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ABSTRACT
Objectives To investigate dry eye disease (DED) in 
patients affected by systemic lupus erythematosus (SLE).
Methods We conducted a systematic search of the 
literature on PubMed, EMBASE and the Cochrane Library 
databases from conception to 30 April 2020 for studies 
related to dry eye, secondary Sjögren’s syndrome (sSS) 
and SLE. Original full- text articles with the number of 
patients diagnosed with SLE of over 15 were included. 
The risk of bias was evaluated with a validated critical 
appraisal tool which assessed study quality based on 
confounding factors, selection bias, bias related to 
measurement and bias related to data analysis. Data were 
extracted and pooled to evaluate the overall prevalence of 
DED with the random- effect model and sSS with the fixed 
effect model.
Results A total of 29 studies were included and 18 273 
participants were involved. The pooled data showed that 
the overall prevalence of DED was 16% (95% CI 10% to 
21%, p<0.001) in patients of SLE. Dry eye symptoms and 
abnormal Schirmer’s test were found in 26% (95% CI 
20% to 32%, p<0.001) and 24% (95% CI 14% to 34%, 
p<0.001) of patients with SLE, respectively. 12% (95% CI 
9% to 15%, p<0.001) of patients also met the criteria of 
sSS. The OR of DED in patients with SLE was 4.26 (95% 
CI 3.47 to 5.05, p<0.001) compared with healthy controls. 
The meta- regression analysis showed that the sample 
size (p=0.004) and study location (p=0.022) could be the 
source of heterogeneity.
Conclusions DED and sSS are both common in patients 
with SLE.

INTRODUCTION
Systemic lupus erythematosus (SLE) is 
a chronic autoimmune disease that can 
involve a great variety of organs and tissues, 
including skin, kidney, heart, blood, nervous 
system and so on.1 In patients of SLE, various 
ocular manifestations have been reported 
and nearly every structure of the eye from 
the eyelid in the front to the optic nerve at 
the back can be involved.2 Dry eye disease 
(DED) is thought to be one of the most 
common ocular manifestations in patients 
of SLE, and a portion of patients also meet 
the criteria of secondary Sjögren’s syndrome 
(sSS), which is also an autoimmune disease 

and can lead to self- attack of lacrimal 
and salivary glands secondary to SLE.3 In 
previous studies, a wide range of the prev-
alence of DED in patients with SLE from 
0% to 32% has been reported.4–31 This may 
result from the different ages, locations, 
gender and racial groups of participants as 
well as different disease duration, severity, 
activity and therapy of patients with SLE in 
different studies. Although a great quantity 
of studies addressing the association of SLE 
and DED has been published, currently, 
there is no meta- analysis to summarise the 
prevalence of DED in patients with SLE. 
Besides, there are controversial results on 
whether the disease duration, age groups 
or disease activity of SLE may influence 
the prevalence of DED.11 15 20 29 Thus, we 
conducted a systematic search of literature 
and meta- analysis to evaluate the prevalence 
of DED in patients of SLE and to investigate 
possible factors which may be associated 
with the risk of DED in patients with SLE.

Strengths and limitations of this study

 ► The major strength of this study is that this is the 
first meta- analysis addressing the high prevalence 
of dry eye disease (DED) and Secondary Sjögren’s 
syndrome (sSS) in patients with systemic lupus 
erythematosus (SLE), with subgroup analysis to 
demonstrate the impact of disease activity and dis-
ease duration.

 ► The study comprehensively summarises the litera-
ture about the association of DED, sSS and SLE. The 
findings suggest the need to more closely follow up 
patients with SLE in ophthalmology clinics.

 ► The high heterogeneity of the prevalence reported 
in individual studies, presumably and partly due to 
different diagnostic methods of DED and the race 
of the participants, may affect the overall reliability 
of the results.

 ► As some important factors, including the race and 
recruitment time of most individual studies, are not 
provided, we did not conduct the subgroup analysis 
based on these aspects.
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METHODS
Search strategy
Following guidelines of the Preferred Reporting Items 
for Systematic Reviews and Meta- analyses and the Meta- 
analysis of Observational Studies in Epidemiology,32 a 
comprehensive search of PubMed, EMBASE and the 
Cochrane Library databases was performed from concep-
tion of databases to 30 April 2020. Two investigators (YX 
and LW) independently searched the databases using 
varying combinations of the related search terms. Details 
of the search strategy are reported in online supple-
mental material. The electronic search was supplemented 
by a manual review of article reference lists. Abstract and 
unpublished studies were not included. The detailed 
steps of the search strategy were shown in figure 1.

Study selection
Studies included in our meta- analysis should fulfil the 
following criteria: (1) The study should be an original 
article. Reviews, commentaries, conference abstracts, 
books and meta- analyses should be excluded; (2) The 
study should be reported in full- text publication; (3) The 
diagnosis of SLE should be based on established criteria, 
including the 1971, 1982 or 1997 American College of 

Rheumatology classification criteria or the 2012 Systemic 
Lupus International Collaborating Clinics classification 
criteria.33–36 Relevant data can be extracted from the study 
to evaluate the prevalence of dry eye in patients with SLE 
or the association between dry eye and SLE; (4) Studies 
should be written in English and (5) Number of reported 
patients with SLE should be over 15. Studies would be 
excluded if: (1) The number of reported patients with 
SLE was less than 15; (2) The reported cohort overlapped 
with other eligible studies and (3) Patients with SLE were 
selected for the study of a specific therapy. This selection 
process was finished by two reviewers (YX and LW) inde-
pendently. If there was disagreement, a discussion would 
be carried out to reach a consensus.

Data extraction
The following data were extracted from the included 
studies: first author, year of publication, country, number 
of patients with SLE, mean age, sex ratio, duration of 
disease, disease activity (assessed by SLE Disease Activity 
Index (SLEDAI) score),37 number of patients with dry 
eye symptoms, abnormal dry eye tests and DED. For each 
study, two reviewers (YX and LW) independently finished 
the data extraction process.

Patients with sSS were diagnosed according to the 
criteria proposed by the American- European Consensus 
Group in 2002, which was based on the simultaneous 
presentation of ocular symptoms (eye dryness, foreign 
body sensation or gravel sensation) or oral symptoms (oral 
dryness, frequent swallowing of saliva, frequent drinking 
of liquid to aid swallowing) plus at least two positive tests 
of the following: objective signs of dry eye, objective signs 
of dry mouth and inflammatory cell infiltration of minor 
salivary glands on biopsy.38

Definition of patients with DED: (1) Dry eye symp-
toms were defined as patients presented with any of the 
following symptoms: dryness, foreign body sensation, 
burning sensation or scratchiness; (2) Abnormal tear 
function was defined as abnormal findings in any of the 
following tests: Schirmer’s test ≤5 mm, tear break- up 
time ≤10 s or other related tear tests; (3) Ocular surface 
damage was defined as positive vital staining with any 
dye: corneal fluorescein staining score ≥1, rose Bengal 
staining score ≥3.39 DED (including probable and defi-
nite) was defined as the presence of at least two abnormal 
findings in dry eye symptoms, abnormal tear function 
and ocular surface damage according to the diagnostic 
criteria proposed by the Japan Dry Eye Society (JDES) 
in 1995.40 In studies that no detailed diagnostic tests for 
DED was described, if there was a clear statement in the 
article that DED was clinically and officially diagnosed by 
ophthalmologists, we still considered the diagnosis to be 
appropriate and included the data in the meta- analysis.

Assessment of study quality
We used the risk of bias tool developed by Munn et al to 
access the quality of included studies.41 This tool assesses 
the risk of bias and the methodological practices that may 

Figure 1 Flow chart of the study selection process.
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impact the quality of a study. Each article was judged by 
10 questions, including confounding factors, selection 
bias, bias related to measurement and bias related to data 
analysis. For each question, an answer of ‘yes’ would be 
scored as 1. A total score between 0 and 3 was considered 
as high risk, 4 and 6 as moderate risk, and 7 and 10 as 
low risk. YX and LW independently made the assessment. 
Discrepancies would be solved by a discussion.

Statistical analysis
All statistical analyses were finished by Stata (V.15.0) soft-
ware. A p<0.05 was considered to be statistically signifi-
cant. We calculated the prevalence estimates and 95% 
CIs for all included studies. The statistical heterogeneity 
was assessed by using Cochran’s Q test. When p<0.05, the 
heterogeneity was considered to be present. I2 statistic 
was also used to access the degree of heterogeneity. I2 
greater than 50% was defined as the presence of substan-
tial heterogeneity. The selection of fixed and random 
effect models would be decided by the level of hetero-
geneity. Subgroup analysis was used to explain the iden-
tified heterogeneity, based on the number of patients, 
methodological quality, duration of disease, age groups 
and disease activity. Besides, univariate meta- regression 
analysis, based on a restricted maximum of likelihood, 
was also used to explore the origin of heterogeneity. 
Sensitivity analysis was conducted to test the robustness 
of the results and further explain the source of heteroge-
neity. Each study in the meta- analysis was omitted sequen-
tially to investigate the influence of an individual study 
on the pooled estimates. Publication bias was accessed by 
using Bgee- Mazumdar’s and Egger’s tests. The association 
of the publication year and the prevalence of DED was 
analysed with maximal information coefficient (MIC), 
which was calculated on Python software according to the 
method described by Reshef et al.42 MIC >0.20 was consid-
ered to indicate a significantly strong association.

The prevalence estimate of each study was used as the 
effect estimate, and the corresponding 95% CI for each 
study was calculated. Considering the small sample size 
and low prevalence of dry eye (<30%) in most included 
studies, we used Freeman- Tukey double arcsine transfor-
mation to get new transformed 95% CIs.

Patient and public involvement
This article was based on previously conducted studies 
and no patient was involved.

RESULTS
Search results and study characteristics
For this meta- analysis, we identified 972 articles 
by searching electronic databases and 11 articles 
by searching reference lists of the selected articles 
(figure 1). After removing duplicates and articles not 
related to our topic, we identified 65 studies for full- 
text review. After viewing the full text, 29 studies4–31 43 
were included in this meta- analysis (figure 1), which 

all provided cross- sectional data regarding the preva-
lence of DED in patients with SLE. Of these included 
studies, 23 studies had a low risk of bias, while the 
rest 6 studies had a moderate risk of bias. The major 
sources of bias came from the small sample size, lack 
of confounding adjustment and lack of objective 
criteria for the diagnosis of DED. Detailed charac-
teristics of 29 studies were presented in table 1 and 
online supplemental table 1.

Dry eye and SLE: prevalence and association
A total of 18 included studies4–11 14 16 18 19 23 25 27–30 
revealed that DED was present in 0%–32% of patients 
with SLE. Forest plot analysis of pooled data showed 
that the overall prevalence of DED in patients with 
SLE was 16% (95% Cl 10% to 21%, p<0.001) with a 
high level of heterogeneity (p<0.001, I2=94.0%) in 
the random- effect model (figure 2). When consid-
ering the symptoms (online supplemental figure 1) or 
abnormal dry eye test (online supplemental figure 2) 
alone, the overall prevalence of dry eye symptoms or 
abnormal Schirmer’s tests were found in 26% (95% CI 
20% to 32%, p<0.001) and 24% (95% CI 14% to 34%, 
p<0.001) of patients with SLE, respectively, and both 
were higher than the prevalence of DED in SLE.

Two studies30 43 provided data that enabled us to 
calculate the OR of DED in patients with SLE. The 
combined OR was 4.26 (95% CI 3.47 to 5.05; p<0.001; 
I2=0, Pheterogenity=0.567), which demonstrated a signif-
icant association between DED and SLE (online 
supplemental figure 3).

The prevalence of sSS in patients with SLE
A total of five studies3 8 9 17 22 provided information 
regarding the prevalence of sSS in patients with SLE and 
were included in the meta- analysis (figure 3). The fixed- 
effect model showed that the overall prevalence of sSS in 
patients of SLE was 12% (95% CI 9% to 15%, p<0.001). A 
low level of heterogeneity was found in these five studies 
(I2=0.0, Pheterogenity=0.493).

Subgroup analysis and regression analysis
As the overall heterogeneity was high, subgroup anal-
ysis was carried out to explore the source of hetero-
geneity. The results were presented in table 2. As the 
results showed, we failed to explain the high level of 
heterogeneity through the difference of the number 
of patients (<50 vs 50–100 vs >100), disease activity 
(low disease activity vs high disease activity), duration 
of disease (<5 years vs 5–10 years vs >10 years) or study 
quality (low risk of bias vs moderate risk of bias).

We also conducted a meta- regression analysis to further 
explore the origin of heterogeneity. The results (online 
supplemental table 2) showed that mean age, disease 
duration, disease activity and publication year were not 
the main source of heterogeneity. However, sample size 
(p=0.004) and study location (p=0.022) could be the 
source of heterogeneity. And the meta- regression analysis 
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based on the study location revealed that some source 
of heterogeneity came from the multi- national study 
conducted by Catoggio et al20 (p=0.007, online supple-
mental table 2). The MIC for the association of the publi-
cation year and prevalence of DED was 0.121, suggesting 
no significantly strong linear or non- linear association. 
The bubble plot was demonstrated in online supple-
mental figure 4.

Sensitivity analysis
To analyse if the result of our meta- analysis was stable and 
not significantly influenced by a single study, we conducted 
sensitivity analysis. The sensitivity analysis was performed 
by removing one study at a time and the results remained 
significant when any study was excluded, thus indicating 
that the results of this meta- analysis were stable (online 
supplemental table 3 and online supplemental figure 
5). After excluding two studies conducted by Catoggio et 
al,20 and Hsu et al,30 the heterogeneity reduced to a great 
extent (p=0.000, I2=65.1%, online supplemental figure 
6). Thus, these two studies were deemed to some sources 

of heterogeneity. When excluding these two studies, the 
combined prevalence of the remaining studies was 15% 
(95% CI 11% to 19%, p<0.001).

Publication bias
Begg’s test and Egger’s test were performed to access 
publication bias. Both Begg’s test (z=1.36, Pr>|z|=0.173) 
and Egger’s test (t=−1.67, p=0.115) did not reveal any 
evidence of publication bias.

DISCUSSION
Our meta- analysis included 29 studies published 
from the conception of databases to 2020 and 18 273 
patients diagnosed with SLE in total. We demonstrated 
that 26% (95% CI 20% to 32%) and 24% (95% CI 
10% to 20%) of patients with SLE had dry eye symp-
toms or abnormal Schirmer’s test, respectively. DED 
was present in 16% (95% CI 10% to 21%) of patients 
diagnosed with SLE in the random- effect model and 
12% (95% CI 9% to 15%) of patients with SLE also 
met the criteria of sSS. Besides, the overall OR of DED 
in patients with SLE was 4.26 (95% CI 3.47 to 5.05), 
indicating that patients with SLE were four times more 
likely to get DED than healthy controls. Subgroup 
analysis demonstrated that there was no significant 
difference in the prevalence of DED in subgroups of 
different ages, disease duration and disease activity 
(evaluated with SLEDAI score) of patients with SLE. 
Our meta- analysis demonstrated a strong association 
of DED and SLE and showed that both DED and sSS 
were very common in patients suffering from SLE. 
Previous epidemiology studies of the general popu-
lation demonstrated that the prevalence of DED was 
estimated to be 4.5%–7.8% in female populations of 
USA.44–46 As the majority of patients with SLE were 
female, the data in our meta- analysis indicated an 
increased prevalence of DED in patients with SLE. As 
far as we know, this is the first meta- analysis addressing 
the issue of dry eye in patients with SLE. The findings 
suggest the need for regular ophthalmology referral 
and follow- up of patients with SLE and clinicians need 
to pay special attention to the diagnosis of sSS among 
patients with dry eye symptoms.

Quality of evidence and limitations
This meta- analysis includes studies published in 
different regions of the world which span five 
decades. The major limitation comes from the high 
heterogeneity in the study design and methodology. 
The potential source of heterogeneity in the study 
design include: (1) no consensus on the diagnostic 
methods of DED; (2) different subgroups and severity 
of patients with SLE; (3) racial difference which may 
affect the prevalence of DED and (4) time trends 
which may affect the prevalence of DED and prog-
nosis of SLE.

Figure 2 The prevalence of DED in patients with SLE. DED, 
dry eye disease; SLE, systemic lupus erythematosus.

Figure 3 The prevalence of sSS in patients with SLE. SLE, 
systemic lupus erythematosus; sSS, Sjögren’s syndrome.

https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081
https://dx.doi.org/10.1136/bmjopen-2020-047081


6 Wang L, et al. BMJ Open 2021;11:e047081. doi:10.1136/bmjopen-2020-047081

Open access 

First of all, in the included studies, various methods 
to evaluate DED and sSS were used, including dry 
eye questionnaire, medical history of dry eye symp-
toms, tear secretion test, tear meniscus height, tear 
osmolarity, tear stability test, corneal staining and 
biopsy. Besides, the diagnostic criteria and definitions 
of DED were also different in selected studies. This 
may lead to heterogeneity in study designs when we 
directly combined the data in the meta- analysis. As the 
majority of studies assessed the state of dry eye with 
dry eye- related symptoms and 1–2 diagnostic tests, 
thus we made the diagnostic criteria of DED based on 
the criteria proposed by the JDES in 1995.40 In our 
study, diagnosis of DED could be made when at least 
two positive findings were present in either subjective 
symptoms, tear function test or vital staining test. We 
calculated the number of patients who met the diag-
nostic criteria of DED based on the available informa-
tion in the studies. However, two included studies only 
provided the number of patients diagnosed with DED 
but did not provide enough details about the way they 
made the diagnosis and the criteria they used.20 30 As 
it was clearly stated in the articles that the patients 
were clinically diagnosed with DED by ophthalmolo-
gists based on clinical findings, we still included these 
two studies in our meta- analysis.

In the meta- analysis, we first pooled the data of all 
patients with SLE and calculated the overall preva-
lence of DED in patients with SLE to be 16% (95% 
CI 10% to 21%). However, the patients with SLE also 

consisted of a broad spectrum of disease activities and 
subtypes, and some previous reports demonstrated 
that factors such as disease activity and age may 
be associated with the risk of DED in patients with 
SLE.11 15 20 29 Thus, we conducted further subgroup 
analysis. Our subgroup analysis showed that there was 
no difference in the prevalence of DED in subgroups 
of different ages, disease duration and SLEDAI scores. 
Thus, we thought the pooled prevalence of DED in 
patients with SLE would be a validated estimate to 
show the increased prevalence of dry eye associated 
with this rheumatic disease. However, even in different 
subgroups, high heterogeneity still existed and was 
further analysed with a meta- regression analysis.

The sensitivity analysis showed that the results of 
the meta- analysis was stable. No publication bias was 
found according to the Begg’s test and Egger’s test. 
However, two studies by Catoggio et al20 and Hsu et 
al30 were suspected to account for the heterogeneity 
of studies because the overall heterogeneity greatly 
reduced after excluding these two studies. The study 
by Catoggio et al demonstrated a relatively low preva-
lence of DED in patients with SLE. This study recruited 
patients from Latin America within 2 years of disease 
onset and reported the prevalence of DED in patients 
with SLE of <50 years old and ≥50 years old to be 2% 
and 6%, respectively. The rates were even significantly 
lower than healthy controls in many other included 
studies and particularly a low prevalence was found 
in African- Latin Americans, suggesting that racial 

Table 2 Prevalence estimates for DED stratified by number of patients with SLE, methodological quality, duration of disease 
and disease activity

Factors stratified

DED and SLE

No of involved data sets Prevalence 95% Cl P value* P value† I2

All studies 184–11 14 16 18 19 23 25 27–30 0.15 0.10 to 0.20 <0.001 <0.001 94.2%

No of patients with SLE

  <50 64 5 7 8 23 27 0.15 0.07 to 0.24 0.001 0.009 67.2%

  50–100 86 9–11 14 16 18 25 28 0.16 0.10 to 0.21 <0.001 <0.001 74.2%

  >100 416 19 29 30 0.14 0.00 to 0.28 0.047 <0.001 98.4%

Methodological quality

  Low risk 126 8 9 11 16 18 19 23 27–30 0.18 0.10 to 0.26 <0.001 <0.001 95.9%

  Moderate risk 64 5 7 10 14 25 0.09 0.05 to 0.14 <0.001 0.149 38.6%

Disease activity

  Low disease activity 78 9 11 16 19 23 28 0.17 0.07 to 0.26 0.001 <0.001 91.7%

  High disease activity 218 25 0.10 0.05 to 0.14 <0.001 0.469 0%

Duration of disease

  <5 years 314 16 25 0.10 0.06 to 0.14 <0.001 0.225 32.9%

  5–10 years 75 8 9 11 18 19 28 0.16 0.07 to 0.25 0.001 <0.001 90.4%

  >10 years 130 0.12 0.07 to 0.17 <0.001 NA NA

*P values from the test for overall effect.
†P values from the test of heterogeneity between strata.
DED, dry eye disease; NA, not available; SLE, systemic lupus erythematosus.
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difference may be a factor to explain the low preva-
lence. As no detailed diagnostic criteria or diagnostic 
tests of DED was stated in the study, it was not clear 
whether the diagnostic criteria should account for 
the low prevalence of DED. The study by Hsu et al 
reported a high prevalence of DED to be 27.6% in 
Taiwan. However, the study population was patients 
with SLE who had ophthalmology problems and went 
to ophthalmology clinics. Thus, it was more likely 
to overestimate the prevalence of DED. In addition, 
as with the study by Catoggio et al,20 this study also 
stated no clear criteria for the diagnosis of DED. After 
excluding these two studies, the prevalence of DED 
in patients with SLE was estimated to be 15% (95% 
CI 11% to 19%), and was very close to the original 
estimate.

In addition to the heterogeneity from the method-
ology of included studies, this meta- analysis includes 
studies published from 1977 to 2020, thus, there is a 
potential time trend that may affect the prevalence 
due to changes in treatment, diagnostic methods 
and coverage of the health system. Results from the 
bubble plot, meta- regression analysis, and association 
study with MIC demonstrate that there is no signifi-
cant linear or non- linear association of the prevalence 
of DED with the publication time. Thus, the results of 
this meta- analysis don’t show time trend and tend to 
be stable over different publication time.

Overall, our study demonstrated a higher preva-
lence of DED in patients with SLE compared with 
the general population. However, the reported prev-
alence from individual studies varies widely, and 
the subgroup analysis showed that the high level 
of heterogeneity could not be explained by disease 
duration, disease activity or study quality. This is 
consistent with the epidemiology studies of DED in 
the general population, as a wide variation of preva-
lence was noted.47 48 The race is a well- studied factor 
that is associated with the predisposition to dry eye. 
DED is more prevalent in Asian and Hispanic women, 
compared with Caucasian women.44 The meta- 
regression analysis suggested that the study location 
may be one source of heterogeneity. However, as most 
of the included studies in our meta- analysis lacked 
racial information, we did not conduct subgroup 
analysis based on the race of patients. In addition, 
although some diagnostic criteria and guidelines for 
DED are available, the diagnosis of dry eye is also 
largely subjective. There is no consensus on the 
combination of diagnostic tests in the diagnosis of 
dry eye.49 No single diagnostic tool is adequately reli-
able and most of the clinical examinations, such as 
Schirmer’s test, phenol red thread test, tear breakup 
time, tear meniscus height, etc, have limited repeat-
ability and correlation with subjective symptoms.50 
Thus, the different diagnostic tools chosen in 
different studies may account for the wide variation 
of the prevalence of DED among studies.

The relationship between DED, sSS and SLE
Our meta- analysis demonstrated that nearly a 
quarter of patients with SLE had dry eye symp-
toms or abnormal findings of Schirmer’s test. Some 
previous studies showed that dry eye was one of the 
most common ocular complications associated with 
rheumatic diseases, including SLE, but sSS was diag-
nosed in only a minority of patients.3 29 However, our 
meta- analysis showed that sSS was present in 12% 
(95% CI 9% to 15%) of patients with SLE, which was 
just a little bit lower than the prevalence of DED, 
indicating that sSS was also common morbidity in 
these patients. Currently, few classification criteria 
addressing the diagnosis of sSS were available. The 
American- European Consensus Group proposed the 
classification criteria of sSS based on the simultaneous 
presentation of ocular symptoms (eye dryness, foreign 
body sensation or gravel sensation) or oral symptoms 
(oral dryness, frequent swallowing of saliva, frequent 
drinking of liquid to aid swallowing) plus at least two 
positive tests of the following: objective signs of dry 
eye, objective signs of dry mouth and inflammatory 
cell infiltration of minor salivary glands on biopsy.38 As 
reported in a study group derived from the European 
population, this criteria showed a sensitivity of 97.2% 
and a specificity of 90.2% in the diagnosis of sSS, which 
was superior to the diagnosis based on clinical tests 
alone.38 The important serum makers of primary sSS 
such as anti- Ro (Sjögren’s syndrome- related antigen A, 
SSA) or anti- La (Sjögren’s syndrome- related antigen 
B, SSB) were not included in the classification criteria 
of sSS, as these markers were also found to be elevated 
in patients of other rheumatic diseases.51 52 As demon-
strated in previous studies, anti- Ro52 was present in 
53% of patients with subacute cutaneous lupus erythe-
matosus, 19% of patients with systemic sclerosis and 
35% of patients with myositis.53 Thus, it is generally 
accepted that anti- Ro and anti- La are non- specific for 
sSS and cannot serve as diagnostic markers to distin-
guish the patients with sSS from comorbidities of 
other systemic connective tissue diseases.54 Recently, 
some novel serum antibodies to salivary gland protein 
1, carbonic anhydrase 6 and parotid secretory protein 
have demonstrated some value in the diagnosis of sSS, 
which are found to develop earlier than anti- Ro and 
anti- La. However, the diagnostic efficiency of these 
markers in combination with the previous diagnostic 
criteria needs further validation.55 56 Besides, as the 
biopsy of the salivary gland was not mandatory and 
not widely conducted in patients of SLE, in most 
cases the diagnosis of sSS was made based on symp-
toms and signs alone. Above all, currently, only a few 
classification criteria are available for sSS, which have 
not been evaluated in large groups of patients with 
sSS. The 2002 criteria proposed by the American- 
European Consensus Group is the most objective one 
and most widely used, but it is also largely dependent 
on subjective judgement. It is, therefore, important to 
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further explore the pathogenesis of sicca symptoms 
in patients of SLE and illuminate the relationship 
between sSS and DED.

Some previous studies demonstrate that SLE is asso-
ciated with general inflammation and damage of the 
ocular surface. SLE is an autoimmune disease which 
can affect nearly every organ of the body, character-
ised by chronic disturbance of the immune modula-
tion and deposition of immune complexes in various 
organs and tissues.3 The tear functional unit (TFU) 
and the ocular surface are also frequently found 
to be involved during the disease course of SLE. 
SLE can lead to severe ocular surface inflammation 
including keratitis, cicatrising conjunctivitis and 
scleritis.2 7 57 Perivascular and subepithelial mono-
cytes infiltration, deposition of immunoreactants and 
activation of natural killer cells and T- helper cells 
are found in conjunctival biopsies of patients with 
SLE.7 58 Compared with healthy individuals, patients 
with SLE tend to have a higher density of Langer-
hans cells in the cornea, which are activated and have 
long dendritic processes.59 60 The density of Langer-
hans cells is also found to be elevated in conditions 
of chronic DED and sSS.61 Besides, the deposition of 
immune complexes in the corneal limbus in patients 
of SLE may stimulate the release of proinflammatory 
cytokines and trigger inflammatory cell infiltration.2 
Damage of the meibomian gland, characterised by 
the occlusion of meibomian gland orifices, decreased 
meibum quality and increased tear evaporation is 
found in patients of sSS associated with SLE.62 Inflam-
matory cell infiltration and damage of the main and 
accessory lacrimal glands of patients with SLE may 
also lead to dry eye.63 In conclusion, multiple mecha-
nisms can be involved in the pathogenesis of DED in 
patients with SLE. Inflammatory vicious cycle is initi-
ated on the ocular surface and can disturb the normal 
turnover of corneal and conjunctival epithelium.64

Limitations
There are several limitations of our study. First of all, 
as stated in the discussion above, there is no consensus 
on which set of diagnostic tests for DED should be 
chosen and currently many diagnostic tools are not 
sufficiently reliable and repeatable. Thus, highly 
heterogeneous prevalence of DED among studies has 
been noted. Second, as the racial information and 
the recruitment time are not available in most of the 
studies, we could not conduct further subgroup anal-
ysis based on the race of the patients and analyse the 
time trend. Third, to stabilise the variance of each 
study’s proportion in our meta- analysis, we applied a 
two- step method with Freeman- Tukey double- arcsine 
transformation, which is a common approach and has 
been shown to be superior than other arcsine- based 
transformation methods.65 However, some limitations 
have been proposed, including lack of intuitive inter-
pretations, violation of the assumption of normal 

distribution in the random- effect model and compli-
cated back- transformation.66

Implications for clinical application and future studies
Our meta- analysis demonstrated a relatively high prev-
alence of DED and sSS in patients of SLE. However, 
no further risk factors of DED in patients with SLE 
have been identified. Particularly, there were contro-
versial results on whether the presence of serum 
markers such as anti- dsDNA, anti- Ro or anti- La were 
associated with increased risk of DED in patients with 
SLE in the previous studies.3 11 14 17 20 29 Due to the 
scarcity of studies addressing these biomarkers, we did 
not collect enough data to conduct further subgroup 
analysis. More future studies are needed to illuminate 
the association of serum antibodies with the risk of 
DED and sSS in patients with SLE. Besides, whether 
other potential factors, such as specific subtypes of 
SLE, specific organ or tissue involvement, or specific 
therapy could be potential risk factors of DED in 
patients with SLE need to be further studied.

Overall, our study indicates that there is a relatively 
high prevalence of DED and sSS in patients with SLE. 
The study supports the need for patients with SLE to 
go through regular follow- up in ophthalmology and 
stomatology clinics. Efforts of multidisciplinary coop-
eration in the diagnosis and management are benefi-
cial for patients with SLE.

CONCLUSIONS
DED and sSS are common in patients of SLE.
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