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StudyObjectives:Obstructive sleep apnea (OSA) was recently shown to be associated with quantifiable retinal vascular changes, which correlate with disease
severity. This follow-up study examines the response of retinal vascular changes in patients with OSA receiving continuous positive airway pressure
(CPAP) treatment.
Methods: This prospective cohort study recruited adult patients undergoing diagnostic polysomnography at a tertiary sleep clinic in Sydney, Australia, stratified
into 4 groups by the apnea-hypopnea index; control patients and patients with mild, moderate, and severe OSA. At baseline and follow-up approximately 24 months
later, static retinal vascular calibers were derived from fundus photographs, and dynamic vascular pulsation amplitudes were measured on video fundoscopy.
A proportion of patients started CPAP therapy after baseline assessment.
Results: Seventy-nine patients participated in this follow-up study: 9 control patients and 18 patients with mild OSA, 21 patients with moderate OSA, and 31
patients with severe OSA. Twenty-five patients started CPAP after baseline. In the severe group, patients not on treatment showed progressive narrowing of retinal
arteries from baseline, whereas those on CPAP showed a slight improvement (mean, 171.3–165.1 and 171.2–174.0 μm, respectively; P =.012). Arterio-venous
ratio was also significantly reduced in the nontreatment group compared to the treatment group in those with severe OSA (0.836–0.821 and 0.837–0.855,
respectively; P = .031). CPAP did not seem to have a significant impact on venous caliber or vascular pulsatility.
Conclusions: This study shows that patients with severe untreated OSA demonstrate progressive retinal arterial narrowing, whereas CPAP treatment may
be protective.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea causes systemic vascular dysregulation which is associated with quantifiable changes to
retinal vessel diameter with increasing disease severity. Retinal vascular changes such as arterial narrowing have been associated with an increased risk of
major cardiovascular events including stroke.
Study Impact: This is the first study to examine structural retinal vascular changes in patients with obstructive sleep apnea in a longitudinal fashion, showing
for the first time that these changes are modified by continuous positive airway pressure treatment. Retinal vascular changes could potentially be used
as a surrogate biomarker of systemic cardiovascular risk in patients with obstructive sleep apnea.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common condition char-
acterized by repetitive episodes of partial or complete collapse
of the pharynx during sleep. Epidemiologic studies estimate
prevalence of OSA between 9% and 37% for men and 4% and
19% for women.1–3 OSA is associated with systemic vascular
dysregulation through recurrent exposure to hypoxia and
sympathetic nervous system activation.4,5 There is accumu-
lating evidence that OSA is an independent risk factor for
hypertension, cardiovascular disease, and stroke.6–9

The retinal vasculature is vulnerable to the pathologic effects
of OSA while being one of the few sites that allows direct
noninvasive observation. A previous study found that patients

with severe OSA were more likely to have retinal arterial
changes resembling hypertensive retinopathy, independent of
systemic hypertension (odds ratio: 1.09 per 5-unit increase in
apnea-hypopnea index [AHI], 95% confidence interval [CI]:
1.02–1.16; P = .01).10 More recently, Tong et al11 reported an
association between increasing AHI and decreased retinal ar-
terial caliber and decreased retinal arterio-venous ratio (AVR).
Increased AHI was also associated with reduced retinal arterial
and venous pulsation amplitude.

Long-term changes in the retinal vasculature of adult patients
with OSA are unknown. In addition, the potential for revers-
ibility of these changes in patients treated with continuous
positive airway pressure (CPAP) therapy has not been defined.
Hence, this study aims to investigate the impact of CPAP
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therapy on longitudinal changes in static and dynamic retinal
vessel caliber in patients with OSA.

METHODS

A prospective cohort study was performed of adult patients
referred for diagnostic polysomnography at Macquarie Uni-
versity Hospital, Sydney, Australia, between April 2015 and
December 2016, which recruited 115 patients.11 All patients
who participated in this original cohort were invited to attend a
follow-up ophthalmic examination approximately 24 months
after their first visit. Written consent was obtained from all
patients. The study was approved by the Macquarie University
and Concord Hospital Human Research Ethics Committee
(CH62/6/2015-209) and followed the Tenets of Helsinki.

Demographics
Basic demographic informationwas collected for each patient at
baseline and follow-up including age, sex, body mass index
(BMI), medical history, and current medications. Blood pres-
sure and heart rate were recorded at each visit. Mean arterial
pressure was calculated for each patient.

Exclusion criteria included glaucoma, prior history of any
retinopathy or optic neuropathy, cataract causing reduced visual
acuity less than 6/12, opacities obstructing clear imaging of
the retina, and patients who started CPAP therapy before the
baseline examination.

OSA stratification
Before their baseline visit, patients underwent standard in-
laboratory diagnostic polysomnography (Embla Systems Inc.,
Kanata, ON, Canada). Apneas were defined as >90% reduction
in upper respiratory airflow for at least 10 seconds, and hypopneas
were defined as ≥50% reduction in airflow associated with
decreased oxygen saturation of at least 4%. The frequency of
AHI events per hour was used to stratify patients into 4 groups:
normal (<5 events/h), mild OSA (5–14.9 events/h), moderate
(15–29.9 events/h), and severe (≥30 events/h).12

CPAP therapy
After the original diagnostic sleep study, a proportion of patients
were offered CPAP therapy at the discretion of their sleep
medicine physician, who was blinded to the results of the oph-
thalmic assessment. At follow-up, information was collected on
duration ofCPAP treatment.Adherence datawere extracted from
individual patients’ machine memory cards over the 90-day
period leading up to the follow-up visit. These data included
information on the number of nightswith device use, duration of
nightly use, and AHI. CPAP adherence was defined as device
use for at least 4 hours per night on at least 70%of nights because
this is the most widely accepted criterion in sleep medicine.13

Ocular assessment
Ocular assessment performed at baseline and follow-up visits
included visual acuity and intraocular pressure. Fifteenminutes
before ocular imaging, the right eye of each patient was dilated
using tropicamide and phenylephrine.

Fundus photographs were taken of the right retina centered
on the optic disc using a mydriatic fundus camera (Zeiss
Visucam, Oberkochen, Germany). Retinal vessel pulsations in
the right eye were captured using video fundoscopy (Imedos
Systems, Jena, Germany).

Measurement of retinal vessel caliber and pulsatility
Retinal vessel analysis was performed as previously described
byTong et al.11 In brief,measurement of static vessel caliberwas
derived from fundus photographs using a specialized vessel
analysis program (Figure 1) (VesselMap2, Imedos Systems).
The cross-sectional diameter for retinal arteries and veins was
calculated by the software and used to derive the central retinal
artery equivalent (CRAE) and central retinal vein equivalent
(CRVE). The ratio between these values was defined as the
AVR. The CRAE and CRVE summarized the general caliber of
retinal arteries and veins, respectively, as a single value. The
method used by the VesselMap2 program to calculate these
valueswas as described byHubbard.14Analysis of retinal vessel
pulsation amplitudes was derived from video fundoscopy using
a specialized instrument called a dynamic vessel analyzer
(Figure 1). The average waveform height for arteries and veins
was used to define spontaneous retinal artery pulsation and
spontaneous retinal venous pulsation, respectively. Quadrant-
specificmeasurementswere then combined into a global average.
For both static and dynamic vessel analysis,measurementswere
taken from the same location on each retinal vessel at baseline
and follow-up.

Statistical analysis
All data analysis was conducted using the SPSS statistical
software version 23.0 (SPSS Inc., Chicago, IL). Comparison of
demographic data across theOSAseverity groupswas conducted
using 1-way analysis of variance tests. Pearson’s χ2 test was used
to analyze the categorical data. Mixed analysis of variance tests
were used to evaluate the change in retinal vascular parameters
(CRAE, CRVE,AVR, spontaneous retinal artery pulsation, and
spontaneous retinal venous pulsation) between baseline and
follow-up examinations in patients usingCPAPand patients not
using CPAP. The mild OSA and moderate OSA groups were
combined into a single group for the purpose of this analysis
because of the low number of participants on CPAP in the mild
group. The role of vascular confounding factors such as age,
BMI, mean arterial pressure, hypertension, smoking (current or
past), and dyslipidemia was analyzed by including each as
covariates and examining their respective interaction effects.
When examining the effect of hypertension, patients were
stratified into 3 groups based onwhether they had hypertension,
and if so, whether they were on antihypertensive therapy.

Independent-sample t tests were used to determine whether
CPAPhad a significant impact on retinal vasculature, regardless
of the severity of OSA. For each of the 5 retinal vascular pa-
rameters, the magnitude of the change from baseline to follow-
up was calculated (eg, follow-up CRAEminus baseline CRAE)
and compared between CPAP users and non-CPAP users.
Normality was assessed using the Shapiro-Wilks test.

Multivariate regression was used to assess the ability of
CPAP use and the vascular confounding factors to predict
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change in vessel caliber between baseline and follow-up. Mean
arterial pressure was also included in the multivariate analysis.
Statistical significance was set at P < .05 for all tests.

RESULTS

Patient characteristics
Of 115 patients recruited in the original study, 79 agreed to
attend follow-up assessment as follows: 9withoutOSA, 18with
mild OSA, 21 with moderate OSA, and 31 with severe OSA
(Figure 2). The remaining 36 patients were either non-
contactable or declined to participate in the follow-up study. Of
these patients, 20 of 36 (56%) were male, and there were 6
without OSA, 8 with mild OSA, 14 with moderate OSA, and
8 with severe OSA.

For the 79 participants, mean follow-up time was 28.0 ±
3.9 months (range, 14.8–38.0 months). There were 53 males
(67%) and 26 females. Mean age was 62.5 ± 10.2 years
(range, 38–85 years). Mean BMI was 29.1 ± 4.7 kg/m2 (range,

21.0–41.4 kg/m2). Table 1 summarizes their baseline demo-
graphic data. There were no statistically significant differences
in age or sex between the 4 severity groups. Increasing severity
of OSA was associated with higher BMI (P = .007). All par-
ticipants had normal intraocular pressure regardless of OSA
severity, with no significant differences between groups. The
overall prevalence of self-reported physician-diagnosed hy-
pertension was 58.2% (46 of 79). All but 2 patients were
on antihypertensives.

CPAP therapy
Thirty-eight patients were started on CPAP treatment after
polysomnography; 5 with mild OSA, 11 with moderate OSA,
and 22 with severe OSA (Figure 2). Of this group, 25 were
found to be adequately adherent with treatment over the 90-day
period leading up to the follow-up visit and almost all (24 of 25)
had used CPAP for more than 1 year. The remaining patient had
used CPAP treatment for only 3 months before review. Nearly
one third of the cohort (13 of 38) were either nonadherent or had
discontinued treatment. Of the 25 patients adequately adherent

Figure 1—Measurement of static and dynamic retinal vessel diameter.

(A) and (B) Semiautomated measurement of retinal vessel caliber from fundus photos using the program VesselMap2. Measurements are taken from
vessels passing through an annular zone 0.5 to 1 disc diameter away from the margin. (C) and (D) Measurement of retinal vessel pulsation amplitudes from
video fundoscopy using the DVA.
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with CPAP, 20 had additional adherence data dating back up to
2 years. For those in whom the additional data were not
available, 2 were from the moderate group and 3 were from the
severe group. These additional data showed that all 20 patients
still met the criteria for adequate CPAP use (greater than
4 hours per night on more than 70% of nights) over at least a
12-month period. In the treatment group, CPAP was highly
effective for reducing AHI events. Mean AHI on CPAP was
1.18 ± 0.46, 3.96 ± 3.18, and 2.99 ± 2.77 events/h for the mild,
moderate, and severe OSA groups, respectively, compared
with a mean AHI on diagnostic polysomnography of 9.9 ± 3.4,
20.8 ± 3.4, and 50.1 ± 19.8 events/h for mild, moderate, and
severe OSA, respectively.

Changes in static retinal vessel caliber
Table 2 shows a comparison of the effect of CPAP ther-
apy vs no CPAP therapy on retinal vessel caliber. In pa-
tients with severe OSA, CPAP had a significant effect on
CRAE and AVR but not CRVE. Patients not on treatment
showed a decrease in CRAE, whereas those on CPAP
showed a mild increase (171.3–165.1 vs 171.2–174.0 μm,
respectively; P for interaction effect = .012). Age, BMI,
mean arterial pressure, hypertension, smoking status, and
dyslipidemia had no effect on CRAE (P for interaction
effect > .05; seeTable S1 in the supplemental material). There
was a decrease in CRVE for both groups with no signifi-
cant differences (205.9–201.9 vs 206.8–205.2 μm; P for in-
teraction effect = .475). AVR decreased for those not on

CPAP and increased for those on CPAP (0.836–0.821 vs
0.837–0.855, respectively; P for interaction effect = .031).
The P for the interaction effect of the confounding factors
was >.05 (Table S1).

In patients with mild and moderate OSA, CPAP did not
demonstrate any statistically significant effect on CRAE,
CRVE, or AVR (Table 2).

Overall, CPAP users across all severity groups showed an
increase in CRAE of +2.25 μm (95% CI, −1.04 to 5.54 μm),
whereas non-CPAP users showed a decrease of −2.57 μm
(95% CI, −5.09 to −0.06 μm). The difference between groups
was significant (P = .021). Both CPAP users and non-CPAP
users showed a decrease in mean CRVE from baseline to
follow-up, with change values of −1.81 μm (95% CI, −5.79 to
2.17 μm) and −1.41 μm (95% CI, −4.19 to 1.36 μm), respec-
tively. The difference between groups was not statistically
significant (P = .867; Table S2). Multivariate regression
showed that CPAP use was able to significantly predict
change in CRAE between baseline and follow-up for the
whole cohort (P = .040), whereas mean arterial pressure,
hypertension, age, BMI, smoking, and dyslipidemia did not
(all P > .05). There was no correlation between other retinal
vascular parameters and CPAP use (Table S3).

Changes in retinal vessel pulsatility
Table 3 shows a comparison of the effect of CPAP therapy vs no
CPAP therapy on vessel pulsation amplitudes. Both groups
produced generally stable results for spontaneous retinal artery

Figure 2—Patient flow diagram.
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pulsation and spontaneous retinal venous pulsation between
baseline and follow-up.

DISCUSSION

In this study, we examined the impact of CPAP therapy on
quantitative changes in retinal vasculature in patientswithOSA.
In patients with severe OSA, progressive retinal arterial nar-
rowing was seen in those nonadherent with or not using CPAP.
These changes were significantly reduced and even reversed by
CPAP therapy. The beneficial effect of CPAP remained sta-
tistically significant when accounting for vascular confounding
factors such as age, BMI, and hypertension.

In this study, we used CRAE and AVR as markers of retinal
arterial caliber.CPAPusers, regardlessof severityofOSA,showeda
statistically significant increase in CRAE from baseline, compared
with a decrease for the nontreatment group. Generalized retinal
arterial narrowing is shown tobe associatedwith an increased riskof
stroke.15–17 There is also evidence for an association between retinal
arterial narrowing and coronary heart disease in certain populations.
One study found that in women, but not men, each standard de-
viationdecrease inAVRwasassociatedwithan increasedriskofany
incident coronary heart disease and acute myocardial infarction.18

Another study found that generalized retinal arterial narrowing
was associated with greater cardiovascular mortality risk but
only in a younger population aged 43–74 years.19

Given the association between changes to retinal vascular
parameters and major cardiovascular events, stroke in partic-
ular, the measurement of retinal vessels could be a surrogate
marker of systemic cardiovascular risk in patients with OSA.
Our study demonstrates slowing and even reversal of such
retinal vascular changes after adequate CPAP therapy in those
with severe disease, which could correlate with a reduction their
overall cardiovascular risk. Various studies have found that
CPAP has a favorable impact on cardiovascular risk parameters
including lowering blood pressure,20 improving lipid profile,21

and decreasing serum biochemical markers such as homo-
cysteine and high-sensitivity C-reactive protein.22 The effect of
CPAP use on major cardiovascular events is still being in-
vestigated, with mixed results being reported in the literature.
Many observational studies report that CPAP therapy reduces
the risk of nonfatal cardiovascular events (myocardial infarc-
tion, stroke, acute coronary syndrome requiring revasculari-
zation) and fatal events (deaths from myocardial infarction or
stroke) in patients with OSA.23–27 Evidence from randomized
control trials is mixed with some reporting that CPAP has no
significant impact on the risk of major cardiovascular
events.28,29 Others report that CPAP does have a significant
impact.30Ameta-analysis of randomized trials found that CPAP
was associated with a trend of decreased risk of cardiovascular
events in participants with OSA, but the findings did not reach
statistical significance.31 Thus, further studies are required to
evaluate whether CPAP may influence the incidence of

Table 1—Baseline characteristics of all patients in this study.

Controls Mild Moderate Severe P

Sample size 9 18 21 31

Sex (male: female) 4: 5 12: 6 12: 9 25: 6 .132

Age at follow-up (y) 59.8 ± 10.7 61.8 ± 12.1 63.2 ± 10.3 63.1 ± 9.2 .825

BMI (kg/m2)

Baseline 26.5 ± 3.0 27.7 ± 3.8 29.0 ± 4.7 31.2 ± 5.2 .027

Follow-up 26.6 ± 2.5 27.2 ± 3.3 29.0 ± 4.6 31.2 ± 5.2 .007

Systolic BP (mm Hg)

Baseline 123.7 ± 31.7 126.7 ± 19.0 121.8 ± 12.6 129.5 ± 16.0 .522

Follow-up 131.1 ± 16.1 127.1 ± 18.4 125.4 ± 16.0 131.8 ± 14.8 .515

Diastolic BP (mm Hg)

Baseline 77.0 ± 9.0 72.1 ± 11.3 71.4 ± 10.0 77.8 ± 12.6 .176

Follow-up 85.9 ± 8.6 80.3 ± 12.8 78.6 ± 7.0 84.4 ± 11.5 .152

AHI on dPSG (events/h) 3.2 ± 1.3 9.9 ± 3.4 20.8 ± 3.4 50.1 ± 19.8 <.001

Right eye IOP (mm Hg) 15.8 ± 3.1 14.3 ± 3.3 16.0 ± 3.1 14.3 ± 3.9 .283

Prevalence of hypertension 3/9 (33.3%) 10/18 (55.5%) 15/21 (71.4%) 18/31 (58.1%)
.278

Treated: untreated 2: 1 10: 0 15: 0 17: 1

Smoking 2/9 (22.2%) 7/18 (38.9%) 7/21 (33.3%) 12/31 (38.7%)
.609

Current: past 0: 2 2: 5 0: 7 0: 12

Dyslipidemia 4/9 (44.4%) 6/18 (33.3%) 13/21 (61.9%) 16/31 (51.6%)
.453

Treatment with diet: medication 0: 4 1: 5 2: 11 0: 16

CPAP use with adequate adherence 0 (0%) 2/18 (11.1%) 7/21 (33.3%) 16/31 (51.6%) .004

AHI = apnea-hypopnea index, BMI = body mass index, BP = blood pressure, CPAP = continuous positive airway pressure, dPSG = diagnostic poly-
somnography, IOP = intraocular pressure.
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cardiovascular events and mortality. However, we have shown
that structural vascular changes do reverse with CPAP therapy.

Significance of changes to retinal vascular pulsatility
Tong et al11 found that increased severity of OSA was associated
with decreased retinal vessel pulsation amplitudes.Because retinal
vascularpulsationsareconsidered to reflect the stateofperfusionof
the optic nerve head and retina, these changes were thought to
represent microvascular stasis retinopathy in the setting of gen-
eralized cerebrovascular ischemia. In this study, we did not find
that CPAP had a significant impact on retinal vascular pulsations.
Onepossibleexplanation for thisfinding is thatvesselpulsation is a
dynamic process that responds to changes in ambient conditions
such as nocturnal intraocular pressure and apnea-induced hypoxia.
The differences between CPAP users and non-CPAP users may
only be evident during sleep conditions.

Proposed mechanisms of changes to retinal vasculature
The recurrent apneas and hypopneas that occur in OSA are thought
to cause perturbations to microvascular function through 2 specific
mechanisms: intermittent hypoxia and sympathetic nervous system

activation. Acute hypoxia is hypothesized to stimulate peripheral
chemoreceptor activity, leading to elevated sympathetic nervous
system activity, episodic systemic hypertension, and long-term
structural changes in retinal and systemic vasculature.32,33 Fur-
thermore, these acute surges in mean arterial pressure are followed
by precipitous falls in blood pressure and cerebral blood flow ve-
locity at the termination of apneic episodes.34,35 These events have
been likened to an ischemic-perfusion injury, which activates
the inflammatory cascade and inhibits nitric oxide release,
leading to ischemic damage and endothelial dysfunction.36–38

There is evidence that CPAP therapy improves nitric oxide
release from vessel walls and endothelial function.39,40 CPAP
may also decrease basal sympathetic nervous system activity
and the responses of sympathetic nerves to hypoxic episodes.41

Further investigation of the therapeutic effects of CPAP on
retinal vasculature is needed.

Study limitations and strengths
In this study, we investigated the potential impact of CPAP
therapy on retinal vascular parameters through a cohort study
design. CPAP was offered to patients at the discretion of their

Table 2—Results of static vessel analysis.

Baseline Follow-Up
P

Mean 95% CI Mean 95% CI

CRAE

Controls 187.6 178.0–197.2 187.9 178.2–197.6 .882

Mild-moderate

.464CPAP 177.6 165.8–189.4 179.1 166.9–191.4

Non-CPAP 178.0 171.4–184.7 177.6 170.6–184.5

Severe

.012CPAP 171.2 164.7–177.7 174.0 166.6–181.3

Non-CPAP 171.3 165.1–177.6 165.1 158.0–172.2

CRVE

Controls 223.2 204.7–241.7 219.6 200.0–239.2 .200

Mild-Moderate

.492CPAP 208.7 197.5–219.9 206.7 195.5–217.9

Non-CPAP 209.8 203.4–216.1 210.4 204.1–216.8

Severe

.475CPAP 206.8 194.9–218.8 205.2 193.9–216.5

Non-CPAP 205.9 194.4–217.4 201.9 191.1–212.8

AVR

Controls 0.812 0.773–0.851 0.840 0.784–0.896 .053

Mild-Moderate

.374CPAP 0.859 0.810–0.908 0.869 0.824–0.914

Non-CPAP 0.848 0.820–0.875 0.844 0.818–0.869

Severe

.031CPAP 0.837 0.787–0.886 0.855 0.810–0.899

Non-CPAP 0.836 0.789–0.884 0.821 0.778–0.864

Two-way mixed analysis of variance model comparing the effect of CPAP vs no CPAP on static retinal vascular parameters. Values not adjusted for
confounding factors. All results in micrometers. AVR = arterio-venous ratio, CI = confidence interval, CPAP = continuous positive airway pressure, CRAE =
central retinal arterial equivalent, CRVE = central retinal venous equivalent.
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sleep physician, and as a result, therewas no age or sexmatching
between groups. We attempted to account for potential dif-
ferences between these groups in the statistical analysis. This
study does incorporate a non-OSA patient group as a com-
parison to the groups with OSA, although no patients in this
group were offered CPAP therapy.

There was a discrepancy in the proportion of patients re-
ceiving CPAP between disease severity groups. In the mild
group, only 2 patients received CPAP because it is not routinely
offered as first-line treatment to such patients. To increase
statistical power, the mild and moderate severity groups were
combined for data analysis. This pooling may potentially ob-
scure any differences in treatment response between these 2
groups. Larger studies are required for greater statistical power.

Additional adherence data were available for 20 of 25 (80%)
of the patients in the CPAP group, although this information
generally only dated back to a maximum of 12 months. It was
therefore not possible to query adherence over the entire interval
between initial and follow-up assessments for these patients.

Most participants in this study who had hypertension were on
antihypertensive treatment. Although retinal vascular changes in
OSA have been shown to be independent of systemic blood
pressure, it is possible that stricter control of hypertension could
contribute to improvementof retinalarterialnarrowing.10,42Because
treatment of OSA is integral to blood pressure management inmost
patients, the beneficial effect of CPAP therapy vs antihypertensives
may be difficult to distinguish and warrants further investigation.

This study only used quantitative parameters to assess retinal
microvasculature, which avoided potential interobserver vari-
ability related to historic indicators of microvascular pathology
such as arterio-venous nicking and focal arteriolar narrowing.

VesselMap2, the software used for the static vessel analysis,
provides a semiautomated method used for assessing vessel
caliber where measurement location is the only factor at the
discretion of the examiner. It has showngood repeatability,with
an intergrader reliability κ of 0.85 and 0.90 and an intragrader κ
of 0.80 and 0.93 for arteries and veins, respectively.43 This study
is the first to report on changes to retinal vascular pulsatility in a
longitudinal fashion. The dynamic vessel analyzer is an in-
strument with high reproducibility of measurements, with an
intraclass correlation κ of 0.98 for both arteries and veins.44

CONCLUSIONS

In this study, we found evidence of progressive retinal arterial
narrowing and a decreased arterio-venous ratio in patients with
untreated OSA. These changes were stabilized or partially re-
versed with CPAP therapy in those with severe OSA. Changes
in retinal vessel pulsatility are likely to be a dynamic process and
may not be evident during daytime testing conditions. Quan-
titative changes to retinal vasculature could be a surrogate in-
dicator of systemic cardiovascular risk in patients with OSA,
and reversibility of these changes with CPAP therapy could
represent a decrease in overall risk.

ABBREVIATIONS

AHI, apnea-hypopnea index
AVR, arterio-venous ratio
BMI, body mass index

Table 3—Results of vessel pulsation analysis.

Baseline Follow-Up
P

Mean 95% CI Mean 95% CI

SRAP

Controls 5.00 3.67–6.33 5.01 4.16–5.86 .970

Mild-moderate

.981CPAP 4.08 3.30–4.87 4.02 3.43–4.61

Non-CPAP 3.99 3.56–4.41 3.93 3.61–4.25

Severe

.878CPAP 3.52 3.09–3.96 3.77 3.28–4.26

Non-CPAP 3.52 3.08–3.95 3.33 2.84–3.81

SRVP

Controls 5.17 3.76–6.58 5.22 3.89–6.55 .898

Mild-moderate

.628CPAP 5.04 3.83–6.24 5.10 4.36–5.83

Non-CPAP 4.42 3.77–5.08 4.75 4.35–5.15

Severe

.788CPAP 4.52 3.79–5.25 4.62 4.04–5.20

Non-CPAP 4.41 3.68–5.14 4.65 4.07–5.22

Two-way mixed analysis of variance model comparing the effect of CPAP vs no CPAP on spontaneous retinal arterial and venous pulsation amplitudes.
Values not adjusted for confounding factors. All results in micrometers. CI = confidence interval, CPAP = continuous positive airway pressure, SRAP =
spontaneous retinal artery pulsation, SRVP = spontaneous retinal venous pulsation.
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CI, confidence interval
CPAP, continuous positive airway pressure
CRAE, central retinal arterial equivalent
CRVE, central retinal venous equivalent
OSA, obstructive sleep apnea
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