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Abstract
Objective: To investigate the changes of retinal nerve ﬁber layer (RNFL) thickness in obstructive sleep apnea syndrome (OSAS)

patients.
Methods: Relevant studies were selected from 3 major literature databases (PubMed, Cochrane Library, and EMBASE) without
language restriction. Main inclusion criteria is that a case-control study in which RNFL thickness was measured by a commercial
available optical coherence tomography (OCT) in OSAS patients. Meta-analysis was performed using STATA 12.0 software. Efﬁcacy
estimates were evaluated by weighted mean difference with corresponding 95% conﬁdence intervals (CIs). Primary outcome
evaluations were: the average changes of RNFL thickness in total OSAS patients, subgroup analysis of RNFL thickness changes in
patients of different OSAS stages, and subgroup analysis of 4-quadrant RNFL thickness changes in total OSAS patients.
Results: Of the initial 327 literatures, 8 case-control studies with 763 eyes of OSA patients and 474 eyes of healthy controls were
included (NOS scores ≥6). For the people of total OSAS, there had an average 2.92 mm decreased RNFL thickness compared with
controls (95% CI: 4.61 to 1.24, P = 0.001). For subgroup analysis of OSAS in different stages, the average changes of RNFL
thickness in mild, moderate, severe, and moderate to severe OSAS were 2.05 (95% CI: 4.40 to 0.30, P = 0.088), 2.32 (95% CI:
5.04 to 0.40, P = 0.094), 4.21 (95% CI: 8.36 to 0.06, P = 0.047), and 4.02 (95% CI: 7.65 to 0.40, P = 0.03), respectively. For
subgroup analysis of 4-quadrant, the average changes of RNFL thickness in Superior, Nasal, Inferior, and Temporal quadrant were
2.43 (95% CI: 4.28 to 0.57, P = 0.01), 1.41 (95% CI: 3.33 to 0.51, P = 0.151), 3.75 (95% CI: 6.92 to 0.59, P = 0.02), and 0.98
(95% CI: 2.49 to 0.53, P = 0.203), respectively.
Conclusion: Our study suggests that RNFL thickness in OSAS patients is much thinner than healthy population, especially in
superior and inferior quadrant. The impact of OSAS disease on RNFL and visual function should be taken seriously in the further
study.
Abbreviations: CNS = central nervous system, MD = mean defect, NOS = Newcastle–Ottawa Scale, OCT = optical coherence
tomography, OSAS = obstructive sleep apnea syndrome, POAG = primary open-angle glaucoma, RNFL = retinal nerve ﬁber layer,
SD = standard deviation, SDB = sleep-disorder breathing, UAOs = upper airway obstructions, WMD = weighted mean difference.
Keywords: meta-analysis, obstructive sleep apnea, optical coherence tomography, retinal nerve ﬁber layer

expected to result in recurrent episodes of oxyhemoglobin
desaturations and arousals from sleep. Approximately 24% of
middle-aged men and 9% of middle-aged women are suffering
from OSAS around the world.[2] Because of the anoxic and
increased vascular resistance, nervous system, particularly the
central nervous system, may be irreversibly damaged.[3–5]
Retina and optic nerve are parts of central nervous system
(CNS), many studies reported the close relationship between
OSAS and optic nerve disorders.[6,7] Retinal nerve ﬁber layer
(RNFL) constituted by axons of retinal ganglion cell is highly
sensitive to hypoxia.[8] Some previous studies found signiﬁcant
decreases of RNFL thickness in OSAS patients,[9,10] while other
studies showed contradictive results.[11,12] Thus, we conducted
this systematic review and meta-analysis to combine the results of
all published relative studies to assess the impact of OSA on
RNFL thickness.
Recently, a meta-analysis performed by Zhao et al[13] showed
average RNFL thickness in OSAS patients compared with control
participants was 2.03 mm. Addition to the primary conclusion,
our study has the following difference: the previous meta-analysis
did the literature searching just through PubMed database and in
November 2014 1 year ago; through our database searching and

1. Introduction
Obstructive sleep apnea syndrome (OSAS) is the most common
type of sleep-disorder breathing (SDB) that is caused by total and/
or partial collapse of the upper airways during sleep.[1] It is
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formula: combined mean = mc = (m1 ∗ n1 +m2 ∗ n2 + m3 ∗ n3
...)/(n1 + n2 + n3 ....); combined SD = sc = sqrt ((s12 (n1–1) + (m1
∗ n1)2/n1) + (s22 (n2–1) + (m2 ∗ n2)2/n2) + (s32 (n3–1) + (m3 ∗
n3)2/n3) ...–(m1 ∗ n1 + m2 ∗ n2 + m3 ∗ n3 ...)2/nc)/(nc–1)); n1, n2,
n3... = number of cases in groups 1, 2, 3 ...; m1, m2, m3 ... = mean
of the groups 1, 2, 3 ...; s1, s2, s3... = SD of the groups 1, 2, 3...
Weighted mean difference was performed to estimate the
speciﬁed relationship. Z test was used to evaluate the statistical
difference of the data extracted. Cochran Q-statistic and I2 test
were performed to determine interstudy heterogeneity. P <0.05
or I2 > 50% represents a statistical signiﬁcance, the random
effects model was used; otherwise, the ﬁxed-effects model was
applied. Subgroup analysis was utilized to identify the potential
sources of heterogeneity. Sensitivity was calculated to justify the
inﬂuence of a single study on the overall estimate. P <0.05 was
considered statistically signiﬁcant, except for heterogeneity tests
which threshold was 0.10.

studies screening, we included 8 studies for meta-analysis that
showed a 2.92 mm decreased RNFL thickness compared with
controls. The more important different points are that a statistical
signiﬁcance difference in superior and inferior quadrant was
found through our subgroup analysis of 4-quadrant.

2. Methods
2.1. Ethnic statements, search, and identiﬁcation strategy
The study was approved by Institutional Review Board of The
Fifth Afﬁliated Hospital of Zhengzhou University (number 201511-0360012). We searched PubMed, EMBASE databases, and
Cochrane library for published literatures through November
2015. The following search terms were used: ((obstructive sleep
apnea syndrome) OR (sleep apnea syndrome) OR (obstructive
sleep apnea) OR (obstructive sleep hypopnea syndrome) OR
(sleep disordered breathing) OR (OSAHS) OR (OSAS)) AND
((optical coherence tomography[Title/Abstract]) OR (optical
coherence tomography[Title/Abstract])).

3. Results
3.1. Identiﬁcation of study included

2.2. Inclusion and exclusion criteria

A total of 327 studies were obtained from PubMed (n = 47),
Embase (n = 276), and Cochrane (n = 2) under our searching
strategy. After removal of 43 duplicated studies, 284 studies were
screened with the title and abstract, but only 34 of them were
assessed for the eligibility with full-text evaluation. Then, 26
articles were excluded for various reasons which were summarized in Fig. 1. Eight articles met all criteria were ﬁnally included.

Studies were included without language restriction and sample
size limited if they met the following criteria: case-control study;
the study used a commercially available optical coherence
tomography (OCT) to measure the RNFL thickness; the study
investigated RNFL thickness in the adult patient with OSAS; the
diagnoses of OSAS must be provided clearly, according to the
apnea-hypopnea index ((mild (>5, <16); moderate (>15, <31),
or severe (>30))>5)[14] of full-night polysomnography; there
were sufﬁcient scores data to extract for evaluating RNFL
thickness between cases and controls.
There was a discussion before the literature searching to develop
the search strategies. Then under the uniﬁed searching strategy, 2
investigators independently performed the searching in the mentioned databases. Secondly, with the reference management software
endnote, 2 investigators independently ﬁnished the selection process
on the basis of the predetermined selection criteria according to a
blank ﬂow chart. And every study was screened and remarked by a
new label to different category in endnote independently. Finally,
there was a discussion for the different inclusion studies and any
different opinions were solved by consulting third one who had a
wealth of experience in meta-analysis.

3.2. Baseline characteristics and quality of included
studies
The characteristics and NOS scores of the 8 included studies
were described in Table 1. All studies were published through
the past 5 years. Among them, 4 studies were performed in
Turkey, 2 in Spain, 1 in Israel, and 1 in China (Taiwan). For the
measurement of RNFL thickness, 5 used Stratus OCT, 1 used
Optovue OCT, 1 used 3D-OCT, and 1 used Cirrus OCT. All of
the studies gave the detail of controls selection and all
individuals did the polysomnography examination. All of these
studies enrolled both female and male in spite of 1 study that
did not provide the gender data of the 2 groups. To take the
ophthalmologic examination, 3 studies examined each eye and
5 examined randomly selected eye. The primary outcomes are
also provided in Table 1. The NOS scores were ≥6 for all the
included studies. The average NOS score of the 8 included
studies is 6.9, indicating that methodological quality generally
is good (Table 2).

2.3. Data extraction and studies quality evaluation
CS and LZ as the investigators extracted and recorded the data
independently from all the studies included following the items
below: ﬁrst author name, publication date, area, study design,
OCT type, control group selection, gender, age, sample size,
primary outcomes.
They were also required to assess the methodological quality of
each eligible study with the Newcastle–Ottawa Scale (NOS).[15]
Any different views in this process were addressed and consulted
with the third expert.

3.3. Analysis of average RNFL thickness between different
OSAS stage patients and controls
Heterogeneity of the results from different studies was analyzed
by STATA, random-effects models were also used. Figure 2
shows the forest plot of heterogeneity on average RNFL thickness
in patients with total and different OSAS stages. No statistical
difference was noticed on total, mild, and moderate OSAS
(I-squared and P value were 59.1%, 0.017; 8.0%, 0.353, and
38.6%, 0.180; respectively). However, the signiﬁcant difference
on severe and moderate to severe OSAS was found (I-squared and
P value were 82.1%, 0.000 and 75.8%, 0.006; respectively). Z
test and corresponding P value were 3.40, 0.001; 1.71, 0.088;
1.67, 0.094; 1.99, 0.047; and 2.17, 0.030, respectively.

2.4. Statistical analysis
The data was analyzed by STATA Version 12.0. As some studies
did not provide the mean and standard deviation (SD) of RNFL
thickness in total or moderate to severe OSAS patients, we used
the website (https://www.statstodo.com/ComMeans_Pgm.php)
to calculate the relevant data based on the followed maths
2

The sensitivity analysis to evaluate the impact of OSAS on RNFL
thickness shown in Fig. 4 suggests that no single study inﬂuenced
the overall pooled estimates.

Table 1

Figure 1. Flow chart of the studies selection process.

3.4. Analysis of average RNFL thickness between
4-quadrant retina of patients and controls

Figure 3 shows the heterogeneity of average RNFL thickness in 4quadrant retina between OSAS patients and the controls. No
statistical difference was found (I-squared and P value were
18.7%, 0.287; 17.4%, 0.297; 57.6%, 0.028; and 0%, 0.753,
respectively). Z test and corresponding P value were 2.56, 0.01;
1.44, 0.151; 2.32, 0.02; and 1.27, 0.203, respectively.

3.5. Sensitivity analyses and publication bias of the
included studies on average RNFL thickness between total
OSAS patients and controls
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2011

2012
2013
2013

2014

2014

2014

2014

Lin[10]

Zengin[16]
Adam[12]
Casas[17]

Ferrandez[18]

Huseyinoglu[19]

Sagiv[20]

Zengin2[21]

Turkey

Israel

Turkey

Spain

Turkey
Turkey
Spain

Taiwan

Area

3D-OCT

Stratus OCT

Optovue OCT

Cirrus OCT

Stratus OCT
Stratus OCT
Stratus OCT

Stratus OCT

OCT

17/27

32/76

12/23

26/82

9/11

—
46/55

—

26/38
9/34
9/41

AHI <5
Healthy subjects
Healthy subjects

Healthy hospital staff
or relatives
healthy relatives of the
patients and
hospital stuff
healthy individuals
without OSAHS
AHI <5

14/18
13/27
14/19

14/91

Patients
without OSAS

7/15

Gender (F/M)
OSAS
CON

50.78 ± 9.46
49.25 ± 10.08
51.1 ± 7.9
51.2 ± 7.5

48.83 ± 11.52
52.37 ± 11.17
51.6 ± 9.6
52.6 ± 8.4

52.1 ± 9.0
52.90 ± 8.02
50.7 ± 14

40.5 ± 7.5

44.2 ± 10.1
52.2 ± 9.8
48.42 ± 7.97
50.9 ± 12.4

CON

OSAS

Age (y)

AHI = apnea hypopnea index, GCC = ganglion cell complex, OCT = optical coherence tomography, ONH = optic nerve head, RNFL = retinal nerve ﬁber layer.
∗
Combined mean RNFL thickness of moderate and severe OSAS patients, not including mild.

Year

Author

Control
selection

Baseline characteristic and quality of the included studies.

44

108

202

80

64
43
96

210

35

108

40

111

32
40
64

44

Eyes
OSAS
CON

RNFL thickness

RNFL thickness, GCC,
and optic disc
(OD) parameters
RNFL thickness

RNFL, optic nerve head
topography, and
macular thickness
RNFL thickness
RNFL thickness
RNFL thickness, ONH
parameters, macular
thickness and volume
RNFL thickness

Outcomes

102.9

99.3

109.5

97.2

102.1
108.1
98.2

104.6

103.6

103.8

117.2

98.0

105.8
107.5
99.9

109.0

Mean RNFL
thickness
OSAS
CON

7

7

7

7

6
8
7

6

NOS
score
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Table 2
Stratiﬁed analyses according to different OSAS stage and quadrant.
Meta-analyses
Comparison
Total vs controls
Mild vs controls
Moderate vs controls
Severe vs controls
Moderate to severe vs controls
2 groups in superior quadrant
2 groups in nasal quadrant
2 groups in inferior quadrant
2 groups in temporal quadrant

Number of studies

WMD (95% CI)

8
4
4
5
4
7
7
7
7

2.92
2.05
2.32
4.21
4.02
2.43
1.41
3.75
0.98

(
(
(
(
(
(
(
(
(

4.61, 1.24)
4.40,0.30)
5.04,0.40)
8.36, 0.06)
7.65, 0.40)
4.28, 0.57)
3.33,0.51)
6.92, 0.59)
2.49,0.53)

Z

P

3.40
1.71
1.67
1.99
2.17
2.56
1.44
2.32
1.27

0.001
0.088
0.094
0.047
0.030
0.010
0.151
0.020
0.203

CI = conﬁdence interval, OSAS = obstructive sleep apnea syndrome, WMD = weighted mean difference.

Figure 2. Forest plot shows the combined mean deviation of average RNFL thickness in patients with total and different stage of OSAS. OSAS = obstructive sleep
apnea syndrome, RNFL = retinal nerve ﬁber layer.
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Figure 3. Forest plot shows the combined mean deviation of 4-quadrant RNFL thickness in 2 groups.

Our meta-analysis uses a more comprehensive searching
strategy with an additional 2 studies included.[13] The results
are more meaningful for evaluating the impact of OSAS on RNFL
thickness. Furthermore, we assessed the quality of each study in
accordance with the NOS assessment criteria and found NOS
score of each included study was higher than 5. Finally, we used a
simple utility in a website to combine sample size, mean, and
standard deviation from multiple groups into 1 group instead of
excluding the study. In the premier of this analysis, we included 2
studies[22,23] that the research objects were children with chronic
upper airway obstructions (UAOs)/obstructive sleep apnea
syndrome (OSAS) and children with sleep-disordered breathing.
From the heterogeneity test results, P values of total, mild, and
moderate OSAS were 0.024, 0.511, and 0.257, respectively. It
indicated that the included studies of the total, mild, moderate

Publication bias was tested by Begg funnel plot and Egger test.
The P values of Begg and Egger test were 0.711 and 0.929,
respectively. It indicated a low probability of publication bias
(Fig. 5).

4. Discussion
The present meta-analysis suggested OSAS patients have a
2.92 mm decrease of RNFL thickness, a little higher than previous
reported by Zhao et al.[13] Furthermore, we found RNFL
thickness in superior and inferior was more sensitive than other
quadrants in OSAS disease by subgroup analysis. Although only
8 articles were ﬁnally included and analyzed, we also noticed the
reduction of RNFL thickness is corresponding to the OSAS
severity, especially in moderate and severe groups.
5
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Figure 5. Funnel plot for studies of the RNFL thickness in patients with OSAS.

Figure 4. Sensitivity analyses of the included studies for the RNFL thickness in
patients with total and different stage of OSAS. OSAS = obstructive sleep
apnea syndrome, RNFL = retinal nerve ﬁber layer.

another meta-analysis[30] on the association between glaucoma
and OSAS.
In addition to the important ﬁnding provided by our metaanalysis, it also has some limitations. First, as different OCT
devices (stratus, cirrus, 3D, or Optovue OCT) were used in the
studies included in this meta-analysis to measure the RNFL
thickness, we cannot ensure the homogeneity of inspection results.
Although the prediction of mean pRNFL thickness values by
equations derived from time domain OCT and spectral domain
OCT can be conducted with high levels of agreement,[31] the mean
RNFL in normal patient is around 105.1 (± 9.5) mm[32] and the
resolution is of few micrometers depending on the device. When the
retina was affected by OSAS, high prediction errors may occur.
Second, there were no data of OSAS duration provided by any
included studies. The longer OSAS duration patients suffering, the
thinner RNFL thickness may be. Of course, the small sample size
may be the main limitation that affects the result directly.
In summary, our study demonstrated that OSAS patients have
signiﬁcant decrease of RNFL thickness, especially in superior and
inferior quadrants. However, multicenter, case-control and longterm cohort studies are still needed to assess the changes of RNFL
thickness in OSAS patients.

OSAS were homogenous. Sensitivity analyses and publication
bias of the included studies on average RNFL thickness between
total OSAS patients and controls also showed no single study
inﬂuenced or publication bias. Nevertheless, considering the
different RNFL thickness and OSAS duration between adult and
child, we re-reviewed the related research about RNFL thickness
with aging and found a decreased RNFL thickness (on average,
0.44 mm per year) in adults.[24] Therefore, the 2 studies were
excluded ﬁnally.
In the data extraction stage, we found 3 of 8 included studies
made the RNFL thickness measurement in each eye for analysis,
whereas other studies used random selections. These contribute
to 16.9% of the signiﬁcant heterogeneity. Additionally, the use of
different OCT instruments may also have contributed to the data
heterogeneity. Due to the small sample size and high heterogeneity of included studies, it is hard to draw the conclusion that
severe OSAS caused a signiﬁcant reduction of RNFL thickness
although we detected a P value less than 0.05. However, it is still
need to highlight and monitor the changes of RNFL thickness in
severe OSAS patients.
In patients with OSAS, hypoxia caused by intermittent upper
airway obstruction results in a subsequent of increase in PaCO2
and decrease in PaO2.[25] Karakucuk et al[26] found positive
correlations between ophthalmic artery resistivity index and
mean defect (MD) and also between central retinal artery
resistivity index and MD as well as loss variance in patients
with OSAS, suggesting that visual ﬁeld defects might be due to
the low perfusion of optic nerve. The reduction of optic nerve
blood supply leads to the apoptosis of retinal ganglion cells and
thus results in optic neuropathy.[26,27] Two possible mechanisms may explain the RNFL thinning in OSAS. One is a
deterioration of the imbalance between the endothelium and
nitric oxide secreted from the endothelium because of apnea.
Hypoxemia leading to increased intracranial pressure during
sleep is the second possible mechanism.[7,12] As we know, the
distribution of RNFL is most dense in inferior and superior
quadrants.[28] This is also consistent with our ﬁndings. When
OSAS causes ischemia and anoxia in retina, it may ﬁrst affect
the inferior and superior quadrant RNFL, leading to the
decrease of RNFL thickness. A cross-sectional study performed
by Xin et al[29] found that OSAS had a high prevalence of
primary open-angle glaucoma (POAG) and visual ﬁeld was
damaged and the RNFL was thinned. This is consistent with
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