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ABSTRACT

Objectives: The objective of this meta-analysis was to identify whether headache increase the
risk of dry eye disease (DED).

Methods: PubMed, Web of Science, Cochrane Library and EMBASE databases were searched for
relevant studies. The odds ratio (OR) of DED in all-cause headache was calculated via Stata soft-
ware. To explore the source of heterogeneity, subgroup and sensitivity analyses were con-
ducted. Funnel plots and Egger’s test were performed to assess publication bias.

Results: This meta-analysis included 11 studies. Pooled analysis indicated that all-cause head-
ache was related to a higher risk of DED (OR = 1.586, 95% Cl:1.409-1.785, P = 89.3%,
p <.001). Migraine headache, tension headache and cluster headache were all related to a
higher risk of DED (OR = 1.503, 95% Cl:1.369-1.650, I = 81.8%, p <.001; OR = 1.610, 95%
Cl:1.585-1.635, p <.001; OR = 2.120, 95% Cl: 1.104-4.073, p =.024), respectively. The risk of DED
in case-control studies was slightly higher than in cross-sectional studies and cohort study (OR
= 1.707, 95% Cl:1.291-2.258, I* = 85.0%, p <.001; OR = 1.600, 95% Cl:1.590-1.610, I = 0.0%,
p <.001; OR = 1.440, 95% Cl:1.096-1.893, p =.009), respectively. Subgroup analysis in territory
type showed that all-cause headache in America, Europe, Asia and Oceania were all related to a
higher risk of DED.

Conclusions: This study indicates that headache is related to a higher risk of DED, especially in
the migraine patients. These results suggest that headaches should be regarded as an inde-
pendent risk factor for DED.

KEY MESSAGES

e In this meta-analysis, 11 studies (one cohort study, four case-control studies and six cross-
sectional studies) covering 3,575,957 individuals were included.

e Pooled analysis indicated that all-cause headache was related to a higher risk of dry eye (OR
= 1.586, 95% Cl: 1.409-1.785, I* = 89.3%, p < .001).

e These results suggest that headaches should be regarded as an independent risk factor for
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dry eye.

Introduction

Dry eye disease (DED) is the most prevalent chronic
ocular surface disorder in clinical practice, with con-
stant or intermittent symptoms of ocular dryness or
pain, foreign body or burning sensation, photophobia
and visual impairment [1-3]. The incidence of DED
ranged from 5% to 50%, significantly in association
with public health and financial burden worldwide
[4,5]. The pathogenesis of DED is complex and multi-
factorial, but typically involves the production reduc-
tion or excessive evaporation loss from the tear film
[6]. In recent years, there has been a rising awareness

of the prevention strategy in DED, such as risk factor
management, may be more cost-effective than disease
treatment at the population level [7]. Several previous
studies have explored the risk factors, such as gender,
age, smoking, diabetes, contact lens use, ocular sur-
gery history, psychiatric disorders [8-12]. The impact
of headache on DED is easily neglected in clin-
ical practice.

Headache has arisen as a public health burden,
ranked as the second leading cause of disability world-
wide. Headache is characterized as a lower life quality,
reduced productivity and increased economic
expenses [13,14]. Several observational studies have
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explored the risk for DED in headache that patients
with headache are more prone to have DED than
those without [15,16]. However, the precise nature is
still unknown. Therefore, we carried out a study to
identify whether headache is related to a higher risk
of DED.

Methods
This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)

standards [17], and the protocol was preregistered in
the International Prospective Register of Systematic
Reviews (PROSPERO) platform (CRD42022333038).

Data sources and searches

We systematically searched the databases including
PubMed, Cochrane Library, EMBASE and Web of
Science until 12 May 2022. The literature searches
were restricted to English language publications and
without restriction of countries or study type. The
search strategy utilized both medical subject headings
(MeSH) and keywords. The terms included ‘Dry Eye
Syndromes’, ‘Headache’ and ‘Migraine Disorders’. We
manually reviewed the references of the included
studies as well as other published systematic reviews
for seeking additional relevant studies. The detailed
search strategy was presented in Supplementary
Materials 1.

Inclusion criteria

The eligible studies had to meet the criteria as follows:
(1) case-control, cross-sectional or cohort study; (2)
investigations of the association of all-cause headache
with the risk of DED; (3) the risk of DED as the out-
come, and presented as an adjusted odds ratio (OR)
and its corresponding 95% confidence interval (Cl). In
our study, ‘all-cause headache’ was characterized as
‘patients suffered from any form of primary headache
in the history’, such as migraine, cluster headache or
tension headache and others. We selected the study
with the longest follow-up or the largest number of
individuals when more than one study reported data
based on the same population.

Exclusion criteria

Exclusion criteria was as follows: conference abstract,
study protocol, duplicate publication or study without
interested outcomes.
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Study selection

Based on predefined criteria, two authors (SY Liu and
LJ Zhang) independently selected the titles and
abstracts of all records. After the initial screening,
duplicate records and unrelated articles were
excluded. Following that, we downloaded the full
texts of these articles and conducted a thorough
review to identify all eligible articles. Discussions were
performed with SF Fang if there was a divergence.

Data extraction

SY Liu and LJ Zhang independently extracted the rele-
vant data as follows: first author, publication year,
country or region, study type, sample size, study
period, age, diagnosis of DED and headache, headache
type and confounders adjusted. SF Fang checked the
data. Discussions were performed with SF Fang if
there was a divergence.

Risk of bias assessment

We assessed the quality of a cohort or a case-control
study with the Newcastle-Ottawa Quality Assessment
Scale (NOS) [18] from three aspects: selection, compar-
ability and outcome (cohort study) or exposure (case-
control study). And we scored according to the follow-
ing criteria: low quality (0-3), moderate quality (4-6)
and high quality (7-9).

We assessed the quality of a cross-sectional study
with the American Agency for Health Care Quality and
Research’s (AHRQ) cross-sectional study quality evalu-
ation items [19]. We assessed an item as ‘1" if the
answer was ‘YES, or as ‘0" if the answer was
‘UNCLEAR’ or ‘NO’. And we scored according to the
following criteria: low quality (0-3), moderate quality
(4-7) and high quality (8-11).

Statistical analysis

We used the Stata software (version 14.0) to perform
the analysis. The adjusted OR and its 95% Cl were
extracted from the included studies to calculate the
relation between headache and the risk of DED.
Heterogeneity was calculated via the Chi-square test
and P value and a random-effects model was used
considering the clinical heterogeneity. The sensitivity
analysis was conducted to ascertain the reliability of
the overall effects. The funnel plots and egger's
regression test was conducted to explore the bias of
publication [20,21]. Finally, we performed subgroup
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Figure 1. Literature screening flowchart.

analyses according to the headache type, study type
and territory type.

Results
Search results

We collected 2605 articles before 12 May 2022 from
the systematic search, and 100 duplicate articles were
first excluded. A total of 2488 articles were also
excluded after screening the title and abstract. Then
six articles were excluded after reading the full-text, of
which three conference abstracts, and three articles
without interested outcomes [22-24]. Eleven studies
[25-35] were finally included in this systematic review.
The selection strategy is shown in Figure 1.

Study characteristics

This meta-analysis included 11 studies [25-35] cover-
ing 3,575,957 individuals. Of these studies, one study

[26] was cohort study, four studies [25,30,32,33] were
case—control studies and six studies [27-29,31,34,35]
were cross-sectional studies. The publication year of
these studies was 2010-2020. The sample size of the
included studies was ranged from 99 to 3,265,894 par-
ticipants. The diagnostic criteria for DED or headache
in four studies [25,31-33] was the International
Classification of Diseases-9 or 10 (ICD-9 or 10) diagnos-
tic codes. The adjusted estimates were presented in
most studies except two studies [31,34], and the
adjusted confounders in the included studies were
slightly distinct. The characteristics of the 11 studies
are presented in Table 1.

Risk of bias assessment

We assessed the quality of the eleven studies via the
NOS and AHRQ, and the scores are presented in Table
1. And the details are presented in Supplementary
Tables 2 and 3, respectively. Four studies [25,26,32,33]
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Figure 2. Forest plot showing the effect of all-cause headache on DED.

were scored as >7 (high quality) and one study [30]
was scored as 6 (moderate quality) according to the
NOS criteria. The average score of these five studies
was 7.6, representing an overall high quality. Three
studies [28,29,35] were scored as >7 (high quality)
and three studies [27,31,34] were scored as 6 (moder-
ate quality) according to the AHRQ criteria. The aver-
age score of these six studies was 7.2, representing an
overall high quality.

All-cause headache and risk of DED

Eleven studies [25-35] assessed the relation between
all-cause headache history and the risk of DED. The
pooling analysis indicated that all-cause headache was
related with a higher risk of DED (OR = 1.586, 95%
Cl: 1.409-1.785, P = 89.3%, p <.001; Figure 2). Owing
to the significant heterogeneity, we also performed a
sensitivity analysis to identify the heterogeneity
source. Sensitivity analysis revealed that none of the
included studies altered the pooled-effect size, dem-
onstrating the robustness of the overall findings and
the result is shown in Supplementary Figure A. A

visual examination of the funnel plot revealed that
there was no evidence of a significant publication bias
(Figure 3). And the Egger’s regression tests (p=.714)
revealed that the bias of publication was negligible
in analysis.

Types of headache and risk of DED

Eleven studies [25-35] assessed the relation between
migraine and the risk of DED and found that migraine
had a higher risk of DED (OR = 1.503, 95%
Cl:1.369-1.650, I* = 81.8%, p <.001; Figure 4). One
included study (P29392243) showed that tension head-
ache was associated with an increased risk of DED (OR
= 1.610, 95% Cl:1.585-1.635, p <.001; Figure 4); and
another included study (P32376389) showed that clus-
ter headache was related to a higher risk of DED (OR =
2.120, 95% Cl: 1.104-4.073, p = .024; Figure 4).

Study type and risk of DED

Subgroup analysis in the study type indicated that the
risk of DED in case-control studies was slightly higher
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than in the cross-sectional studies and the cohort
study (OR = 1.707, 95% Cl:1.291-2.258, P = 85.0%,
p <.001; OR = 1.600, 95% Cl:1.590-1.610, > = 0.0%,
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Figure 3. Funnel figure showing the effect of all-cause head-
ache on DED.
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p<.001; OR = 1.440, 95% Cl:1.096-1.893, p=.009;
respectively; Figure 5).

Types of territory and risk of DED

Subgroup analysis in the territory type showed that
the all-cause headache in America, Europe, Asia and
Oceania were all related to a higher risk of DED (OR =
1.579, 95% Cl: 1.493-1.669, I* = 10.9%, p <.001; OR =
2.158, 95% Cl:1.214-3.836, I = 80.7%, p=.009; OR =
1.410, 95% Cl:1.196-1.663, I* = 61.6%, p <.001; OR =
2960, 95% Cl:1.378-6.359, p=.005, respectively;
Figure 6).

Discussion
Main findings

In this study, we investigated the relation between
headache and the risk of DED in 3,575,957 individuals

Study Y%

D ES (95% Cl) Weight
migraine

Tsung-Jen Wang (2010} - 1.76 (1.57,1.93) 14.99
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Charity J. Lee (2017} - 1.61 (1.59, 1.64) 100.00
Subtotal (lsquared= %, p=.} { 1.61 (1.59, 1.64) 100.00
cluster headache

Jelle Vehof (2020} + 212(1.10, 4.07) 100.00
Subtotal (lsquared= %, p=.) -=::___"-_""__::=- 212 (1.10, 4.07) 100.00

MOTE: Weights are from random effects analysis

T
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Figure 4. Forest plot showing the types of headache and risk of DED.
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Study %o
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Figure 5. Forest plot showing the study type and risk of DED.

from eleven studies [25-35]. We discovered that com-
pared with the controls without all-cause headache,
there was a 1.586-fold increased incidence of DED
among individuals with all-cause headache. Subgroup
analyses showed that headache type (migraine, ten-
sion headache or cluster headache), study type (case-
control, cohort or cross-sectional) and territory type
(America, Europe, Asia or Oceania) were all related to
a higher risk of DED. These results suggest that head-
aches should be regarded as an independent risk fac-
tor for DED.

Findings interpretation

Consistent with the findings of previous review [36],
our study revealed that headache might increase the
risk of DED. Chen et al. showed that migraine was
related to a 1.55-fold increased incidence of DED [36],
which was similar that observed in our study.
Furthermore, subgroup analysis indicated that the

incidence of DED was higher in hospital-based studies
(OR = 1.97, p=.036) compared with population-based
studies (OR = 1.42, p < .001). However, it did not
mean that any type of the headache was related to a
higher risk of DED. Moreover, their study showed that
there was no relation between geographic location
and DED, which may be reasonably associated with
only seven published studies included. In our current
analysis, we included more relevant and recent pub-
lished studies and performed subgroup analysis
according to the headache type, study type and terri-
tory type, providing reliable evidence regarding the
relationship between headache and the risk of DED.
Several studies have been reported that headache
was related to the inflammatory connective tissue dis-
eases (Sjogren’s syndrome, systemic lupus erythemato-
sus, etc.) [37-40]. So far, the exact pathophysiological
mechanism of the relation between headache and
DED was not yet fully understood. However, it is well
established that the underlying inflammatory
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Figure 6. Forest plot showing the types of territory and risk of DED.

processes may play a major role in the pathophysi-
ology of headache and DED [23]. The density of cor-
neal nerve fibre was markedly lower in the patients
with migraine than the controls, which indicates that
cornea was a preferred target for neurogenic inflam-
mation and structural changes in the trigeminal nerve
might participant the pathophysiology of headache
[2,15]. Since there was a close relation between the tri-
geminal nerve and the secretion of lacrimal gland,
neurogenic inflammation might provide an environ-
ment that accelerates DED development [41,42].
Neurogenic inflammatory mediators and cytokines
(neuropeptides, C-reactive protein, etc.) have been
thought to trigger the process of plasma extravasation
and trigeminal ganglion hypersensitivity in headache
development [43-46]. Meanwhile, the inflammatory
changes and hyperosmolarity environment in ocular
surface also led to the development and propagation
of headache [23,47,48].

We noticed that the heterogeneity of the eleven
studies was significant, which could be related to the
following factors. First, the sample size in three included
studies were relatively small, which may have affected
the results accuracy [28,30,34]. Therefore, more studies
with larger sample sizes are required to identify the
relation. Second, there were discrepancies in the diag-
nostic standards for headache and DED in the included
studies, such as ICD-9/10, examination or questionnaire.
Additionally, the diagnosis was mainly according to
electronic health records in most included studies,
which may also have affected the outcomes. Third, the
included studies were performed in the America,
Europe, Asia and Oceania, where regional bias is a valid
possibility. As the subgroup analysis in the territory type
showed that the risk of DED varied in different areas,
more studies with the same area were required to iden-
tify the relation. Last, study design of the included stud-
ies was different, which may also have affected the
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outcomes. As the subgroup analysis in the study type
indicated that the risk of DED in the case-control stud-
ies was slightly higher than in the cross-sectional stud-
ies and the cohort study, more studies with the same
study design are needed to clarify the association.

Implications and limitations

Our study reviewed the research findings concerning
the relation between all-cause headache history and
the risk of DED, demonstrating that headache should
be regarded as an independent risk factor for DED. It
emphasizes that we should pay greater attention to the
incidence of DED among headache patients.

However, our study also has some limitations. First,
there were only 11 relevant studies included. So, we
could not conduct subgroup analysis on more types of
headache. Second, we did not conduct co-variate ana-
lysis in our study. However, most of the included studies
mentioned their adjusted confounders, making the con-
founding bias well-controlled. So, the results of our study
were convincing and of clinical value. Finally, and most
importantly, since the diagnostic criteria of DED varied in
the included studies, we cannot deny the possibility of
misdiagnosing neuropathic corneal pain (NCP) to DED.
Particularly, in two included studies, the diagnosis of DED
was determined by self-report, which might increase the
misdiagnosis rate [26,27]. Therefore, ophthalmologists
should pay more attention to differentiate the patients
presenting with dry eye-like symptoms into DED or NCP
and select the appropriate treatment strategies [49,50].

Conclusions

Our study indicates that headache increases the risk of
DED, especially in migraine patients. However, more
relevant studies are still required to identify the exact
pathophysiological process behind this clinical phe-
nomenon. The findings of our study can be meaning-
ful in the prevention and treatment of DED.
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