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ABSTRACT
Objective This study aimed to systematically review the 
relationship between dry eye disease (DED) and asthma 
based on published population- based studies.
Data sources PubMed, EMBASE and ISI Web of Science 
from their inception were searched up to October 2019.
Study selection Observational studies addressing the 
association between asthma and DED will be eligible.
Data extraction and synthesis Two reviewers 
independently conducted the data extraction and quality 
assessment. We used a random- effects model for all 
analyses. Subgroup analysis according to ethnicity 
was performed to test the influence of ethnicity on the 
association.
Main outcomes and measures Six independent studies 
(a total of 45 215 patients with asthma and 232 864 
control subjects) were included in this review and had an 
average of seven stars by the Newcastle- Ottawa Scale. 
Our current findings suggest that the prevalence of DED 
was higher in the asthma group than in the control group 
(Z=7.42, p<0.00001; OR 1.29, 95% CI 1.20 to 1.38). In the 
subgroup analysis by ethnicity, Australian, Caucasian and 
Asian patients with asthma showed an increased risk of 
DED.

INTRODUCTION
Dry eye disease (DED) has been the focus 
of attention in recent years, as it is one of 
the main reasons for seeking eye care in eye 
clinics.1 According to surveys, the prevalence 
of DED is estimated to be between 5% and 
50%,2–8 the frequency of which increases with 
age.9 The prevalence is driven mainly by the 
classification of DED, with the prevalence 
of signs being much higher (up to 75%) 
compared with symptoms.8 The economic 
burden and impact of DED is consider-
able in terms of vision, quality of life, work 
productivity and the psychological and phys-
ical impact of pain. Therefore, indirect costs 
account for the largest proportion of total 
costs because of the significant decline in 
work efficiency.8 10 11

DED is considered to be a multifactorial 
disease of the ocular surface characterised 
by a loss of homoeostasis of the tear film 

accompanied by ocular symptoms, in which 
tear film instability and hyperosmolarity, 
ocular surface inflammation and damage, 
and neurosensory abnormalities play etiolog-
ical roles.12 Clear factors currently known to 
be associated with the onset of DED include 
age, sex and hormones, but in recent years, 
it has also been found that DED is associ-
ated with asthma, allergic rhinitis and atopic 
dermatitis.13

Asthma is one of the most common chronic 
immunological diseases in humans, affecting 
1%–18% of the population in different coun-
tries.14 Specifically, the prevalence of asthma 
varies depending on whether the disease is 
diagnosed by a medical doctor (4.3%), clin-
ical/treated asthma (4.5%), or symptoms 
such as wheezing (8.6%) and varies by up to 
21 times in different countries.15 Its mortality 
rate is estimated to 0.19 deaths per 100 000 
people.16 17 The aetiology of asthma is multi-
factorial, including atopic sensitisation,18 
viral respiratory infections,19 environmental 
exposures,20 obesity21 and smoking.22 Asthma 
is considered to be the result of complex 
genetic–environmental interactions, with 
heterogeneity in the clinical manifestations 

Strengths and limitations of this study

 ► To the best of our knowledge, this is the first sys-
tematic review and meta- analysis to assess the 
association between asthma and dry eye disease 
(DED).

 ► Six included studies achieved an average of seven 
stars, and two studies gained nine stars according 
to the Newcastle- Ottawa Scale.

 ► Due to geographical and cultural differences, the 
lack of universal diagnostic criteria can affect the 
association between asthma and the incidence of 
DED.

 ► This significant association may not reflect a causal 
effect due to the cross- sectional design of the in-
cluded studies.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0544-1273
http://dx.doi.org/10.1136/bmjopen-2020-045275
http://dx.doi.org/10.1136/bmjopen-2020-045275
http://dx.doi.org/10.1136/bmjopen-2020-045275
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-045275&domain=pdf&date_stamp=2021-11-09


2 Huang Q, et al. BMJ Open 2021;11:e045275. doi:10.1136/bmjopen-2020-045275

Open access 

and the type and intensity of airway inflammation and 
remodelling.23

Increasing evidence suggests that DED is associated with 
a high risk of ocular allergy.24 25 Ocular allergy, particularly 
the severe forms of keratoconjunctivitis, has an impact on 
different key mechanisms of DED, including tear film 
instability, ocular surface inflammation and damage, and 
neurosensory abnormalities.26 Moreover, patients with 
asthma also often have allergic comorbidities such as 
allergic rhinitis, allergic conjunctivitis, atopic dermatitis, 
food allergy and drug allergy.27 28 Recently, several studies 
have highlighted the possible relationship between DED 
and asthma.29 30 However, a possible relationship between 
asthma and DED remains under investigation, and well- 
established information is very limited. To the best of 
our knowledge, no meta- analysis has been performed to 
assess the relationship between asthma and DED. Thus, 
we performed the current meta- analysis to determine 
whether there is a link between asthma and DED using a 
meta- analytic approach to quantify such associations.

METHODS
This systematic review and meta- analysis conformed to 
the Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.31

Literature search strategy
Referring to the search strategy suggested by Cochrane, 
two researchers independently and systematically searched 
three electronic databases, including PubMed, EMBASE 
and ISI Web of Science, from the database inception 
date to 1 October 2019, without language restrictions. A 
combination of Medical Subject Terms (MeSHs) and free 
terms was used to retrieve possibly eligible publications in 
each electronic database, and the English search strategy 
was as follows: (asthma or “Asthma”[MeSH]) and (dry 
eye or dry eye disease or “dry eye syndrome” [MeSH]). 
For Chinese academic databanks, we used ‘Gan Yan’ and 
‘Xiao chuan’ to identify relevant Chinese articles. We also 
manually screened the reference lists of the original and 
review articles for additional eligible studies.

Inclusion criteria
The inclusion criteria were as follows: (1) the diagnosis 
of asthma and DED in the study group was based on well- 
established criteria or according to a clinical diagnosis 
made by clinical physicians; (2) control subjects should 
be free of any history of asthma or DED, no specific 
restriction on sex and age was imposed; (3) types of study 
were observational studies, including cross- sectional, 
cohort, case–control or epidemiological studies and (4) 
the main outcome was the association between DED and 
asthma, as indicated by OR and the associated 95% CIs, 
which should be either provided directly in the original 
article or could be calculated based on the original data. 
If studies with overlapping participants were encoun-
tered, reports with the largest sample and the most recent 

reports were included in the present meta- analysis. If 
no data were available in the original article, the corre-
sponding author of the relevant study was contacted via 
email. If the corresponding author did not respond after 
we sent three emails, this article was not used for quanti-
tative synthesis. Abstracts, editorial letters, reviews, case 
reports, book chapters and organisational guidelines 
were excluded from the analysis.

Data extraction
According to the predetermined inclusion criteria, two 
reviewers (XX and JW) independently conducted the 
literature search, data extraction and quality assessment 
and were blinded to the findings of the other reviewer. 
After rigorous screening, the following data regarding 
the characteristics of the studies were extracted using a 
standardised collection form: first author, year of publica-
tion, country where the study was conducted, sample size, 
demographic characteristics of participants in different 
groups, strategies for confirmation of DED and asthma, 
and adjustment of confounding factors for effect assess-
ment. Disagreements that occurred during the study 
selection were resolved through a discussion with a third 
reviewer (YZ) until a consensus was reached.

Quality assessment
The Newcastle- Ottawa Scale (NOS) was used to assess 
the risk of bias in case- control and cohort studies.32 The 
methodological quality of the cross- sectional studies was 
evaluated according to the standards of the Agency for 
Healthcare Research and Quality.33 Two reviewers (WW 
and JW) independently conducted quality assessments 
of the included studies and compared the results. The 
third reviewer (YZ) was consulted in case of discrepancies 
regarding quality assessment.

Data synthesis and analysis
RevMan V.5.3 (Copenhagen: the Nordic Cochrane 
Center, the Cochrane Collaboration, 2014) was used 
for the meta- analysis and subgroup analysis. The asso-
ciation between asthma and DED was estimated using 
adjusted OR and unadjusted OR, and the upper and 
lower limits of the 95% CI were extracted from each 
study. The confounding factors included age and sex. 
Before combining the data from the included studies, 
statistical heterogeneity among studies for each outcome 
was estimated using a standard χ2 test and the Higgins 
I2 test (p>0.1, I2 <50% indicated acceptable heteroge-
neity34). In the meta- analyses of multiple studies for a 
specific outcome, a random- effects model was calculated 
for pooling data across studies if statistical heterogeneity 
existed; however, if a low heterogeneity was detected in 
the meta- analysis, a random- effects model was also calcu-
lated, as the validity of tests of heterogeneity could be 
limited with a small number of component studies. In 
the case of high heterogeneity, subgroup analysis was 
carried out by ethnicity, as it was the only confounding 
factor consistently presented in our selected studies. 
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Sensitivity analysis was conducted by omitting one study 
at a time and evaluating the resulting effect to deter-
mine the potential source of heterogeneity. Begg’s rank 
correlation test and Egger’s linear regression test using 
Stata V.12.0 (StataCorp) were used to evaluate publica-
tion bias. Statistical significance was set at p<0.05 (one 
sided), except for tests of heterogeneity.

Patient and public involvement
There was no involvement of patients or public during 
the outline of this project.

RESULTS
Literature search
A total of 231 potential literature citations were searched 
initially, including 71 records from PubMed, 78 from 
EMBASE, and 82 from ISI Web of Science (figure 1). 
Additionally, 27 duplicate articles were excluded. Based 
on the predetermined selection criteria, 198 studies were 
excluded at the title and abstract stages, and 6 poten-
tially relevant studies were selected and retrieved for full- 
text reading and evaluation of data integrity. Finally, six 
studies13 29 30 35–37 met all the inclusion criteria for this 
systematic review and were included.

Study characteristics
Overall, the sample sizes of the included studies ranged 
from 1174 to 105 794, of which a total of 45 215 patients 
with asthma and 232 864 control subjects were included. 
The included studies were published between 2003 
and 2018 and involved different ethnicities, including 
Arabian, Australian, Asian and Caucasian populations. 
The assessment of asthma and DED was inconsistent 
between studies, and detailed data on the main charac-
teristics of these studies are shown in table 1.

Risk of bias assessment
The methodological quality of the included studies 
was considered low to high, according to the NOS. Six 
included studies achieved an average of seven stars, and 
two studies29 35 gained nine stars (table 2).

Meta-analyses
A random- effects model was selected to analyse the 
effect size with modest heterogeneity among the studies 
(I2=23%, p=0.26). The asthma group had a significantly 
higher prevalence of DED than the control group (OR 
1.29, 95% CI 1.20 to 1.38; p<0.00001). In brief, there 
was a significant association between asthma and DED 
(figure 2). Owing to the lack of data, it was not possible 

Figure 1 Flow chart of literature search.
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to detect an association between asthma and diverse 
subtypes of DED.

Subgroup analysis
Subgroup analysis was performed according to ethnicity 
(figure 3). In the stratified analysis by ethnicity, a statis-
tically significant correlation was detected in Australians 
(OR 1.60, 95% CI 1.00 to 2.56; p=0.05), Caucasians (OR 
1.54, 95% CI 1.17 to 2.03; p=0.002) and Asians (OR 1.29, 
95% CI 1.23 to 1.35; p<0.00001), but this association was 
not significant among the Arabian population (OR 0.96, 
95% CI 0.63 to 1.46; p=0.85).

Sensitivity analysis and publication bias
The funnel plot for the association between asthma and 
DED was symmetrical in vision (figure 4). The Begg’s 
test (z=0.38, p=0.727) and Egger’s test (t=−0.40, p=0.708) 
also suggested no statistically significant publication bias. 

A sensitivity analysis confirmed the robustness of our 
conclusions (detailed data not shown).

DISCUSSION
To the best of our knowledge, this is the first systematic 
review and meta- analysis to assess the association between 
asthma and DED, which examined a large dataset of six 
studies with a total of 278 079 participants. Our current 
findings suggest that asthma patients have a higher risk 
of developing DED than non- asthmatic patients, and this 
significant correlation could be observed in different 
ethnicities, except for Arabians. In the subgroup anal-
ysis of study location, Australian, Caucasian and Asian 
patients with asthma showed an increased risk of DED. 
It cannot be ignored that dry eye questionnaires are not 
only useful tools for characterising the type and severity 

Table 2 Quality assessment of included studies according to the Newcastle- Ottawa Scale

Item/study
Alshamrani et al37 
2017

Chia et al 30

2003
Huang et al 29

2018
Kim et al 52

2016
Vehof et al36

2014
Wang et al35

2012

Adequate definition of 
cases

* * * * * *

Representativeness of 
cases

* – * * – *

Selection of control 
subjects

– – * * – *

Definition of control 
subjects

* * * * * *

Control for important factor 
or additional factor

– – ** – * **

Exposure assessment * * * * * *

Same method of 
ascertainment for all 
subjects

* * * * * *

Non- response rate * * * * * *

A study could be awarded a maximum of one star for each item except for the item ‘Control for important factor or additional factor’.
The definition/explanation of each column of the Newcastle- Ottawa Scale is available from (http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp).
The NOS is used to assess the methodological quality of included studies using a “star” system. A study could be awarded a maximum of 
one star for each item except for the item “Control for important factor or additional factor”. The “*” and “**” in table 2 actually stand for the 
number of stars each study can get.

Figure 2 Meta- analysis of asthma and DED using a random- effects model. DED, dry eye disease; IV, inverse variance.

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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of dry eye, but also for evaluating the effectiveness of ther-
apeutic interventions. Therefore, in at least 50% of the 
observational studies included in this meta- analysis, the 
diagnosis of DED was based on survey instruments (ques-
tionnaires) rather than on a clinical basis.

Some population- based studies have emphasised the 
possible relationship between DED and asthma. Chia et 
al30 found that after adjusting for age and sex factors, 

asthma is a systemic factor closely related to DED. Dogru 
et al38 found that the mean measurement of tear film 
breakup time was significantly lower in asthma patients 
than in controls, and the presence of tear film instability 
was higher in children with asthma, which may lead to 
DED in the future. In addition, in terms of treatment, 
some studies found that patients receiving asthma- 
related treatments (including leukotriene receptor 
antagonists, antihistamines and inhaled corticosteroids) 
have a higher risk of DED, among which antihistamines 
were the most frequently reported. Antihistamines are 
widely used to relieve allergic symptoms. However, it 
should not be ignored that antihistamines have a musca-
rinic effect on the surrounding muscarinic receptors, 
thereby reducing the production of tears by reducing 
mucin output from the goblet cells.39 Therefore, the 
use of antihistamines to treat allergic diseases, including 
asthma, induces or exacerbates the signs and symptoms 
of DED.40–42 Several studies have reported that antihis-
tamines may be associated with DED,43 44 and Bielory39 
found that anti- inflammatory agents used in the treat-
ment of asthma and allergy may exacerbate dry eye 
complaints that commonly complicate symptoms with 
various forms of tear film dysfunction or conjunctival 
hyperreactivity.

Figure 3 Subgroup analysis by ethnicity of asthma and DED. DED, dry eye disease; IV, inverse variance.

Figure 4 Funnel plot of a meta- analysis of asthma and DED. 
DED, dry eye disease.
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With the emergence of many risk factors for DED, envi-
ronmental conditions are associated with the occurrence 
and persistence of the disease.45 One study showed that 
exposure to adverse environmental conditions, espe-
cially bioaerosols and air pollution, has a serious nega-
tive impact on DED symptoms.46 This finding is largely 
consistent with other literature because elevated levels of 
air pollutants and microorganisms have been related to 
adverse health outcomes, including asthma and immune 
disorders.47 48 Since our eyes are directly exposed to the 
air, the composition and characteristics of the air will 
undoubtedly change the anterior corneal tear film and 
affect the corneal nerve function.49 Air pollution is the 
indicator most often associated with DED.50 51 In addition, 
exposures to other pollutants have been found to be in 
association to symptoms and signs of DED. For example, 
changes in ground- level ozone concentrations are closely 
related to changes in DED parameters, including tear 
secretion and Ocular Surface Disease Index scores.52 
Both air pollutants and microbial contamination may 
contribute to the worsening of DED symptoms, possibly 
because both are associated with inflammation and 
oxidative stress. In animal studies, topical use of PM2.5 
on mouse corneas has resulted in ocular surface damage 
similar to that of human dry eyes.53 54 Humidity is also 
an interesting risk factor, because both low and high 
humidity have been shown to be related to DED.55 56 
This may be because high humidity is conducive to the 
growth and survival of microorganisms in the air, while 
low humidity leads to aqueous loss.56

Asthma is a consequence of complex gene–environ-
ment interactions and is an inflammatory response trig-
gered by exposure to allergens, infection, or irritants.23 57 
Innate and adaptive cells, including eosinophils, mast 
cells, lymphocytes, neutrophils and monocytes, are acti-
vated to express or derive cytokines and chemokines and 
enhance inflammation and airway hyper- responsiveness, 
leading to airway remodelling.58 In contrast, the most 
widely accepted hypothesis for the pathogenesis of DED 
is the immunological mechanism59 and inflammation.60 61 
There is potential for the ocular homoeostasis to be altered 
by innate and adaptive cells such as neutrophils, lympho-
cytes, eosinophils, NK cells and macrophages, resulting 
in inflammatory processes that compromise both the 
tear film and ocular surface integrity.62 Although the 
exact mechanism of DED and asthma is not completely 
clear, the pathogenesis of both diseases is closely related 
to inflammation, which may have some shared biological 
pathways.

In addition, most patients with allergic diseases, such 
as asthma, have allergic conjunctivitis. It is estimated 
that as many as 20% of adults and 44% of children 
with asthma have symptoms of allergic conjunctivitis.63 
Allergic conjunctivitis itself can induce or aggravate dry 
eye by reducing the density of goblet cells and conjunc-
tival mucin and destabilise the tear film.64 65 In addition, 
DED and allergic conjunctivitis have certain similarities 
in signs and symptoms.66 67 Therefore, we cannot rule 

out the possibility that some allergic conjunctivitis in 
this population may be misdiagnosed as dry eye, and the 
results should be interpreted cautiously.

Asthma and DED are common clinical diseases, and 
there is still no evidence to support a causal relationship 
between asthma and DED, which may have a common 
pathophysiological mechanism even if they occur inde-
pendently. Clinicians need to diagnose the possibility 
of both asthma and DED. Patients with asthma should 
strengthen the prevention and treatment of DED and 
try to avoid the risk factors of DED and iatrogenic DED, 
including the use of contact lenses and long- term use of 
visual display terminals, including refractive or cataract 
surgery.68 69

Limitations
Our analysis included an in- depth and extensive litera-
ture search that included six studies, presented data of 
sufficient quality, and calculated outcome measures that 
were independent of the risk of research bias. However, 
our research has some limitations in the interpretation 
of the results. As a general defect in the meta- analysis of 
observational studies, we cannot rule out the possibility 
that certain residual factors may link asthma and DED, 
such as environmental factors and the use of asthma 
medications. Second, due to geographic and cultural 
differences, the lack of universal diagnostic criteria can 
affect the association between asthma and the incidence 
of DED. Finally, the results of this study do not indicate a 
causal relationship between asthma and DED. We recog-
nise that this is a limitation; thus, the results should be 
interpreted cautiously.

CONCLUSIONS
The results of our meta- analysis show that asthma patients 
have a higher risk of developing DED than those without 
asthma, and this relationship is significant in Australians, 
Caucasians and Asians. However, this association may not 
reflect the cause and effect if unidentified confounders 
account for the results. These data suggest that patients 
with asthma may be at risk of developing a comorbid 
diagnosis of DED and should try to avoid risk factors and 
strengthen the prevention of DED.
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