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FROM THE EDITOR

Welcome to our Spring Issue. Variety in articles is the key to keeping our publication well balanced and up to date. It
also reflects our varied readership, which includes screener/graders, medical photographers, ophthalmologists,

optometrists, diabetes specialists just to name a few. So whatever is your background we hope there is something in this

issue that will interest you.

The topic of Obstructive Sleep Apnoea has been widely discussed for some time, but not much in relation to progression of Diabetic Retinopathy in our
positive group of patients. Knowing that the patient has an OSA could be a valuable piece of information to those who manage and treat Diabetic Eye
Disease. Study by Abd Tahrani and Paul Dodson from Heartlands Hospital in Birmingham examines this modifiable risk factor.

Continuing our series about retinal occlusions we will this time explore Artery Occlusions. What are the risk factors, treatments and management. As it
is a predictor of cardiovascular problem, what questions should be asked during the Eye Screening Examination? Find out in our article on Other
Lesions by Dr Alex Wright and Professor Paul Dodson.

Most of us know that Diabetes is more prevalent in Black, Asian and Minority Ethnic Communities. Diabetes UK's innovative ways of engaging with this
group of patients can provide more awarness, support and interaction where it's mostly needed. Perhaps you can get involved as a health professional
and become part of the Insight Advisory Group. Dr Susan Aldridge, the editor of Diabetes Update, will share with us how in the article from Diabetes
UK.

Education plays a big role in our professional career and City & Guilds in DRS was the starting and finishing point for majority of screener/graders.

Read about the plans proposed by BARS to introduce a new advanced qualification, which could aid much needed career progression.

All this and more in the 8th Issue of DEJ. Happy reading!
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1. Introduction

Diabetic retinopathy (DR) is common; it affects about half the patients with diabetes and is a leading cause of blindness in the Western world and
results in significant morbidity and economic burden.(":2 DR has multiple risk factors including older age, hyperglycaemia, hypertension, diabetes
duration, dyslipidaemia and genetic factors.(:3) Hyperglycaemia, in conjunction with other risk factors such as hypertension and hyperlipidaemia, result
in increased inflammation, oxidative stress, and the activation of multiple pathways (such the polyol pathway, advanced glycation end-products, protein
kinase C.etc). These lead to microvascular changes resulting in increased vascular permeability (leading to macular oedema) or ischaemia (leading to
neovascularisation due increased vascular endothelial growth factor (VEGF)).(*4) Despite improvements in the control of hyperglycaemia, hypertension
and hyperlipidaemia, DR remains very common,®) and a significant proportion of DR progresses to sight-threatening diabetic retinopathy (STDR).
(WHence, it is important to further our understanding of the pathogenesis of DR in order to aid the screening strategy and identify new treatment targets
to develop new treatment.

In this brief article, we will review the relationship between DR and obstructive sleep apnoea (OSA), a potentially newly recognised treatable risk factor
for DR.

2. OSA overview

OSA is a common medical disorder that affects 17-26% of men and 9-28% of women.® |t is characterised by upper airway instability during sleep
resulting in recurrent episodes of complete or partial upper airway obstruction leading to recurrent episodes of either complete (apnoea) or partial
(hypopnea) cessation of airflow.(") These apnoea’s and hypopneas are usually associated with recurrent oxygen desaturations, and cyclical changes in
intra-thoracic pressure (due to the patient breathing against a blocked airway), blood pressure (BP), heart rate and sympathetic activity.(”) The
apnoea/hypopnea episodes are usually terminated by micro-arousals from sleep (due to attempts to open the obstructed airways) which result in the
upper airway muscles to regain its power that was lost during deep sleep and hence re-opening the blocked airway. These micro-arousals result in
sleep fragmentation disrupting the sleep architecture and causing the reduction in slow wave sleep and rapid eye movement sleep which in apart

contribute to the excessive daytime sleepiness observed in patients with OSA.()
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The presence of OSA is defined based on the AHI (Apnoea hypopnea index), which is the average number apnoea and hypopnea episodes/hour
during sleep. An AHI 2 5 events/hour is consistent with the diagnosis of OSA,78) while AHI cut offs of 15 and 30 indicate moderate and severe OSA.¢
Another commonly used OSA metric is the oxygen desaturation index (ODI), which is the average number of 4% oxygen desaturations per hour of
sleep; similar cut offs to AHI are used to define OSA severity based on ODI.

The diagnosis of OSA can be made using several methods. The gold standard is polysomnography that typically includes the recording of 12 channels
such as EEG, electrooculogram (EOG), electromyogram (EMG), oro-nasal airflow, chest wall effort, abdominal effort, body position, snore microphone,
ECG, and oxygen saturation.” The main disadvantages of polysomnography are that it is time consuming, resourceful, expensive and requires a
hospital stay overnight (which might result in disturbed sleep due to the first night effect). Portable home-based respiratory devices are another
alternative that is widely used in clinical practice and research (figure 1).() These devices are usually small, portable and record enough signals
(typical oxygen saturations, heart rate, chest and/or abdominal movements and oro-nasal airflow) to make the diagnosis of OSA. An example of trace
from such devices can be found in figure 2. The main advantages are that they are less resourceful and the patients will sleep in their own
environment but they are associated with higher failure/loss of lead rate compared to polysomnography.() Pulse oximetry has been used to diagnose
OSA based on measuring the oxygen saturations; however, it cannot differentiate between obstructive and central apnoea’s and it has a wide range of
sensitivity (31-98%) and specificity (41-100%).") The American Academy of Sleep Medicine (AASM) recommends to use a level Ill device (such as the

portable respiratory devices described above) as a minimum.(

figure 1: Examples of available portable devices that can be given to the patients to operate and home which allows the diagnosis of sleep apnoea

without the need for hospital admission.

The devices from left to right:
WatchPAT from Itamar Medical,
ApnealLink Air from Resmed and

Alice PDX from Philips Respironics.

figure 2: AN example of the trace that can be obtained by portable cardiorespiratory device for home-based sleep apnoea diagnosis. Apnoea's (red),
hypopneas (pink) and desaturation's (green) in a patient with OSA and Type 2 diabetes. Note the presence of thoracic and abdominal movements

indicating the presence of obstructive rather than central sleep apnoea and the patient in the supine position. This trace represents 10minutes only.

Snoring is the most common symptom of OSA occurring in 95% of

patients.(”) Snoring, however, has a poor predictive value due to the high
prevalence of snorers many of whom don’t have OSA.(") Nonetheless,

spz

lack of snoring almost rules out OSA since only 6% of OSA patients (or

VP [ S ey iy iy I [ their partners) so not report snoring.(”’ Witnessed apnoea’s are another

A AR S 3 hApd

. ,T ALA 2 important symptom that are usually reported by the partner. However,

BN B R BN L BILE. BR.]

witnessed apnoea’s do not correlate with disease severity and up to 6%

T T =

 — - = of the “normal” population could have witnessed apnoea’s without OSA.("

Excessive daytime sleepiness (EDS) is associated with OSA, but EDS is also associated with depression and the metabolic syndrome even in the
absence of OSA.(7:19 Other symptoms include choking (which represent a proper rather than a micro arousal), insomnia, nocturia, sweating, fatigue,
morning headache, erectile dysfunction and autonomic symptoms.(:') Many of these symptoms are also common in patients with T2D and can result
from hyper and/or hypo glycaemia; hence, OSA should only be considered as a cause of such symptoms after ruling out hypo or hyper glycaemia as

treatment of OSA per se can improve these symptoms.
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Obesity is a common and major risk factor for OSA but not all patients with OSA are obese.('2 In the Wisconsin sleep study, each increase in BMI by
one standard deviation, resulted in a 4-fold increase in OSA prevalence.(®) In addition, weight gain results in the development of OSA or worsening of
pre-existing OSA.(1415) Obesity can contribute to the development or worsening of OSA by altering normal upper airway mechanics during sleep. This is
by increasing Para pharyngeal fat deposition which result in a smaller upper airway and by altering the neural compensatory mechanisms that maintain
airway patency resulting in more collapsible upper airways.(1®) Obesity also reduces the functional residual capacity in the lungs and affect the chemo
sensitivity to 02 and CO2, resulting in reduction in ventilator drive and making the upper airways more prone to collapse.('®) Other risk factors of OSA

include older age, male gender, current smoking, excess alcohol intake and genetic factors.®:12) OSA risk factors are summarised in table 1.

table 1: OSA risk factors

Obesity Alcohol Nasal congestion
Age Smoking Enlarged tonsils
Being male Family history Large neck circumference

Endocrine disorders
Ethnicity (Afro Caribbean) (Diabetes, hypothyroidism, Recessed chin
acromegaly)

Weight loss (either via life style intervention, pharmacotherapy, or bariatric surgery) and continuous positive airway pressure (CPAP) are the mainstay

treatments of OSA.(® Mandibular advancement devices can also be used in patients with mild OSA or those intolerant to CPAP.

3. OSA and Diabetes Mellitus

As obesity is a common risk factor for OSA and T2D, it is not surprising that OSA is very common in patients with T2D.('”) The prevalence of OSA in
patients with T2D varies from 8.5% to 85%.('7-2%) This wide range reflects differences in the population examined (e.g. primary vs. secondary care,
ethnicities, gender, and obesity), the methods used to diagnose OSA (patients' records, questionnaires, oximetry, portable multi-channel cardiovascular
monitoring devices or “gold standard” polysomnography) and the OSA definitions used (AHI vs. ODI, different cut-offs) 7). Due to this high
prevalence, the International Diabetes Federation (IDF) recommended routine screening for OSA in patients with T2D in 2008; 4 but this is still not

being performed in real clinical practice.@

3.1. OSA and dysglycaemia

In patients with T2D, OSA is associated with increased insulin resistance and impaired B-cell function.(26-30) Hence, it is not surprising that OSA is
associated with hyperglycaemia and worse glycaemic control in patients with T2D despite adjustments for confounding factors in cross-sectional
studies.®1-34) The impact of OSA on HbA1c varied 0.7 to 3.69% due to differences in OSA severity and the populations examined.(536) |t seems that the
apnoea and hypopnea episodes that occur during Rapid Eye Movement (REM) sleep have greater impact on HbA1c compared to apnoea hypopnea
episodes that occurred at other sleep stages.(®”) However, the impact of CPAP treatment on glycaemic control and HbA1c in patients with T2D remains

controversial with some studies showing benefits and others showing no impact.

3.2. OSA and Cardiovascular disease

Many studies have shown that the known risk factors for cardiovascular disease are affected by OSA. OSA is associated with hypertension and non-
dipping BP.(:38-40) Mild and moderate OSA increased the risk of incident nocturnal non-dipping BP by 3-fold and 4-fold over 7 years compared to those
without OSA.4" A large, cross-sectional study showed that OSA was more prevalent in T2D patients with awake BP 2135/85 mmHg or asleep BP

2120/70 mmHg, compared with lower BP.#2)
A meta-analysis of 64 studies showed that OSA was associated with adverse lipid profile such as higher total cholesterol, higher LDL, higher

triglycerides and lower HDL, while AHI correlated positively with triglycerides and negatively with HDL levels only.3) Several studies have also shown
that OSA was associated with atherosclerosis and hence cardiovascular disease (4445 such as an increased risk of acute myocardial infarction
overnight.6) Prospective observational studies (3—10 years of follow-up) showed that OSA predicts the development of incident cardiovascular
disease.“7-52)

The Look AHEAD study of patients with T2D has shown as association between the AHI and self-reported history of stroke (adjusted OR 2.57, 95% ClI
1.03-6.42), but not with coronary artery disease in a cross-sectional analysis.®3 In another study of 132 consecutive patients with T2D and normal
exercise echocardiography at baseline after a median of 4.9 years follow up, OSA was associated with an increased risk of incident coronary artery
disease (adjusted HR 2.2, 95% CI 1.2-3.9, p = 0.01) and heart failure (adjusted HR 3.5, 95% CI 1.4-9.0, p <0.01).65%
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4. OSA and diabetic retinopathy

As discussed above, OSA is associated with hyperglycaemia, hypertension, hyperlipidaemia, obesity and cardiovascular disease, all of which are risk
factors for DR. In addition, our group and others have shown that OSA is associated with increased oxidative stress, inflammation, protein kinase C
activation, increase advanced glycation end-product, and many other molecular pathways that are involved in the pathogenesis of DR.(%:17:39:55:56) Hence
it is not surprising that many investigators have hypothesised that OSA might be associated with DR. In addition, retinal abnormalities have been
described in patients with OSA who do not have diabetes, these include: retinal arteriolar narrowing and venular widening or branch retinal vein

occlusion.(5:58)

4.1 OSA and DR in patients with T2D

Several studies examine the relationship between OSA and DR in patients with T2D, but all these studies but one were cross-sectional in nature which
means that they describe associations and causation cannot be proven. Indeed, the studies vary considerably in terms of OSA and DR assessments
and the populations included, which makes it difficult to confirm a consistent picture. In addition, while some studies focused on DR in general others

have focused on more advanced disease such as pre-proliferative or proliferative DR or sight threatening retinopathy (STR).

In a study of 195 patients with clinically significant diabetes macular oedema, 54% had an oxygen desaturation index = 10, and 31% had an AHI = 15
(based on portable home sleep study). This suggests a high prevalence of OSA in patients with macular oedema; however, the relationship between the

OSA severity and macular thickness (based on OCT) was not significant.(59)

In a large multi-centre cross-sectional study that included 880 hospitalised patients with T2D from 12 hospitals in China; OSA was assessed using
overnight portable monitor and DR was assessed using the medical records. The lowest nocturnal oxygen saturation was associated with proliferative
DR but this association was lost following adjustment for multiple confounders.®® This study had limitations of population selection bias and unreliable

method of assessing retinal status.

In a recent small cross-sectional study from Tunisia, 20 patients with T2D and OSA were age and diabetes duration matched to 40 patients with T2D
but without OSA.(¢") The assessment of DR in this study was based on ophthalmic examination.®") The study participants had mean age of 59 years,
diabetes duration of 10 years and poor glycaemic control with average HbA1c of 10%.6") The prevalence of DR was greater in the OSA group vs.
those without OSA (55% vs. 15%, P=0.03).6") Non-proliferative DR (35% vs. 7.5%, p= 0.03) and proliferative DR (20% vs. 7.5%, p=0.042) were more
common in the OSA group vs no OSA.®") In addition, macular oedema was also more common in patients with OSA compared to those without (20%

vs. 5%, p=0.04).6") However, this study has limitations of a small number of patients and poor glycaemic control.

In a larger cross-sectional study of a 136 patients with T2D who underwent a sleep test and DR status determined by indirect ophthalmoscope or retinal
photographs; 37 patients had DR and following adjusting for confounding variables, nadir nocturnal oxygen saturation was associated with the presence

of DR.(62) Again this study included a small number of patients and is likely to have a selection bias.

Studies of more advanced disease have been undertaken in Japanese patients undergoing vitreous surgery for advanced diabetic retinopathy (DR),
lower oxygen saturations were associated with proliferative DR after adjustment for age, HbA1c and hypertension.®® The investigators found that the
oxygen desaturation index was associated with iris or angle neovascularisation in patients with proliferative DR.64) In a further study by the same group
included 124 consecutive patients who had polysomnography ©% and OCT measurement of the peripapillary retinal nerve fibre layer (RNFL), foveal
thickness, and total macular volume. The AHI correlated significantly and negatively with the nasal RNFL thickness (right eye, r = -0.31, p = 0.0004; left

eye, r =-0.39, p < 0.0001), while there was no relationship between the AHI and the foveal thickness and total macular volume. (%

In a study from primary and secondary care in the UK, 198 men had retinal photographs and overnight oximetry.(®) The prevalence of OSA in this
population was 24%.(5) Multiple regression analysis showed that OSA was associated with DR and maculopathy after adjusting for age, BMI, diabetes

duration and hypertension in men with T2D.(6)

4.2. OSA treatment and DR and the impact of OSA on DR treatment in patients with Type 2 diabetes

In an uncontrolled, hypothesis generating study, CPAP treatment for 6 months was associated with improvement in visual acuity without an impact on
macular oedemal/thickness. This suggests improved functionality rather than actual change in the oedema.®”)

One interesting study in diabetic macular oedema and age-related macular degeneration showed that a poor response to anti-VEGF therapy with
bevacizumab (Avastin) was associated with higher prevalence of OSA;®©8 whether treating OSA would improve the response to treatment is currently

unknown.
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Similar to the previous studies, a UK study has reaffirmed that patients with OSA were 3-4 times more likely to have sight threatening DR, pre-
proliferative/proliferative DR or maculopathy after adjustment for a wide range of confounders including gender and ethnicity.®® In addition, in a
longitudinal follow up of this study patients with OSA were more likely to develop pre-proliferative/proliferative DR (adjusted OR 6.6, 95% CI, 1.2-35.1,
p=0.03); and patients who were compliant with CPAP treatment had lower progression to pre-proliferative/proliferative DR compared to non-complaint

patients.®9 These important observations on the long term effects of OSA and the impact of OSA treatment on DR and its treatment are still unclear.

4.3. OSA and DR in patients with T1D

Data in patients with T1D are very limited; mainly because the relationship between OSA and T2D attracted much more attention as obesity is a
common risk factor for both conditions.

In a cross-sectional study of 67 patients with T1D (BMI of 25.8 + 4.7 kg/m2), OSA (diagnosed by polysomnography and defined as AHI > 10) was
common (46%) with 19% of patients having severe OSA (AHI > 30/h). Patients with T1D with and without OSA had similar age, sex, BMI, HbA1c and
the Epworth sleepiness scale (as a marker of excessive daytime sleepiness). OSA was associated with DR (based on medical records) following
adjustment for confounders (OR 4.54; 95% Cl, 1.09-18.82; P=0.04).(79 It is important to note that the OSA prevalence was high in this study population
despite that the study population was not obese, which suggests other possible mechanisms for OSA other than obesity; this is supported further by the
fact that there was no difference in BMI between those who had OSA and those who did not. In another small study of 37 patients in which OSA
diagnosis was based on oximetry, DR was more common in patients with OSA (73% vs. 23%) but there was no adjustment for DR risk factors in this

analysis.(")

Summary and conclusions

OSA is very common in patients with T2D and more recent studies suggest that OSA is also common in patients with T1D. Several studies in patients
with T2D and T1D showed a high prevalence of OSA in patients with DR (including maculopathy), but whether OSA causes DR/maculopathy or result in
worsening DR remains unclear. Cross-sectional studies have shown conflicting results regarding the association between OSA and DR but the
consensus is that OSA was associated with more advanced DR (such as pre-proliferative and proliferative DR and maculopathy). The pilot study that

showed improved visual acuity in patients with diabetic maculopathy following CPAP might also suggest causation if proven in ongoing RCT.

Taking into consideration that studies in non-diabetic patients with OSA did not show retinal changes similar to DR in patients with OSA and diabetes; it
seems reasonable to postulate that the presence of hyperglycaemia and diabetes is essential for the development of DR but OSA might worsen the DR
resulting into a quicker progression towards STDR. Hence, studies that examined DR without focussing on its severity found conflicting results as
having OSA may not result in the development of background DR but might quicken the progression to more advanced disease. Future carefully

designed RCTs should answer the crucial question of the relationship between OSA and DR and the impact of OSA on DR progression.

However, due to the proven high prevalence of OSA in patients with DR and STDR it is imperative that these patients are screened for OSA, which is
also associated with several comorbidities other than DR, many of which might respond to treatment with CPAP even if the impact of CPAP on DR is
unclear as yet. How to screen for OSA is a matter of resources and expertise but simple questions regarding snoring, tiredness, sleepiness, witness
apnoea’s and nocturia might identify many individuals. There are several validated questionnaires that can also be used and in more advanced
settings, portable devices can be used to perform home-based sleep studies.

We suspect that the recognition and importance of OSA as a clinical entity need to be highlighted to clinicians and staff involved in the ophthalmological

care of patients with DR.
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