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ABSTRACT
Introduction Primary Sjögren’s syndrome (pSS) is a 
systemic autoimmune disorder that primarily affects the 
exocrine glands such as the lacrimal and the salivary 
glands. Dry eye disease (DED) is one of the most 
prevalent manifestations of pSS and is usually classified 
into aqueous- deficient dry eye and evaporative dry eye. 
Sjögren’s syndrome dry eye (SSDE) is generally described 
as aqueous- deficient dry eye. However, as the leading 
pathophysiological mechanism of evaporative dry eye, 
meibomian gland dysfunction (MGD) also has influence 
on SSDE, which has been shown in recent studies. We 
speculate that SSDE is more than just an aqueous- 
deficient dry eye. While no related systematic review 
and meta- analysis has been published, the present 
study is designed to derive a better understanding of the 
association between MGD and SSDE.
Methods and analysis The Preferred Reporting items for 
Systematic Reviews and Meta- Analysis for Protocols 2015 
statement was used to prepare this protocol. PubMed, 
Embase, Web of Science, Cochrane Database, China 
National Knowledge Infrastructure and Wan Fang Database 
will be searched from their inception to 31 October 2021, 
with restrictions to publications in English or Chinese. Two 
reviewers will independently carry out data extraction and 
quality assessment. The diagnosis of pSS will meet the 
standard diagnostic criteria, such as American College 
of Rheumatology/European League against Rheumatism 
Classification Criteria (ACR/EULAR) or American- European 
Consensus Group Classification criteria (AECG), and the 
definition of MGD and DED will differ between studies. 
The quality of included studies will be judged using the 
Newcastle- Ottawa Quality Scale. We will carry out this 
meta- analysis using RevMan V.5.4.1. The incidence of 
MGD in patients with SSDE will be indicated as OR with 
95% CI.
Ethics and dissemination Ethical approval is not 
required as this meta- analysis is performed based on 
published studies and does not involve human participants. 
The results will be published in a peer- reviewed journal.
PROSPERO registration number CRD42021226017.

INTRODUCTION
Primary Sjögren’s syndrome (pSS) is a female- 
dominated, systemic autoimmune disorder 

characterised by wide clinical manifestations, 
extending from exocrine gland symptoms to 
extraglandular involvement. As a systemic 
disease, multidisciplinary cooperation is 
required, especially from the departments 
of rheumatology, immunology and ophthal-
mology. Dry eye disease (DED) is usually 
classified into aqueous- deficient dry eye and 
evaporative dry eye.1 The mechanism of 
Sjögren’s syndrome dry eye (SSDE) currently 
remains unclear. In majority of the literature, 
SSDE is classified as aqueous- deficient dry 
eye, with much attention being paid to the 
lack of aqueous tear production.2–5 However, 
meibomian gland dysfunction (MGD) has 
been diagnosed in patients with pSS.6

The International Workshop on Meibo-
mian Gland Dysfunction defines MGD as a 
chronic, diffuse abnormality of the meibo-
mian glands, commonly characterised by 
terminal duct obstruction or qualitative or 
quantitative changes in glandular secretion.7 
As the leading pathophysiological mecha-
nism of evaporative dry eye,8 MGD causes a 
lesion to the tear film lipid layer, affecting the 
rate of tear evaporation and tear hyperosmo-
larity, eventually triggering onset of dry eye.9

Currently, evidence has shown that MGD 
has influence on SSDE.10–13 On the basis of 

Strengths and limitations of this study

 ► This is the first systematic review and meta- analysis 
to evaluate the relationship between meibomian 
gland dysfunction and primary Sjögren’s syndrome 
dry eye.

 ► Different types of design, diagnostic criteria for pri-
mary Sjögren’s syndrome and various evaluation 
tools for meibomian gland dysfunction and dry eye 
disease are limitations to this study and may reduce 
the quality of evidence.

 ► Subgroup analysis may reduce these restrictions.
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these premises, we speculate that SSDE is more than just 
an aqueous- deficient dry eye. In this protocol, we aim 
to perform a comprehensive review of the association 
between MGD and SSDE.

METHODS
Registration
The Preferred Reporting Items for Systematic Review and 
Meta- Analysis for Protocols (PRISMA- P) 2015 statement 
was used to perform this protocol.14

Patient and public involvement
No patients were involved in this study.

Search strategy
PubMed, Embase, Web of Science, Cochrane Database, 
China National Knowledge Infrastructure and Wan 
Fang Database will be searched from their inception to 
31 October 2021 by two reviewers (TH and YR) inde-
pendently. Combination of medical subject headings and 
free terms will be used to search for potentially qualified 
publications (box 1). The reference lists of original and 
review articles will be screened manually.

Eligibility criteria
Study design
Prospective and retrospective cohort studies and case–
control studies published in English or Chinese will be 
included in this meta- analysis. In case of similar research 
delivered by the same authors and published in different 
journals, the latest study or the study with the largest 
number of participants will be included.

Participants
Participants will be patients with clinical diagnosis of 
pSS associated with dry eye and MGD, regardless of age, 
gender and race. The diagnosis of pSS will meet the 
AECG criteria in 200215 or the ACR criteria in 201216 or 
the ACR/EULAR criteria in 2016.17 The diagnostic tools 
for DED and MGD will differ between studies and will be 
grouped into three categories: symptom questionnaires, 

objective ocular testing and biomarkers or other emerging 
diagnostic techniques.18 19

Outcomes
The primary outcome is incidence of MGD in patients 
with SSDE. The secondary outcomes mainly include the 
following aspects: tear film break- up time, Schirmer I test, 
corneal fluorescein staining and ocular surface disease 
index.

Study selection and data extraction
Study selection
Two reviewers (TH and YR) will independently conduct 
the study selection. Title and abstract screening of the liter-
ature will eliminate studies that do not meet the inclusion 
criteria. During full- text screening, all potentially eligible 
studies will be retrieved for inclusion and any disagree-
ment will be resolved by discussion. A third reviewer (YG) 
will be consulted in order to reach a consensus in case 
an agreement still cannot be reached by discussion. The 
study selection process is demonstrated as a PRISMA flow 
diagram in figure 1. Studies that meet the standards will 
be imported into EndNote V.X9.

Data extraction
Detailed data will be extracted in an Excel spreadsheet 
by two researchers (HY and QH) and will be checked 
for accuracy by YG. These will include the following: first 
author’s name, year of publication, country of publica-
tion, study design, sample size, age, gender, duration of 
pSS, duration of follow- up, diagnostic criteria, evaluation 
tools for MGD and DED, outcomes and quality assess-
ment (Newcastle- Ottawa Scale). The authors of primary 
studies will be contacted to obtain missing data.

Quality assessment
The quality of the included studies will be estimated by 
two reviewers (HY and QH) using the Newcastle- Ottawa 
Quality Scale adapted for observational studies. The scale 
awards 0–9 stars based on selection, comparability and 
outcome (cohort) or exposure (case–control). Studies 
with 0–3 stars, 4–6 stars or 7–9 stars are considered to be 
of low, moderate or high quality. Disagreements between 
two reviewers will be settled by discussion or consultation 
with YG.

Data synthesis and statistical analysis
At least five studies of the same outcomes in similar popu-
lations will be pooled to perform the meta- analysis using 
RevMan V.5.4.1. Otherwise, a systematic review will be 
implemented. For categorical variables, OR with 95% 
CI will be used. For continuous variables, we will choose 
mean difference or standardised mean difference with 
95% CI, depending on whether the measurement scale is 
consistent or not.

Assessment of heterogeneity
χ2 statistics and the I2 test will be used to estimate the statis-
tical heterogeneity among the included studies. P<0.1 is 

Box 1 Search strategy for PubMed

Search items
 ► #1 “Sjogren’s Syndrome” OR “Sjogrens Syndrome” OR “Syndrome, 
Sjogren’s” OR “Sjogren Syndrome” OR “Sicca Syndrome” OR 
“Syndrome, Sicca”.

 ► #2 “Meibomian Gland Dysfunction” OR “Dysfunction, Meibomian 
Gland” OR “Meibomian Gland Dysfunctions” OR “MG Dysfunction” 
OR “MG Dysfunctions”.

 ► #3 #1 AND #2.
 ► #4 “Dry Eye Syndromes” OR “Dry Eye Syndrome” OR “Dry Eye 
Disease” OR “Dry Eye Diseases” OR “Dry Eye” OR “Dry Eyes” OR 
“Evaporative Dry Eye Disease” OR “Evaporative Dry Eye Syndrome” 
OR “Evaporative Dry Eye” OR “Dry Eye, Evaporative” OR “Evaporative 
Dry Eyes.

 ► #5 #3 AND #4.
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considered to be representative of statistical heteroge-
neity.20 I2 values of <25%, 25%–50% and >50% represent 
low, medium and high heterogeneity.21 For a significant 
heterogeneity (I2>50%, p<0.1), a random- effect model 
will be selected to synthesise the data. Otherwise, a fixed- 
effect model will be used.

Subgroup analysis
Subgroup analysis will be conducted among publications 
with high heterogeneity including the following aspects: 
diagnostic criteria for pSS, study design and different 
evaluation tools for MGD and DED.

Sensitivity analysis
Sensitivity analysis will be conducted, eliminating studies 
one by one. Possible major source of heterogeneity may 
be found.

Assessment of publication bias
Visual assessment of funnel plot will be applied to appraise 
publication bias if more than 10 articles are included.22

Quality of evidence
The Grading of Recommendations Assessment, Develop-
ment and Evaluation will be used to assess the strength of 
evidence for each outcome and will be divided into high, 
moderate, low and very low level of evidence.23

DISCUSSION
Symptoms of MGD have a significant impact on quality of 
life, causing not only ocular irritation, but also sequelae 
of ocular surface inflammation and resultant deficits in 
visual function.24 SSDE is a complicated disease that needs 

Figure 1 Flow chart and descriptions of study selection.
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multidisciplinary participation. More attention should be 
paid to MGD. To our knowledge, this is the first system-
atic review and meta- analysis to evaluate the relationship 
between MGD and pSS dry eye. Different types of design, 
diagnostic criteria for pSS and various evaluation tools for 
MGD and DED will give a limit to this study, which may 
restrict the quality of the evidence. Subgroup analysis may 
reduce these restrictions.
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