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Abstract

Aim To evaluate the association of dry eye
disease (DED) with depression and anxiety.
Patients and methods We conducted a
systematic review and meta-analysis of studies
that reported the prevalence, incidence and/or
severity grading of depression and/or anxiety in
DED patients and healthy controls. We
searched MEDLINE, EMBASE, PsycINFO,
ClinicalTrials.gov, and World Health
Organization International Clinical Trials
Registry Platform for relevant studies.
Results Twenty-two eligible studies
consisted of 2 980 026 patients were analyzed.
DED was associated with an increased
prevalence of depression (summary odds ratio
(OR)= 2.92, 95% CI: 2.13–4.01, Po0.00001)
and anxiety (OR= 2.80, 95% CI: 2.61–3.02,
Po0.00001). The depression score
(standardized mean difference (SMD)= 0.81,
95% CI: 0.48–1.15, Po0.00001) and anxiety
score (SMD= 0.37, 95% CI: 0.10–0.64,
P= 0.007) were higher in DED patients than
in controls. Subgroup analyses revealed that
the prevalence and severity of depression are
greatest in primary Sjogren’s syndrome
patients. No study reported the incidence.
Conclusion Depression and anxiety are more
prevalent in DED patients than in controls.
Among patients with DED, those suffering
from primary Sjogren's syndrome have higher
prevalence and severity of depression.
Eye (2016) 30, 1558–1567; doi:10.1038/eye.2016.186;
published online 12 August 2016

Introduction

Dry eye disease (DED) is one of the most
common conditions encountered in an
ophthalmology clinic.1 DED is a multifactorial
disease of the tears and ocular surface that
results in tear film instability, ocular discomfort,
and visual disturbance.1 Symptoms of DED
include constant ocular irritation, foreign body

sensation, and blurred vision, which lead to
negative impact on the patients’ daily life and
social functioning, making DED an important
public health problem.2,3 However, there is
discrepancy between the ocular signs and
symptoms of DED,4,5 and the symptoms of DED
are more aligned to non-ocular conditions than
to the tear film parameters.6 DED has recently
been associated with other chronic pain
conditions and may share genetic susceptibility
with depression.7–9

A number of epidemiological studies have
investigated the association of DED with
depression and anxiety. These studies have
postulated potential explanations for their
association, by looking into the prevalence of
mental disorders in DED patients or vice versa.
However, the prevalence of DED varies with
disease definition, sex, age, lifestyle, and
geography.10 In order to summarize the results
and explore the possible explanations, we
conducted a systematic review and meta-
analysis to evaluate the association between
different forms of DED with depression and
anxiety.

Materials and methods

Eligibility criteria for study inclusion

In this systematic review, we followed the
guidelines for reporting Meta-Analysis of
Observational Studies in Epidemiology
(MOOSE).11 The MOOSE checklist is provided in
Supplementary Appendix 1. We included all
studies that fulfilled the following criteria:
studies with documented criteria in their study
design in defining patients as having DED,
depression, or anxiety; studies examining the
outcomes on the prevalence, incidence, or
severity of depression and/or anxiety in DED
and non-DED patients; and studies published in
English. We included all types of studies. We
excluded studies lacking a healthy control
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group, studies lacking sufficient details to define whether
the patient is suffering or not suffering from DED,
depression or anxiety, and studies with outcomes on
cognitive or neuropsychiatric impairment that is not
specific to depression or anxiety.

Search for eligible studies

We performed the literature search in MEDLINE,
EMBASE, PsycINFO via the OVID platform,
ClinicalTrials.gov (www.clinicaltrials.gov) and World
Health Organization International Clinical Trials Registry
Platform (WHO ICTRP). We described our detailed
search strategy in Supplementary Appendix 2 together
with the number of results yielded. We then manually
searched the references of the original studies and reviews
to identify any potential studies omitted by our search
strategy. Where published information was unclear or
inadequate, we contacted the corresponding authors for
more information. We conducted the final search on 6
May 2015 in all databases.

Study inclusion

We followed the Cochrane Handbook for Systematic
Review of Interventions to select studies to be reviewed
based on our inclusion and exclusion criteria.12

Duplicated articles were removed. Two reviewers (KHW
and LJC) then independently screened the titles and
abstracts. Abstracts providing sufficient details for
exclusion were removed. Full texts of potentially eligible
studies and those with insufficient details in the abstracts
to judge for eligibility were retrieved for further
evaluation. We then determined the inclusion of
individual studies and resolved any disagreement by
discussion among the three reviewers (KHW, LJC,
and ALY).

Data extraction and risk of bias assessment

We extracted the data from studies that met our inclusion
criteria. We used a standardized form to record data on
the authors, year of publication, country of study, study
design, the etiology of DED, sample size, age, gender,
duration of disease, the instrument or scale used to assess
and grade depression and anxiety, the prevalence and
incidence of depression and anxiety, and the score of
depression and anxiety based on the scale or
instrument used.
Studies were appraised using the STROBE statement.13

We assessed the included studies based on the checklist of
22 items that should be addressed in articles reporting on
study designs of analytical epidemiology according to the
STROBE statement. The qualities of studies were

evaluated using the Newcastle–Ottawa Scale.14 Two
reviewers (KHW and LJC) independently assessed the
included studies. In case of discrepancies, a third reviewer
(ALY) would arbitrate until a mutual conclusion was
reached.

Statistical analysis

We performed the meta-analysis using the Review
Manager software (RevMan, version 5.3; Copenhagen,
Denmark: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). The primary outcomes are the
comparisons of the prevalence and the incidence of
depression and anxiety between DED and non-DED
control subjects. We used the summary Mantel–Haenszel
odds ratio (OR) to measure the associations. We also
evaluated the severities of depression and anxiety in DED
patients, serving as the secondary outcome. As there are
different scales and instruments to grade the severity of
depression and anxiety, we used the standardized mean
difference (SMD) to analyze the results on a uniform
scale. SMD is a measure of the size of the intervention
effect in each study with respect to the variability within
the study and is reported in units of SD. The absolute
value is interpreted together with the P-value and
confidence intervals (CI).15,16 We analyzed the statistical
heterogeneity of the included studies with the Cochrane
Q-statistics χ2-test and I2 statistic. If there was significant
heterogeneity (Po0.1), a random-effect model was used
to pool the data; otherwise a fixed-effect model was
adopted.
Studies of DED with any etiologies were pooled and

then analyzed as subgroups. The pooling is justified
because quality of life and psychological status were
comparable between primary Sjogren’s syndrome (PSS)
and non-SS sicca patients (patients with sicca symptoms
with no apparent causes and no features of
autoimmunity).17,18 A recent survey of the members of
the Sjögren’s Syndrome Foundation revealed that the
symptoms of dry eye were the most annoying and
activity-limiting aspect of SS.19 Furthermore, there was no
difference in the degree of depression and anxiety
between both groups.20 We performed subgroup analysis
of the primary and secondary outcomes to identify
whether the outcomes would differ between different
etiologies of DED. Subgroup analysis was also performed
based on the parameters used to define DED, that is,
by delineating whether the signs or symptoms alone
could account for the plausible association. Finally, the
studies are stratified in subgroups by study design to
differentiate the prospective studies from the
retrospective chart reviews. We conducted a sensitivity
analysis to assess whether the primary outcome was
robust among different ethnic groups by independently
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assessing the data based on the country of origin in the
studies.15 We also conducted a sensitivity analysis to test
the robustness among different genders, as DED,
depression, and anxiety are known to be more prevalent
in female patients.

Results

Figure 1 summarized the process of study inclusion. We
identified 711 studies from the literature research. Sixty-
six duplicates were removed. We screened the
remaining based on their titles and abstracts and excluded
another 603 studies. Thus 42 articles were retrieved for
full-text review. We excluded 12 studies in which the
outcomes were not presented in a quantitative manner,
5 studies in which there was no appropriate control
group, 2 studies that did not report relevant outcomes,
and 1 study that investigated non-DED patients
(ie, fibromyalgia patients). Finally, a total of 22 articles
involving 485 709 DED patients and 2 494 317 non-DED
subjects were included in the meta-analysis.21–42 Of note,
no study reported the incidence of depression or anxiety
in DED patients, although ‘incidence’ was among the
inclusion criteria.

Characteristics of included studies

Table 1 described the characteristics of the included
studies. They were published between year 1989 and
March 2015. The studies were conducted in both
Caucasian and Asian populations, including 4 in the
United States, 10 in European counties, 7 in the Asian-
Pacific regions, and 1 in Brazil. The study designs
included 1 cohort study, 17 case–control studies and 4
cross-sectional studies. The sample sizes in these studies
ranged from 36 to 2 454 458. Fourteen studies included
only PSS patients21–30,35,38,39,41 and the remaining eight
studies involved DED patients that were defined by an
assortment of clinical dry eyes parameters such as Ocular
Surface Disease Index, tear break up time, or Schirmer’s
test.31–34,36,37,40,42 Different instruments and scales were
used to assess for the presence and the degree of
depression and anxiety. Among the 22 included studies,
4 relied on the International Classification of Diseases
(ICD-9) coding, while an assorted number of self-
administered psychiatric questionnaires were used to
affirm the presence and severity of depression and
anxiety in the other studies. On the basis of the STROBE
checklist, the quality of the studies in our review was
rated from 14 to 19 points on a scale of 0–22 points
(Supplementary Appendix 3). The majority of studies did
not adequately address the potential sources of bias,
analyze subgroup, or perform sensitivity analysis. The
other components from the STROBE checklist were

present across most of the included studies. Overall, the
studies scored high on the STROBE checklist are of good
quality.

Risk of bias

Supplementary Appendix 4 summarized the risk of bias
assessment using the Newcastle–Ottawa Quality
Assessment Scale. All studies had controlled for potential
confounders by selecting age- and/or sex-adjusted
control groups. The cases were representative with well-
defined criteria in the majority of studies. Galor et al33 and
Van Der Vaart et al42 recruited DED patients based on
ICD-9 coding and did not perform a baseline assessment
of the dry eye status. The ascertainment of depression or
anxiety was based on ICD-9 coding or questionnaires
conducted by blinded investigators; these questionnaires
have been validated to measure the depression and
anxiety status in patients. All studies used identical
methods to ascertain the outcomes for both the case and
control groups. As the studies were retrospective in
nature, non-response rate was insignificant.

Outcome measures

All of the 22 included studies reported an association
between DED and depression (13 reported the
prevalence, 11 graded the severity, and 2 reported both),

Figure 1 Flow chart showing selection of studies for inclusion in
this meta-analysis. * Of these 603 studies, 458 did not involve
patients with dry eye disease (DED), depression, or anxiety;
67 studied DED patients, but its association with mental disorder
were not its outcome; 27 studied patients with depression or
anxiety, but its association with DED were not its outcome;
49 studies were case series or review articles with no control
group; 2 studies were not in English.
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while 10 studies reported an association between DED
and anxiety (6 reported the prevalence, 5 graded the
severity, and 1 reported both). Meta-analysis showed that

DED was associated with an increased prevalence of
depression (summary OR= 2.92, 95% CI: 2.13–4.01,
Po0.00001, I2= 98% (Figure 2a)) and an increased

Figure 2 (a) Association between prevalence of depression in dry eye disease (DED) patients versus control group. (b) Association
between prevalence of anxiety in DED patients versus control group. CI, confidence interval; M-H, Mantel–Haenszel; SSDE, Sjogren
Syndrome Dry Eye.
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prevalence of anxiety (summary OR= 2.80, 95% CI: 2.61–
3.02, Po0.00001, I2= 44% (Figure 2b)) as compared with
non-DED subjects. The depression scores (SMD= 0.81,
95% CI: 0.48–1.15, Po0.00001, I2= 91% (Figure 3a)) and
anxiety scores (SMD= 0.37, 95% CI: 0.10–0.64, P= 0.007,
I2= 73% (Figure 3b)) were greater in DED than non-DED
subjects. Statistically significant heterogeneities (I2450%)
were detected in the association between DED and
depression, as well as for the assessment of severity in
depression and anxiety. All primary and secondary
outcomes reached statistical significance. Subgroup

analyses demonstrated that the prevalence of depression
and anxiety was greater in DED, irrespective of its
etiology (Figure 2a and b). The scores of depression and
anxiety were greater only in PSS patients (Figure 3a and b).
In the included studies, the patients were labeled as
having DED by the clinical judgment of the
ophthalmologists after assessing the symptoms, clinical
signs, and/or auxiliary tests, and not based solely on the
signs or symptoms. Thus it was not possible to perform
subgroup analysis to differentiate the outcomes based on
the signs or symptoms alone. Subgroup analysis by study

Figure 3 (a) Association between score of depression in dry eye disease (DED) patients versus control group. (b) Association between
score of anxiety in DED patients versus control group. CI, confidence interval non-SSDE; IV, inverse variance; SSDE, Sjogren Syndrome
Dry Eye; Std. Mean Difference, standardized mean difference.
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design was not carried out as 21 out of the 22 studies were
retrospective. We performed a sensitivity analysis by
assessing Caucasian patients or Asian patients alone, and
found that our primary outcomes remained unchanged,
with significantly greater likelihood of depression and
anxiety in DED patients (data not shown). It was not
possible to perform a sensitivity analysis to study whether
our results would be robust across the different gender as
there was insufficient subgroup data.

Discussion

This is the first systematic review and meta-analysis on
the association of DED and mental disorders. Our results
confirmed the association of depression and anxiety with
DED, irrespective of the underlying etiologies of DED and
ethnic differences of the patients. The prevalence of
depression and anxiety is approximately threefold higher
in DED patients. In particular, DED patients with PSS
could suffer from a more severe form of depression and
anxiety. Our findings thus suggest that ophthalmologists
should be aware of the potential mental comorbidities
while managing patients with DED.

Quality of evidence and limitations

The weight of this association was limited by the clinical,
methodological and statistical heterogeneities of the
included studies. The DED patients included in our meta-
analysis consisted of a spectrum of disease durations and
severities. The consistent results in our subgroup analysis
based on the underlying etiologies of DED and the
sensitivity analysis across difference ethnicities supported
the validity the association. As no study reported the
incidence, the effects of the duration and severity of DED
on the prevalence of depression and anxiety remain
unclear. Further longitudinal studies with a long follow-
up period are warranted to address this uncertainty.
The included studies relied on various forms of self-

administered questionnaires and the ICD-9 codes.
Although such self-administered questionnaires are
common and validated in psychiatric practices, the
different scales and cutoffs used to define the presence or
the absence of depression and anxiety can vary. Such
nature would lead to information bias and
methodological heterogeneity when combining these data
in a meta-analysis. In view of this issue, we used SMD as
an outcome measure to address intra-study variability,
which standardizes the results to a uniform scale before
they were analyzed. Selection bias was well-controlled by
having clear definition of the case and control groups,
resulting in comparable baseline characteristics.
Our meta-analysis pooled DED patients of different

etiologies. Our subgroup analysis revealed that the

prevalence of depression and anxiety was greater in DED
patients as compared with healthy controls irrespective of
the SS status, while the severity of depression and anxiety
was greater in the SS-DED group. This suggests that
patients with DED secondary to PSS may have a more
severe form of depression and anxiety. However, the
numbers of studies that evaluated the severity of
depression (n= 3) and anxiety (n= 2) in non-SS-DED
patients were small. Furthermore, in patients labeled as
non-SS-DED, they might actually be suffering from SS as
a longitudinal cohort of PSS patients had symptoms
of dry eyes about 10 years before being diagnosed
as PSS.43 Thus, these may limit the strength of our
interpretation in the subgroup analysis of severity
assessment. Although it appears that the rheumatoid
symptoms of PSS may affect the psychiatric symptoms, an
association study has demonstrated that the prevalence of
depression and anxiety in patients with rheumatoid
symptoms were the same as healthy controls;23 thus we
believe that pooling these different etiologies together is
justified.
More than half of the included patients and nearly all

the patients with PSS were female. This imbalance in
gender distribution could have been a confounding factor.
Further studies should account for the presence of cohort
effects on gender differences by performing subgroup
analyses.

Relationship between DED and mental disorders

Our study revealed that current evidence is largely based
on the retrospective chart review. Understanding the
cause and effect relationship and the temporal aspect in
the reported association warrants further prospective
investigations.
Chronic discomfort and pain from dry eye symptoms

might negatively affect the cognitive processes, sleep,
mood, and mental health.44 DED patients also report
more frequent chronic pain syndrome with higher pain
score with an underlying etiology involving
somatization.8,45 Ocular surface symptoms could
negatively impact the performance of daily activities,
emotional well-being, and working capacity.46 In addition
to the irritating ocular symptoms, DED could negatively
impact the visual performance and perception of visual
function.10 The disturbance in visual perception and
performance may induce and aggravate the depressive
and anxiety symptoms.3,44,47,48

Somatization is common in depression, and this could
influence the perception of ocular discomfort.49 Previous
studies reported that depression is more closely
correlated with dry eye symptoms but not to dry eye
signs, supporting the hypothesis that somatization
contributes to the overall dry eye symptoms in
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depressive patients.6,31,32,40,50 Although we set out in to
perform subgroup analysis to explore whether it is the
symptoms or signs of DED that are associated with the
mental disorder, the current published literature limited
us from doing so. We believe this is important in
understanding the pathophysiology behind the
association and has important clinical implications on
how we think and triage patients with DED. Galor et al6

postulated that patients with depression and anxiety
may suffer from central sensitization which affects pain
perception and pain related behavior. Patients with
depression and anxiety interpret ocular sensations
differently than healthy controls and the perception
of dry eyes symptoms can be influenced by their
mood.48

Apart from the disease process itself, anti-depressants
and anxiolytic are associated with DED due to
their potential side effects on the tear film status.51,52

The anti-cholinergic effect of these drugs may contribute
to dry eye symptoms.53 Even in newer generations
of anti-depressants, patients using selective serotonin
reuptake inhibitors (SSRIs) demonstrated lower
Schirmer scores independent of the duration of
anti-depressant use as compared with those using
serotonin-norepinephrine reuptake inhibitors (SNRIs);
and both SSRIs and SNRIs demonstrated an increased
risk for DED.54

Implications

The results of our meta-analysis revealed an increased
likelihood of depression and anxiety in DED patients
across different ethnicities, severities of DED, and types of
DED. This is of clinical importance for colleagues
involved in the management of DED patients.
Ophthalmologists managing DED patients often focus on
signs in addressing the patient’s leading symptoms and
may overlook other comorbidities. Ophthalmologists
need to be vigilant and aware of the close link in
depression/anxiety and dry eyes in the well-being and
functionality of their patients. It would not be practical to
screen for depression and anxiety in all DED patients, but
those patients with a strong discordance of dry eye signs
and symptoms may be the ones more likely to suffer from
underlying depression or anxiety. It was demonstrated in
our meta-analysis that DED are associated with
depression and anxiety but the converse may also be true.
Prospective studies that differentiate between the signs
and symptoms of DED with a long follow-up duration
can help us to understand the causal relationships and the
mechanisms underlying the associations of DED with
depression and anxiety.

Conclusions

Our study demonstrated a greater prevalence of
depression and anxiety in DED patients and the
prevalence and severity of depression are greater in
PSS patients. The study highlights the need for
prospective research in understanding the directionality
and mechanism of the observed associations.
Ophthalmologists should be aware of the potential
psychiatric comorbidities.

Summary

What was known before
K Dry eye disease (DED) is one of the most common

ophthalmological conditions, and has become a major
healthcare problem due to its growing prevalence and
impacts on healthcare resources and patients' quality
of life.

K There is discordance between the ocular signs and
symptoms in dry eye patients.

K The poor quality of life as a result of DED may have a
negative impact on the mental health of the patients.

What this study adds
K This meta-analysis consisting of 22 studies with 2,980,026

patients is the first systematic review and meta-analysis to
study the association of DED with the prevalence and
severity of depression and anxiety.

K The prevalence of depression and anxiety is greater in
patients with DED than in controls. In particular, the
prevalence and severity of depression is greatest in
patients with primary Sjogren’s syndrome.

K Ophthalmologists managing dry eye patients should be
aware of their potential mental comorbidities in addition
to ocular conditions.
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