
25Turk, et al: Eye involvement CTD

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved.

Ocular Manifestations in Rheumatoid Arthritis, Connective 
Tissue Disease, and Vasculitis: A Systematic Review and 
Metaanalysis
Matthew A. Turk1, Jacqueline L. Hayworth2, Tatiana Nevskaya1, and Janet E. Pope1

ABSTRACT. Objective. Rheumatoid arthritis (RA) and other rheumatic diseases may present with ocular manifestations. 
The purpose of our work was to determine the prevalence and type of eye involvement in RA and other con-
nective tissue diseases through a metaanalysis and literature review. 

 Methods. A systematic review of the literature was performed using Medline, Web of Science, and the 
Cochrane Library from their inceptions until January 7, 2019. Conjunctivitis, keratoconjunctivitis sicca,  
xeropthalmia, uveitis, eye hemorrhage, optic neuritis, papilledema, orbital disease, retinal artery/vein occlu-
sion, macular edema, retinitis, chorioretinitis, scleritis, iridocyclitits, choroid hemorrhage, blindness, and 
amaurosis fugax were searched for prevalence in patients with RA, systemic lupus erythematosus (SLE), anti-
phospholipid syndrome (APS), dermatomyositis, polymyositis, systemic sclerosis, Sjögren syndrome (SS), 
undifferentiated connective tissue disease, giant cell arteritis, granulomatosis polyangiitis (GPA; formerly 
Wegener granulomatosis), systemic vasculitis, and sarcoidosis. 

 Results. There were 3394 studies identified and 65 included. The prevalence of eye involvement was 18% in 
RA, 26% in GPA, 27% in giant cell arteritis, 27% in sarcoidosis, 31% in SLE, and 35% in APS. The most 
common manifestation was dry eye syndrome (“dry eye”; keratoconjunctivitis sicca) in most diseases ana-
lyzed, with an especially high frequency of 89% in SS. Anterior and posterior uveitis were the most common 
ocular complications in sarcoidosis, occurring in 16% (95% CI 3–28) and 6% (95% CI 3–9) of patients, 
respectively. 

 Conclusion. Eye involvement is present in approximately one-fifth of patients with RA, and a one-quarter to 
one-third of patients with connective tissue diseases (other than SS at 89%) and vasculitis. 

 Key Indexing Terms: connective tissue disease, prevalence, rheumatoid arthritis, Sjögren syndrome, systemic 
lupus erythematosus, vasculitis
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Rheumatoid arthritis (RA) is a multisystem autoimmune disease 
that generally damages synovial-lined joints in the hands, feet, 
wrists, and knees1. Extraarticular effects have been described in 
multiple organ systems, including the lungs2,3, kidneys4,5, cardio-
vascular system6,7,8, and eyes9. Subcutaneous nodules are the 
most common extraarticular manifestation and are present in 
20–30% of patients10, although the frequency of nodules may 
be decreasing. Clinical observations suggest that severe compli-
cations, such as corneal “melts” and perforations in RA, are 
decreasing with advances in modern biologic treatments11,12.

 As with RA, other inflammatory rheumatic diseases like 
connective tissue diseases (CTD) and vasculitis can also present 
with various systemic symptoms and signs. Although several 
organs involved in these diseases have been well categorized, 
the frequency of ocular involvement in some autoimmune 
rheumatic diseases is imprecise. While some CTD, like Sjögren 
syndrome (SS), nearly always manifest with dry eye syndrome 
(“dry eye”; keratoconjunctivitis  sicca), the prevalence of ocular 
complications (OC) across the spectrum of RA, associated 
CTD, and vasculitis warrants further investigation13. In our 
report, we determined the frequency of eye involvement in RA 
and other inflammatory rheumatic diseases, including systemic 
lupus erythematosus (SLE), antiphospholipid syndrome (APS), 
giant cell arteritis (GCA), granulomatosis with polyangiitis 
(GPA), and sarcoidosis. We found that ocular complications may 
be more stable in these conditions compared to those that occur 
in patients with RA. Retinal vasculitis may occur in CTD and 
vasculitis, whereas retinal infarctions and hemorrhages would be 
more likely in APS and SLE.
 Here, we present a metaanalysis on our systematic review to 
compare the prevalence of uveitis and other OC among RA, 
CTD, and vasculitis.
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MATERIALS AND METHODS
Study selection. Institutional review board approval was not necessary as 
this was a systematic literature review. The protocol for investigating the 
prevalence of ocular conditions in rheumatic diseases can be found at 
ClinicalTrials.gov (NCT03753893). The specific wording for our search 
strategy is listed in Supplementary Data 1 (available with the online version 
of this article). Medline, Cochrane, and Web of Science were used in 
searching papers that spanned from their inceptions (in 1964, 1997, and 
2000, respectively)  to January 7, 2019. All studies that included the preva-
lence of eye involvement in RA, CTD (SLE, APS, SS, polymyositis, derma-
tomyositis, scleroderma, undifferentiated CTD), and vasculitis (GCA, 
GPA, systemic vasculitis, and sarcoidosis) were included for further review. 
Inclusion criteria. Studies were included if they investigated the preva-
lence of OC in the aforementioned diseases in the context of a cohort and 
were written in English. Review articles, case reports, cohorts in which all 
patients experienced the same OC, studies in which different comorbid-
ities were not grouped independently, and studies that reported on fewer 
than 20 patients were excluded. When the same patient cohorts were used 
in more than 1 analysis, either the most recent study or the study with 
the largest sample size was included. The STrengthening the Reporting 
of OBservational Studies in Epidemiology (STROBE) checklist was used 
to assess the quality of cohort, case-control, and cross-sectional studies to 
check for bias14.
Data extraction. The following data were extracted for each study as per the 
registered protocol: first author, year of publication, location of study, study 
design, sample size, and prevalence of each OC. When studies included 
multiple populations with various rheumatic diseases, data extraction and 
analysis were done separately for each condition. 
Statistical analysis. Forest plots were constructed from the extracted data to 
create a 95% CI using RevMan 5.3. A random effects model was used to 
account for bias and heterogeneity15. I2 and tau-square tests were used to 
determine heterogeneity and variance across studies. Differences between 
study frequencies were measured using 1-way ANOVA. Funnel plots were 
used to look for publication bias. Where possible, the frequencies of ocular 
manifestations in adults were compared to juvenile patients for each disease.

RESULTS
From the literature review, 3394 citations were identified and 65 
were included (Figure 1; Table 1). The I2-heterogeneity statistic 
was high (73–100%); therefore, a random effects model was 
used to determine prevalence. 

 The pooled prevalence of OC in RA was 18% (95% CI 
15–22; Figure  2). In other rheumatic diseases, the prevalence 
of OC varied by disease type. It was 27% (95% CI 18–36) in 
sarcoidosis, 89% (95% CI 86–92) in SS, 31% (95% CI 18–44) 
in SLE, 26% (95% CI 19–34) in GPA, 27% (95% CI 20-34) in 
GCA, 35% (95% CI 3–67) in APS, 0.07% (95% CI 0–19) in 
dermatomyositis, and 21% (95% CI 2–39) in systemic sclerosis 
(Figure 3). 
 In RA, the most common OC was dry eye (16%, 95%  CI 
11–20), followed by glaucoma (5%, 95%  CI 0–13; Figure  4). 
Dry eye was also the most common OC in SS (89%, 95%  CI 
86–92), SLE (33%, 95% CI 24–42), and SSc (27%, 95% CI 
22–32). Anterior uveitis was the most common OC in sarcoidosis 
followed by posterior uveitis, occurring in 16% (95% CI 3–28) 
and 6% (95% CI 3–9) of patients, respectively (data not shown). 
 A subanalysis was performed to compare the prevalence of 
OC in adult and pediatric patients where possible. In RA, OC 
occurred significantly more frequently in adults (28%, 95% CI 
19–37; Supplementary Figure 1, available with the online 
version of this article) compared to children with RA (13%, 
95%  CI 12–14; P  =  0.0035; data not shown). In GPA, OC 
were equally frequent in adults (20%, 95% CI 10–30) and chil-
dren (24%, 95%  CI 5–43; P  =  0.38; Supplementary Figure  2, 
available with the online version of this article). Studies on 
other CTD and vasculitis did not report juvenile-specific data; 
however, studies with only adults did not report significantly 
different OC compared to the studies that included mostly 
adults and some patients with childhood-onset rheumatic 
diseases (Supplementary Figure 1). 
 Publication bias was negligible in all conditions except for 
APS and scleroderma, as evidenced by the funnel plots presented 
in Supplementary Figure 3 (available with the online version of 
this article). 

DISCUSSION
Eye involvement occurs frequently across the spectrum of 
rheumatic diseases, although the location and type of eye 

Figure 1. Summary of search strategy.
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Table 1. Characteristics and research quality of studies reporting the prevalence of OC in RA and other CTD.

Disease Study, First Author Year Location STROBE Total Patients, n OC, n

APS Gelfand37 1999 Israel 14 39 3
APS Leo-Kottler38 1998 Germany 14 50 13
APS Demirci39 1998 Turkey 15 22 16
GCA González-Gay40 2000 Spain 19 161 42
GCA González-Gay41 2007 Spain 19 255 57
GCA Hayreh42 1998 USA 15 170 85
GCA Brekke43 2017 Norway 18 792 146
GCA Muratore44 2015 Italy 17 332 28
GCA Garrity45 2017 USA 19 32 25
GCA Liu46 1994 USA 17 185 45
GCA Ji47 2017 Sweden 19 12,048 1618
RA Aliko48 2010 Albania 18 88 36
RA Bettero49 2008 Brazil 16 198 59
RA Brun50 2003 Norway 16 56 8
RA Caimmi51 2018 Italy 20 92 33
RA Carmona52 2003 Spain 16 788 20
RA Fujita53 2005 Japan 16 72 35
RA Gilboe54 2001 Norway 20 81 24
RA Kobak55 2011 Turkey 18 165 70
RA Matsuo56 1997 Japan 15 111 19
RA Moura57 2012 Brazil 18 262 4
RA Domngang Noche58 2018 Cameroon  36 6
RA Turesson59 2003 USA 20 609 61
RA Hochberg60 2008 USA 20 7962 670
RA Nyhäll-Wåhlin61 2012 Sweden 19 1016 5
Sarcoidosis Cozier62 2011 USA 19 122 20
Sarcoidosis Evans63 2007 USA 19 81 59
Sarcoidosis Heiligenhaus64 2011 Germany 18 662 291
Sarcoidosis Heuser65 2004 Norway 11 15 10
Sarcoidosis James (cohort A)66 2018 USA 20 1546 288
Sarcoidosis James (cohort B)66 2018 USA 20 140 33
Sarcoidosis Lee67 2009 Korea 17 104 22
Sarcoidosis Maña68 2017 Spain 18 640 22
Sarcoidosis Okumus69 2011 Turkey 13 293 10
Sarcoidosis Sheu70 2010 Taiwan 15 55 19
Sarcoidosis Zurkova71 2014 Czech Republic 19 161 9
SS Al-Hashimi72 2001 USA 15 169 114
SS Davidson73 1999 England 16 74 69
SS Devauchelle-Pensec74 2014 France 21 120 111
SS Alamanos75 2006 Greece 17 422 422
SS Baldini76 2014 Italy 18 1115 982
SS Brito-Zerón13 2017 Europe 21 8310 7760
SS García-Carrasco77 2002 Spain 19 371 351
SS Martel78 2011 France 19 445 373
SS Ramírez Sepúlveda79 2017 Sweden 20 198 139
SS Ramos-Casals80 2010 Spain 18 455 436
SLE Gilboe54 2001 Norway 20 81 28
SLE Jensen81 1999 Norway 21 20 12
SLE Carli82 2013 Italy 15 136 39
SLE Gawdat83 2018 Egypt 17 40 16
SLE Ushiyama84 2000 Japan 18 69 7
SLE Stafford-Brady85 1988 Canada 18 550 41
SLE Gold86 1972 USA 12 61 28
GPA Cisternas87 2005 Chile 14 58 15
GPA Robinson88 2003 USA 17 82 13
GPA Bohm89 2014 Czech Republic 19 56 19
GPA Cabral90 2009 Canada 20 65 10
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complication varies. In RA, approximately 18% of patients had 
ocular features, such as dry eye and glaucoma. While eye involve-
ment occurs in almost 1 in 5 patients, metrics to evaluate disease 
activity do not include specifically extraarticular involvement 
(e.g., Clinical Disease Activity Index/Simplified Disease Activity 
Index; Disease Activity Score in 28 joints)16,17,18. The argument 
is that extraarticular/other organ involvement should be more 
of a focus when evaluating these diseases17,19. Extraarticular 
symptoms can be improved with certain treatment and improve 
quality of life for patients with RA20. 
 When compared to the general population, RA and other 
CTD display a marked increase in OC. Within the general 
population, many factors contribute to the prevalence of OC, 
including age, sex, geographic location, and social factors. The 
general range of uveitis within the population is relatively low at 
0.038% to 0.74%21. Dry eye syndrome is slightly more common, 
affecting 6.8% of the general US population; however, it occurs 
more frequently in CTD than in RA22. The prevalence of glau-
coma among the general population is 3.5%, which is markedly 
lower than the prevalence seen in RA23, although the reasons for 
this difference are currently unknown. A 2016 study found no 

correlation between the use of glucocorticoids for RA treatment 
and the incidence of glaucoma24. More research is needed to 
identify the ways in which RA is associated with glaucoma, and 
whether the disease characteristics and/or treatment have any 
effect on the development of glaucoma. 
 Perhaps unsurprisingly, SS had the highest prevalence of OC, 
with dry eye occurring in nearly 9 in 10 patients, since dryness is 
associated with lymphocytic infiltration of lacrimal glands and 
reduced tear clearance caused by surface inflammation25,26. Dry 
eye is one of the most common manifestations of SS, so assess-
ments of disease activity typically include OC and dry eye27,28. 
This pattern holds true for other CTD in which OC are less 
common. Assessments for disease activity in SLE and GPA all 
include metrics for eye involvement29,30,31,32. In sarcoidosis, diag-
nosis often occurs if there is lung involvement, but it can also be 
based on a biopsy of diseased skin or lymph nodes in conjunction 
with extrapulmonary symptoms, such as uveitis33,34. Geographic 
differences in OC have also been reported in sarcoidosis, with 
higher prevalence in East Asian populations35. 
 As with other metaanalyses of this nature, limitations to our 
study included high heterogeneity between the included studies, 

Table 1. Continued.

Disease Study, First Author Year Location STROBE Total Patients, n OC, n

GPA Koldingsnes91 2000 Norway 19 55 21
GPA Di Comite92 2005 Italy N/A 50 12
GPA Chen93 2005 China 18 88 35
GPA Rothschild94 2013 France 19 117 23
SSc Allanore95 2004 France 17 61 4
SSc Coşkun96 2016 Turkey 16 43 7
SSc Swaminathan97 2008 Australia 18 193 92
SSc Wangkaew98 2018 Thailand 18 115 15
DM Akikusa99 2005 Canada 20 108 2
DM Ng100 2009 UK 19 55 8

APS: antiphospholipid syndrome; CTD: connective tissue disease; DM: dermatomyositis; GCA: giant cell arteritis; GPA: granulomatosis with polyangiitis; 
N/A: not applicable; OC: ocular complications; RA: rheumatoid arthritis; SLE: systemic lupus erythematosus; SS: Sjögren syndrome; SSc: systemic sclerosis; 
STROBE: STrengthening the Reporting of OBservational Studies in Epidemiology checklist.

Figure 2. The frequency of eye involvement in patients with rheumatoid arthritis. SE: standard error.
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possibly due to different patient populations and nonstan-
dardized definitions of OC. We assumed that there would be 
heterogeneity of definitions for each eye manifestation between 
publications, so we used the terms “ocular manifestations,” 
“involvement,” and “complications” virtually interchangeably to 
account for discrepancies across the studies. OC due to disease 
activity and ocular damage were included in our search; however, 
studies with a low prevalence of OC might not have been included 
in these publications, potentially resulting in publication bias. Our 
work was also limited in establishing the true cross-sectional prev-
alence of OC in each condition because individual cohorts did 

not all adjust for disease duration or activity. Most studies did not 
separate age at onset, so there could be differences in the frequency 
of various ocular manifestations, depending on the age of the 
patient (i.e., adults vs children). A previous publication compared 
the frequency of eye manifestations in various childhood rheu-
matic diseases; we did not include information about SpA/other 
arthropathy comparisons between adult and paediatric disease36. 
In addition, some OC may be due to a rheumatic disease itself, and 
some due to its treatment, further hindering our ability to accu-
rately determine the cross-sectional prevalence of OC. 
 In conclusion, our metaanalysis determined the prevalence of 

Figure 3. Frequency of eye involvement in patients with other investigated connective tissue diseases, including (A) sarcoidosis,  
(B) Sjögren syndrome, (C) systemic lupus erythematosus. SE: standard error.
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OC across the spectrum of several rheumatic diseases. OC were 
most common in SS, occurring in 89% of patients, followed by 
APS, SLE, GCA, sarcoidosis, and GPA, in which OC occurred 
in 26–35% of patients. OC occurred in approximately 18% of 
patients with RA, highlighting it as a common extraarticular 
manifestation of the disease. 
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Figure 3. Continued.  (D) granulomatosis with polyangiitis, (E) giant cell arteritis, (F) antiphospholipid syndrome, (G) dermatomyo-
sitis, and (H) systemic sclerosis. SE: standard error.
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 79. Ramírez Sepúlveda JI, Kvarnström M, Eriksson P, Mandl T, 
Norheim KB, Johnsen SJ, et al. Long-term follow-up in primary 
Sjögren’s syndrome reveals differences in clinical presentation 
between female and male patients. Biol Sex Differ 2017;8:25.

 80. Ramos-Casals M, Brito-Zerón P, Perez-De-Lis M, Jimenez I, 
Blanco MJ, Bove A, et al. Sjögren syndrome or Sjögren disease? The 
histological and immunological bias caused by the 2002 criteria. 
Clin Rev Allergy Immunol 2010;38:178-85.

 81. Jensen JL, Bergem HO, Gilboe IM, Husby G, Axéll T. Oral and 
ocular sicca symptoms and findings are prevalent in systemic lupus 
erythematosus. J Oral Pathol Med 1999;28:317-22.

 82. Carli L, Tani C, Querci F, Della Rossa A, Vagnani S, Baldini C, et 
al. Analysis of the prevalence of cataracts and glaucoma in systemic 
lupus erythematosus and evaluation of the rheumatologists’ practice 
for the monitoring of glucocorticoid eye toxicity. Clin Rheumatol 
2013;32:1071-3.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


34 The Journal of Rheumatology 2021;48:1; doi.10.3899/jrheum.190768 

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved.

 83. Gawdat G, El-Fayoumi D, Marzouk H, Farag Y. Ocular 
Manifestations in Children with Juvenile-Onset Systemic Lupus 
Erythematosus. Semin Ophthalmol 2018;33:470-6.

 84. Ushiyama O, Ushiyama K, Koarada S, Tada Y, Suzuki N, Ohta A, 
et al. Retinal disease in patients with systemic lupus erythematosus. 
Ann Rheum Dis 2000;59:705-8.

 85. Stafford-Brady FJ, Urowitz MB, Gladman DD, Easterbrook M. 
Lupus retinopathy. Patterns, associations, and prognosis. Arthritis 
Rheum 1988;31:1105-10.

 86. Gold DH, Morris DA, Henkind P. Ocular findings in systemic lupus 
erythematosus. Br J Ophthalmol 1972;56:800-4.

 87. Cisternas M, Soto L, Jacobelli S, Marinovic MA, Vargas A, 
Sobarzo E, et al. [Clinical features of Wegener granulomatosis and 
microscopic polyangiitis in Chilean patients]. [Article in Spanish] 
Rev Med Chil 2005;133:273-8.

 88. Robinson MR, Lee SS, Sneller MC, Lerner R, Langford CA, 
Talar-Williams C, et al. Tarsal-conjunctival disease associated with 
Wegener’s granulomatosis. Ophthalmology 2003;110:1770-80.

 89. Bohm M, Gonzalez Fernandez MI, Ozen S, Pistorio A, Dolezalova 
P, Brogan P, et al. Clinical features of childhood granulomatosis with 
polyangiitis (Wegener’s granulomatosis). Pediatr Rheumatol Online 
J 2014;12:18.

 90. Cabral DA, Uribe AG, Benseler S, O’Neil KM, Hashkes PJ, 
Higgins G, et al. Classification, presentation, and initial treatment 
of Wegener’s granulomatosis in childhood. Arthritis Rheum 
2009;60:3413-24.

 91. Koldingsnes W, Nossent H. Epidemiology of Wegener’s 
granulomatosis in northern Norway. Arthritis Rheum 
2000;43:2481-7.

 92. Di Comite G, Bonavida G, Bozzolo E, Bianchi S, Ciboddo G, 
Tresoldi M, et al. [Wegener’s granulomatosis: an analysis of 50 
patients]. [Article in Italian] Reumatismo 2005;57:187-92.

 93. Chen M, Yu F, Zhang Y, Zou W, Zhao M, Wang H. Characteristics 
of Chinese patients with Wegener’s granulomatosis with  
anti-myeloperoxidase autoantibodies. Kidney Int 2005;68:2225-9.

 94. Rothschild PR, Pagnoux C, Seror R, Brézin AP, Delair E, Guillevin 
L. Ophthalmologic manifestations of systemic necrotizing 
vasculitides at diagnosis: a retrospective study of 1286 patients and 
review of the literature. Semin Arthritis Rheum 2013;42:507-14.

 95. Allanore Y, Parc C, Monnet D, Brézin AP, Kahan A. Increased 
prevalence of ocular glaucomatous abnormalities in systemic 
sclerosis. Ann Rheum Dis 2004;63:1276-8.
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