘yes,’ we assigned a

‘Low risk of bias’; if the question was answered ‘no’ we assigned a ‘High risk of bias,’ and if the

question was not applicable, we assigned ‘Some concerns. The figures were generated using

Robvis, a visualization tool [21] (S2 File).

Data processing and analysis techniques

Statistical analyses were performed using R version 4.3.1 (R Foundation for Statistical Com-

puting, Vienna, Austria). Meta-analyses were carried out on patients or eyes, depending on

which had the most information, to perform proportion meta-analyses with a 95% confidence

interval (CI) to construct forest plots for categorical data. The statistical heterogeneity of each

study was assessed using the chi-square test and I2 statistics. The cutoff points for heterogene-

ity in the meta-analysis were 0%–30% low, 31%–50% moderate, and 51%–90% high [22].

Moreover, in order to improve the heterogeneity, subgroup analyses were conducted by geo-

graphic regions. A random effect model was performed in all metanalysis considering that

most of the studies included will be observational studies in which a high heterogeneity is

expected. Results were considered statistically significant if p<0.05. Finally, a pooled analysis

was performed using continuous measures.

Ethical statement

This study adheres to the ethical principles for human research established by the Helsinki

Declaration, the Belmont Report, and Colombian Resolution 008430 of 1993.

Results

Study selection

Initially, we identified 2,437 articles as potentially relevant studies. Among these, 539 dupli-

cates were identified and subsequently eliminated. During the initial screening, 1,831 articles

were excluded for various reasons: 1,810 focused solely on patients with either MS or uveitis,

six did not report uveitis characteristics or neurological course, 13 involved studies with less

than 10 eyes, and 2 were duplicate records. As a result, 67 articles were subjected to full-text
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review. However, 30 studies were excluded due to missing inclusion criteria, and one lacked

full-text access. Consequently, 36 articles were included (Fig 1).

Study characteristics

The included studies comprise 19 cross-sectional studies, nine case series, six cohort studies,

and two case-control studies. Twelve cross-sectional studies were rated as having a ‘low risk of

bias,’ while seven were categorized as having ‘some concerns.’ Regarding the case series, eight

were assessed to have a ‘low risk of bias,’ with one identified as having a ‘high risk.’

Three cohort studies were determined to have a ‘high risk of bias,’ two were categorized as

having a ‘low risk of bias,’ and one had ‘some concerns.’ The two case-control studies had a

‘low risk of bias.’

Demographic characteristics of patients with multiple sclerosis-associated

uveitis

This study included 1,257 patients (2,034 eyes) with MSAU. Based on data extracted from 15

articles, the average age of these patients was 38.2 years, with a standard deviation (SD) of 12.1.

Five articles reporting the Expanded Disability Status Scale (EDSS) calculated the average

EDSS to be 2.9 ± 0.6. Additionally, the average annual relapse rate, derived from three articles’

data, was 1.07 ± 0.56 per 12 months (Table 1 and S3 File and S1 Raw data).

Of the 28 studies providing gender information for 738 patients, 67% (95% CI [59%-73%])

were female. Subgroup analysis by continent revealed a consistent female predominance across

different regions, ranging from 65% (95% CI [57%-72%]) in Europe to 89% (95% CI [68%-97%])

in North America. Notably, Africa was the only continent where female predominance was not

Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0307455.g001
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Table 1. Baseline characteristics of multiple sclerosis and uveitis.

Author Study design Risk of bias Cohort Size

(Patients/

Eyes)

Age of MSAU

presentation

(Mean ± SD)

Sex

(M/

F)

Outcomes of uveitis

reported

Outcomes of MS

reported

EDSS

EM Graham et al., 1989 [23] Cross-sectional Some concerns 9/17 28.3 5/4 Clinical characteristics Clinical characteristics NA

JI Lim et al., 1991[24] Case series High risk 6/12 43.8 0/6 Clinical characteristics Clinical characteristics NA

MA Acar et al., 1993 [25] Case series High risk 7/14 N/A 0/7 Clinical characteristics Clinical characteristics 3.4

V Biousse et al., 1999 [26] Cross-sectional Low 28/50 47± N/A 8/20 Clinical characteristics Clinical characteristics NA

HMA Towler et al., 2000

[27]

Cross-sectional Some concerns 16/21 37± 15 3/13 Clinical characteristics Clinical characteristics 3 ± 2.3

S Schmidt et al., 2001 [28] Cross-sectional Some concerns 11/17 41.5 ± 9.4 7/4 Clinical characteristics

and Treatment

Clinical characteristics NA

JF Prieto et al., 2001 [29] Cross-sectional Some concerns 7/N/A 22.4± 11.5 N/A Clinical characteristics Clinical characteristics NA

LJ Edwards et al., 2004 [30] Case-control Low 16/N/A 45 ± N/A N/A Clinical characteristics Clinical characteristics

and Treatment

NA

G Zein et al., 2004 [12] Cross-sectional Low 16/31 35.5 2/14 Clinical characteristics

and Treatment

Clinical characteristics NA

MD Becker et al., 2005 [31] Case series Some concerns 13/17 45.2 ± 7.4 5/8 Clinical characteristics/

Treatment

Clinical characteristics/

Treatment

NA

SM Maca et al 2006 [32] Cross-sectional Low risk 16/31 N/A 4/12 Clinical characteristics Clinical characteristics 0–3

J Le Scanff et al., 2008 [33] Cross-sectional Some concerns 28/42 N/A 9/19 Clinical characteristics Clinical characteristics NA

LJ Edwards et al., 2008 [34] Cohort Low Risk 15/26 50 5/10 Clinical characteristics Clinical characteristics NA

E Jakob et al., 2009 [35] Cross-sectional Low risk 59/N/A N/A 25/

34

Clinical characteristics Clinical characteristics NA

Paović et al., 2009 [36] Cross-sectional Low risk 42/N/A N/A N/A Clinical characteristics Clinical characteristics NA

A Langer-Gould et a., 2010

[37]

Case-control Low risk 71/N/A N/A N/A Clinical characteristics Clinical characteristics NA

MR Kanavi et al., 2010 [38] Cross-sectional Some concerns 4/N/A 32.5 6 11.2 N/A Clinical characteristics Clinical characteristics NA

RA Marrie et al., 2011 [10] Cohort High Risk N/A 40.7 N/A Clinical characteristics Clinical characteristics NA

V Llorenç et al., 2012 [39] Case series Some concerns 7/17 N/A 2/5 Clinical characteristics/

Treatment

Clinical characteristics/

Treatment

NA

AM Karara et al., 2013 [40] Cross sectional Low Risk 7/8 32.64 5/2 Clinical characteristics/

Treatment

Clinical characteristics/

Treatment

NA

C Heinz et al., 2014 [41] Cohort Low Risk 23/N/A 23.8 N/A Clinical characteristics Clinical characteristics NA

D Kaya et al., 2014 [11] Cross-sectional Low 9/16 42.0 ± 14.1 8/1 Clinical characteristics

and Treatment

Clinical characteristics NA

E Shugaiv et al., 2015 [42] Cross-sectional Low Risk 41/82 N/A 6/35 Clinical characteristics/

Treatment

Clinical characteristics/

Treatment

2

W Messenger et al., 2015

[43]

Cross-sectional Low Risk 113/196 40.6 30/

83

Clinical characteristics/

Treatment

Clinical characteristics NA

D Velázquez et al., 2017 [44] Case series Some concerns 13/23 37.9 ± 9.5 6/7 Clinical characteristics/

Treatment

Clinical characteristics 3.8

A Hedayatfar et al., 2017

[45]

Case series Some concerns 15/30 34.5± 8.3 1/14 Clinical characteristics Clinical characteristics/

Treatment

NA

L Jouve et al., 2017 [46] Cross-sectional Some concerns 36/68 45± 8.8 11/

25

Clinical characteristics/

Treatment

Clinical characteristics/

Treatment

NA

S Jovanović et al., 2017 [47] Cross sectional Low 25/30 40.5± 25.5 16/9 Clinical characteristics

and Treatment

Clinical characteristics

and Treatment

NA

LL Lim et al., 2019 [48] Cross-sectional Low Risk 189/N/A 41.9 ± 9.7 57/

132

Clinical characteristics Clinical characteristics/

Treatment

2.8 ± 1.5

TRP Taylor et al., 2020 [49] Cross-sectional Low Risk 8/N/A N/A 1/7 Clinical characteristics Clinical characteristics/

Treatment

NA

E Abd El Latif et al., 2020

[50]

Cohort Some concerns 71/N/A 30.4 ± 3.1 N/A Clinical characteristics Clinical characteristics/

Treatment

NA

(Continued)
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observed, with a proportion of 29% (95% CI [4%-71%]). However, this observation was based on

data from only one study. The subgroup analysis exhibited moderate heterogeneity (I2 = 58%,

Q = 8.23) (Fig 2).

Uveitis characteristics

Twenty articles involving 629 patients documented that uveitis was presented before MS in

38% (95% CI [30%-48%]) of cases. The mean age of uveitis onset, reported in 21 articles, was

35.7 ± 8.3 years. The most frequent age stratum at presentation was 41–50 years, representing

44% (95% CI [3%-96%]; 19/39 patients), followed by 11–20 years at 32% (95% CI [19%-48%];

28/83 patients) (Table 2).

Among 452 patients from 23 studies reporting laterality, 77% (95% CI [69%-83%]) pre-

sented with bilateral uveitis. Regarding anatomical location, IU was identified as the most

common form, observed in 68% (95% CI [49%-82%]) of cases across 22 studies involving 530

patients (Table 2). The predominance of IU was evident in a subgroup analysis across geo-

graphic regions. Africa had the highest proportion of IU at 98% (95% CI [84%-100%]), fol-

lowed by Asia at 71% (95% CI [9%-98%]). Notably, a high level of heterogeneity was observed

in this subgroup analysis (I2 = 82%, p<0.01) (Fig 3).

In 14 articles involving 300 patients, granulomatous uveitis accounted for 49% (95% CI

[30%-68%]) of the studied cases. Regarding its course, uveitis was described as acute in 11%

(95% CI [5%-20%]) of cases across six articles involving 190 patients, recurrent in 63% (95%

CI [38%-83%]) of cases across seven articles involving 214 patients; and chronic in 57% (95%

CI [37%-75%]) of cases across twelve articles involving 294 patients. The onset and duration

could not be meta-analyzed due to insufficient data.

Regarding biomicroscopic findings, snowballs were documented in 35% (95% CI [14%-

65%]), while snowbanks were described in 7% (95% CI [3%-14%]) of cases. Keratic precipi-

tates were identified in 58% (95% CI [31%-81%]) of the reported cases. Other biomicroscopic

findings, such as retinal vasculitis, floaters, phlebitis, frosted branch angiitis, cotton wool spots,

and retinal ischemia, could not be included in the meta-analysis due to insufficient data.

Complications associated with uveitis were diverse and reported across multiple studies.

Posterior synechiae occurred in 62% of cases (95% CI [44%-77%]). Cataracts were docu-

mented in 46% of patients (95% CI [32%-61%]). Macular compromise was reported in 45% of

cases (95% CI [20% -73%]). Notably, decreased vision was observed in 42% of cases (95% CI

[19%-70%]) across five articles involving 90 eyes (Table 2).

Table 1. (Continued)

Author Study design Risk of bias Cohort Size

(Patients/

Eyes)

Age of MSAU

presentation

(Mean ± SD)

Sex

(M/

F)

Outcomes of uveitis

reported

Outcomes of MS

reported

EDSS

AF AlBloushi et al., 2021

[51]

Case series Some concerns 20/38 29.5 ± 10.11 1/19 Clinical characteristics Clinical characteristics NA

AA Saifaldein et al., 2022

[52]

Case series Some concerns 4/8 43.5 4/0 Clinical characteristics/

Treatment

Clinical characteristics/

Treatment

NA

NM Chirpaz et al., 2022 [53] Cohort High risk 10/17 35.8 3/7 Clinical characteristics/

Treatment

Clinical characteristics NA

F Stascheit et al., 2022 [54] Case series Some concerns 6/12 N/A 1/5 Clinical characteristics Clinical characteristics NA

E Raskin et al., 2022 [55] Cohort High risk 11/N/A 33.3 6/5 Clinical characteristics Clinical characteristics NA

M: Male, F: Female, MSAU: Multiple sclerosis-associated uveitis, EDSS: Expanded Disability Status Scale

https://doi.org/10.1371/journal.pone.0307455.t001
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Multiple sclerosis characteristics

Nineteen articles involving 537 patients documented that MS presented before uveitis in 59%

(95% CI [48%-69%]) of cases. The mean age of neurologic symptoms reported in 11 articles

was 32 ± 8.3 years. The most frequent age bracket at presentation was 11–20 years, represent-

ing 67% (95% CI [42%-85%]; 28/43 patients), followed by 0–10 years at 65% (95% CI [35%-

64%]; 35/71 patients) (Table 2).

In terms of MS phenotype, most patients, 74% (95% CI [64%-82%]) from 134 patients

across eight articles, reported a RRMS phenotype. In contrast, a smaller proportion, 9% (95%

CI [3%-23%]), were classified as PPMS in three articles involving 54 patients. SPMS was docu-

mented in 24% (95% CI [18%-33%]) of cases across eight articles encompassing 125 patients.

Regarding imaging findings, supratentorial lesions were reported in 95% (95% CI [70%-99%]) of

cases in two articles involving 17 patients. In comparison, spinal cord lesions were identified in 39%

(95% CI [16%-68%]) of patients across two articles involving 29 patients (Table 3).

Treatment characteristics

Treatment approaches for MS were recorded in 50 articles. Among these, Fingolimod,

described in two articles covering 196 patients, represented a notably high percentage of 96%

(95% CI [17%-100%]). Interferon beta treatment, reported in 11 articles involving 325 patients,

accounted for the second highest frequency at 43% (95% CI [24%-65%]) of the cases.

Regarding uveitis, mycophenolate mofetil, found in four articles involving 51 patients, had

the highest frequency at 48% (95% CI [11%-87%]). Azathioprine, reported in 8 articles

Fig 2. Female gender subgroup-analysis.

https://doi.org/10.1371/journal.pone.0307455.g002
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comprising 145 patients, accounted for 21% (95% CI [9%-41%]) of the cases, while methotrex-

ate use was documented in three articles encompassing 36 patients, comprising 9% (95% CI

[3%-24%]) of the cases (Table 4).

Table 2. Uveitis characteristics and complications.

Category No. of

Studies

No. of

Patients

No.

eyes

Pooled prevalence 95%

CI

p-value* I2 Sensitivity

Analysis

Selected Model

Patients who first presented

uveitis

20 629 38 (30–48) <0.01 77% Negative Random effects model

Age presentation in years

1–10 3 44 28 (16–45) 0.40 0% Negative Random effects model

11–20 5 83 32 (19–48) 0.19 35% Negative Random effects model

21–30 4 40 29 (10–60) 0.05 62% Negative Random effects model

31–40 3 40 18 (9–33) 0.76 0% Negative Random effects model

41–50 3 39 44 (3–96) <0.01 83% Negative Random effects model

51–60 2 22 16 (3–59) 0.13 55% Negative Random effects model

>60 No data - - - - - - -

Uveitis laterality

Bilateral 23 452 77 (69–83) <0.01 51% Negative Random effects model

From unilateral to bilateral 4 144 42 (10–82) <0.01 78% Negative Random effects model

Unilateral 18 483 22(14–33) <0.01 78% Negative Random effects model

Uveitis location

Intermediate 22 530 68 (49–82) <0.01 82% Negative Random effects model

Anterior-Intermediate 3 36 30 (2–89) <0.01 78% Negative Random effects model

Anterior 16 387 28 (17–42) <0.01 74% Negative Random effects model

Panuveitis 11 317 26 (16–41) <0.01 75% Negative Random effects model

Posterior 10 319 16 (8–31) <0.01 83% Negative Random effects model

Course

Recurrent 7 214 63 (38–83) <0.01 92% Negative Random effects model

Chronic 12 294 57 (37–75) <0.01 78% Negative Random effects model

Acute 6 190 11 (5–20) 0.20 32% Negative Random effects model

Biomicroscopic findings

Keratic precipitates 9 186 58 (31–81) <0.01 82% Negative Random effects model

Non-Granulomatous 5 - 52 55 (41–69) 0.31 17% Negative Random effect model

Granulomatous 14 - 300 49 (30–68) <0.01 84% Negative Random effects model

Snowballs 6 - 209 35 (14–65) <0.01 87% Negative Random effects model

Complications

Posterior synechiae 6 127 62 (44–77) <0.01 70% Negative Random effects model

Cataract 8 230 46 (32–61) <0.01 72% Negative Random effects model

Macular compromise 4 95 45 (20–73) <0.01 84% Negative Random effects model

Decreased vision 5 90 42 (19–70) <0.01 74% Negative Random effects model

Retinal vascular sheathing 3 107 37 (7–81) <0.01 94% Negative Random effects model

Periphlebitis 5 135 35 (21–52) 0.02 64% Negative Random effects model

Cystoid macular edema 10 232 26 (15–40) <0.01 69% Negative Random effects model

Retinal detachment 3 37 18 (2–72) 0.02 75% Negative Random effects model

Epiretinal membrane 6 139 14 (9–21) 0.48 0% Negative Random effect model

Iris nodules 3 85 14 (8–23) 0.37 0% Negative Random effect model

Glaucoma 8 250 11 (5–20) 0.03 54% Negative Random effects model

Vitreous hemorrhage 3 62 10 (2–43) 0.03 72% Negative Random effects model

*: Chi-square test

https://doi.org/10.1371/journal.pone.0307455.t002
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Discussion

This systematic review evaluated the characteristics of uveitis, ocular complications, and MS

phenotype of patients with MSAU (Fig 4). These findings offer valuable insights into the clini-

cal profile of these patients, aiding ophthalmologists and neurologists in making prompt and

accurate diagnoses, which are usually complex.

For instance, uveitis has been identified as an initial symptom in 23% of MS patients [43].

Timely neurological monitoring following the first episode of uveitis could facilitate early diag-

nosis and appropriate treatment [12]. In addition, patients with standalone MS may require a

distinct treatment approach compared to those suffering from MSAU [7]. Moreover, it’s essen-

tial to differentiate between the various eye-related conditions in MS. Patients commonly

exhibit optic neuritis and abnormalities in oculomotor function, each requiring distinct treat-

ment approaches [4, 56].

With this in mind, we found a mean age of presentation of 38.2 ± 12.1 years, with a notable

female predominance (68%). This observation aligns with the findings of a retrospective study

conducted by Messenger et al., which included 113 individuals with MSAU, of which 83

(73.5%) were female and 30 (26,5%) were male [43]. This female preponderance has been

linked to common autoinflammatory pathways between both diseases and their relationship

with sex hormones, a concept known as autoimmune tautology [57, 58].

Although there was a significant degree of heterogeneity among studies in the subgroup

analyses by continent, as expected due to study designs, a consistent pattern of female predom-

inance (Fig 1) was evident when compared to male. Specifically, 65% of the included patients

Fig 3. Intermediate uveitis subgroup-analysis.

https://doi.org/10.1371/journal.pone.0307455.g003

PLOS ONE Clinical Characteristics of Multiple Sclerosis-Associated Uveitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0307455 October 25, 2024 11 / 20

https://doi.org/10.1371/journal.pone.0307455.g003
https://doi.org/10.1371/journal.pone.0307455


in Europe were female; this proportion increased to 89% in North America. It is worth men-

tioning that although genetic factors may influence sex predominance and studies conducted

in North America did not exhibit significant heterogeneity (I2: 0%, p = 0.71), this observation

was based on data from only two studies. Additionally, only one study has been conducted in

Africa. This underscores the need for more comprehensive studies to elucidate the relationship

between sex predominance and geographical factors.

Uveitis characteristics

Intermediate uveitis has been described as the most common anatomical localization of uveitis

in patients with MS [43, 59]. Similarly, in our study, IU accounted for 68% (95% CI: 49–82) of

the cases, followed by anterior and IU combined, which was observed in 30% (95% CI: 2–89)

of the cases. Notably, uveitis can manifest in other ocular locations, such as posterior uveitis,

affecting 16% (95% CI: 8–31) of patients, or panuveitis, affecting 26% (95% CI: 16–41) of

patients.

The localization of uveitis can vary depending on the genetic and immunological pathways

of the host. Specific HLA Human Leukocyte Antigen (HLA) has been associated with specific

uveitis localizations. One well-known example is the HLA-B27, which is linked to anterior

uveitis in patients with spondylarthritis [60]. In the case of IU, Lindner et al. identified a gene

polymorphism in IL2RA (rs2104286) that increases susceptibility to IU risk (84.5% vs. 15.5%)

[61]. This polymorphism has been linked to reduced expression of CD25 on CD4 naive T cells

and CD14CD16 monocytes, potentially decreasing the activation of naive CD4 T cells under

pro-inflammatory conditions [61, 62]. Exploring genetic therapies to address intraocular

inflammation could open new possibilities for treating refractory MSAU. The eye is consid-

ered a promising target due to its small, compartmentalized shape, which might require a

Table 3. Multiple sclerosis characteristics.

Category No. of

Studies

No. of

patients

No. eyes Pooled prevalence 95%

CI

p-value* I2 Sensitivity

Analysis

Selected Model

Neurologic signs prior to

uveitis

19 537 59 (48–69) <0.01 82 Negative Random effects model

Age at presentation, years

0–10 3 71 50 (35–65) 0.19 41 Negative Random effect model

11–20 2 43 67 (42–85) 0.14 53 Negative Random effects model

21–30 8 99 32 (17–52) <0.01 62 Negative Random effects model

31–40 5 55 28 (18–42) 0.75 0 Negative Random effect model

41–50 6 62 20 (12–32) 0.96 0 Negative Random effect model

51–60 - - - - - - -

> 60 2 23 9 (2–31) 0.54 0 Negative Random effect model

Type of MS

Relapsing-remitting 8 134 74 (64–82) 0.09 43 Negative Random effect model

Secondary progressive 8 125 24 (18–33) 0.97 0 Negative Random effect model

Primary progressive 3 54 9 (3–23) 0.35 5 Negative Random effect model

Imaging findings

Supratentorial lesions 2 17 95 (70–99) 0.78 0 Negative Random effect model

Spinal cord lesions 2 29 39 (16–68) 0.12 59 Negative Random effects model

MS: Multiple sclerosis

*: Chi-square test

https://doi.org/10.1371/journal.pone.0307455.t003
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relatively small number of vectors/gene copies, and its special immune features that can favor

viral-mediated gene therapy [63].

The subgroup analysis consistently observed IU predominance by continents (Fig 3). In

Europe, intermediate uveitis demonstrated a pooled prevalence of 62%, which notably

increased to 98% in Africa. While genetic factors might contribute [64, 65] to the variations

Table 4. Treatment for multiple sclerosis-associated uveitis.

Treatment for neurological manifestations

Category No. of

Studies

No. of

patients

No.

eyes

Pooled prevalence 95%

CI

p-value* I2 Sensitivity

Analysis

Selected Model

Treatment with Fingolimod 2 196 96 (17–100) <0.01 89% Negative Random effects model

Treatment with Beta

Interferon

11 325 43 (24–65) <0.01 85% Negative Random effects model

Treatment with Glatiramer 5 183 11 (7–16) 0.91 0% Negative Random effects model

Treatment with Natalizumab 2 149 4 (1–20) 0.42 0% Negative Random effects model

Treatment for uveitis

Category No. of

Studies

No. of

patients

No.

eyes

Pooled prevalence 95%

CI

p-

value*
I2 Sensitivity

Analysis

Selected Model

Treatment with

Mycophenolate

4 51 48 (11–87) 0.02 71%

%

Negative Random effects model

Treatment with Tacrolimus 2 22 38 (4–90) 0.01 84% Negative Random effects model

Treatment with

Azathioprine

8 145 21(9–41) <0.01 73% Negative Random effects model

Treatment with Ciclosporin 4 44 17 (8–34) 0.27 23% Negative Random effects model

Treatment with

Methotrexate

3 36 9 (3–24) 0.82 0% Negative Random effects model

*: Chi-square test

https://doi.org/10.1371/journal.pone.0307455.t004

Fig 4. Clinical picture of patients with multiple sclerosis-associated uveitis.

https://doi.org/10.1371/journal.pone.0307455.g004
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between groups, this can also be attributed to the relatively limited number of studies con-

ducted outside Europe and the substantial heterogeneity observed among subgroups (82%).

In our study, the mean age of the first uveitis episode was 35.7 ± 8.3 years, while the mean

age at MS onset was 32 ± 8.35 years. Furthermore, the prevalence of patients developing MS

before their first uveitis episode was 59% higher than in the cases where uveitis preceded MS

(38%). It is worth noting that there is contradictory information in the literature on this topic,

with some studies reporting uveitis preceding MS and other studies indicating neurological

symptoms occurring before ocular involvement [43, 66] or simultaneously [43]. Regardless of

which precedes, this finding underscores the critical importance of communication and col-

laboration between ophthalmologists and neurologists in managing uveitis and MS patients.

In terms of the course, chronic uveitis (57% [95% CI: 37%-75%]) and recurrent uveitis 63%

[95% CI: 38%-83%]) were the most frequently observed, often affecting both eyes (77% [95%

CI: 69%-83%]). These findings have been previously reported in other studies and warrant spe-

cial attention due to their association with severe and challenging-to-treat inflammation [67].

It is important to note that chronic uveitis is identified as a risk factor for ocular complications

(OR: 1.78, p = 0.002) [67]. Indeed, our study revealed a higher overall prevalence of complica-

tions, including posterior synechiae (62%), cataracts (46%), macular compromise (45%), and

vascular sheathing (37%). Studies have indicated that the severity of uveitis tends to be lower

in patients who receive systemic treatment [46]. Hence, individuals with MS should undergo

regular evaluations to tailor treatment and effectively manage ocular or systemic

inflammation.

Multiple sclerosis characteristics

Concerning the clinical phenotype of MS, RRMS exhibited the highest pooled prevalence at

74% (95% CI 64–82), followed by SPMS at 24% (95% CI 18–33). Notably, RRMS has consis-

tently been reported as the predominant course in other studies, followed by SPMS [33, 68].

The RRMS predominance in this study can also explain the minimal and moderate disability

reported in the EDSS of 2.9 ± 0.6 [69]. PPMS is considered relatively rare (with a prevalence

accounting for 7% to 57%) [70, 71].

Strength and limitations

This is the first meta-analysis to comprehensively describe the uveitis characteristics and phe-

notype of MS in patients with MSAU. This study enables the creation of a large sample that

would not be feasible through other means, offering insights into the clinical picture of patients

with MSAU for ophthalmologists and neurologists.

This study has some limitations. First, it encompassed research conducted over a broad

period, during which multiple criteria for diagnosing MS evolved, influenced by clinical

knowledge and the dissemination of new technologies such as magnetic resonance imaging.

Nevertheless, all studies were included if the diagnosis of MS was based on the most relevant

criteria available at the time, from the Poser criteria in 1983 to the McDonald criteria in 2017.

Second, most of the included studies were from Europe, with only a few originating from

Asia and Africa. For South America, no studies were identified. Nonetheless, the data from the

few studies in these regions indicated that patients shared similar characteristics with Europe-

ans, including female predominance and IU localization. Further research is needed to clarify

the clinical presentations of these regions.

Thirdly, it’s crucial to emphasize that the quality of existing evidence is limited, a common

challenge in rare diseases like MSAU. Most literature primarily consists of cross-sectional

studies, underscoring the need for prospective cohort studies and clinical trials. Such
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endeavors are essential for improving the quality of evidence and pinpointing characteristics

with greater precision, such as the temporal relationship between the onset of uveitis and MS.

Fourth, the considerable heterogeneity identified in some of the pooled prevalences is a lim-

itation that was anticipated. However, it is worth noting that in the subgroup analysis of vari-

ables, such as intermediate localization, the I2 values were lower, indicating more favorable

levels of heterogeneity. Lastly, our analysis did not delve into treatment strategies with specific

outcomes such as visual acuity or uveitis relapses. Further studies could provide valuable

insights into managing MSAU cases.

Finally, we may have missed some important reports due to using a cohort threshold of 10

patients or eyes. The decision to exclude studies with fewer than ten observations was based on

methodological considerations like previous studies [72–75]. In meta-analyses using random

effects models, the weights assigned to individual studies are similar across observations. This

means that an event occurring in 1 out of 3 cases (33%) can disproportionately influence the

results compared to an event in 1 out of 10 cases (10%). Such discrepancies can lead to bias in

the measurement of central tendency, as one outlier can significantly skew the overall results

[72].

Conclusion

This systematic review summarizes and validates uveitis characteristics and MS phenotype of

patients with MSAU, which is heterogeneous across studies. MSAU primarily affects young

adult females with bilateral involvement. Intermediate uveitis is the most prevalent localization

and can occur simultaneously, before or after the diagnosis of MS. Ocular complications,

including cataracts, macular compromise, and vascular retinal alterations, may develop.

Regarding MS phenotype, RRMS is more frequently observed in these patients, often accom-

panied by supratentorial lesions as revealed by MRI scans. We advocate for interdisciplinary

collaboration among specialists when treating patients with these clinical features to expedite

diagnosis and minimize potential complications.
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Mariana Gaviria-Carrillo, Alejandra de-la-Torre.

Visualization: Paola Saboya-Galindo, Germán Mejı́a-Salgado, Alejandra de-la-Torre.

Writing – original draft: Paola Saboya-Galindo, Germán Mejı́a-Salgado,

Alejandra de-la-Torre.

Writing – review & editing: Paola Saboya-Galindo, Germán Mejı́a-Salgado,

Alejandra de-la-Torre.

References
1. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising prevalence of multiple sclero-

sis worldwide: Insights from the Atlas of MS, third edition. Mult Scler. 2020; 26: 1816–1821. https://doi.

org/10.1177/1352458520970841 PMID: 33174475

2. Cunningham ET, Pavesio CE, Goldstein DA, Forooghian F, Zierhut M. Multiple Sclerosis-Associated

Uveitis. Ocular Immunology and Inflammation. 2017; 25: 299–301. https://doi.org/10.1080/09273948.

2017.1334469 PMID: 28696171

3. McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and Treatment of Multiple Sclerosis: A

Review. JAMA. 2021; 325: 765. https://doi.org/10.1001/jama.2020.26858 PMID: 33620411

4. Toosy AT, Mason DF, Miller DH. Optic neuritis. The Lancet Neurology. 2014; 13: 83–99. https://doi.org/

10.1016/S1474-4422(13)70259-X PMID: 24331795

5. Zhao R-Z, Zhang G-X, Zhang W-T, Yu W-J, Du L, Toledo MC, et al. Ocular manifestations of multiple

sclerosis in patients from three countries: A Web-based survey. European Journal of Ophthalmology.

2022; 32: 2975–2981. https://doi.org/10.1177/11206721211069457 PMID: 34939452

6. Optic Neuritis Study Group*. The 5-year risk of MS after optic neuritis: Experience of the Optic Neuritis

Treatment Trial. Neurology. 1997; 49: 1404–1413. https://doi.org/10.1212/WNL.49.5.1404

PLOS ONE Clinical Characteristics of Multiple Sclerosis-Associated Uveitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0307455 October 25, 2024 16 / 20

https://doi.org/10.1177/1352458520970841
https://doi.org/10.1177/1352458520970841
http://www.ncbi.nlm.nih.gov/pubmed/33174475
https://doi.org/10.1080/09273948.2017.1334469
https://doi.org/10.1080/09273948.2017.1334469
http://www.ncbi.nlm.nih.gov/pubmed/28696171
https://doi.org/10.1001/jama.2020.26858
http://www.ncbi.nlm.nih.gov/pubmed/33620411
https://doi.org/10.1016/S1474-4422(13)70259-X
https://doi.org/10.1016/S1474-4422(13)70259-X
http://www.ncbi.nlm.nih.gov/pubmed/24331795
https://doi.org/10.1177/11206721211069457
http://www.ncbi.nlm.nih.gov/pubmed/34939452
https://doi.org/10.1212/WNL.49.5.1404
https://doi.org/10.1371/journal.pone.0307455


7. Casselman P, Cassiman C, Casteels I, Schauwvlieghe P. Insights into multiple sclerosis-associated

uveitis: a scoping review. Acta Ophthalmologica. 2021; 99: 592–603. https://doi.org/10.1111/aos.14697

PMID: 33326162

8. Gordon LK, Goldstein DA. Gender and Uveitis in Patients with Multiple Sclerosis. Journal of Ophthal-

mology. 2014; 2014: 1–5. https://doi.org/10.1155/2014/565262 PMID: 24891944

9. Olsen TG, Frederiksen J. The association between multiple sclerosis and uveitis. Survey of Ophthal-

mology. 2017; 62: 89–95. https://doi.org/10.1016/j.survophthal.2016.07.002 PMID: 27491475

10. Marrie RA, Cutter G, Tyry T. Substantial adverse association of visual and vascular comorbidities on

visual disability in multiple sclerosis. Mult Scler. 2011; 17: 1464–1471. https://doi.org/10.1177/

1352458511414041 PMID: 21844067
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