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Abstract: Obstructive sleep apnea (OSA) has been reported to influence the ocular surface and may lead to dry eye disease (DED).
Continuous positive airway pressure (CPAP) is the first-line conservative treatment for OSA. However, CPAP might also have mask-
related side effects that could deteriorate DED simultaneously. This study investigated the impact of OSA on DED (Aim 1), and CPAP
on DED (Aim 2). Five databases were searched for articles published up to May, 2024. OSA severity, CPAP usage, and DED
parameters, including tear breakup time (TBUT), Schirmer test, Ocular Surface Disease Index (OSDI), and Corneal Fluorescence
Staining Score (CFS), were analyzed. For Aim 1, the random-effects model was used for meta-analysis, and the leave-one-out method
was used for sensitivity analysis. For Aim 2, a narrative synthesis with critical appraisal of the literature was performed. Eleven studies
with 1,526 patients for Aim 1 and three studies with 180 patients for Aim 2 were included. For Aim 1, OSA patients had poorer dry
eye profiles of TBUT, Schirmer test, and OSDI when compared to non-OSA patients. For Aim 2, it seemed that those wearing CPAP
for less than half a year did not have enough improvement in dry eye status. Instead, those wearing CPAP for at least a year reached
greater therapeutic effects for OSA and DED. We concluded that OSA patients may suffer from poorer dry eye condition compared to
non-OSA patients. Besides, wearing CPAP for long enough duration (at least 1 year) seemed to have better improvement in DED.
Keywords: Obstructive sleep apnea, continuous positive airway pressure, dry eye disease, meta-analysis

Introduction
Obstructive sleep apnea (OSA) is a worldwide disease characterized as intermittent airway collapse that contributes to
repetitive airflow reduction or cessation during sleep.! Emerging evidence has proved that OSA is not merely a single-
organ disease, but a systemic disorder that could generate profound adverse impact on human’s health, including but are
not limited to metabolic factors dysregulation,” cardio- and cerebrovascular diseases,’ gut barrier dysfunction,* cognitive
impairment,” sexual dysfunction,® and changes in ocular microstructure.” Treatment for OSA can not only improve sleep
quality, result in alterations of metabolic and body status but also further lead to better quality of life.* '

For these vulnerable patients, nasal continuous positive airway pressure (CPAP) is widely seen as the first-line
treatment, which is non-invasive and efficient in reducing upper airway resistance, and contributes to better respiration.'*

Despite its benefits, long-term use of CPAP in OSA patients may be accompanied with mask-related side-effects, in
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which unintentional air leakage being the most prevalent;'*'®

the air-leaking effect of the mask edge could potentially
lead to dry mouth, dry nose, or even dry eye.'®!” Interestingly, some previous studies have also reported that OSA may
be an independent risk factor for dry eye disease (DED),'® which is also a worldwide health concern for ophthalmol-
ogists. The pathophysiology of DED includes majorly decreased production of tear and increase of evaporation; and
usually, these can be due to chronic inflammation of the ocular surface resulting from dysfunction or disorders of lacrimal
gland, conjunctiva, and cornea, which may be secondary to various clinical situations and systemic disease as well.'*-*
Despite being multifactorial, the exact impact and mechanisms between OSA and DED have not yet been fully
investigated.

Given the therapeutic effect of CPAP on OSA,® DED may also ameliorate along with the improvement of OSA
severity theoretically. However, this is paradoxical to the statement that long-term CPAP use may be related to worsening
of dry eye due to inevitable air leakage.'” To study further about the complex relationship among OSA, CPAP use, and
DED, the present study aimed to synthesize the currently available literature to understand more about the effect of OSA

on DED, and CPAP on DED.

Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline®’ was followed.
Additionally, we registered the study to the International Prospective Register of Systematic Reviews (PROSPERO);
the registration number was CRD42024503983.

Literature Search and Selection

Two of the authors (J.D.L. and Y.C.S.) systematically searched five databases, including PubMed, Embase,
ScienceDirect, the Cochrane Library, and Web of Science, for relevant articles on May 1st, 2024. Two aims were set,
including the effect of OSA on DED (Aim 1), and the effect of CPAP use in OSA patients on DED (Aim 2). The major
keywords for searching in Aim 1 were (“OSA” OR “obstructive sleep apnea” OR “sleep breathing disorder””) AND (“dry
eye” OR “ocular surface”), and the major keywords for searching in Aim 2 were (“CPAP” OR “positive airway
pressure”) AND (“dry eye” OR “ocular surface”); a detailed searching strategy is presented in Supplementary Table 1.

There was no restriction on language or publish date of the literature. The references of the enrolled articles were also
viewed for including extra studies if necessary. After removing duplicates, two authors (J.D.L. and Y.C.S.) independently
screened the articles for eligibility, and enrolled the final eligible literature. In both of the aims, all of the final enrolled
studies underwent qualitative analysis. However, to guarantee better statistical power, we only performed quantitative
analysis in each of the aim if the number of study (which could provide extractable data) exceeded five, and every single
study should contain a control group for comparison (ie Aim 1: non-OSA patients; Aim 2: non-CPAP patients) to ensure
promising statistical evidence.

The inclusion criteria for both aims were (i) Prospective and retrospective cohort studies, case—control studies, cross-
sectional studies, and clinical trials (however, in Aim 1, clinical trials were not enrolled); (ii) Articles with abstract and
full-text for critical appraisals; (iii) Studies reporting OSA diagnosed by apnea—hypopnea index (AHI/hr).; and (iv)
Studies providing dry eye data. The exclusion criteria for both aims were (i) Studies not clearly stating whether OSA was
measured or diagnosed by polysomnography (PSG) (eg by ICD codes, questionnaire); (ii) Patients receiving dry eye
medication or ocular surgery within 6 months before dry eye evaluation; and (iii) Patients with other concurrent
underlying conjunctival, corneal, lacrimal gland diseases, or systemic disease that may directly influence dry eye
evaluation (eg Sjogren disease) within 6 months before dry eye assessment; besides, for Aim 2, (iv) Studies reporting
patients receiving OSA treatment other than CPAP (such as oral appliances, and any type of sleep surgery) were also
excluded. Any inconsistency during the process was discussed with a third author (P.W.L.).

Data Extraction

One author (C.W.L.) extracted the required data, which was cross-examined by the other two authors (Y.C.S. and S.C.S.).
For unextractable data, we also contacted the authors of each study for original data if possible. The data for both aims
included: (i) Name of the first author and the publication year; (ii) Country or region of the study; (iii) Sample size; (iv)
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Number of OSA patients (including the distribution based on OSA severity); (v) Number of non-OSA patients; (vi) Data
of 4 common dry eye assessment tool, including tear breakup time (TBUT), Schirmer test, Ocular Surface Disease Index
(OSDI), and Corneal Fluorescence Staining Score by Oxford grading system (CFS); and (vii) Treatment for OSA. For
Aim 2, we also extracted data of (viii) Length of CPAP use for OSA patients.

Following are the details of the dry eye profiles:** TBUT indicates the time duration from tear secretion to the first
tear film break (within normal: < 5 sec). Schirmer test is conducted with a filter paper put inside the lower eyelid without
anesthesia; the paper is removed 5 min later and is tested for the distance of wetting (within normal: < 15 mm). OSDI is
a validated questionnaire based on subjective feeling of dry eye symptoms, which is composed of twelve questions and
a total of one-hundred points (within normal: < 13 points). CFS uses punctate fluorescein staining to detect the degree of
corneal surface damage, and is rated by Oxford grading system (from 0 (absent) to 5 (severe)). For all of the studies, we
only extracted the data of the above dry eye parameters but not the exact percentage of DED of each single study (if
available) for further data synthesis. This is due to the inconsistency of the diagnostic criteria for DED in different
medical settings; therefore, direct statistical data pooling may generate imprecise results.

Data Processing

For studying the effect of OSA on DED, data of each dry eye profile was compared between OSA patients and non-
OSA patients; for studying the effect of CPAP on DED, data of each dry eye profile was compared between CPAP
patients and non-CPAP patients. The effect size was weighted mean difference with a 95% confidence interval (CI).
The severity of OSA was derived from the American Academy of Sleep Medicine (AASM) guidelines,”* in which the
definitions based on AHI (events/hr) were: “<5”: non-OSA; “5 to <15”: mild OSA; “15 to <30”: moderate OSA; and
“>30”: severe OSA.

We performed qualitative analysis to critically appraise the literature for both aims. If a further quantitative analysis
was performed, the random-effects model was more statistically appropriate and was adopted for pooling data consider-
ing the expected population variation in the real-world settings. The proportion of heterogeneity was calculated with the
I? statistic. Sensitivity analysis by “leave-one-out” method and subgroup analysis stratified by OSA severity and study
design would be performed for determining the heterogeneity. To better determine the heterogeneity changes, we
performed subgroup analysis only when more than three studies were included in each of the subgroup. Publication
bias would be analyzed with Egger’s test and demonstrated as funnel plot if the available studies exceeded ten for
achieving better power.”* All of the statistical data were processed with the Cochrane RevMan 5.4 software (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark).

Risk of Bias Assessment & Quality of Evidence

Two authors (Y.C.S. and S.C.S.) independently assessed the risk of bias of the studies and quality of evidence. The
Newcastle-Ottawa Scale (NOS) was used for assessing the cohort studies and case—control studies;> the modified NOS
was used for assessing the cross-sectional studies.”® For clinical trials, the Cochrane risk of bias 2 (RoB 2) tool was
used.?” The Grading of the Recommendations, Assessment, Development, and Evaluations (GRADE) system was used
for evaluating the quality of evidence.”® Any discrepancy was discussed with a third author (H.C.L.).

Results
A total of 627 articles (523 for Aim 1 and 104 for Aim 2) were collected after the initial search of the databases and the

29741 with 1,617 patients were included (eleven studies® >’ with 1,526
33,40,41

reference (Figure 1). Eventually, thirteen studies
patients for studying the effect of OSA on DED, and three studies
CPAP on DED; the study by Kadyan et al** analyzed both aims, and was therefore enrolled in both groups) after

with 180 patients for studying the effect of

excluding the ineligible articles. The above-mentioned thirteen studies were all evaluated and processed with qualitative
analysis; however, two of the studies investigating the effect of OSA on DED were excluded for further quantitative
analysis despite meeting the entire inclusion criteria (one of the studies® was due to lack of a control group for further
comparisons, and one of these studies®® was due to unextractable statistical data for synthesis).
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Figure | (a) The PRISMA flowchart of the literature selection regarding the impact of OSA on DED. (b) The PRISMA flowchart of the literature selection regarding the
impact of CPAP on DED.

The Impact of OSA on DED
General results

Among the 1,526 patients in the eleven included studies (Table 1), which consisted of six cohort studies,”*>>** four

303238 and one case-control study,®’ qualitative analysis generally revealed poorer dry eye
profiles along with OSA severity; 1,363 of these patients (in nine out of the eleven included studies®*>’) were further
studied with quantitative analysis. The pooled statistical results (Table 2 and Figure 2a-d) showed that except for CFS
(OSA versus non-OSA: mean difference (95% CI): 0.24 (—0.09, 0.57); p = 0.15), the rest of the dry eye parameters,
including TBUT (OSA versus non-OSA: mean difference (sec; 95% CI): —3.00 (—4.56, —1.45); p < 0.01), Schirmer test
(OSA versus non-OSA: mean difference (mm; 95% CI): —2.61 (—4.83, —0.40); p = 0.02), and OSDI (OSA versus non-
OSA: mean difference (95% CI): 14.63 (3.15, 26.11); p = 0.01), were significantly poorer in OSA patients when

compared with non-OSA patients.

cross-sectional studies,

Sensitivity Analysis, Subgroup Analysis & Publication Bias
The leave-one-out sensitivity analysis generally showed no changes to the main results. Subgroup analysis based on OSA
severity (Supplementary Figures 1- 4a-c) revealed that in all of the dry eye parameters when compared with non-OSA

patients, those with severe OSA had the worst ocular performance. Specifically, in patients with mild OSA, parameters
including TBUT (p = 0.33), Schirmer test (p = 0.25), OSDI (p = 0.22), and CFS (p = 0.49) were not significantly
different from non-OSA patients; on the other hand, patients with severe OSA had substantially poorer TBUT (mean
difference (95% CI): —4.13 (=6.11, —2.14); p < 0.01), Schirmer test (mean difference (95% CI): —4.18 (—7.18, —1.19); p <
0.01), OSDI (mean difference (95% CI): 19.68 (0.96, 38.40); p = 0.04), and CFS (mean difference (95% CI): 0.45 (0.03,
0.87); p = 0.04) compared to those not diagnosed with OSA. Regarding patients with moderate OSA, only TBUT (mean
difference (95% CI): —3.40 (—5.82, —0.99); p < 0.01) and OSDI (mean difference (95% CI): 15.77 (0.94, 30.61); p =
0.04) were significantly poorer than non-OSA patients.

Among all the above results of subgroup analyses, we found that heterogeneity dropped significantly when comparing
mild-OSA patients to non-OSA patients in TBUT (I* from 87% to 60%) and Schirmer test (I* from 88% to 42%). As for
the subgroup analysis based on study design (Supplementary Figures 1- 4d-e) for determining the heterogeneity changes

(in comparing dry eye profiles in patients with OSA to non-OSA), statistical synthesis stratified by prospective cohort
studies had substantial decrease in heterogeneity in TBUT (I* from 87% to 0%) and Schirmer test (I* from 88% to 73%),
while cross-sectional studies had significant decrease in heterogeneity in TBUT (I* from 87% to 0%) and OSDI (I* from
98% to 0%). Publication bias was not further analyzed since only nine studies were eligible for the quantitative synthesis.
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Table | Characteristics of the Included Studies for Studying the Effect of OSA on DED

Study Country Study type | Mean age Gender BMI Sample OSA patients Non- Dry eye Treatment General results (OSA | Enrolled for
& region (year) (male;%) (kg/m?) size OSA assessment | for OSA patients) quantitative
patients tool patients analysis®
(control)
Acar, 2013 %° Turkey Prospective | 48.1 £ 10.5 704 Non-OSA: 28.3 280 254 (mild: 60; 26 TBUT, - Poorer dry eye data v
cohort +4.7; OSA: 31.5 moderate: 72; Schirmer among OSA subgroups
+59 severe: 122) test, OSDI, (all parameters)
CFS
Fox, 2017 * us Cross- 532+ 135 56.7 Non-OSA: 31.0 201 166 (mild: 33; 35 CFS - No significant impact on | v
sectional + 12.5; OSA: moderate: 70; CFS among OSA
330+ 68 severe: 63) subgroups
Gunes, 2023 *' Turkey Cross- 47.1 £ 12.0 68.9 - 106 77 (mild: 23; 29 TBUT, Nil Poorer dry eye data v
sectional moderate: 27; Schirmer among OSA subgroups
severe: 27) test, OSDI (all parameters)
Hao, 2023 32 China Cross- 39.7+£ 178 66.2 Non-OSA: 26.6 71 27 (mild and 44 TBUT, - Poorer dry eye data v
sectional + 2.0; OSA: 30.5 moderate: |4; Schirmer among OSA subgroups
+49 severe: |3) test, OSDI, (most parameters); no
CFs significant impact on
Schirmer test
Kadyan, 2010 33 UK Prospective 55.6 £ 10.9 80.0 Non-OSA: 32.9 115 89 (all were 26 TBUT CPAP (67/ Poorer dry eye data (all v
cohort + 5.2; OSA: 35.0 moderate to 89) parameters)
+72 severe)
Karaca, 2016 ** Turkey Cohort 475 11.5 67.0 Non-OSA: 25.9 100 50 (mild: I5; 50 TBUT, Nil Poorer dry eye data (all v
+ 3.6; OSA: 30.4 moderate: |5; Schirmer parameters)
+50 severe: 20) test, OSDI
Lin, 2022b **° Taiwan Prospective | 40.9 + 10.0 69.6 Non-OSA: 23.7 181 155 (mild: 53; 26 TBUT, Nil Poorer dry eye data v
cohort + 3.6; OSA: 26.5 moderate: 42; Schirmer among OSA subgroups
+ 39 severe: 60) test, OSDI, (TBUT); no significant
CFS impact on Schirmer test,
OSDI, and CFS
Muhafiz, 2020 3¢ Turkey Prospective | 46.3 + 10.8 - - 59 32 (mild: 9; 27 TBUT, Nil Poorer TBUT in OSA v
cohort moderate: 6; Schirmer test patients; no significant
severe: |7) impact on Schirmer test
Pu, 2022 ¥ China Case- 539+ 13.0 6l1.6 Non-OSA: 26.6 250 125 (mild: 32; 125 TBUT, - Poorer dry eye data v
control + 4.9; OSA: 30.4 moderate: 54; Schirmer among OSA subgroups
+55 severe: 39) test, OSDI, (all parameters)
CFS
(Continued)
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Table | (Continued).

Study Country | Study type | Mean age Gender BMI Sample | OSA patients Non- Dry eye Treatment | General results (OSA | Enrolled for
& region (year) (male;%) (kglmz) size OSA assessment | for OSA patients) quantitative
patients tool patients analysis®
(control)
Karaca, 2019 Turkey Cross- 49.6 +9.3 82.0 Mixed® 60 Mixed® (simple snoring and TBUT, Nil Severe-OSA patients had | -
sectional mild: 24; severe: 36) Schirmer significantly poorer
test, OSDI, TBUT only when
CFS compared to mild- and
non-OSA patients; no
significant difference in
the rest of the
parameters
Liu, 2022 *° China Cohort 389 +88 93.2 27.2 £ 3.1 103 103 (mild: 21; - TBUT, Nil Severe-OSA patients had | -
moderate: 20; Schirmer the poorest TBUT,
severe: 62) test, OSDI, Schirmer test, and CFS;
CFS no significant impact on

OsDI

Notes: *For studies not suitable for quantitative analysis despite meeting the whole selection criteria, one study (Liu et al, 2022) is due to lack of a control group for further comparison; one study (Karaca et al, 2019) is due to
unextractable statistical data for synthesis. bOriginal data obtained from author.
Abbreviations: OSA, obstructive sleep apnea; DED, dry eye disease; TBUT, tear breakup time; OSDI, ocular surface disease index; CFS, corneal fluorescence-staining score (Oxford grading system); CPAP, continuous positive airway

pressure.
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Table 2 Subgroup Analysis of Dry Eye Profiles Based on OSA Severity When Comparing with Non-OSA Patients

Dry Eye Profiles | OSA Subgroup | Study Number | Sample Size | Mean Difference (95% ClI)* | P value
TBUT (sec) Overall 8 1,095 —3.00 (—4.56, —1.45) <0.01
Mild OSA 5 439 —0.66 (—1.98, 0.67) 0.33°
Moderate OSA 5 466 —3.40 (-5.82, —0.99) <0.01
Severe OSA 6 581 —4.13 (-6.11, -2.14) <0.01
Schirmer (mm) Overall 7 1,047 —2.61 (—4.83, —0.40) 0.02
Mild OSA 5 439 —0.92 (—2.48, 0.65) 0.25°
Moderate OSA 5 466 —3.37 (-6.70, —0.04) 0.05
Severe OSA 6 581 —4.18 (-7.18, —1.19) <0.01
OsDI Overall 6 988 14.63 (3.15, 26.11) 0.0l
Mild OSA 5 439 6.99 (—4.08, 18.06) 0.22°
Moderate OSA 5 466 15.77 (0.94, 30.61) 0.04
Severe OSA 6 581 19.68 (0.96, 38.40) 0.04
CFS Overall 5 983 0.24 (-0.09, 0.57) 0.15
Mild OSA 4 390 —0.10 (-0.38, 0.18) 0.49°
Moderate OSA 4 450 0.11 (-0.34, 0.55) 0.63
Severe OSA 5 553 0.45 (0.03, 0.87) 0.04

Notes: **OSA subgroup” minus “non-OSA patients”. "Decreased heterogeneity after subgroup analysis.
Abbreviations: OSA, obstructive sleep apnea; TBUT, tear breakup time; OSDI, ocular surface disease index; CFS, corneal fluorescence-staining
score (Oxford grading system).

Risk of Bias & Quality of Evidence
The included studies generally did not have high risk of bias according to the assessment (Supplementary Table 2). The

quality of evidence was inevitably low due to the baseline rating resulting from the observational study design; however,
the rest of the subjects did not show serious concerns based on the evaluation (Supplementary Table 3).

The Impact of CPAP on DED

General Results

Three studies, including two prospective cohort studies®>*! and one randomized controlled trial (RCT),*® with 180
patients were included for studying the effect of CPAP on DED (Table 3). The qualitative analysis showed that TBUT
was used to evaluate the dry eye condition in all of the studies, while Schirmer test and CFS were used in two,***!
respectively. OSDI was used in only one study.*® As for the duration of CPAP use, patients in all of the studies received
CPAP treatment for at least 3 months; moreover, in the study by Acar et al*” and Kadyan et al,** patients with OSA had
worn CPAP for more than 1 year. Among the dry eye parameters, significant improvement of TBUT, Schirmer test, and
OSDI was shown in all of the reported studies after wearing CPAP. Nonetheless, CFS improved after CPAP treatment in

only one of the two studies.*”

Critical Appraisal of the Literature
Among the three included studies, two investigated the effect of CPAP use on dry eye profiles in the same group of

4041 and one study compared the impact of CPAP use between those having used CPAP

patients (pre- and post-treatment),
for a long period and not using.*> The RCT conducted by Acar et al*® analyzed 51 consecutive patients, including 17
moderate OSA patients and 34 severe OSA patients, and the effect of CPAP use for 18 months on dry eye status. Their
results turned out that patients wearing CPAP had improvement in TBUT (mean difference (sec; 95% CI): 1.57 (0.88,
2.66); p < 0.01), Schirmer test (mean difference (mm; 95% CI): 1.26 (0.53, 1.99); p < 0.01), OSDI (mean difference
(95% CI): —5.62 (—13.58, 2.34); p < 0.01), and CFS (mean difference (95% CI): —0.37 (-0.62, —0.12); p < 0.01).

However, no further comparisons based on OSA severity were mentioned. Another study by Kadyan et al** studied the
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OSA Non-OSA Mean Difference Mean Difference
_Study or Subgroup  Mean SD Total Mean SD Total Weight IV.Random.95%Cl  IV.Random.95%CI
Acar, 2013 74 206 254 1053 364 26 137% -313[4.55-1.71] = IR
Gunes, 2023 7.4 494 77 983 503 29 120% -2.43[-457,-0.29)
Hao, 2023 617 43 27 877 399 44 123% -2.60[-4.61,-0.59] ik
Kadyan, 2010 638 42 22 1115 46 26 11.1% -4.77[-7.26,-2.28) SR
Karaca, 2016 588 3.96 50 123 49 50 129% -6.42[-8.17,-4.67) =
Lin, 2022 8.43 559 155 1069 552 26 116% -2.26-4.56,0.04) NS
Muhafiz, 2020 44 48 32 65 46 27 11.3% -210[-4.50,0.30) o
Pu, 2022 661 199 125 731 239 125 152% -0.70[-1.25,-0.15] E2
Total (95% ClI) 742 353 100.0% -3.00 [-4.56, -1.45] -
Heterogeneity: Tau? = 4.08; Chi*= 52.26, df= 7 (P < 0.00001); F= 87% @p 72 3 L R
(a) TBUT  Testfor overall effect Z= 3.78 (P = 0.0002) Lower TBUT Higher TBUT
OSA Non-OSA Mean Difference Mean Difference
—Study or Subgroup  Mean SD Total Mean SD Total Weight IV.Random.95%CI  IV.Random.95%CI
Acar, 2013 78 215 254 1076 3.58 26 16.0% -2.96[-4.36,-1.56) i
Gunes, 2023 1075 8.1 77 15.03 1016 29 10.7% -4.28[-8.40,-0.16)
Hao, 2023 9.56 3.31 27 95 366 44 156% 0.06 [-1.59,1.71) T R
Karaca, 2016 958 5.83 50 18.61 6.1 50 14.3% -9.03[11.37,-669 — —
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Karaca, 2016 5169 993 50 187 85 50 16.9% 32.99(29.37,36.61) =5
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Figure 2 (a) The results of meta-analysis regarding TBUT when comparing OSA patients to non-OSA patients. (b) The results of meta-analysis regarding Schirmer test
when comparing OSA patients to non-OSA patients. (c) The results of meta-analysis regarding OSDI when comparing OSA patients to non-OSA patients. (d) The results of
meta-analysis regarding CFS when comparing OSA patients to non-OSA patients.

effect of CPAP use for an average of 19.6 + 15.3 months on dry eye status in 67 CPAP users, which was compared to 22
patients without using CPAP. Both groups shared similar baseline demographic data, and the results indeed showed
significant improvement in TBUT (mean difference (sec; 95% CI): 2.85 (0.36, 5.34); p = 0.029) for patients wearing
CPAP compared to those who did not.

On the other hand, the study by Hayirci et al®" analyzed 40 consecutive OSA patients and the effect of CPAP use for
a relatively shorter 4 months on dry eye status. High mean BMI values (34.48 + 7.51 kg/m?) and mean neck
circumference (43.05 £+ 3.80 cm) were demonstrated in their demographic data, but the authors did not provide the

141

distribution of baseline OSA severity. The results disclosed that patients after wearing CPAP had only improvement in
Schirmer test (mean difference (mm; 95% CI): 2.14 (—1.15, 5.43); p = 0.007); nevertheless, TBUT (mean difference (sec;
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Table 3 Characteristics of the included studies for studying the effect of CPAP use on DED

Study Country | Study type | Mean Age Gender BMI Samples OSA OSA Patients Ocular Length of Results
& Region (Year) (Male;%) | (kg/m?) Patients | NOT Using or | profiles Use (for
Using Haven’t Yet Patients
CPAP Using CPAP Using
CPAP)
Acar, Turkey RCT 48.12 + 10.54 62.8 - 517 (moderate 51 51 TBUT, 18 months TBUT: 7.11 + 1.82 (sec)
2014 OSA: 17; severe Schirmer before CPAP and 8.68 +
OSA: 34) test, 1.76 (sec) after CPAP
OsD|, (p<0.01)
CFS Mean difference (sec)=1.57

(95%Cl: [0.88, 2.66])
Schirmer test: 7.23 + 1.95
(mm) before CPAP and 8.49
+ 1.79 (mm) after CPAP
(p<0.01)

Mean difference (mm)=1.26
(95%Cl: [0.53, 1.99])
OSDI: 47.79 + 21.04 before
CPAP and 42.17 + 19.97
after CPAP (p<0.01)

Mean difference=-5.62 (95%
Cl: [-13.58, 2.34])

CFS: 1.05 + 0.75 before
CPAP and 0.68 + 0.54 after
CPAP (p<0.01)

Mean difference=-0.37 (95%
Cl: [-0.62, -0.12])

(Continued)
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Table 3 (Continued).

Study

Country
& Region

Study type

Mean Age
(Year)

Gender
(Male;%)

BMI
(kg/m?)

Samples

OSA
Patients
Using
CPAP

OSA Patients
NOT Using or
Haven’t Yet
Using CPAP

Ocular

profiles

Length of
Use (for
Patients
Using
CPAP)

Results

Hayirci,
2012

Turkey

Prospective
cohort

5248 + 9.5

80.0

34.48 +
7.51

40% (not

reporting patient
distribution based
on OSA severity)

40

40

TBUT,
Schirmer
test, CFS

4 months

TBUT: 7.63 + 4.03 (sec)
before CPAP and 6.75 *
3.59 (sec) after CPAP
(p=0.036)

Mean difference (sec)=-0.88
(95%Cl: [-2.55, 0.79])
Schirmer test: 14.66 + 6.54
(mm) before CPAP and
16.80 + 8.36 (mm) after
CPAP (p=0.007)

Mean difference (mm)=2.14
(95%Cl: [-1.15, 5.43])

CFS: 1.28 + 0.50 before
CPAP and 1.36 £ 0.25 after
CPAP (p=0.210)

Mean difference=0.08 (95%
Cl: [-0.09, 0.25])

Kadyan,
20103

UK

Prospective

cohort

558+ 11.0

83.1

Non-CPAP:
36.55 +8.7;
CPAP: 345
+ 6.59

89 (not reporting
patient

distribution based
on OSA severity)

67

22

TBUT

19.6 £ 15.3

months

TBUT: 6.38 + 4.20 (sec) for
not using CPAP and 9.23 +
7.39 (sec) for using CPAP
(p=0.029)

Mean difference (sec)=2.85
(95%Cl: [0.36, 5.34])

Notes: “Same patients evaluated for dry eye before and after using CPAP.

Abbreviations: OSA, obstructive sleep apnea; DED, dry eye disease; PAP, continuous positive airway pressure; RCT, randomized controlled trial; TBUT, tear breakup time; OSDI, ocular surface disease index; CFS, corneal fluorescence-

staining score (Oxford grading system); CI, confidence interval.
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95% CI): —0.88 (—2.55, 0.79); p = 0.036) showed significant deterioration, and no substantial improvement in CFS was
found (mean difference (95% CI): 0.08 (—0.09, 0.25); p = 0.210).

Risk of Bias & Quality Assessment
All of the studies had no serious risk of bias according to the assessment (Supplementary Table 2). On the other hand,

quality assessment revealed very low quality due to serious concerns regarding the potential imprecision of results; this
was primarily generated by the (majorly) observational study design, the limited study number, and the characteristics of
the studied population among studies. Despite this, the rest of the subjects had no serious concerns that may lead to
further downgrading of the evidence (Supplementary Table 3).

Discussion

The present study demonstrated that patients with OSA generally had poorer dry eye profiles when compared to those
without OSA. Besides, when using these common dry eye measurements for assessment, DED deteriorated along with
the severity of OSA. As for the impact of CPAP use on DED, the current literature generally revealed benefits on DED
alleviation when wearing CPAP for a long-term period (more than 1 year); on the other hand, from the current limited
evidence, it seems that a shorter period of CPAP use (less than half a year) had no enough protective effects against dry
eye status.

To the best of our knowledge, this is the first systematic review analyzing the impact of CPAP on DED yet not the
first regarding the impact of OSA on DED. A recent meta-analysis study by Sun et al** has demonstrated that most of the
dry eye parameters were indeed poorer in OSA patients compared to healthy controls, and the findings could verify ours.
However, one major limitation of that study is that the diversity of OSA patients and use of database statistics for
diagnosis (containing studies using ICD codes for enrolling patients) may potentially generate some selection bias of
patients that were not exactly diagnosed as OSA. To minimize this effect, we only enrolled clinical studies using PSG for
OSA diagnosis to provide more precise results. Together with the information of the effect of CPAP use on DED, the
findings could help tailor the clinical evaluation for future clinicians.

The Impact of OSA on DED

The potential mechanisms underlying OSA and DED have been hypothesized previously, and the present study supports
the relationship between OSA and DED. This could be partially verified by one of the largest population-based database
studies to date by Galor et al,** in which 16,862 patients (including patients receiving ocular therapy) were recruited, and
ICD codes were used for determining the risk factors for dry eye status. Their results indeed showed that sleep apnea may
be one of the risk factors increasing the risk of dry eye, yet was adjusted by age and gender only.

Contrarily, in the present study, CFS (unlike the rest of the parameters) was not significantly different between
patients with and without OSA; furthermore, two of the studies revealed no difference among OSA subgroups regarding
subjective dry eye parameters (OSDI and CFS). The study by Fox et al** combined CFS and papillary conjunctivitis
together for evaluating ocular surface score among OSA subgroups and claimed that ocular surface score was associated
with male sex; based on this finding, their relatively lower male sex ratio compared to other studies may potentially
explain the insignificant results. Lin et al*> also reported no significant difference of OSDI and CFS based on OSA
severity; however, the non-parametrical statistical methods and the relatively lower BMI values compared to other
studies may potentially influence the findings to some extent. The above findings may imply that using non-objective
measurements for dry eye evaluation may be more easily influenced by diverse medical situations, which is consistent
with the statement by Kourukmas et al.** On the other hand, the study by Muhafiz et al’® revealed no significant
difference in the required objective dry eye parameter (Schirmer test) between patients with and without OSA. Despite no
further demographic data (except age) were provided for analysis, they also indicated substantially poorer Meibogland
performance in OSA patients; the changes probably resulted in the subsequent instability of tear film and easy
evaporation even when the “clinical dry eye” was not severe enough to be detected, which might be important for the
early DED assessment in OSA patients.
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According to the previous literature, high BMI may serve as one of the most important risk factors for OSA.* In our
study, from the available data of the enrolled studies (for quantitative analysis purpose), BMI indeed seems relatively
higher in OSA patients but may not reach statistical significance due to overlapping of the confidence interval in all of the
studies; besides, no effect of high BMI or obesity on DED has been proved by the meta-analysis conducted by Tang
et al.* Together with the above evidence, we deemed that the pooled results of the impact of OSA on DED in our study
may not be seriously confounded by this important risk factor. Additionally, from the perspective of statistics, hetero-
geneity of each dry eye parameter indeed dropped in certain situations when studies were grouped by OSA severity and
study design. Regarding OSA severity, decreased heterogeneity was only seen in patients with mild OSA (compared to
non-OSA patients) but remained high in those with moderate or severe OSA. Since patients with mild OSA had
statistically similar results as non-OSA patients in dry eye parameters based on our analysis (Table 2), which is the
same as the concept for grouping patients by Karaca et al*® (combining non-OSA and mild-OSA patients as a single
group), this could probably imply that the ocular surface status was less influenced by this “less severe” hypopnea/apnea

2

circumstance,*” and therefore unsurprisingly generated better statistical homogeneity than those with moderate or

severe OSA.

The Impact of CPAP on DED

From the current available three studies, two of them>**

revealed that OSA patients treated with CPAP (compared to
“treatment-naive” OSA patients) had significant improvement in all of the required DED parameters; both of the studies
shared similar demographic baseline data and had a longer follow-up (at least 1 year). On the other hand, the study by
Hayirci et al*' with a 4-month CPAP use demonstrated that most of the detected parameters showed no improvement
(TBUT, CFS).

All of the three studies adopted TBUT; from evaluating this index, the results generally turned out that sustained use
of CPAP may have benefits in improving TBUT compared to using CPAP for only a short period. In other words, not
treated by CPAP for a long enough period may have greater short-term ocular irritation problems; this may be due to air
leakage probably led by CPAP dislocation related to one-sided sleep position, especially in the very beginning of CPAP
titration.*'*® Therefore, this impact may outweigh the benefits of CPAP use in improving OSA in a short-term CPAP
use.*”** It is worth noting that air leak is also associated with poor adherence to CPAP, especially in patients who have
tried wearing for only a short period.***’ Not used to tolerate CPAP and poor adherence could contribute to decreased
treating benefits for OSA as well, and therefore lead to limited improvement in dry eye.

On the other hand, using CPAP for a relatively longer period may have significant benefits for dry eye improvement,
and this could be related to healing of tear function tests and ocular surface stability along with OSA improvement.*>*°
Wearing CPAP correctly, high compliance, and using CPAP for long enough time to reach therapeutic effect are essential
to reach better improvement of OSA when compared to a relatively short-term use. Though some studies claimed that
one-year duration may provide reliable long-term adherence,® interestingly, it has also been revealed that wearing CPAP
for more than 2 years may be associated with decreased adherence instead.’’ The issue of compliance has also been
addressed in a recent study using ICD codes to study the association between OSA, CPAP and DED (though this study
was not enrolled in the present study for analysis based on the exclusion criteria).> Although they reported that patients
wearing CPAP may have poorer DED, the duration of CPAP use was failed to be recorded and analyzed due to the
retrospective design and difficulty in estimating the compliance rate of wearing CPAP. In light of this, we deem that more
studies may be needed to further investigate the use of CPAP with longer durations to understand the exact impact of
CPAP on OSA and dry eye.

Some limitations should be considered in this study. First, we only analyzed the impact on dry eye for both aims.
Since DED is a clinical diagnosis and is multifactorial, it may not be easy to identify the exact etiology in all of the cases
in each single study. However, the most commonly used and validated assessment tools were adopted in this study to
make the medical situations comparable. The results were expected to provide insights into future dry eye evaluation.
Second, for the impact of CPAP on DED, due to the lack of available studies for generating statistical results with enough
power, only narrative synthesis was conducted. More future studies focusing on this issue are still warranted to
understand the impact of CPAP use on DED with further statistical evidence, especially the difference between a short-
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term and long-term use. Finally, since CPAP is the first-line conservative treatment for OSA, it remains understudied
whether those unable to tolerate CPAP may also benefit from invasive OSA treatment (eg surgery) for DED, which
should be investigated in depth in the future.

Conclusion

OSA patients may suffer from poorer dry eye condition compared to non-OSA patients, according to our statistical
analysis. Besides, from the current available literature, it seems that a longer period use of CPAP may improve DED to
a greater extent along with OSA improvement, while a shorter use of CPAP may be accompanied with more ocular
irritation symptoms related to DED.
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