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Abstract

Diabetic retinopathy is a vision-threatening complication of diabetes and a leading cause of
blindness globally. Complications are a major burden to the healthcare system. This study was
carried out to evaluate the real-world treatment outcomes of proliferative diabetic retinopathy
(PDR) and diabetic macular edema (DME).

The first study (I) included 103 patients with type 1 (T1D) or type 2 diabetes and PDR with
vitreous hemorrhage (VH). Intravitreal anti-vascular endothelial growth factor (anti-VEGF) agent
bevacizumab showed superiority to panretinal photocoagulation, pars plana vitrectomy and
observation alone in shortening the time for clearance of VH (p<0.0001). An average of 1.7+1.1
injections were needed to clear the VH, and the reinjection interval was 7.2+3.9 weeks. In
addition, during the 5-year period, patients had 2.2+2.7 VH recurrences and the number of
vitrectomies decreased 72% (p<0.0001).

To evaluate functional vision and health-related quality of life (HRQoL) after 35-year duration
of T1D, 29 patients with PDR from the population-based cohort with T1D since childhood were
re-evaluated in 2019 (II). The visual acuity was 73—77 ETDRS letters and only two patients were
visually impaired. Visual field sensitivity and reaction time were impaired in patients with PDR
compared to healthy controls, (23.2+3.9 dB vs. 26.9+£1.0 dB, and 14.9+5.6 dB vs. 21.0+2.0 dB,
respectively, p<0.001). However, contrast sensitivity was not significantly affected (490.5 ms vs.
462.8 ms, p=0.004). HRQoL remained good despite declined functional vision.

The third study (III) consisted of a population-based cohort of 206 patients diagnosed with T1D
and DME. Anti-VEGF or a combination of anti-VEGF and laser seemed to be beneficial in terms
of visual gain after the initial episode of DME (+4.9 and +5.5 ETDRS letters, p<0.001 and
p<0.001, respectively) and long-term treatment stability (+4.1 and +5.1 ETDRS letters, p<0.001
and p<0.001, respectively). The visual impairment due to DME decreased from 2.4% to 1.0%
during the 15-year period.

In conclusion, these results underline the importance of timely and effective treatment of PDR
and DME in preventing visual impairment in patients with diabetes. Furthermore, modern
treatment of DR with intravitreal anti-VEGF agents has revealed promising results in real-life
setting and greatly improved the visual prognosis in patients with diabetes.

Keywords: diabetes, diabetic macular edema, diabetic retinopathy, proliferative diabetic
retinopathy, vitreous hemorrhage
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Tiivistelmd

Diabeettinen retinopatia on diabeteksen yleisin komplikaatio ja yleinen sokeuden aiheuttaja
maailmanlaajuisesti. Nd6n heikentymisen ja nikovammautumisen ehkdisemiseksi diabeettisen
retinopatian tehokas hoito on tarpeen. Tamén tutkimuksen tavoitteena on lisdté tietoa prolifera-
tiivisen diabeettisen retinopatian (PDR) ja diabeettisen makulaturvotuksen hoitotuloksista
tosieldméassa.

Ensimmaisessi osatydssi (I) oli mukana 103 tyypin 1 (T1D) tai 2 diabetesta sairastavaa poti-
lasta, joilla oli PDR ja lasiaisverenvuoto. Ty0ssa selvitettiin lasiaisvuotojen esiintyvyytti ja hoi-
totuloksia. Lasiaisvuotoja esiintyi yleisemmin T1D:sta kuin T2D:sta sairastavilla (16 % vs. 9
%). Lasiaiseen annosteltava verisuonikasvutekijdestdjd bevasitsumabi osoittautui laserhoitoa,
lasiaisenpoistoleikkausta eli vitrektomiaa ja seurantaa tehokkaammaksi hoitomuodoksi lasiais-
vuodon kirkastamiseksi (p<0.0001).

Toisessa osatydssa (I1) tutkittiin diabeteksen 35 vuoden sairastamisajan ja PDR:n vaikutusta
potilaiden toiminnalliseen ndikdkykyyn ja eldménlaatuun. Tutkimusaineisto koostui lapsena
T1D:seen sairastuneiden kohortin PDR:aa sairastavista potilaista. Ndontarkkuus séilyi hyvéni ja
vain kahdelle potilaalle kehittyi nikovamma. Nékokyvyn herkkyys ja reaktioaika olivat alentu-
neita verrattuna terveisiin verrokkeihin. Kontrastindkd ei merkittdvasti muuttunut. Elaménlaatu
pysyi hyvéni, vaikka potilaiden toiminnallinen nékdkyky oli diabeteksen pitkén keston myoté
heikentynyt.

Kolmannessa osatydssa (I1I) selvitettiin diabeettisen makulaturvotuksen hoitotuloksia
T1D:sta sairastavilla potilailla vdestopohjaisessa aineistossa. Bevasitsumabi-kasvutekijdestdja-
hoitoa tai bevasitsumabin ja laserin yhdistelméahoitoa saaneiden potilaiden néko parani merkitté-
visti ensimmadisen turvotusjakson jélkeen ja hoidon teho sdilyi myos pitkdaikaisseurannassa.
Diabeettisen makulaturvotuksen aiheuttama niakévammautuminen véheni 15 vuoden seurannan
aikana.

Tamaén viitostutkimuksen osatdiden tulokset painottavat PDR:n ja diabeettisen makulaturvo-
tuksen oikea-aikaisen ja tehokkaan hoidon merkitystéd diabeteksen aiheuttaman nikévammautu-
misen ehkdisemisessé. Erityisesti diabetesta sairastavien ndkdennuste on kasvutekijdestajalaak-
keiden yleistyttyd huomattavasti parantunut.

Asiasanat:  diabeettinen makulaturvotus, diabeettinen retinopatia, diabetes,
lasiaisverenvuoto






When the reflection is seen under the influence of a dim
light, as that from a candle, or a few solar rays, a red
lurid glare, like that from a dull coal fire, is observed.

- William Cumming, On a luminous appearance of the human eye, 1846
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1 Introduction

Diabetic retinopathy (DR) is a vision-threatening complication of diabetes and a
potential source of vision loss in patients with poor glycemic control (Teo et al.,
2021; Yapanis et al., 2022). The incidence of diabetes is increasing and despite
modern treatments for hyperglycemia the incidence of DR is also rising (Teo et al.,
2021). With screening and effective treatment, severe visual loss is prevented and
less patients will be visually impaired than without treatment (ETDRS Research
Group, 1991a; Hautala et al., 2014; Klein et al., 2008).

In this study, the effects of DR regarding vision and treatment in the real-world
setting was studied. The aim was to evaluate how vitreous hemorrhage (VH) as a
complication of progressed proliferative diabetic retinopathy (PDR) is managed in
the real-world setting, and how treatment with intravitreal bevacizumab promotes
the clearance of VH (I). In the second study (II) our aim was to evaluate the
outcomes of functional vision including visual acuity, visual field sensitivity,
contrast sensitivity and reaction time, in addition to health-related quality of life
(HRQoL) in patients with type 1 diabetes (T1D) after 35 years and PDR. The final
aim was to evaluate how diabetic macular edema (DME) is treated in a population-
based, real-world setting in patients T1D, and how visual outcomes changed after
the first DME episode in relation to the long-term follow-up (I11).

Diabetes is a systemic disease, which means that its effects cover the whole
human body. Due to insulin resistance or insulin deficiency, the blood glucose level
rises, which in turn, is followed by the disruption of normal biochemical processes.
When the diabetic milieu sustains, complications in different organs will appear
(Romero-Aroca et al., 2009; The Diabetes Control and Complications Trial
Research Group [DCCT], 1993). One of the first complications can include retinal
microaneurysms that can be spotted in the biomicroscope examination by an
ophthalmologist. Eventually, even more severe ocular complications, or other
micro- and macrovascular complications develop (ETDRS Research Group, 1985;
Klein et al., 2008; Porta et al., 2001). The severity of these complications varies
from mild microaneurysms all way to chronic hyperglycemia, severe kidney failure
or even death.

The duration of diabetes and glycemic control are strongly associated with the
onset of DR and its severity (Klein et al., 1984a, 2008; UKPDS Group, 1998Db).
Vision-threatening diabetic retinopathy (VTDR) consists of severe non-
proliferative diabetic retinopathy, PDR, and DME. These stages of retinopathy DR
usually have the need for ophthalmic treatment in order to prevent vision loss.

17



Retinal laser treatment in combination with photocoagulation can be used to
decrease the retinal oxygen demand by permanently destroying mid or peripheral
retinal tissues or to photocoagulate individual microaneurysms to treat vascular
leakage causing macular edema (DRS Research Group, 1978; ETDRS Research
Group, 1991a).

The increased oxygen demand promotes the vascular endothelial growth factor
(VEGF) mediated hypoxia and thus exacerbates DR (Aiello et al., 1994). In patients
with changes caused by DME and in cases of advanced PDR, such as VH or
persistent neovascularization, anti-VEGF treatment with intravitreal injections of
bevacizumab, ranibizumab and aflibercept are often used (Avery et al., 2006; Ip et
al., 2015; Sameen et al., 2017). Treatment with anti-VEGF may also improve visual
outcomes and reduce the need for surgical intervention with pars plana vitrectomy
(PPV) (Fallico et al., 2021; Yates et al., 2021). Center-involved DME (CI-DME)
cannot be treated with focal photocoagulation if microaneurysms are within 500
pm of the fovea (ETDRS Research Group, 1985). If center of the macula is
involved, anti-VEGF injections may be used to decrease the leakage from
pathological vessels (Aiello et al., 2011; Brown et al., 2015; DRCR.net, 2015).

Multiple international and national guidelines have been established to help
assist in choosing evidence-based treatments (Finnish Medical Society Duodecim,
2014; Flaxel et al., 2020; Schmidt-Erfurth et al., 2017; Wong et al., 2018).
Guidelines are usually easily accessible, are based on clinical trials and selected
patient populations. However, the effect of these treatments in the general
population is not well known because of specific patient selection criteria in clinical
trials and frequent follow-ups. Our aim was to report real-world outcomes on how
intravitreal bevacizumab (IVB) improves the clearance of VH in patients with PDR
and how observation, macular laser and anti-VEGF in treatment of DME positively
effect visual outcomes in patients with T1D. This study provides information on
how effective treatment of PDR and DME in patients with T1D preserves vision
and prevents severe vision loss and visual impairment in a real-life setting.

18



2 Review of the literature

2.1 Diabetes as a disease

The word ‘diabetes’ comes from the Greek word diabainein (go through, dia; prefix,
through and bainein; verb, go on) providing us with the classical description of the
disease in question. In order to accomplish a more figurative impression of the term
diabetes, the word mellitus from Latin (mel, honey) was added to form the official
name, diabetes mellitus. However, diabetes mellitus is commonly referred to and
used by its shortened version, diabetes, worldwide.

The World Health Organization (WHO) classifies diabetes as a state of absolute
or relative insulin deficiency, characterized by hyperglycemia and the risk of
microvascular and macrovascular complications (World Health Organization
[WHO], 2019). In order to attain a clinical diagnosis of diabetes, a fasting plasma
glucose value, oral glucose tolerance test (OGTT) or glycated hemoglobin (HbAlc)
can be used. The diagnosis may be set if one of the following conditions is observed:

-~ Plasma fasting glucose is >7.0 mmol/L

-~ Plasma glucose is >11.1 after 2 hours of starting OGTT
- HbAI1c >48 mmol/mol

-~ Blood glucose at any time is >11.1 mmol/L.

A single test is adequate if a patient has characteristic symptoms, otherwise another
test is needed to confirm the diagnosis. Classical symptoms include an increased
sensation of thirst, polyuria, and unexplained loss of weight (WHO, 2011).

2.1.1 Epidemiology

In 2021 it was estimated that 537 million people suffered from diabetes, resulting
in a global prevalence of 11% (Sun et al., 2022). Furthermore, the statistical
prevalence is even more interesting: where type 2 diabetes (T2D) accounts for an
estimated 90-95% of all diabetes cases, type 1 diabetes only accounts for the
remaining 5-10% (Deshpande et al., 2008). It is also worthwhile to acknowledge
the rising number of new diabetes cases and the global trend which can be seen. It
has been estimated that as many as 780 million people will have diabetes in 2045
(Sun et al., 2022). Another concerning factor, in addition to rising amount of new
diabetes cases, is the fact that half of the people with diabetes are unaware of the
underlying disease (Saeedi et al., 2019; Whicher et al., 2020).
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In a study conducted by Lammi et al., a ten-year period between 1992 and 2001
was observed. It was shown that in Finland, the incidence of diabetes in young
adults is 18 per 100 000 for T1D and 13 per 100 000 for T2D during the 10-year
period between 1992 and 2001 (Lammi et al., 2008). A 4% yearly increase in the
incidence of diabetes was noted in both groups, thus being in line with the
increasing global trend (Lammi et al., 2008). In contrast to this, childhood
incidence of T1D is globally highest in Finland compared to other countries, being
52 per 100 000 in children under 15 years of age between 2003 and 2018, after
reaching the peak value in 2006 (Parviainen et al., 2020). Currently, the Finnish
Institute for Health and Welfare (THL) reports that almost 500 000 people have
diabetes in Finland, and T2D covers almost 90% of all cases (Arffman et al., 2020)
(Figure 1).

Patients with diabetes in Finland 2000-2017
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Fig. 1. Patients with either type 1 or 2 diabetes in Finland in 2000-2017 according to the
Finnish Institute for Health and Welfare (Arffman et al., 2020).

The International Diabetes Foundation estimated that in 2021 45%, cases of
diabetes were undiagnosed (Ogurtsova et al., 2022). Diabetes screening is therefore
needed to avoid long-term morbidity and reduce the economic burden to the
healthcare system (Gillies et al., 2008). In Finland, the Diabetes Risk Score tool is
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used in diabetes screening to identify possible diabetes in high-risk patients
(Lindstrom & Tuomilehto, 2003).

2.1.2 Type 1 diabetes

T1D usually starts at a young age during childhood but it can also be diagnosed
later during early adulthood. Impaired and insufficient insulin production
characterizes the pathophysiology of T1D which is caused by an autoinflammatory
destruction of B-cells in the pancreatic islets of Langerhans (Powers & Eisenbarth,
1985).

In the pancreas, B-cells produce proinsulin and before excretion to the blood
circulation, proteolytic cleavage breaks proinsulin to insulin and C-peptide. For
diagnostic purposes, to measure the insulin secretion and islet B-cell function, C-
peptide levels can be measured (Jones & Hattersley, 2013; Klein et al., 1995).

To aid the diagnosis, and sometimes in the screening process of T1D, markers
connected to the autoinflammatory process can be looked for. Glutamic acid
decarboxylase (GAD) antibodies are a sign of inflammation and linked to later
insulin deficiency (Baekkeskov et al., 1990). The lack of GAD antibodies can assist
in excluding the underlying autoinflammatory process behind diabetes (Pietropaolo
& Eisenbarth, 2001).

Positive GAD antibodies are more commonly seen in younger patients. The
use of GAD antibodies in diabetes diagnostics is recommended only to patients of
age 40 or under according to the Finnish Current Care Guidelines (Finnish Medical
Society Duodecim, 2018). However, if diabetes starts in adulthood and is not
insulin-dependent at first, but GAD antibodies are positive, it is a sign of latent
autoimmune diabetes in adults. These cases account only for 2—12% of all cases of
diabetes (Nambam et al., 2010). After a while, insulin deficiency appears, leading
to the disease being classified as a T1D subtype (Maruyama et al., 2011; Tuomi et
al., 2014).

If not treated, insulin deficiency causes secretion of counter-regulatory
hormones, and free fatty acids are released from the fat tissue. These fatty acids are
transformed to ketones in the liver, causing blood to become acidic, which in turn,
leads to a disturbance of the normal metabolic state. Eventually, ketoacidosis leads
to severe unconsciousness and death. Ketoacidosis is therefore a severe and acute
complication of insulin-dependent diabetes (Nyenwe & Kitabchi, 2016; Umpierrez
& Korytkowski, 2016). However, for some patients that are unaware of the
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underlying disease, ketoacidosis can be the first mark of diabetes and the diagnosis
can be made after the first episode of ketoacidosis (Mallare et al., 2003).

Genetics plays a role in both T1D and T2D pathogenesis, also family history
is a known risk factor (Hemminki et al., 2010a; B. Klein et al., 1996). Twin studies
further back up the underlying genetic background of T1D. It had been shown that
up to 43—65% of monozygotic twins are estimated to develop T1D if the other twin
has been diagnosed with T1D (Hyttinen et al., 2003; Redondo et al., 2008). Familial
diabetes accounts for 10% of all T1D (Hemminki et al., 2009) and history of first-
degree family member having T1D is associated with markedly an increased risk
for T1D (Weires et al., 2007). Also, T2D has a genetic contribution and patients
with first-degree family members diagnosed with T2D have a two-fold risk for
developing the disease themselves (Hemminki et al., 2010b; Weires et al., 2007).

Mutations in the human leukocyte antigen region (Ilonen et al., 2016) and some
single-nucleotide polymorphisms (Klinker et al., 2010) are associated with an
increased risk and onset of T1D. In Finland, one out of five patients with T1D are
known to have the high-risk human leukocyte genotype (Ilonen et al., 2016).
However, diabetes is a multifactorial and polygenic disease and environmental
factors mainly affect the onset of diabetes (Deshpande et al., 2008; Hivert et al.,
2011).

Although dietary habits are mainly involved in the onset of T2D due to insulin
resistance, it is important to consider the effect of environmental factors related to
the onset of T1D. Not all is known about the environmental factors and only a few
have been identified. For example, pollution, psychological factors, and viral
infections can play a role in the onset of diabetes (Eze et al., 2015; Hivert et al.,
2011; Prigge et al., 2022; Pyykkonen et al., 2011; Quinn et al., 2021). Furthermore,
the so-called hygiene hypothesis is a factor to be considered. Due to a more
sanitized living environment, different immune-mediated disorders have risen in
number, which in turn, can explain the increase of incidence of T1D (Bach &
Chatenoud, 2012; D’ Angeli et al., 2010).

2.1.3 Type 2 diabetes

Unlike T1D, which is usually diagnosed during childhood or early adulthood, and
characterized by impaired insulin secretion, T2D is often diagnosed in the aged
population. Moreover, in most cases, insulin secretion is normal at the beginning
of the disease (Beck-Nielsen & Groop, 1994; Kahn, 1997). Whereas insulin
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secretion might be normal or increased, the tissue sensitivity for insulin is decreased
leading to elevated blood glucose levels and hyperglycemia (WHO, 2011).

After long-term exposure to dietary sugars and constantly needed insulin
secretion, tissues become resistant to insulin. Lifestyle and dietary habits of patients,
have a role in the pathogenesis and overweight is the most important risk factor for
T2D, in addition to a sedentary lifestyle and inactivity (Sullivan et al., 2005).
Therefore, dietary changes are important in the prevention and treatment of type 2
disease (Tuomilehto et al., 2001). Obese patients with T2D experiencing weight
loss are known to have more beneficial glycemic control (Elsayed et al., 2023;
Lindstrom et al., 2013). Even remission of diabetes is possible, further emphasizing
the importance of proper weight control in patients with T2D (Elsayed et al., 2023).

When tissues become resistant to insulin, hyperglycemia continues, and the
pancreatic secretion of insulin is increased. Over a time, pancreatic islets will
gradually fail to produce more insulin resulting in insulin deficiency (Beck-Nielsen
& Groop, 1994; Kahn, 1997). Usually, after the diagnosis of T2D, patients receive
medication for insulin resistance in order to lower blood glucose levels (Kahn et
al., 2006a). However, in the later stage also insulin replacement therapy may be
needed to treat the underlying insulin deficiency (American Diabetes Association
Professional Practice Committee et al., 2021).

Monogenic manifestations of diabetes are also known and currently 14
different genes covering 1-6% of all cases of diabetes have been identified
(Delvecchio et al., 2020). These monogenic diabetic cases fall under the subtype
maturity-onset diabetes of the young (MODY) when the diagnosis is confirmed
with genetic testing. These patients are typically young (< 25 years) at the time of
diagnosis and have a lack of autoantibodies and have a family history of diabetes
which dates back several generations (Fajans & Bell, 2011). However, when
MODY is caused by the de novo -mutation, it can be diagnosed without any prior
family history (Fajans & Bell, 2011; Stanik et al., 2014).

These gene errors cause impaired insulin sensing and secretion, leading to
insulin deficiency which is treated accordingly (Delvecchio et al., 2020). A great
majority of all MODY cases are due to mutation in three genes, hepatocyte nuclear
factor-1-alpha (HNF1A), glucokinase (GCK) and hepatocyte nuclear factor-4-
alpha (HNF4A).

When compared to T1D, MODY can be treated with sulphonylureas to increase
insulin secretion (Fajans & Bell, 2011). In Finland, a mutation in the glucokinase
gene is the most common type of MODY; moreover, the prognosis is excellent, and
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no treatment is needed due to slightly increased, mainly unchanged fasting glucose
levels (Laakso, 2011).

A physiological increase in insulin resistance is observed during pregnancy. It
is caused by placental hormones and rising blood glucose levels are classified as
gestational diabetes mellitus (GDM) (Choudhury & Devi Rajeswari, 2021). The
global prevalence of GDM estimated up to 13% and a global rise in the prevalence
is estimated to stabilize as high as 16% at least in 2045 (Yuen et al., 2019). GDM
is diagnosed with the OGT test and diagnostic levels for blood glucose at 0, 1 and
2 hours are >5.3,>10.0 and >8.6 mmol/l respectively according to Finnish Current
Care Guidelines (Finnish Medical Society Duodecim, 2022).

2.2 Long-term effects of diabetes

2.2.1 Comorbidities and complications

At the onset of diabetes, hyperglycemia is present and at the very beginning of
diabetes, it can even be asymptomatic. However, without effective treatment,
hyperglycemia persists, and long-term complications will occur (DCCT 1993;
UKPDS Group, 1998a). These complications and comorbidities are the main
reason for diabetes caused burden for healthcare system and public expenditure
(Gillies et al., 2008).

Complications that follow diabetes are well known and cause increased
morbidity in patients diagnosed with diabetes. Microvascular complications affect
small blood vessels, which in turn, can cause retinopathy, nephropathy, and
neuropathy (DCCT, 1993). If this is not the case, macrovascular complications are
mainly due to cardiovascular disease (CVD) (Khaw et al., 2004; Kuusisto et al.,
1994). Major risk factors for diabetic complications include poor glycemic control
with chronic hyperglycemia and long duration of diabetes (Fiorentino et al., 2017;
Klein et al., 1988).

To prevent comorbidities, arterial hypertension and dyslipidemia should be
effectively treated (Baigent et al., 2010; Perk et al., 2012). Conjointly, changes in
lifestyle and dietary habits of the patient are necessary for adequate treatment of
T2D. In some cases, a healthier diet and increased mobility can work as a sole
treatment for hyperglycemia (Lean et al., 2018; Look AHEAD Research Group et
al., 2013). Weight loss in patients with T2D is associated with improved glycemic
control and may promote remission of diabetes (Elsayed et al., 2023; Lindstrom et
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al., 2013). Other risk factors should also be considered; smoking cessation is part
of the treatment of diabetes, not to mention the use of alcohol being addressed with
patients (Emanuele et al., 1998; Willi et al., 2007).

2.2.2 Diabetes and the kidney

Diabetic kidney disease (DKD) is a common complication to the extent that
approximately 20% of patients diagnosed with diabetes have nephropathy. Chronic
hyperglycemia results in tissue hypoxia and oxidative stress, causing fibrosis and
renal damage. Part of the pathophysiology is explained by the accumulation of
advanced glycation end-products (AGEs) (Fiorentino et al., 2017; Vallon &
Komers, 2011).

In a normoglycemic condition, no glucose or protein is secreted into the
patient’s urine. Due to nephropathy, microalbuminuria appears and can advance to
macroalbuminuria, eventually progressing to severe nephropathy. It is worthwhile
to acknowledge that DKD is not always progressive and with timely and effective
treatment, normoalbuminuria is possible to be achieved (de Boer et al., 2011).
Furthermore, kidney-protective medication for patients with diabetes is
recommended, angiotensin-converting enzyme (ACE) inhibitors, angiotensin-II-
receptor (ATR) blocker and sodium-glucose co-transporter 2 (SGLT2) inhibitors
have favorable outcomes in renal function (Arry et al., 2001; Zelniker et al., 2019).
DKD is a leading cause of end-stage kidney disease (ESKD) and approximately 50%
of cases are due to DKD (Vallon & Komers, 2011). Treatment consists of lifelong
dialysis; however, kidney transplantation is a valid treatment option despite limited
availability of donated kidneys (Oniscu et al., 2005).

2.2.3 Macrovascular complications of diabetes

CVDs are a group of conditions that affect heart or blood vessels anywhere in the
body. Common complications are myocardial infarction and cerebrovascular stroke
due to coronary arterial and cerebrovascular disease, respectively. These conditions
are important to recognize because of the increased morbidity in patients with
diabetes. Especially in T2D, CVDs are common and globally approximately 32%
of all patients with T2D have been diagnosed with CVD (Einarson et al., 2018). In
a recent Finnish study, Status of kidney disease in T2D and heart failure in Finnish
primary care, it was concluded that out of patients suffering from T2D whom were
being treated in primary care, over 60% had a very high risk for CVD (Metsérinne
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et al., 2022). Furthermore, patients with T1D are also at risk for CVDs, which
should be considered in the treatment of these patients (Cleary et al., 2005;
Harjutsalo et al., 2021).

In the prevention and treatment of CVDs, a multifactorial approach is needed.
The best risk reduction is achieved with intensive glycemic control, in addition to
treating other risk factors including arterial hypertension, dyslipidemia, and
smoking cessation (Kuusisto et al., 1994; Rawshani et al., 2018). For secondary
prevention, low-dose acetylsalicylic acid is recommended to prevent adverse
effects of CVDs and death (Baigent et al., 2002).

For the treatment of hyperglycemia, medication decreasing the risk of
cardiovascular complications is recommended. The golden standard for the
treatment is metformin, which decreases macrovascular complications and is also
safe to be used during pregnancy (Brand et al., 2022; Kahn et al., 2006b). To
decrease morbidity and mortality associated with CVDs, medications including
SGLT?2 inhibitors and the glucagon-like peptide 1 (GLP-1) receptor antagonists are
recommended (Kanie et al., 2021; Steiner, 2016).

2.2.4 Diabetes and the nervous system

When a patient suffers from diabetes, the nervous system is affected by chronic
hyperglycemia. Diabetic neuropathy is further divided into subgroups according to
the affected parts in the nervous system. Distal symmetric polyneuropathy has a
progressive nature and can affect peripheral sensations and eventually interfere
with walking. It is the most common type of diabetic neuropathy with a 30—-50%
prevalence among patients with diabetes (Dyck et al., 1993; Young et al., 1993).

Autonomic neuropathy causes complications in the autonomic nervous system.
Therefore gastroparesis, enteropathies and postural hypotension may occur (DCCT,
1998). Distal polyneuropathy and autonomic neuropathy cause damage to multiple
nerves, but in addition to this, diabetic neuropathy can appear as mononeuropathy,
affecting only an individual cranial or peripheral nerve (Dyck et al., 1993; DCCT,
1998).

Although neuropathies more commonly occur in the later stages of diabetes,
distal polyneuropathies can be one of the very first complications of diabetes in its
early stages. Frequently, the duration of diabetes and the level of hyperglycemia
works as a risk factor for diabetic neuropathies (Pirart, 1978; Young et al., 1993);
moreover, poorly treated arterial hypertension and dyslipidemia can affect the onset
of neuropathy (Dyck et al., 1993; Tesfaye et al., 2005).
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The pathophysiology of diabetic neuropathy is affected by hyperglycemia
induced activation of cellular metabolism, which in turn, leads to formation of
reactive oxygen species (ROS), consequently damaging neural cells (Callaghan et
al., 2012; Feldman et al., 2017). Multiple metabolic pathways are affected.
However, hyperglycemia is not solely responsible for the pathogenesis of
neuropathy (Feldman et al., 2017). The damage in diabetic neuropathy is
irreversible and causes excessive morbidity. Identifying patients with diabetic
neuropathies is crucial to prevent the progression of neuropathy (Callaghan et al.,
2012).

Diabetes is also associated with neurocognitive dysfunction, where the level of
hyperglycemia illustrates one of the risk factors (Kodl & Seaquist, 2008). Memory
problems decreased information processing and psychomotor deficiency are linked
with diabetic cognitive dysfunction alongside visuoconstruction (Kodl & Seaquist,
2008; Ryan et al., 2003; Wessels et al., 2007). A recent meta-analysis showed a
positive correlation between DR and cognitive dysfunction, with a conclusion that
the state of DR is one of the tools with which it is possible to identify patients with
potential cognitive dysfunction (Wu et al., 2022).

2.2.5 Diabetes and non-retinal ocular complications

Ocular motor nerve palsy

The extraocular muscles are responsible for the positioning and movement of the
eye. The innervation of these muscles is derived from the cranial nerves III, IV and
VI named oculomotorius, trochlear and abducens nerve, respectively. In addition,
the oculomotor nerve (III) innervates the levator palpebrae superioris muscle
responsible for the function of the upper eyelid and the pupillary sphincter
constricting the pupil (Kung & van Stavern, 2015).

Diabetic mononeuropathies can cause isolated cranial nerve palsy responsible
for the eye movements, upper eyelid and pupil constriction innervation. Clinical
features of isolated cranial nerve palsy may consist of diplopia, ptosis and pupillary
dysfunction, depending on the affected nerve (Brown et al., 1982; Watanabe et al.,
1990). In some cases, orbital pain may be present (Wilker et al., 2009).

The isolated cranial nerve palsy is due to microvascular ischemia and no
invasive treatment is needed. Arterial hypertension increases the risk of diabetic
mononeuropathy, giving emphasis on multifactorial treatment and prevention. The
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prognosis of a symptomatic isolated cranial nerve palsy is excellent and total
recovery can be expected, although recurrences may occur (Sanders et al., 2002).

Diabetic keratopathy

The cornea is responsible for ocular surface maintenance and works as a transparent
tissue with the required optical power necessary for visual function. As an avascular
tissue, corneal metabolism is dependent on the aqueous humor in the anterior
chamber and the exterior tear film. The prevalence of diabetic keratopathy is 47—
70% (Ljubimov, 2017; Manaviat et al., 2008; Schultz et al., 1981).

Hyperglycemia causes changes in the lacrimal gland due to neural damage, and
changes in the tear film and decreased tear secretion are often observed (Cousen et
al., 2007; Eissa et al., 2016). Hence, diabetes can cause severe dry eye disease
aggravated by a decreased blinking rate (Eissa et al., 2016).

In the diabetic milieu, the aqueous humour becomes hyperglycemic leading to
an abnormal metabolism and accumulation of ROSs and AGEs. These end products
cause the dysfunction of diabetic cornea, often leading to decreased corneal
sensitivity and impaired wound healing due to impaired epithelial function (Rogell,
1980; Yu et al., 2022). Delayed wound healing causes corneal neurotrophic ulcers
and persistent epithelial defects (Hyndiuk et al., 1977; Yu et al., 2022).

The treatment of diabetic keratopathy consists of traditional methods of eye
lubrication with artificial tears, infection prophylaxis in case of epithelial defects
with antibiotic drops, therapeutic contact lenses or temporary tarsorrhaphy (Yeung
& Dwarakanathan, 2021).

Diabetic changes in the lens

Tissues in the lens are not sensitive to insulin, hence, during hyperglycemia the
polyol pathway is activated. One of the symptoms of undiagnosed diabetes or poor
glycemic control is fluctuating vision. These transient refractive changes are
dependent on blood glucose levels (Lin et al., 2009; Mehdizadeh & Nowroozzadeh,
2010). After hyperglycemia passes, a hyperopic shift occurs and patients may
become symptomatic with transient blurry vision (Lin et al., 2009; Okamoto et al.,
2000).

Glucose is reduced to sorbitol by aldose reductase and the accumulation of
sorbitol causes osmotic damage and swelling (Bron et al., 1993). This is postulated
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in the pathophysiology of transient refractive changes and further diabetic cataract
due to breakage of lens fibers secondary to swelling (A. Y. W. Lee et al., 1995).

Patients with diabetes are at a higher risk for cataract, lens opacification and
deterioration of vision (Klein et al., 1985). Incidence for cortical cataract and
subcapsular cataract were 8.8% and 8.1%, respectively, in a 4-year follow-up
(Srinivasan et al., 2017). In another population-based prospective cohort study, the
overall incidence of nuclear cataract was 9% and diabetes increased the risk almost
2 times higher (Leske et al., 2002). The cumulative 10-year incidence of cataract
surgery was 8% and 25% in patients with T1D and T2D, respectively (Klein et al.,
1995). Cataract surgery is a common procedure with good postoperative visual
outcomes, although patients with diabetes have an increased risk for postoperative
macular edema (Baker et al., 2013).

Diabetic papillopathy

Anterior ischemic optic neuropathy (AION) involves the anterior part of the optic
nerve head and diabetes may appear as diabetic papillopathy (Barr et al., 1980;
Hayreh & Zahoruk, 1981). Both TID and T2D may predispose to diabetic
papillopathy, however, the level of glycemic control does not seem to play a role in
the pathogenesis nor does the duration of diabetes itself (Barr et al., 1980; Bayraktar
et al., 2002). Up to 3% of patients with diabetes have been estimated to be affected
by diabetic papillopathy (Hua et al., 2019).

Microvascular transient ischemia in the optic nerve head causes optic disc
edema and symptomatic vision loss (Hayreh & Vaphiades, 2002; Hayreh &
Zahoruk, 1981). Although optic disc edema may be bilateral, usually only one eye
is symptomatic. Visual acuity does not markedly change, and mild distortion of
vision may be present, albeit diabetic papillopathy may be an incidental finding
(Bayraktar et al., 2002; Ostri et al., 2010). In the visual field, small enlargement of
the blind spot and defects may be observed (Barr et al., 1980). In the case of
bilateral optic disc edema, papilledema due to increased intracranial pressure is to
be excluded by neuroimaging.

Spontaneous resolution of diabetic papillopathy occurs within several months
and the visual prognosis is affected by underlying DME and PDR (Ho et al., 1995;
Regillo et al., 1995). No large and high-quality studies are available considering
the treatment of diabetic papillopathy. Administration of steroid therapy may be
efficient, but the evidence is somewhat controversial (Al-Haddad et al., 2004;
Hayreh & Zimmerman, 2007). After the resolution of diabetic papillopathy, mild
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pallor of the optic disc may be present without significant papillary atrophy (Barr
et al.,, 1980; Hayreh & Zahoruk, 1981). A schematic overview of diabetic ocular
complications is presented in Figure 2 below.

RETINOPATHY
CATARACT

KERATOPATHY

PAPILLOPATHY

Fig. 2. Ocular complications observed in patients diagnosed with diabetes. In addition,
extra-ocular muscles are affected by diabetes (not shown in the picture) (Modified with
permission © 2023 The Finnish Medical Society Duodecim and Duodecim Publishing
Company.
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3 Diabetic retinopathy

3.1 Epidemiology

In 2021, 537 million people were estimated to have diabetes (Sun et al., 2022) and
a recent meta-analysis concluded that over one out of five (22%) patients with
diabetes had DR in 2020. The population with DR is increasing mainly due to
growing number of patients with diabetes (Teo et al., 2021).

3.1.1 Prevalence and progression of diabetic retinopathy

Globally the prevalence of DR varies, being highest in Africa (36%), and lowest in
South and Central America (13%) (Teo et al., 2021). Previous studies have reported
a 29% prevalence for DR in the United States (Zhang et al., 2010) and a 19-26%
prevalence in Europe (Li et al., 2020; Teo et al. 2021).

The prevalence of DR is higher among patients with T1D (54-77%) than in
patients with T2D (25-52%) (Li et al., 2020; Yau et al., 2012) and the duration of
diabetes significantly increases the prevalence of DR up to 94-98% in patients with
T1D (Hautala et al., 2014; Klein et al., 1984a).

Patients with diabetes have a 4% prevalence for DME globally (Teo et al., 2021)
and the prevalence with T1D patients is estimated to be 11-18% depending on age
(Warwick et al., 2017). However, the prevalence of DME was 27% in patients with
T2D (Romero-Aroca et al., 2009).

According to the Wisconsin epidemiologic study of DR (WESDR), the
prevalence of DR varied depending on the age of the patients (Klein et al., 1984b,
1984a). Prevalence rates are summarized in Table 1. In a Finnish population-based
study of patients with T1D under 17 years of age by Kubin et al, the prevalence
was 87% and 13% for no DR and for mild DR, respectively (Kubin et al., 2011). In
another Finnish study, the Oulu cohort study of DR, after more than 17 years of
T1D at the age of 22-35, the prevalence was 6%, 17%, 30%, 11% and 38% for no
retinopathy, mild, moderate, or severe non-PDR and PDR, respectively (Hautala et
al., 2014).
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Table 1. The prevalence of diabetic retinopathy according to the severity of diabetic
retinopathy and age at onset of diabetes in the Wisconsin Epidemiologic study in
diabetic retinopathy (Klein et al., 1984a, 1984b).

Severity Prevalence (%)
Under 30 years' Over 30 years?
Treated with insulin Treated without
insulin

No retinopathy 29 38 64
Non-proliferative
diabetic retinopathy

Mild 18 17 18

Moderate 12 13

Severe 17 21
Proliferative diabetic 23 11
retinopathy

" Klein, R., Klein, B. E. K., Moss, S. E., Davis, M. D., & Demets, D. L. (1984a). The Wisconsin
Epidemiologic Study of Diabetic Retinopathy: Il. Prevalence and Risk of Diabetic Retinopathy When Age
at Diagnosis Is Less Than 30 Years. Archives of Ophthalmology, 102(4), 520-526.

2 Klein, R., Klein, B. E. K., Moss, S. E., Davis, M. D., & Demets, D. L. (1984b). The Wisconsin
Epidemiologic Study of Diabetic Retinopathy: Ill. Prevalence and Risk of Diabetic Retinopathy When Age
at Diagnosis Is 30 or More Years. Archives of Ophthalmology, 102(4), 527-532.

DR has a progressive nature over time, when the duration of diabetes increases,
although improvement may occur (Klein et al., 2008). The risk of progression to
PDR after one year is 5%, 12-27% and 52% for mild, moderate, and severe non-
PDR, respectively (Aiello, 2003).

3.1.2 Risk factors

To measure the glycemic control, glycated hemoglobin (HbAlc) is obtained.
HbA 1c level of 48 mmol/mol is used to diagnose diabetes (WHO, 2011) and good
glycemic control for prevention of DR is lower than 53 mmol/mol near the
euglycemia according to Finnish Medical Society Duodecim Current Care
Guidelines (Finnish Medical Society Duodecim, 2020).

Since glycemic control is a modifiable risk factor that can be affected by
adequate treatment, it is important to provide emphasis on the treatment of diabetes
to achieve satisfactory glycemic control (Hautala et al., 2014; DCCT, 1993;
UKPDS Group, 1998a; Zhang et al., 2001).
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It is worthwhile to recognize that the duration of diabetes has a great impact on
DR and should be considered as one of the primary risk factors (Klein et al., 1984b;
Zhang et al., 2001; Zhang et al., 2010). Furthermore, patients that have had the
diagnosis of diabetes before puberty, have also an increased risk of DR (Olsen et
al., 2004; Porta et al., 2001) (Table 2).

Table 2. Risk factors for development and progression of diabetic retinopathy.

Modifiable risk factors Non-modifiable risk factors

Glycemic control Duration of diabetes

Arterial hypertension Onset of diabetes before puberty

Dyslipidemia Low levels of C-peptide secretion

Abdominal obesity (waist-to-hip ratio) Other microvascular complications (nephropathy,
neuropathy)

Obstructive sleep apnea Pregnancy

Other modifiable risk factors including arterial hypertension and dyslipidemia
should be treated accordingly, keeping in mind the comorbidities and
macrovascular complications (Chung et al., 2017; Klein et al., 1984b; Zhang et al.,
2010). In the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Eye
Study the treatment of arterial hypertension did not influence DR progression but
treatment of dyslipidemia with fenofibrate had favorable outcomes (Chew et al.,
2014). In addition, abdominal obesity with a higher waist-to-hip ratio is linked to
progression of DR to PDR (Porta et al., 2001; van Leiden et al., 2003) rather than
just the body mass index (BMI) (Klein et al., 1984b; van Leiden et al., 2003).
Non-modifiable risk factors include other microvascular complications of
diabetes besides retinopathy. Nephropathy (de Boer et al., 2011; Klein et al., 1984b)
and neuropathy (Li et al., 2020) have been proven to be additional independent risk
factors of DR. Furthermore, diabetes during pregnancy can exacerbate DR (Finnish
Medical Society Duodecim, 2022). The progression of DR during pregnancy is
associated with the baseline DR severity at the time of conception; patients with
moderate to severe DR were more likely to develop PDR (Chew et al., 1995;
Loukovaara et al., 2003). Although pregnancy can exacerbate DR, no long-term
complications have been observed (DCCT, 2000; Kaaja & Loukovaara, 2007).
Besides proper glycemic control, treatment of arterial hypertension and lipid-
lowering therapy, further protective factors against DR and its progression have
been found. Actions against a sedentary lifestyle in terms of increased physical
activity have been associated with ameliorating DR (Praidou et al., 2017).
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Obstructive sleep apnea is also an independent risk factor for DR, furthermore,
treatment with a continuous positive airway pressure device has been associated
with decreased progression of DR (Altaf et al., 2017). In the DCCT study, even
remaining pancreatic beta-cell activity and endogenous insulin production were
related to a decreased incidence of DR (Steffes et al., 2003).

3.1.3 Visual impairment due to diabetic retinopathy

DR is one of the leading causes of new-onset blindness accounting for 3% of all
cases of blindness globally (Leasher et al., 2016) and is responsible for vision-
related functional burden with a 49% prevalence in patients with severe non-PDR
or PDR (Willis et al., 2017). The prevalence of diabetes caused blindness has
increased 15% globally and 45% in Southeast Asia throughout 1990-2020,
however, in high income countries there is a declining trend with a 14% decrease
in the prevalence of DR (Bourne et al., 2021).

For patients with T1D, PDR is the leading cause of visual loss. In contrast to
this, patients with T2D result in vision loss more frequently due to DME (Cheung
etal., 2010). In addition to visual impairment and blindness, PDR is associated with
increased mortality (Klein et al., 2008).

A recent study by Purola et al. pooled data from the Finnish Registry of Visual
Impairment to analyze visual impairment due to DR. Despite the increasing number
of patients receiving treatment for diabetes, the visual impairment incidence
decreased 102 to 6 per 100 000 and 40 to 7 per 100 000 in non-PDR versus PDR,
respectively. In addition, the severity of visual impairment decreased during the 40-
year period and the age of patients during the onset of visual impairment has
increased (Purola et al., 2022). In Finland, efficient treatment of diabetes and DR
has led to a decline in severe non-PDR in the past decades (Kyto et al., 2011).

3.1.4 Health-related quality of life

Diabetes is a chronic condition and requires active treatment. DR has been
associated with increased diabetes-related stress alongside inadequate glycemic
control and diabetes therapy regimen (Bhaskara et al., 2022). Diabetes-related
comorbidities and impaired health-related quality of life (HRQoL) are also risk
factors for loss to follow-up in PDR-treatment resulting in further vision loss
(Abdelmotaal et al., 2020). Patients with diabetes have been reported to maintain
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normal HRQoL, even though longer duration of diabetes has a deteriorating effect
(Schanner et al., 2016).

Impaired HRQoL in patients with DR has been reported to result from poor
self-reported visual functioning and overall well-being. Limitations include
difficulties in reading and walking, furthermore, DR can significantly affect the
ability to work and drive. The impaired HRQoL is further aggravated by an increase
in DR severity (Cooper et al., 2020)

Health-related quality of life (HRQoL) is decreased by DR and is associated
with severity of DR (Mazhar et al., 2011). Oulu cohort study of DR revealed that
PDR is associated with lower education and 26% of young adults were unemployed
or retired early (Hannula et al., 2015).

In another study from the same cohort, HRQoL was impaired in patients with
PDR in addition to being equal to healthy controls in mild to severe non-PDR
(Hannula et al., 2014). Although treatment of DR may be time-consuming, patients
are willing to participate in treatment and laser photocoagulation has been reported
to improve overall HRQoL (Sharma et al., 2005).

3.2 Pathophysiology

3.2.1 Hyperglycemia induced changes in glucose metabolism

DR is a multifactorial disease composed of several pathophysiological mechanisms.
Hyperglycemia is the main factor in the pathogenesis of diabetes related
complications (DCCT, 1993; UKPDS Group, 1998b).

An excessive amount of glucose causes metabolism in alternative pathways,
resulting in production of ROSs as a resulting product. These ROSs mediate
damage to the delicate structure of the retina. Although the exact pathophysiology
of DR is yet to be studied, several metabolic pathways affecting anatomical and
physiological changes in the retina and the surrounding tissues have been described
(Figure 3).
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Fig. 3. Pathophysiology of diabetic retinopathy due to diabetes and chronic
hyperglycemia.
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Glucose is the main substrate of energy metabolism. In the process of glycolysis,
glucose is converted to pyruvate for the citric acid cycle and further energy
production, in other words for the production of adenosine triphosphate (ATP)
(Kaneto et al., 2001). In the diabetic milieu, the first enzyme, hexokinase,
converting glucose to glucose-6-phosphate (G6P) is oversaturated and the excess
amount of glucose is metabolized in both the polyol pathway and hexosamine
pathway.

Hexosamine pathway

Hyperglycemia causes increased flux through the hexosamine pathway, and
eventually results in increasing oxidative stress (Du et al., 2003; Kaneto et al.,
2001). The hexosamine pathway shares the two first steps of glycolysis and in
hyperglycemic conditions, the enzyme responsible for limiting the hexosamine
pathway, GFAT (glutamine: fructose-6-phosphate aminotransferase) is upregulated
resulting in an increased flux. As a result, O-linked B-N-acetylglucosamine (O-
GlcNAc) needed for post-translational modification of proteins is formed (Semba
et al., 2014). Abnormal O-GIcNAc modification due to hyperglycemic condition is
linked to apoptosis of retinal cells, including neural cells and pericytes (Gurel &
Sheibani, 2018). Furthermore, O-ClcNAc modification is associated with
pathogenesis of diabetogenesis and insulin resistance (Semba et al., 2014).

Polyol pathway

An abundant availability of glucose upregulates the polyol pathway responsible for
the sorbitol production via the aldose reductase enzyme and further to fructose via
the sorbitol dehydrogenase enzyme (Dagher et al., 2004). Sorbitol is disputed to
cause osmotic damage as it accumulates inside cells due to cellular membrane
impermeability (Lee et al., 1995).

On the other hand, fructose metabolism leads to the formation of AGEs. It is
worthwhile to acknowledge that the production of sorbitol requires a coenzyme,
nicotinamide adenine dinucleotide phosphate (NAPDH), and in euglycemic
conditions NADPH prevents formation of oxygen radicals, hence the decreased
availability of NADPH promotes oxidative stress (Nyengaard et al., 2004;
Steinmetz et al., 1973).
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Protein kinase C

Hyperglycemia is responsible for diacylglycerol (DAG) de-novo synthesis, which
in turn activates protein kinase C (PKC) (Shiba et al., 1993). This DAG-PKC
pathway causes several metabolic changes resulting in DR which is described in
Table 3 (Idris & Donnelly, 2006; Way et al., 2001).

Table 3. The role of PKC activation in diabetic retinopathy.

Target Mechanism

Vessels Increased vascular permeability
Neovascularization, VEGF upregulation
Decreased retinal blood flow
Thickening of capillary basement membranes by
increased extra-cellular matrix production

Leukocytes Promoting leukocyte adhesion

Cell metabolism Increased amount of reactive oxygen species

PKC, protein kinase C; VEGF, vascular-endothelial growth factor

Accumulation of advanced glycation end products

AGEs are irreversible end-products of the non-enzymatic glycation of glucose.
Hyperglycemia promotes increased glycation and accumulation of AGEs
(Brownlee, 1994). In the capillary basement membranes AGEs cause increased
collagen cross-linking, resulting in the thickening of basement membrane. AGEs
can cause basement membrane thickening also by binding proteins into them,
which in turn, promotes loss of pericytes (Brownlee, 1994; Hammes et al., 1991).

Some endothelial cells and macrophages have AGE receptors, and binding
AGESs can cause the activation of nuclear factor kappa-light-chain-enhancer of
activated B cells (NFkB). The release of cytokines, endothelial dysfunction and
coagulative activity are due to activation of NFkB contributing to DR pathogenesis
and formation of ROSs (Hammes et al., 1991; Yamagishi et al., 2008). NFkB can
also be activated due to PKC activation (Way et al., 2001).

3.2.2 Low-grade inflammation behind diabetic retinopathy

Patients with diabetes suffer from a low-grade inflammation which affects the
retina (Tang & Kern, 2011). Inflammation has been argued to be part of the
pathophysiology of diabetes and its complications for decades (Powell & Field,
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1964; Tsalamandris et al., 2019). Receptors in the cell membrane can transduce
inflammatory signals inside cells, for example, receptors of AGEs can activate
proinflammatory NFkB (Tobon-Velasco et al., 2014). In addition, proinflammatory
cytokines, such as interferons, interleukin-1-beta (IL-1B) and TNF-a, can trigger
the inflammation process by activating NFkB (Li et al., 2021; Tang & Kern, 2011;
Tsalamandris et al., 2019).

Inflammation in retinal capillary endothelial cells (ECs) is associated with
vaso-occlusion resulting from the accumulation of leucocytes and apoptosis of ECs
(Forrester et al., 2020). Inflammation promotes expression of intracellular adhesion
molecule-1 (ICAM-1) and therefore adhesion of leukocytes to vascular
endothelium (Lu et al., 1999; Zhang et al., 2022). A pro-inflammatory shift during
VH has also been observed (Zeiner et al., 2019).

Leukocyte adhesion and transmigration induce the breakdown of the blood-
retinal barrier (BRB) leading to vascular leakage (Noda et al., 2012). In addition,
VEFG has been shown to increase ICAM-1 expression and works as an
inflammation mediating agent (Forrester et al., 2020; Lu et al., 1999).

3.2.3 Changes in retinal function

DR has an asymptomatic nature, and only the late changes cause notable
disturbance to the field of vision (ETDRS Research Group, 1991a). For further
reading, see chapter 3.4 about the severity scales of DR.

DR has severe vision-threatening endpoints, although neural dysfunction in
mild DR may be presented as visual functional changes. Impaired color sensitivity
and microperimetry without decreased visual acuity is observed in patients with
mild DR (McAnany et al., 2020). Stereopsis has been shown to be altered in
patients with diabetes as well as in patients with no or mild DR compared to healthy
subjects (Faraji et al., 2020). In no or mild DR, changes in electroretinogram and
short-wavelength automated perimetry can be observed (Han et al., 2004) in
addition to impaired dark adaptation (Drasdo et al., 2002).

Anatomical changes in the retina can be observed with Optical Coherence
Tomography (OCT) (Huru et al., 2021; van Dijk et al., 2012). The thinning of
retinal layers due to diabetes combined with mild DR is observed both in T1D and
T2D patients as an early sign of diabetic neural damage (van Dijk et al., 2009, 2012).
In a study from the Northern Finland Birth Cohort, neurodegenerative retinal
changes were also observed in prediabetic patients, whose macula was significantly
thinner compared to subjects with normal glucose metabolism (Huru et al., 2021).
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Neurovascular coupling

The blood-retinal barrier (BRB) is responsible for the function of the retina by
regulating the neurochemical environment. This connection is recognized as the
neurovascular unit (Gardner & Davila, 2017). Endothelial cell tight junctions and
pericytes are required for proper formation of the BRB, where neurovascular
coupling occurs with surrounding neurons, microglia and astrocytes (Gardner &
Davila, 2017; Spencer et al., 2020).

Hyperglycemia causes oxidative stress and inflammation eventually leading to
apoptosis of neurons, and dysfunction of supporting microglia and astrocytes
(Arroba & Valverde, 2017; Gardner & Davila, 2017). Microglia can further
exacerbate inflammation by secretion of inflammatory cytokines including TNF-a
and IL-1B (Abcouwer, 2017). Incidentally impaired glutamate metabolism and
accumulation of extracellular glutamate causes glutamate excitotoxicity, a possible
mechanism of retinal cell apoptosis (Barber et al., 2011).

Retinal blood flow is autoregulated due to the lack of autonomic innervation
by neurovascular interactions and is impaired in patients with diabetes (Simo et al.,
2018). The impaired autoregulation is present in patients with T1D even without
DR and abnormal electroretinogram responses can be observed (Mandecka et al.,
2009). Loss of retinal blood flow autoregulation further exacerbates the ischemia
and hypoxemic conditions (Pournaras et al., 2008).

Microvascular changes

The first detectable microvascular changes in the retina are microaneurysms and
small hemorrhages. The formation of microaneurysms is often thought to be related
to elevated capillary pressure leading to the stretching of capillary walls with
epithelial dysfunction and loss of pericytes (Gardiner et al., 2007).

Microaneurysms are saccular outpouchings of retinal capillaries and appear as
small red dots in fundus photographs that are detectable in biomicroscopy (Curtis
et al., 2009). Likewise, small intraretinal hemorrhages, so called dot and blot
hemorrhages, can appear as small red dots which are slightly larger than
microaneurysms (Garner, 1993; Tang & Kern, 2011). Hemorrhages alongside the
ganglion nerve fiber layer appear horizontally and are referred to as flame
hemorrhages (Kaur & Taylor, 1990).

The impaired BRB leads to excess fluid in the retina and development of DME
(Idris & Donnelly, 2006). Leakage from retinal capillaries can leave hard
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lipoprotein deposits in the inner retina, where these deposits called hard exudates,
appear as small and yellow lesions in fundus examination (Otani & Kishi, 2001).
In the Early Treatment Diabetic Retinopathy Study (ETDRS) dyslipidemia was
associated with the formation of hard exudates and the decrease of serum lipid
levels reduced the number of hard exudates (Chew et al., 1996).

Retinal hypoxia

Retinal microthrombosis due to leukocyte adhesion can cause leakage from the
retinal capillaries and capillary occlusion (Tang & Kern, 2011). Retinal ischemia
resulting from capillary occlusion leads to formation of cotton-wool spots (CWSs)
characterized by a pale and feathery edged appearance visible in ophthalmological
exams up to 8—12 months (Kohner et al., 1969). It is disputed if CWSs are due to
retinal nerve fiber layer infarction or whether they are purely a sentinel of the
underlying ischemic condition (McLeod, 2005).

Structural microvascular changes increase in accordance with the severity of
the DR. The occurrence of intra-retinal microvascular abnormalities (IRMA) is a
hallmark of severe non-PDR (Wilkinson et al., 2003a). After capillary occlusion,
new shunt vessels and recanalization may occur in the ischemic retina, creating
convoluted intraretinal IRMA vessels (Muraoka & Shimizu, 1984; Shimouchi et al.,
2020).

In addition to IRMAs, in severe non-PDR, venous beading in terms of variation
of venous caliber due to extensive retinal ischemia can occasionally be observed
(Wilkinson et al., 2003a). The presence of both IRMAs and venous beading predicts
the progression of DR to PDR (ETDRS Research Group, 1991b; Lee et al., 2017).

Endothelial cell dysfunction, inflammation, and adhesion of leukocytes with
vascular hypoperfusion leads to local ischemia (Li et al., 2021; Zhang et al., 2022).
In this hypoxic condition, VEGF is upregulated, and eventually retinal
neovascularization occurs as DR progresses to its proliferative stage (Aiello et al.,
1994; 1dris & Donnelly, 2006). As neovascularization occurs, fibrous proliferation
initiates (Davis, 1965; Faulborn & Bowald, 1985; Roy et al.,, 2016), the
uncontrolled growth of fibrous tissues ultimately causes vitreoretinal adhesions,
which can cause tractional retinal detachment, consecutively leading to
hemorrhages from the neovascularized vessels (Roy et al., 2016).
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3.3 Classification

DR can be classified based on anatomical findings and severity in accordance with
probability of progression and clinical relevance (Wilkinson et al., 2003b; Wong et
al., 2018;) (Figure 4).

Non-vision threatening DR (NVTDR) describes non-PDR stages from mild to
moderate. These changes are marks of retinal damage due to DR, however, without
immediate threat to vision (Finnish Medical Society Duodecim, 2014; Wilkinson
et al.,, 2003b). Mild DR is characterized by microaneurysms which are the first
detectable changes visible in DR (Curtis et al., 2009). Changes observed in
moderate DR include retinal dot and blot hemorrhages in addition to flame
hemorrhages, CWSs and hard exudates (Curtis et al., 2009; Garner, 1993; Kaur &
Taylor, 1990; Otani & Kishi, 2001).

| Diagnosis Severity Clinical relevance |

| No diabetic retinopathy |

Mild diabetic retinopathy

Non-vision threatening
diabetic retinopathy

Non-proliferative

diabetic retinopathy Moderate diabetic retinopathy

Severe diabetic retinopathy
Vision threatening
diabetic retinopathy

Proliferative diabetic retinopathy

Diabetic macular oedema

Fig. 4. Classification of diabetic retinopathy (Wilkinson et al., 2003a).

Vision-threatening stages of DR are severe non-PDR, PDR, and DME. In severe
DR, the so called 4-2—-1 rule is applied. Severe DR is classified as vision-
threatening due to a markedly increased risk of progression to PDR (ETDRS
Research Group, 1991b). One of the following 4—2—1 rule findings is used to define
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severe DR: over 20 hemorrhages in every quadrant, venous beading in two
quadrants or IRMAs in one quadrant without the presence of neovascularization.
PDR includes neovascularization, and eventually preretinal or intravitreal
hemorrhages, retinal tractional detachment and fibrovascular changes can occur
(Finnish Medical Society Duodecim, 2014; Wilkinson et al., 2003b). DME can be
present at any stage of DR with or without significant changes. In the presence of
CI-DME, vision often becomes deteriorated, and DME is therefore classified as a
vision-threatening stage of DR (Idris & Donnelly, 2006; Virgili et al., 2018).

3.4 Imaging and screening of diabetic retinopathy

Patients with diabetes are at a high risk for DR and are therefore screened to detect
possible retinal changes (Hautala et al., 2014; Wong et al., 2018). The International
Council of Ophthalmology has published guidelines for DR screening (Wong et al.,
2018), whilst the management and screening of DR in Finland is carried out
according to the Current Care Guidelines (Finnish Medical Society Duodecim,
2014) (Table 4).

Table 4. Diabetic retinopathy screening program based on The Finnish Medical Society
Duodecim Current Care Guidelines (Finnish Medical Society Duodecim, 2014).

Diabetes type Screening interval

No diabetic retinopathy After diabetic retinopathy onset’
Type 1 diabetes Every 2 years? Every year
Type 2 diabetes Every 3 years Every 2 years (mild to moderate

changes without DME)
Every year (severe to PDR or in
the presence of DME)
Patients with diabetes during When planning to become pregnant or early stage of pregnancy
pregnancy
Gestational diabetes No screening recommended

DME, diabetic macular edema; PDR, proliferative diabetic retinopathy
Screening according to the guidelines or more frequently, if necessary, based on clinical evaluation
2Screening begins at 10 years of age, if younger, the screening is postponed

In Oulu University Hospital District, the screening of DR is accomplished with
mydriatic retinal fundus photography in the primary health care unit or mobile eye
unit in rural areas (Hautala et al., 2009) (Figure 5). A table-top fundus camera is
normally used. However, in a recent study, the performance of handheld fundus
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camera was evaluated as sufficient for DR screening, for example in low-resource
settings (Kubin et al., 2021). DR screening requires a lot of resources in order to be
carried out properly (Savolainen & Lee, 1982). Therefore, DR screening should be
in line with available resources for the screening and treatment (Hautala et al., 2014;
Wong et al., 2018).

Diabetic retinopathy screening by nurses

Diabetic retinopathy || Other findings
Ncl)vrllile dor Moderate or Severe . 832;?;’5;12”";“ otograph
« Oth ible di. i
NPDR NPDR, PDR or DME (e_g‘?;lpa‘f;m; 5\%‘)’5'5
No Assessment by ophthalmologist
referral and referral if needed

Fig. 5. Diabetic retinopathy screening protocol in Oulu University Hospital.

The use of only mydriatic fundus photography has been evaluated to be a sufficient
tool in DR screening (Hutchinson et al., 2000) since it has been noted that mydriasis
improves the quality of fundus photography and reduces the number of ungradable
photographs from 26% to 5% (Murgatroyd et al., 2004). The usage of at least two
45-degree field fundus photographs (macular and nasal) in screening of DR is
required (Aldington et al., 1995; Finnish Medical Society Duodecim, 2014).
Conditions, such as cataract or dense VH can prevent the usage of some imaging
techniques including fundus photography and OCT. In these cases, ophthalmologic
ultrasonography can be used to evaluate whether VH is present (Lahham et al.,
2019; Rabinowitz et al., 2004) and if retinal detachment has occurred (Lahham et
al., 2019).

OCT is superior to fundus photography and slit-lamp examination when
examining macular conditions. CI-DME is primarily defined based on the findings
from OCT (Wong et al., 2018). However, the sole use of central retinal thickness
(CRT) measured by OCT is not a reliable outcome measure when evaluating the
status of DME, hence individual clinical evaluation is needed (Virgili et al., 2015).

The imaging of retinal circulation and vasculature in different phases of
circulation is possible with fluorescein angiography (FAG) (ETDRS Research
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Group, 1991a; Novotny & Alvis, 1961). Fluorescein is used as an intravenous dye
which can be seen in the optic nerve head approximately 10 seconds after injection,
whilst the whole examination takes close to 10 minutes. The fluorescein dye
leakage from damaged vessels makes it is possible to detect changes once the
fluorescein dye has passed the retina (Novotny & Alvis, 1961). FAG has an invasive
nature and possible complications should be considered before imaging. The most
common adverse effects include nausea, itching and vomiting. However, there is a
rare risk for allergic reactions which, in the worst case, may lead to anaphylactic
shock (Yannuzzi et al., 1986).

In 2014, a novel method to illustrate retinal vasculature was presented. Optical
coherence tomography angiography (OCTA) is based on mapping reflections from
moving red blood cells and combining several scans to form an angiogram
(Koustenis et al., 2017). With OCTA, it is possible to detect vessels throughout the
full depth of the retina, giving even more information about the vessel layers than
traditional FAG. When imaging DR, OCTA can give information about
neovascularization and nonperfused areas without applying the more invasive FAG
using intravenous dye (Spaide, Klancnik, et al., 2015). It is worthwhile to
acknowledge that artifacts in the angiogram due to the OCTA imaging technique
requires expertise in the analysis of the results (Spaide, Fujimoto, et al., 2015).

New imaging modalities have not yet been established in DR screening.
However, ultra-wide field fundus photographs have been developed with a 200-
degree field that can cover greater areas than two 45-degree photographs, enabling
observation of changes in the peripheral retina, which would have otherwise been
missed (Neubauer et al., 2008; Price et al., 2015). Furthermore, evolving
technologies such as machine learning, provides possible tools for DR screening in
the future (Grzybowski et al., 2020) which has led to the first commercial products
in the United States markets (Abramoff et al., 2018).

3.5 Treatment

3.5.1 Retinal photocoagulation

For decades, the golden standard of DR treatment has been PRP (Grunwald et al.,
1986). PRP is known for its ability to reduce the retinal oxygen demand and prevent
further progression of DR, simultaneously reducing severe vision loss by at least
50%, therefore outweighing the possible adverse effects (DRS Research Group,
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1981a). PRP is recommended for vision-threatening DR in order to reduce further
complications and vision loss (DRS Research Group, 1981a; ETDRS Research
Group, 1991a; Finnish Medical Society Duodecim, 2014). Treatment outcomes
remain persistent even after 15 years (Blankenship, 1991). Adverse effects
documented from PRP treatment include decreased visual field sensitivity,
impaired night vision and dark adaptation in addition to impaired color vision and
contrast sensitivity (Fong et al., 2007; Gross et al., 2015; Mantyjarvi, 1989).

Focal photocoagulation treatment of clinically significant DME is
recommended for extra-foveolar lesions (ETDRS Research Group, 1985; Schmidt-
Erfurth et al., 2017). Focal treatment can aid in preventing vision loss and
consequently leading to only minor impairment in the patients’ color vision and
visual fields (ETDRS Research Group, 1991a).

3.5.2 Anti-VEGF treatment

Vitreous concentration of VEGF is increased in patients with PDR whereas PRP is
known to decrease the concentration (Aiello et al., 1994). In addition to PRP anti-
VEGF treatment can be used to treat PDR to mitigate VEGF induced changes in
retinal function (Simunovic & Maberley, 2015). Anti-VEGF drugs bind to VEGF
receptors in the retinal blood vessels preventing neovascularization. Out of the anti-
VEGF drugs, bevacizumab (Avastin) was originally designed as a humanized
monoclonal antibody to treat cancer (Ferrara et al., 2005). It was first used in 2005
as an off-label intravitreal injection to treat age-related macular degeneration
(Rosenfeld et al., 2005) and later to treat PDR (Avery et al., 2006).

Since then, several clinical trials have been established in order to determine
long-term effects of anti-VEGF treatment in relation to DR (Brown et al., 2015;
Gross et al., 2018; Maturi et al., 2023; Sivaprasad et al., 2018; Wells et al., 2016).
A combination treatment of bevacizumab and PRP in treating PDR together with
DME had superior visual and anatomical outcomes compared to PRP alone
(Sameen et al., 2017).

A DRCR.net trial compared ranibizumab with PRP for 2-years. The trial
underlined the noninferiority of ranibizumab compared to PRP. The results showed
that treatment with ranibizumab was associated with less visual field loss and DME
development compared to PRP (Gross et al., 2015). The trial outcomes after a 5-
years illustrated improvement in visual acuity in both groups. However, patients
treated in the PRP group suffered from considerable visual field losses and more
frequent DME (Gross et al., 2018). In the PROTEUS study, a combination of
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ranibizumab and PRP was compared to PRP alone. A more frequent regression of
neovascularization was documented in the combination group, however, no
differences between visual acuities were noted (Figueira et al., 2018).

Aflibercept was compared to PRP in the Clinical efficacy and mechanistic
evaluation of aflibercept for proliferative diabetic retinopathy (CLARITY) trial,
where it was demonstrated that one-year visual outcomes were better in patients
receiving aflibercept (Sivaprasad et al., 2017). Patients receiving anti-VEGF had
better visual outcomes and were more satisfied with the treatment than patients
treated only with PRP. However, costs of anti-VEGF treatment are higher, and
require more healthcare resources in contrast to PRP only (Sivaprasad et al., 2018).

Recent clinical trials including the DRCR.net Protocol W and The Study of the
Efficacy and Safety of Intravitreal Aflibercept for the Improvement of Moderately
Severe to Severe Non-proliferative Diabetic Retinopathy (PANORAMA) have
presented benefits of early intervention with aflibercept during a 2-year follow-up
period. In the Protocol W trial, a respective 14% and 33% of patients who received
aflibercept treatment and sham injections, developed PDR during the trial (Maturi
et al., 2021). Furthermore, in the PANORAMA trial, vision-threatening endpoints
were less common in patients receiving aflibercept compared to sham injections,
in addition to the severity of DR decreasing over time (Brown et al., 2021).

Treatment of PDR with anti-VEGEF instead of PRP involves constant injections
and follow-up, otherwise risking progression of PDR, resulting in possible vision
loss (Maguire et al., 2021). As shown in a study by Wubben et al., the risks of
inadvertent interruption of anti-VEGF treatment may lead to severe vision loss
(Wubben et al., 2019). Patients with PDR are known to have a 16% rate of loss to
follow-up, which is associated with lower visual acuity (Abdelmotaal et al., 2020).
However, anti-VEGF treatment works as adjuvant therapy for PDR providing
potentially better visual outcome and fewer vitrectomies compared to PRP (Yates
etal., 2021).

The Cochrane systematic review (Virgili et al., 2018), evaluated the effect of
anti-VEGF treatment for DME. After one year of treatment, aflibercept was found
to be superior to bevacizumab or ranibizumab, however, the differences faded after
2 years of follow-up. In addition, aflibercept was associated with better visual
outcomes than bevacizumab or ranibizumab after 2 years of follow-up, when the
baseline visual acuity was 0.4 or worse. Moreover, all three anti-VEGF agents were
shown to be superior compared with laser treatment after a one year of follow-up
period (DRCR.net, 2015; Virgili et al., 2018).
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Treatment of CI-DME with a mildly affected visual acuity of 0.8 or better, with
aflibercept or focal photocoagulation, did not result in better visual outcomes in a
2-year follow-up, compared with observation (Baker et al., 2019). The DRCR.net
clinical trial treating DME with either bevacizumab, ranibizumab or aflibercept,
with non-PDR subjected to any anti-VEGF treatment, 22-31% of patients had
improvement in DR severity and no differences were noted between the treatment
groups during a 2-year follow-up period (Bressler et al., 2017).

Endophthalmitis is considered as one of the major adverse events of anti-VEGF
treatment (DRCR.net, 2015; Virgili et al., 2018). However, when presented under
one per a thousand cases, anti-VEGF treatment is considered to have an adequate
safety profile when treating DME (Virgili et al., 2018) (Table 5).

Table 5. Adverse effects of intravitreal anti-VEGF treatment (DRCR.net, 2015; Virgili et
al., 2018).

Tissue Adverse effect

Conjunctiva Conjunctival hemorrhage
Eye irritation
Cornea Corneal abrasion
Vitreous Blurred vision
Vitreous floaters
Endophthalmitis
Increased intraocular pressure

In conclusion, The European Society of Retina Specialists (EURETINA) has made
a guideline for the management of DME and anti-VEGF treatment with
bevacizumab, ranibizumab or aflibercept is recommended in CI-DME (Schmidt-
Erfurth et al., 2017).

3.5.3 Corticosteroids in the treatment of diabetic macular edema

Triamcinolone (TA) is a corticosteroid that can be used intravitreally to treat DME
(DRCR.net, 2008). However, after a 3-year follow-up, focal photocoagulation gave
better visual outcomes compared to TA (Beck et al., 2009). Treatment with TA is
associated with an increased risk of cataract and more frequent cataract surgery in
addition to increased intraocular pressure (IOP) (Beck et al., 2009; DRCR.net,
2008).

However, it has been shown that corticosteroid therapy with fluocinolone
acetonide has favorable visual outcomes in patients diagnosed with chronic DME
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(Cunha-Vaz et al., 2014). Similarly, a clinical trial by Boyer et al. compared
intravitreal dexamethasone implants and sham for three years. Improved visual and
anatomical outcomes were documented in the dexamethasone group, even though
dexamethasone was associated with cataract and increased IOP (Boyer et al., 2014).

The EURETINA guideline recommends that corticosteroids should be used as
a second-line treatment, hence anti-VEGF non-responders may benefit from a
switch to corticosteroids (Schmidt-Erfurth et al., 2017). Due to increased cataract
formation, pseudophakic patients are more eligible for corticosteroid treatment.
IOP must be followed in all patients subjected to corticosteroid treatment (Beck et
al., 2009; Boyer et al., 2014; Schmidt-Erfurth et al., 2017).

3.5.4 Pars plana vitrectomy for persistent diabetic macular edema

Pars plana vitrectomy is a surgical treatment option for persistent DME in the
presence of vitreomacular traction or posterior hyaloid attachment (Lewis et al.,
1992; Pendergast et al., 2000). In a clinical trial by Thomas et al., primary
vitrectomy versus laser in patients diagnosed with DME with a visual acuity of 0.5
or worse, presented that those patients undergoing vitrectomy had a slight
improvement in visual acuity and anatomical outcomes compared to the laser group
(Thomas et al., 2005). Furthermore, a study of vitrectomy for persistent DME with
prior macular laser treatment showed improved visual acuity and decreased central
macular thickness (Recchia et al., 2005).

3.6 Advanced proliferative diabetic retinopathy

3.6.1 Vitreous hemorrhage

PDR is characterized by neovascularization induced by retinal hypoxia and
increased VEGF levels (Adamis et al.,, 1994; Idris & Donnelly, 2006). The
formation of new vasculature is susceptible to hemorrhages and the risk of VH
increases (Jonas et al., 2008; Park et al., 2021).

Rates for VHs in the general population varies from 7-50 per 100 000 people
(Lindgren et al., 1995; Wang et al., 2017). However, up to 27% of patients with
peripheral neovascularization will have a vitreous hemorrhage within 5 years if not
properly treated (Turner et al., 1985). Treatment with PRP reduces the risk of severe
vision loss by 50% (DRS Research Group, 1981a). Despite fully completed PRP,
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VHs may still occur, though spontaneous reabsorption is possible (Park et al., 2021;
Ziemianski et al., 1980). For persistent cases vitrectomy may be performed (DRVS,
1990; Jorge et al., 2021).

VH is a complication of DR, therefore additional PRP is needed (DRS
Research Group, 1981a; Parikh et al., 2017). However, in some cases the VH may
be so dense that there is no visibility to the retina and performing PRP is not
possible or comprehensive PRP has already been performed. In these scenarios,
administration of anti-VEGF treatment may speed up the clearance of VHs. Anti-
VEGF treatment with bevacizumab (Huang et al., 2009; Jonas et al., 2008; Parikh
et al.,, 2017; Park et al., 2021) or ranibizumab (Chelala et al., 2018) has been
associated with the regression of VHs. Despite the benefits of anti-VEGF treatment,
complete clearance of VHs is not always achieved, and vitrectomy is needed.
Furthermore, vitrectomy rates are lower in anti-VEGF treatment than without
(Chelala et al., 2018; Huang et al., 2009; Parikh et al., 2017; Park et al., 2021).

3.6.2 Neovascular glaucoma

In addition to retinal neovascularization, the iris can also be affected.
Neovascularization of the iris is present in approximately 2% of patients with PDR
and can be visible in a slit-lamp examination. Gonioscopy may further reveal the
affected chamber angle (DRS Research Group, 1981b). Neovascular glaucoma
occurs when the chamber angle is obstructed and IOP rises (Fernandez-Vigo et al.,
1997).

To treat neovascularization of the iris and PDR, PRP is needed (DRS Research
Group, 1981a; Tasman et al., 1980). Additionally, treatment with bevacizumab has
been shown to regress iris neovascularization rapidly (Avery et al., 2006; Jiang et
al., 2009) and decrease the risk of neovascular glaucoma (Wakabayashi et al., 2008).
Poor visual prognosis is associated with neovascular glaucoma: in the advanced
disease retinal cryoablation or glaucoma surgery may be needed alongside
medication in order to decrease IOP (Sivak-Callcott et al., 2001).

3.6.3 Tractional retinal detachment

Retinal neovascularization is combined with fibrous proliferation causing
vitreoretinal adhesions, therefore, traction to the retina eventually progresses to
retinal detachment (Davis, 1965). The natural course of PDR often includes risk for
tractional retinal detachment (TRD). This is despite intensive treatment of PDR and
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in the ETDRS trial, a 5-year cumulative rate for PPV was 5% out of which 46%
were due to TRD (Flynn et al., 1992).

It has been disputed if patients with retinal neovascularization having anti-
VEGF treatment may have an increased risk of tractional retinal detachment due to
rapid regression of neovascular vessels (Arevalo et al., 2008). In a randomized
clinical trial by the DRCR.net (Diabetic Retinopathy Clinical Research Network),
out of patients with VHs treated with aflibercept or vitrectomy, 22% and 13% were
diagnosed with TRD, respectively (Antoszyk et al., 2020). However, TRD is part
of the natural course of PDR (Arevalo et al., 2008; Flynn et al., 1992) and a pooled
analysis of DRCR.net trials did not find evidence of anti-VEGF treatment for PDR
or DME being associated with an increased risk of TRD (N. M. Bressler et al.,
2020).
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4 Purpose of the research

The main purpose of this research was to evaluate the effects of DR in relation to
patients’ vision and the treatment outcomes of PDR and DME.

The specific purposes of the original publications are listed as follows:

I To evaluate the occurrence of VH secondary to PDR and the efficacy of IVB
for resolution of VH and improvement of BCVA in a real-world study of five
years.

I To evaluate functional vision including visual acuity, visual field and contrast
sensitivity, in addition to HRQoL in patients with PDR after 35-year duration
of T1D.

III To evaluate real-world visual outcomes of DME treatment in observation,
macular laser, anti-VEGF and combination of anti-VEGF and macular laser in
a cohort of patients with T1D after the initial DME episode combined with
long-term follow-up in terms of BCVA improvement.
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5 Materials and methods

5.1 Study design

This research was conducted at the Oulu University Hospital (OYS) in Oulu,
Finland. All the study subjects lived in the Oulu area or in the Northern
Ostrobothnia area. The research followed the tenets of the Declaration of Helsinki
and was conducted with the approval of the Oulu University Hospital Research
Committee (document number 175/2016). Studies I and III were retrospective in
nature and carried out as register-based research, meaning they were carried out
without direct involvement of patients; hence no written consent was obtained. A
written consent was obtained from patients taking part in study II. Patient inclusion
and exclusion criteria are presented in Table 6.

Table 6. Patient selection criteria for studies I-IIl.

Study Inclusion criteria Exclusion criteria

-l Diagnosis, treatment, and follow-up conducted No diagnosed diabetes
in the Oulu University Hospital

| Patients with type 1 or type 2 diabetes Previously performed PPV
Diagnosis of PDR 1.1.2011-31.12.2015 VH for reasons other than PDR
VH as a complication for PDR Follow-up time under 1 year

1l Previous participation to Oulu cohort study of No PDR
diabetic retinopathy
Patients with type 1 diabetes
Diagnosis of PDR at study examination in

2007

1l Patients with type 1 diabetes Other ocular conditions requiring retinal
Diagnosis of DME 1.6.2006—-31.12.2020 photocoagulation or anti-VEGF treatment
Central retinal thickness 2300 pm Follow-up time under 6 months

DME = diabetic macular edema, PDR = proliferative diabetic retinopathy, PPV = pars plana vitrectomy,

VEGF = vascular-endothelial growth factor, VH = vitreous hemorrhage

5.2 Intravitreal hemorrhage as a complication of proliferative
diabetic retinopathy (1)

For this 5-year study (I), a total of 850 study subjects with either T1D or T2D and
PDR, were screened for VH between 2011 and 2015 in order to evaluate real-world
treatment outcomes of VH. The Oulu University Hospital electronic patient
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database was used to select the study population based on the tenth revision of the
International Classification of Diseases (ICD-10). Patients with type 1 or 2 diabetes,
PDR and VH were selected for further analysis. Exclusion criteria included a
follow-up time of under one year, previously performed PPV, and VH for other
reasons than PDR. Baseline information of patients was gathered including gender,
age at VH onset, prior PRP, history of iris neovascularization or DME, lens status,
and previous treatment with intravitreal bevacizumab (IVB).

The treatment decision was made by a retina specialist based on the clinical
status of the retina and the density of the VH. Patients were divided into treatment
groups, IVB, PRP, PPV and observation, accordingly. Mild VHs with previously
performed PRP were often observed. Patients with relatively good fundus visibility
and mild VH were treated with PRP. Patients with dense VH decreasing visual
acuity were treated mainly with IVB. Patients with dense VH without diagnostic
fundus visibility underwent an ocular ultrasonography in order to exclude retinal
detachment.

To evaluate the efficiency of the treatment, each individual case was evaluated
for resolution of VH, and the best corrected visual acuity (BCVA) was recorded at
the onset and after the resolution of the VH alongside IOP. Furthermore, the
efficiency of IVB was compared with other treatments PRP, PPV, and observation
for spontaneous resorption of VH.

5.3 Long-term visual outcomes of proliferative diabetic retinopathy

(n

The Oulu cohort study of diabetic retinopathy was a population-based cohort of
children with T1D, first examined in 1989 and re-evaluated in 2007. During re-
examination in 2007, 60 patients had been diagnosed with PDR. They were invited
to participate in this prospective population-based study and second re-examination
in 2019 (II). Our aim was to evaluate long-term effects of T1D and PDR on visual
function and HRQoL. Out of the 60 patients, 29 patients were able to participate,
26 patients were not able to participate due to long distance, one patient had
incomplete participation and eight patients had deceased.

The re-evaluation in 2019 consisted of a full ophthalmological examination
including a mydriatic biomicroscopy, measurement of BCVA and IOP, fundus
photography and OCT. Clinical characteristics including blood pressure and
laboratory blood testing (HbA 1c, high-density lipoprotein [HDL] and low-density
lipoprotein [LDL] cholesterols, triglyceride, natrium, kalium, albumin and
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creatinine) were recorded. The 15D instrument was used to evaluate the HRQoL of
patients in 2019 and to compare results to those obtained from the same individuals
in 2007.

Evaluation of visual field sensitivities, contrast sensitivity and reaction time
was performed using the Ocusweep device (Ocuspecto LTD., Turku, Finland) in
order to measure the functional vision of patients. The results were compared to
3046 age-matched, healthy control groups from the measurements completed by
the vision test manufacturer. A standard automated perimetry method by Ocusweep
was used to determine the central and peripheral visual field sensitivities in decibels
(dB). Bilateral contrast sensitivity utilizing sine wave gratings at one cycle per
degree (cpd), with the Ocusweep algorithm detecting the lowest contrast sensitivity
threshold, was used. Reaction time measurements were completed by the
Ocusweep reaction time perimetry test.

5.4 Treatment of diabetic macular edema in a real-world setting (lll)

All patients diagnosed with T1D complicated by clinically significant DME in the
Northern Ostrobothnia Hospital District area between 2006 and 2020 were included
in this population-based cohort study (IIT). The Oulu University Hospital electronic
patient database was used for retrospective data collection. Patients with ICD-10
codes for T1D (E10.3) and DME (H36.1) were reviewed. Only patients with a CRT
of >300 pum were considered to have clinically significant DME and were included
in the study. Patients with other ocular conditions requiring retinal
photocoagulation or anti-VEGF treatment, in addition patients with a follow-up
time of under six months were excluded. Patient characteristics that were recorded
included sex, age at onset of T1D and DME as well as DR severity at the onset of
DME.

Patients were divided into groups based on selected treatment: macular laser,
anti-VEGF injection, combination of macular laser and anti-VEGF or observation.
Patients with an extrafoveal DME located >500 pm from the central fovea were
either observed or received macular laser depending on the location and amount of
intraretinal or subretinal fluid. Patients with central DME within 500 pm from the
central fovea received anti-VEGF treatment as a primary treatment. A combination
of macular laser and anti-VEGF was chosen if the patient had both central and
extrafoveal DME. The number of anti-VEGF injections and the selected anti-VEGF
agent was recorded. In Finland, bevacizumab is commonly used as the first-line
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intravitreal drug for DME, and for selected cases, aflibercept or corticosteroid may
be used.

Real-world outcomes were analyzed within the groups based on changes in
vision at the onset of DME and after the initial episode or at the end of follow-up
period. Any recurrences of DME were recorded. The status of visual impairment
was recorded at the onset of DME and after the follow-up period. The patients with
BCVA of less than 0.3 were classified as visually impaired.

5.5 Statistical analysis

The statistical analysis was performed using the IBM SPSS Statistics software
(versions 23, 25 and 26, IBM Corp, Armonk, NY, USA) and SAS (version 9.4, SAS
Institute Inc. Cary, NC, USA). For the statistical analysis, the best corrected visual
acuity was either changed from Snellen to logarithm of the minimum angle of
resolution (logMAR) units (study I) or ETDRS letters (studies II, IIT). The number
of cases and percentages were used to describe the characteristics of the data.
Summary statistics were presented as a means with standard deviation (SD) if not
otherwise stated, with minimum and maximum values. Two-tailed p-values under
0.05 were considered as statistically significant.

In the study comparing visual outcomes of anti-VEGF treatment of VH (1), the
generalized estimation equation (GEE) was used to evaluate the change in BCVA
during and after VH in different treatment groups. The GEE with exchangeable
structure made it possible to take intraindividual correlation into account. Diabetes
type, prior PRP, prior IVB, PPV and baseline BCVA were set as covariates. In
addition, to analyze clearance and duration of VH, Kaplan-Meier survival analysis
was used to compare outcomes between treatment groups. Furthermore, the chi-
square (y2) test was used to detect differences between categorical variables and
the independent t-test for continuous variables. The Pearson correlation was
calculated in order to find correlations between continuous variables.

The cohort’s results from the previous visit in 2007 between the study visit in
2019 (II) were compared using the paired samples t-test and the results were
presented with 95% confidence interval. Ophthalmologic outcomes, visual field,
contrast sensitivity and reaction time were compared to healthy subjects by use of
linear mixed models, age as an adjusted factor. The Pearson correlation coefficient
was used to evaluate the relationship between CRT, BCVA, contrast sensitivity and
sensitivity of the central visual field.
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Comparison of visual outcomes within the groups of patients with DME (III)
was conducted with linear mixed models, after the first DME episode and after the
follow-up period. Both the patient and the eye were used as variables in order to
take intra- and interindividual correlation into account. The adjusting factors
included sex, age and the duration of T1D. The results were presented with a 95%
confidence interval.
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6 Results

6.1 Characteristics of the study population

The number of study participants and included eyes with basic characteristics are
reported in Table 7.

Table 7. Characteristic information of the study population.

Study Participants, n  Eyes, n Sex, males, Age, years Duration of non-PDR, PDR,n

n (%) diabetes, years n
| 103 140 54 (52) 54+15 - 0 103 (100)
Il 29 58 18 (62) 41%3 35+4 0 29 (100)
LI} 206 304 121 (59) 47114 24412 155 (75) 51 (25)

PDR = proliferative diabetic retinopathy

6.2 Anti-VEGF treatment for intravitreal hemorrhage ()

A total of 103 study subjects were diagnosed with VH during the 5-year period
between 2011 and 2015. This population included 12% of the total 850 patients
with T1D (n=351, 41%) or T2D (n=499, 59%) complicated by PDR (Figure 6). VH
occurred in 16% and 9% of patients with T1D or T2D, respectively. 52% of the
study subjects were males (54/103). Patients diagnosed with T1D were 44413 years
old at the time of VH and patients with T2D were 66+7 years old.

PRP had been performed prior to the VH in 88% of the patients (91 patients,
121 eyes). Out of a total of 140 eyes diagnosed with VH, 25% had a history of
DME (35/140). In addition, 14% of the study eyes had been affected by iris
neovascularization (20/140).
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850 patients with
PDR
(2011-2015)

!

103 patients diagnosed
VH

!
A total of 336 VH
episodes

- ——

Intravitreal Bevacizumab | Panretinal Photocoagulation | Pars Plana Vitrectomy || Observation
n =224 n=22 n=43 n =47

BCVA (logMART)
- Baseline 115+ 0.70 0.55 +0.57 0.39+043 0.24+0.33
- After 0.42 +0.42 0.19 +0.21 0.75 + 0.62 0.26 +0.34

[VH duration (dayst) 5746 76 + 54 103 + 84 8142
1 mean £ SD

BCVA = best corrected visual acuity, logMAR = logarithm of the minimun angle of resolution,
PDR = proliferative diabetic retinopathy, VH = vitreous haemorrhage

Fig. 6. Flowchart of patient selection and the main results, visual outcomes, and
vitreous hemorrhage duration in treatment groups.

A total of 336 VH episodes out of which 196 (58%) were recurrent VHs were
recorded in 140 eyes during the study period. Treatments were divided as follows;
224 (67%) VH episodes were initially treated with IVB in 97 eyes, other treatments
included PRP in 22 (6%) and PPV in 43 (13%) episodes, and 47 (14%) VH episodes
were observed without any treatment.

A statistically significant difference of VH duration was noted between the
groups. A staggering 92% of the 224 VHs had cleared in less than three months in
study subjects receiving [VB treatment, compared to other treatment groups (PRP,
PPV, observation) where a clear vitreous was observed in only 61% of the 112
episodes (p<0.0001, y2 test).

The median estimate for the clearance of VH was 46+2 days in the study
subjects receiving IVB and 70+6 days in the other treatment groups (p<0.0001, 95%
confidence interval (CI) 42.3 to 49.7, Kaplan-Meier) (Figure 7). The duration of
VH was 57446 days in the IVB group, and 46454, 103+84, 81+£42 days in episodes
treated with PRP, PPV, or observation, respectively. In all groups 2.2+2.7 VH
recurrences were noted during the 5-year study period.

Study subjects receiving [IVB had a total of 376 injections, with the rate of
1.741.1 injections per VH episode, to clear the vitreous with a minimum of one and
maximum of seven injections. These injections were given with a 7.2+3.9-week
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interval. Only 4% of the cases had contraindications for IVB (14/336). The
contraindications included pregnancy, the refusal of the patient, acute ocular
infections, and preceding cardiovascular complications in 3, 3, 3 and 5 patients,
respectively. No severe adverse effects of IVB, including TRD or endophthalmitis

were noted.
CLEARANCE OF VITREOUS
% HAEMORRHAGE
100 -
.-" """"""""""
80 ; Bevacizumab
'
|
60 - '
Other
0 100 200 300 400 500

Days

Fig. 7. Kaplan-Meier estimates for the clearance of vitreous hemorrhage when treated
with bevacizumab or other treatments (Modified from the original, CC BY 4.0 from the

Study | © 2019).
Patients receiving IVB treatment had a statistically significant BCVA improvement
of 0.73+0.04 logMAR units (p=0.0004, General Estimating Equations). The
defined confounding factors were not significantly associated with the
improvement of the BCVA; diabetes type (E=0.03, SD=+0.02, p=0.223), prior PRP
(E=-0.01, SD+0.01, p=0.538) or prior PPV (E=0.10, SD+0.08, p=0.228).
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Furthermore, an improvement of >15 letters were noted in 66% and 59% of
episodes treated with IVB or other treatments, respectively.
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Fig. 8. Number of diabetic vitrectomies in the Oulu University Hospital during 2000—
2017 (CC BY 4.0 from the Study | © 2019).

During the years 1993-2005, the number of diabetic vitrectomies increased,
however, in 2006 after the initiation of IVB treatment for VHs, the number of
diabetic vitrectomies has declined 72% between 2005-2017 (IRR=0.90, Poisson
regression model, 95% CI 0.88 to 0.92, p<0.001, Pearson %2) (Figure 8.)

6.3 Long-term effects of proliferative diabetic retinopathy on visual
function (ll)

Out of the original cohort (n=2016), 60/172 (35%) patients with T1D who
participated in the evaluation in 2007 had PDR and were invited for re-examination
in 2019. A total of 29 (48%) of these patients with T1D and PDR participated in
this study. There were 18 (62%) males participating in this study, the mean age
during the onset of diabetes was 6.0+4.2 years and mean age at the time of the
examination was 41+3.4 years. Patients had been diagnosed with PRD for 15.4+2.8
years at the time of the study (Table 8).
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Table 8. Patient characteristics and clinical outcomes in 2007 and 2019 (Reprinted with

permission from the Study Il © 2023.

Patient characteristics 2007 2019 p'
General characteristics
Age at examination, years, mean (SD) [min-max] 30.0 (2.7) [23— 41.0(3.4) [34—
35] 46]
Males, n (%) 18.0 (62)
Diabetes duration, years, mean (SD) [min-max] 24.0 (3.7)[17— 35.0(3.9) [29-
29] 41]
Age at diabetes onset, years, mean (SD) [min-max] 6.0 (4.2) [1-16]
Diabetic retinopathy duration, years, mean, (SD) [min- 9 (6.5) [0-21] 11.0(5.0) [3—-22]
max]
Years to diabetic retinopathy after diabetes onset, 21.0 (4.0) [12—
years, mean, (SD) [min-max] 26]
Clinical characteristics
Transdermal glucose monitoring, n (%) 0 22 (76)
Best-corrected visual acuity, ETDRS, mean (SD) [min-
max]
Right eye 61.9 (38.2) [0— 76.7 (16) [5-92] 0.057
95]
Left eye 79.6 (17.6) [35— 73.3 (14) [36-91] 0.011
100]
Visual impairment, n (%) 1(3) 2(7)
Intraocular pressure, mmHg, mean (SD) [min-max]
Right eye 14.1 (2.7)[10- 16 (3.8)[9-22]  0.029
19]
Left eye 14.2 (2.6) [10- 16.4 (4.4)[10- 0.041
18] 26]
Lens opacifications
Eyes with no opacifications, n (%) 47 (87)
Eyes with cataract, n (%) 7 (13)
Systolic blood pressure, mmHg, mean (SD) [min-max] 141.6 (18.7) 139.8 (12.4) 0.28
[107-191] [114-160]
Diastolic blood pressure, mmHg, mean (SD) [min- 87.9 (11.0) [68— 83.5(6.5)[65—  0.099
max] 114] 95]

Heart beats per minute, mean (SD) [min-max]
Ophthalmology clinic visits, mean (SD) [min-max]

Panretinal Photocoagulation visits, mean (SD) [min-
max]
Eyes that have undergone Pars plana vitrectomy, n
(%)

Laboratory characteristics?

13.4 (15.6) [1—
72]
4.9 (3.7)[1-10]

4(7)

77 (9.7) [60-100]
24.2 (18.5) [1-
82]

2.9 (2.9) [0-12]

15 (26)
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Patient characteristics 2007 2019 p'

HbA1c, mmol/mol, mean (SD) [min-max] 80.1 (17.0) [49— 63.6 (14.1) [24— <0.001
118] 90]
High-density lipoprotein, mmol/l, mean (SD) [min-max] 1.4 (0.4)[0.9- 1.5(0.4)[0.9- 0.44
2.9] 2.5]
Low-density lipoprotein, mmol/l, mean (SD) [min-max] 2.1 (0.7) [0.16— 2.3 (0.7) [1.2— >0.9
3.7] 3.9]
Triglyceride, mmol/l, mean (SD) [min-max] 1.3 (0.9) [0.4— 1.2 (0.8) [0.5— >0.9
4.2] 4.8]
Natrium, mmol/l, mean (SD) [min-max] 138.8 (3.0) [132—
146]
Potassium, mmol/l, mean (SD) [min-max] 4.2(0.4)[3.4—
5.3]
Albumin, g/l, mean (SD) [min-max] 38.8 (4.2) [30-
44]
Creatinine, ymol/l, mean (SD) [min-max] 108 (188.1) [49—
1080]

'Paired samples t-test

2Laboratory reference ranges in healthy adults: HbA1c 20—42 mmol/mol, HDL female >1.2 and male >1.0
mmol/l, LDL <3.0 mmol/l, triglycerides <1.7 mmol/l, natrium 137—144 mmol/l, potassium 3.5—-4.8 mmol/l,
albumin 36—48 g/l, creatinine female 50-90 and male 60—100 pmol/l

Patients had diabetes related complications such as neuropathy (3%), nephropathy
(34%) and cardiovascular diseases (10%) alongside other ocular complications
such as DME in 5 (17%) and VHs in 16 (57%) patients. Medication other than
insulin used by the patients consisted of ACE inhibitors or ATR blockers in 16
(55%), statins in 15 (52%), other antihypertensive agents in 9 (31%), and
acetylsalicylic acid in 3 (10%) patients (Table 9).

Table 9. Medication, diabetes complications and concomitant diseases of the study
population at 2019 (n=29) (Reprinted with permission from the Study Il © 2023).

Medical characteristics n
Acetylsalicylic acid, n (%) 3(10)
Statin, n (%) 15 (52)
ACE inhibitor or ATR blocker, n (%) 16 (55)
Antihypertensive, n (%) 9 (31)
Diabetes complications
Neuropathy 1(3)
Nephropathy 10 (34)
Chronic kidney disease, n (%) 6 (21)
Dialysis, n (%) 1(3)
Renal transplant, n (%) 3 (10)
Renal-pancreas transplant, n (%) 2(7)
Cardiovascular disease 3 (10)
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Medical characteristics n

Arterial hypertension, n (%) 18 (62)

Diabetic macular edema, n (%) 5(17)
Anti-VEGF-injections given, mean (SD) [min- 2,6 (8,0) [0-36]
max]

Intravitreal hemorrhage, n (%) 16 (57)
Anti-VEGF-injections given, mean (SD) [min- 2,9 (5,4) [0-18]
max]

Concomitant diseases, n (%)

Autoimmune thyroiditis 5(17)
Coeliac disease 2(7)
Bronchial asthma 4 (14)
Sarcoidosis 2(7)
Psychiatric disease 3 (10)

Patients underwent laboratory blood testing. The average HbAlc had decreased
from 9.5% (80.1 mmol/mol) in 2007 to 8.0% (63.6 mmol/mol) in 2019 (p<0.001).
After the 2007 visit, 22 (76%) patients had transdermal flash glucose monitoring in
use. The values of HDL, LDL, and triglyceride had remained stable between the
years 20072019 (HDL 1.4+0.4 vs. 1.5+£0.4, p=0.44, LDL 21+0.7 vs 2.3+0.7, p>0.9,
and triglyceride 1.3 £0.9 vs 1.2+0.8, p>0.9).

The average visual acuity was a respective 77 and 73 ETDRS letters in the
right and left eye and an additional two patients (7%) were visually impaired. The
patients Ocusweep test results, visual field sensitivities, contrast sensitivity and
reaction time were compared to 3046 age-matched, healthy control group patients
provided by the manufacturer. Patients diagnosed with PDR had lower visual field
sensitivities measured using the SAP method by Ocusweep, compared to the
healthy control group, a central sensitivity of -3.7 dB (23.2+£3.9 dB vs. 26.9+1.0 dB,
95% CI -4.1 to -3.3, p<0.001) and peripheral sensitivity of -6.1 dB (14.9+5.6 dB
vs. 21.0+£2.0 dB, 95% CI -6.8 to -5.3, p<0.001) were measured, respectively. In
addition, the reaction time in the Ocusweep reaction time perimetry test was 27.6
ms longer in patients with PDR than healthy controls (490.5+62.9 ms vs.
462.8+48.8 ms, 95% CI 9.1 to 46.2, p=0.004). However, there was no statistical
difference in contrast sensitivity between patients diagnosed with PDR compared
to the healthy control group (2.1+0.2 vs. 2.1+0.2, difference -0.05, 95% CI -0.14 to
0.05, p=0.32).

The mean CRT was 23641 um at the study visit in 2019. There was no
statistically significant correlation between CRT and binocular visual acuity (r=-
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0.30, p=0.124), contrast sensitivity (r=0.50, p=0.20) or central visual field
sensitivity (r=0.43, p=0.23).

HEALTH-RELATED QUALITY OF LIFE

Mability
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Fig. 9. The health-related quality of life measurements by the 15D instrument in patients
with type 1 diabetes since childhood in 2007 and 2019 (Reprinted with permission from
the Study Il © 2023).

The HRQoL was measured using the 15D instrument (Figure 9). Dimensions
concerning sleeping, usual activities, discomfort and symptoms and sexual activity
in 2019 had slightly decreased among the participants compared to the results in
2007. An improvement was noted in dimensions concerning mobility and distress.
The dimensions for vision remained unchanged during the follow-up. The total
score of 15D was adjusted for age and sex, and a reduction of 0.04 from 0.95 in
2007 to 0.92 in 2019 (p=0.015) was observed.
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6.4 Diabetic macular edema treatment in patients with type 1
diabetes (lll)

A total of 206 patients with 304 eyes were included in this study, out of which all
patients had T1D in addition to DME. The mean follow-up time was 65.2+44.9
months (a range of 6—235 months). Out of the study population, 121 (59%) were
males and the mean age of the study participants was 23.4+16.5 years at the time
of T1D diagnosis. After T1D had lasted for 16.9+9.7 and 24.1+11.8 years, DR and
DME occurred, respectively. The mean age during the onset of DME was 47.4+14.4
years.

During the study period between 2006 and 2020, there were 304 initial and 193
recurrent DME episodes. DME was bilateral in 68% of the patients. At the time of
the onset of DME 155 (75%) patients had been diagnosed with non-PDR and 51
(25%) had been diagnosed with PDR.

Out of the 304 initial episodes of DME, 45 (15%) were observed without any
treatment, 100 (33%) were subjected to macular laser, 124 (41%) received anti-
VEGF treatment and 35 (12%) received a combination of laser and anti-VEGF. The
average BCVA during the onset of DME was 76.4+12.6 ETDRS letters, and five
patients (2.4%) were visually impaired according to the WHO classification of
visual impairment. After the follow-up, only two patients (1.0%) were still visually
impaired despite treatment of DME.
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Table 10. DME treatment outcomes in observation, macular laser, anti-VEGF and
combination of macular laser and anti-VEGF groups (CC BY 4.0 from the Study Ill ©
2022).

Outcome All Observation Macular  Anti-VEGF  Macular laser
n=304 n=45 laser n=124 and anti-VEGF
n=100 n=35

Age at DME onset’, mean (SD) 47.4 (14.4) 47.5(16.1) 43.0 (12.1) 49.9 (14.5) 44.7 (13.2)
Given anti-VEGF-injections, 6.0 (4.2) 6.5 (6.5)
mean (SD)

Visual impaired eyes, n (%)

at DME onset 22(7.2) 4(8.9) 3(3.0) 11(8.9) 4(11.4)
after the first DME 16 (5.3) 3(6.7) 4 (4.0) 7 (5.6) 2(5.7)
at the end of follow-up 7 (2.3) 2 (4.4) 3(3.0) 2 (1.6) 0(0)
Recurrence of DME, n (%) 193 (63.5) 41 (91.1) 59 (59) 80 (64.5) 13 (37.1)
BCVA , mean (SD)
at DME onset 76.4 (12.5) 81.6(8.8) 80.8(13.1) 72.8(11.1)  72.4(13.2)
at the end of first episode 79.7 (11.5) 80.8(12.6) 80.7 (13.7) 78.9(9.9) 78.5(8.9)
at the end of follow-up 78.9(12.2) 78.3(17.7) 80.2(13.4) 78.3(10.1)  78.7 (9.0)
ETDRS letters gain after first 29 0.1 0.4 4.9 5.5
episode, mean (95% Cl) (21t03.8) (-3.6t03.8) (-1.9t01.1) (3.9t06.0) (2.9t08.1)
p-value <0.001* >0.90 0.61 <0.001* <0.001*

ETDRS letters gain at the end of 1.8 (1.0 to -3.7 (7.4 to -1.1 (-2.7 to 4.1 (3.1 to 5.1 (2.5t07.8)
follow-up, mean (95% CI) 2.7) 0.04) 0.4) 5.2)
p-value <0.001* >0.90 0.14 <0.001 <0.001

VEGF = vascular endothelial growth factor, DME = diabetic macular edema, BCVA = best corrected visual acuity
with ETDRS letters, SD = standard deviation, CI = confidence interval
'No statistical significance between groups (p = 0.38, ANOVA)

* Statistical significance (p-value < 0.05)

Patients with DME who were observed or received macular laser treatment had no
statistically significant change in BCVA. The change was noted to be 0.1 and -0.4
ETDRS letters after the first DME episode (95% CI -3.6 to 3.8, p>0.90 and 95%
CI-1.9to 1.1, p=0.61), respectively. At the end of the follow-up, the change was -
3.7 and -1.1 ETDRS letters (95% CI -7.4 to 0.04, p>0.90 and 95% CI -2.7 to 0.4,
p=0.14) for observation and macular laser treatment, respectively. In the anti-
VEGF group and combination group, the statistically significant gain after the first
DME episode was a respective 4.9 and 5.5 ETDRS letters (95% CI 3.9 to 6.0,
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p<0.0001 and 95% CI 2.9 to 8.1, p<0.001). These outcomes sustained after the
follow-up and gain were 4.1 and 5.1 ETDRS letters (95% CI 3.1 to 5.2, p<0.0001
and 95% CI 2.5 to 7.8, p<0.0001), respectively (Table 10).

During the onset of DME, five patients with T1D (2.4%) were visually
impaired according to the classification of visual impairment by WHO. However,
treatment of DME improved the BCVA in several cases, and at the end of the
follow-up, only two of these patients (1.0%) met the criteria of visual impairment.

In the anti-VEGF and combination group, a respective 6.0+4.2 and 6.5+6.5
injections were given during the first DME episode. Bevacizumab was the first
chosen anti-VEGF agent in 158/159 (99.4%) DME episodes treated with anti-
VEGEF only or with a combination of macular laser and anti-VEGF. In one case
only (0.6%) aflibercept was the first choice of treatment. None of the patients
received intravitreal corticosteroids or underwent vitrectomy, and no adverse
effects of anti-VEGF treatment were observed.
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7 Discussion

7.1 Efficient treatment of intravitreal hemorrhage ()

BCVA can be very close to normal or severely impaired in patients diagnosed with
advanced PRD, depending on the severity of the VH (Chelala et al., 2018; Turner
et al., 1985; Wang et al., 2017). Prolonged VH can result in impaired visual acuity
and treatment is usually needed (Ahmadieh et al., 2009; Antoszyk et al., 2020;
Chelala et al., 2018; DRVS, 1990). In this study, our aim was to research how anti-
VEGEF treatment performed with IVB can affect VH in a real-world setting and
whether it expedites the clearance of the vitreous compared to PRP, vitrectomy and
spontaneous resolution of VH. Our results showed that IVB improves the clearance
of VH and visual outcomes in patients with PDR. The mean duration of VH was
only 57+46 days, and 66% of the patients had a >15 letter improvement in their
BCVA. The CLARITY trial has shown that anti-VEGF treatment can result in
increased BCVA improvement compared to PRP only in patients diagnosed with
PDR (Sivaprasad et al., 2017). Moreover, DRCR.net Protocol W, a randomized
clinical trial comparing anti-VEGF treatment and sham treatment, showed that anti-
VEGEF treatment is efficient to prevent vision-threatening complications of DR
(Maturi et al., 2021).

In our study we found that VH was more frequent in patients with T1D. Out of
all the patients diagnosed with PDR, 16% had T1D and 9% had T2D. Out of these
patients 25% developed VH during the 5-year study period. This result agrees with
the previous studies showing that complications related to DR are more common
in patients diagnosed with T1D (Hautala et al., 2014; Yau et al., 2012) and patients
diagnosed with T1D suffer vision loss due to PDR more often than patients
diagnosed with T2D (Cheung et al., 2010). In addition, the patients diagnosed with
T1D in this study were younger at the time of the onset of the VH (44+13 years)
compared to patients diagnosed with T2D (6647 years). One of the main reasons
for this may be that the duration of diabetes is regarded as an independent risk
factor for DR (Klein et al., 1984a; Yau et al., 2012; Zhang et al., 2010).

Previous PRP had been performed in 88% of the study patients before the
onset of the VH, hence, the PDR progressed despite prior treatment. DRCR.net
Protocol S showed that anti-VEGF treatment or PRP are efficient ways to treat PDR,
and after 5-year follow-up BCVA was similar between groups. However, these
groups had a similar rate of VHs during the study period with a cumulative
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probability of 58% for the anti-VEGF group and 54% for the PRP group (Gross et
al., 2018).

The analysis identified that [IVB improved visual acuity in patients and BCVA
increased 0.73+0.04 logMAR units. In agreement with our results, several studies
have shown that anti-VEGF treatment for VHs can improve BCVA (Huang et al.,
2009; Jonas et al., 2008; Park et al., 2021). In contrast to this, there is evidence that
IVB is not superior to other treatments such as PPV (Jorge et al., 2021). However,
this may be due to the fact that PPV favors short-term outcomes in comparison to
IVB. In addition, PPV is a surgical intervention, whereas IVB is merely an injection,
resulting in more convenient and efficient treatment. In order to clear the vitreous
an average of 1.7+1.1 injections for one VH episode in our study were needed. Our
results are in line with previous studies, which have shown that one to three IVB
injections are needed to clear the vitreous (Jonas et al., 2008; Jorge et al., 2021;
Park et al., 2021). The median estimate for VH clearance was 57+46 days in the
IVB group and 70+6 days for other treatments, and some patients reported that the
VH cleared within a few days to 1-2 weeks after the IVB. Park et al. compared
IVB to observation of VHs. Their patients were followed for 20 months resulting
in data where the time it took for the clearance of VH to be 7 vs. 13 months,
respectively (Park et al., 2021). In accordance with our results, even shorter times
between 2—4 months for VH clearance with IVB have been reported (Huang et al.,
2009; Jonas et al., 2008).

Only 7% of the patients treated with IVB needed PPV during the follow-up.
Furthermore, other studies have gained evidence supporting results that patients
receiving anti-VEGF treatment have lower vitrectomy rates compared to control
groups (Chelala et al., 2018; Huang et al., 2009). Furthermore, a recent meta-
analysis showed that monotherapy with anti-VEGF resulted in lower rates of VHs
and PPVs compared to PRP (Yates et al., 2021), which supports the idea of anti-
VEGTF as a conjunctive therapy for PDR. All patients in the IVB group in our study
received bevacizumab, which is the primary anti-VEGF drug commonly used in
Finland. Studies with ranibizumab (Chelala et al., 2018; Figueira et al., 2018) and
aflibercept (Antoszyk et al., 2020; Glassman et al., 2021) have also proven efficient
when treating VH due to PDR and regression of retinal neovascularization.

Our results indicate that IVB can be used to efficiently treat VH due to PDR
and an average of 1 to 2 injections is needed for the clearance of the vitreous in less
than 3 months. Patients in our study presented no serious side effects of IVB, such
as endophthalmitis or TRD, suggesting the safety of the treatment, which is further
in line with the results presented by the long follow-up period. The safety of IVB
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for VH has also been demonstrated in other studies (Gross et al., 2018; Jorge et al.,
2021; Park et al., 2021).

This study has several limitations. The study was not randomized, and it was
uncontrolled and retrospective in nature. The timing of the control visits after [IVB
varied and the clearance of VH was observed only at the time of the control visit.
The specific time of the appearance of the VH was often available, but the exact
time of the clearance of the vitreous was dependent on the time when the patient
had their scheduled control visit, leading to a possible negative effect in the results.
In addition, the treatment criteria were not pre-defined and depended on the
decision made by a retina specialist. Bevacizumab was the only intravitreal drug
that had been used, therefore effects of other anti-VEGF drugs, such as ranibizumab
or aflibercept, could not be assessed. The number of VH episodes in the [VB group
was considerably higher than in PRP, PPV or observation groups. Estimates for
clearance of VH were made between the IVB group and combination of other
treatment groups in order to match the group sizes. Therefore, conclusions
regarding the clearance of VH with IVB cannot be compared to the PRP, PPV and
observation groups individually.

Despite the limitations and the retrospective nature, our study illustrates
population-based results of advanced PDR with VH. In addition, a long 5-year
follow-up period in a real-world setting might be considered as a strength of the
study. This enabled the study to determine the rate of VH recurrences and the need
for reinjections in a longer time frame. Further research is needed to evaluate which
patients benefit the most from anti-VEGF treatment and if there is an adequate
treatment protocol to be adapted for patients with VH. For example, a previous
DRCR.net study revealed no difference in vitrectomy rates between patients treated
with ranibizumab or saline injections, although BCVA offered greater improvement
and fever VH recurrences were noted in the ranibizumab group (Bhavsar et al.,
2013). Moreover, findings from this study may help ophthalmologists when
making treatment decisions for patients with VH.

7.2 Proliferative diabetic retinopathy effects on visual function (ll)

In this population-based cohort study, all patients had been diagnosed with T1D
since childhood and had developed PDR, which had lasted for 15.4+2.8 years at
the time of the study. The Diabetic Retinopathy Study research group concluded
that with timely treatment with PRP a significant reduction in risk of vision loss is
noted (DRS Research Group, 1981a). Based on this, all study patients had
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completed full PRP. Even when treated with PRP, the risk for vision loss is present
and PDR may progress (Park et al., 2021). In this study, DME or VHs were seen in
17% and 57% of patients with PDR, despite fully completed PRP. In the DRCR.net
Protocol S study there were similar results in regard to the occurrence of VH; after
5 years 46% of patients with PDR treated with PRP had VH (Gross et al., 2018).

However, PRP is an inherently destructive approach and has some adverse
effects (Fong et al., 2007; Hautala et al., 2014). In our study, both central and
peripheral visual field sensitivities were lower in patients with PDR compared to
healthy controls, matching previously reported results on visual field defects due
to PRP (Gross et al., 2015; Sivaprasad et al., 2018).

Contrast sensitivity is also known to be affected due to PRP (Fong et al., 2007;
Hautala et al., 2018), however, in our study there was no difference in contrast
sensitivity between study patients and healthy controls. During the time of the
patients’ previous visit in 2007, 63% of patients were reported to have decreased
contrast sensitivity (Hautala et al., 2018). In contrast to this, our results disagree
with the previously reported results. This may be due the different procedure to
evaluate the contrast sensitivity. In 2007 the measurements were made by using the
Vistech chart at five spatial frequencies whereas in the current study, the Ocusweep
algorithm used only one spatial frequency to evaluate the contrast sensitivity of the
patients. This may also be explained with the possibility that the algorithm which
used one spatial frequency at one cycle per degree was not sensitive enough to
detect differences between the study patients and healthy controls. Furthermore, in
the current study, binocular contrast sensitivity was measured whereas the same
measurement was performed monocularly in the previous study, thus affecting the
results. This may highlight the importance of binocularity in overall visual function.

The Ocusweep reaction time perimetry test was also performed on the patients,
leading to a 26.2 millisecond slower reaction time compared to the healthy controls.
It can be assumed that reaction time may be impaired because of overall neuropathy
(Ryan et al., 2003) and even cognitive dysfunction (Wu et al., 2022) due to T1D.
However, only one study patient was diagnosed with neuropathy secondary to T1D,
thus not completely explaining the slower reaction time.

After 35£3.9 years of life with T1D, patients obtained a relatively good visual
function; their BCVA was 73—77 ETDRS letters and only two patients were visually
impaired due to PDR. This may be explained by the efficient management of T1D
and PDR. The patients also showed an improvement in glycemic control during the
follow-up from 2007 to 2019. Another factor to be considered is the fact that several
patients started using transdermal glucose monitoring system after their visit in
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2007. In a recent meta-analysis, the usage of transdermal glucose monitoring
systems has been associated with improved glycemic control in patients diagnosed
with TID an T2D (Liang et al., 2022). In addition, the lipid profile and blood
pressure of the study patients remained stable during the follow-up.

Efficient management of PDR after the fully completed PRP has included anti-
VEGF treatment for DME and VH if applicable. Data from two meta-analyses have
shown that treatment of PDR with PRP and anti-VEGF has beneficial effects on
treatment stability and visual outcomes (Fallico et al., 2021; Yates et al., 2021).

HRQoL measured with the 15D instrument decreased slightly during the
follow-up, however, the overall HRQoL remained good and the 15D dimension
concerning vision remained unchanged. During the follow-up, dimensions
concerning mobility and distress improved which might be explained by the
implementation of new transdermal glucose monitoring. Flash glucose sensors able
patients to measure blood glucose levels effortlessly and in a non-invasive manner,
thus, motivating and encouraging more frequent blood glucose level monitoring.
Patients with diabetes have been shown to have an emotional and social impact on
patients with an impaired HRQoL (Graham-Rowe et al., 2018; Selenius et al., 2020).
However, in a previous study analyzing HRQoL of Finnish patients diagnosed with
diabetes, it was sown that HRQoL was similar to the general population and only
the duration of diabetes seemed to have a negative impact on HRQoL (Schanner et
al., 2016). Furthermore, PDR has been associated with impaired HRQoL in these
cohort patients in the previous study visit in 2007 (Hannula et al., 2014).

We acknowledge several limitations in this study. The study population was
relatively small in size and only 57% of patients diagnosed with PDR in 2007 were
able to participate in the re-evaluation in 2019 (excluding deaths and one patient
with incomplete participation). Also, measurements of functional vision require
proper usage of the Ocusweep device. The measurements can be affected by other
conditions, for example defects in hand-eye coordination, causing impairment in
the reaction time perimetry test. In addition, decreased reaction time might not only
be a result of PDR, but also be caused by diabetic neuropathy which should be
considered when interpretating the results. Furthermore, the Ocusweep algorithm
measuring contrast sensitivity is based on only one spatial frequency and is a source
of positive bias leading to higher spatial frequencies possibly being neglected.

In the current study, we evaluated HRQoL providing us with information about
the overall quality of life instead of vision related QoL. The 15D instrument was
chosen because the evaluation in 2007 contained measurements of HRQoL with
the 15D instrument because aimed to compare HRQoL results between the two re-
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evaluation visits in 2007 and 2019. To acquire more detailed information about
vision-related QoL, for example National Eye Institute Visual Function
Questionnaire 25 would have been used.

The prospective nature, long follow-up time and 35-year duration of T1D are
the strengths of this study. All the patients were evaluated in 2007 so that results in
BCVA and glycemic control could be compared to the re-evaluation in 2019. Also,
functional vision test results with the Ocusweep device were compared to healthy,
age-matched Finnish controls with a 1:105 relationship to provide high-quality
reference data. Although study patients had suffered from T1D for 35 years and had
PDR treated with PRP, they had maintained good visual outcomes and HRQoL
comparable to healthy age-matched controls. Furthermore, the rate of visual
impairment was low. These findings support the fact that with timely and effective
treatment, patients can remain relatively good visual function despite PDR and
associated treatments encouraging ophthalmologists to make effective treatment
choices.

In the future, more research is needed to evaluate the treatment of VITDR and
especially PDR after fully completed PRP. Additional information is needed in
order to assess the importance of glycemic control in patients with T1D to prevent
further progression of PDR. Novel transdermal glucose monitoring systems
provide information about the glycemic control by evaluating the time-in-range
instead of long-time glycemic control measured with HbAlc (Liang et al., 2022;
Yapanis et al., 2022). This information can provide us with new treatment strategies
for patients with T1D and vison-threatening complications (Lu et al., 2018; Yapanis
et al., 2022). Moreover, anti-VEGF treatment provides an efficient way to reduce
vision loss in patients with DME, VH or progressing neovascularization after fully
completed PRP (Yates et al., 2021). Also, recently published four-year outcomes of
DRCR.net Protocol W study showed that anti-VEGF therapy may prevent non-
PDR progression to PDR (Maturi et al., 2023). Therefore, anti-VEGF treatment
should be considered as an adjuvant therapy to PRP in patients diagnosed with PDR.

7.3 Treatment of diabetic macular edema preserves vision (lll)

Treatment of DME has revolutionized due to the availability of anti-VEGF therapy,
leading to visual impairment caused by DR to markedly reduce (Purola et al., 2022;
Schmidt-Erfurth et al., 2017, Wong et al., 2018). Previously focal macular
photocoagulation has been the only treatment for DME (ETDRS Research Group,
1985), however, anti-VEGF therapy is currently considered the primary treatment
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for CI-DME (Schmidt-Erfurth et al., 2017; Zhang et al., 2022). In our study,
patients with T1D and DME were either observed, treated with macular laser, they
received anti-VEGF monotherapy or a combination of macular laser and anti-
VEGF. As recognized (Hautala et al., 2014; Yau et al., 2012) and observed in our
previous study (I), patients diagnosed with T1D have more DR related
complications, such as VHs, compared to patients diagnosed with T2D, suggesting
different risk profiles for DR related complications in these patients. Therefore, our
third study focused on DME treatment outcomes in patients diagnosed with T1D
exclusively.

Anti-VEGF agents, bevacizumab, ranibizumab and aflibercept seem to have
similar long-term visual outcomes when treating DME (DRCR.net, 2015).
However, both ranibizumab (Vader et al., 2020) and aflibercept (DRCR.net, 2015;
Wells et al., 2016) have been shown to have better visual outcomes when compared
with bevacizumab with poor BCVA at the time of the onset of DME. Bevacizumab
is typically used as a first-line anti-VEGF agent in Finland when treating DME or
neovascular age-related macular degeneration. In our study, patients received
bevacizumab as the first anti-VEGF in all but one case. It is known that the effect
of anti-VEGF treatment may be late due to partial response in patients, and at times,
some patients are non-responders to the treatment (Ashraf et al., 2016). During the
follow-up, 15% of the DME episodes required a switch to aflibercept due to an
inadequate response to bevacizumab.

Patients with center-involved DME (CI-DME) were treated with only anti-
VEGEF or a combination of macular laser and anti-VEGF. Previous clinical trials
have shown that with anti-VEGF therapy offers a long-term significant
improvement of >15 ETDRS letters in BCVA, which can be achieved in more than
one third of the patients (Brown et al., 2015; DRCR.net, 2015). Our study agrees
with these previous results of the benefits of anti-VEGF treatment for DME. Our
study demonstrated the benefit of anti-VEGF therapy in DME during the 65+45-
month follow-up in a real-world setting. A statistically significant improvement of
4.9-5.5 ETDRS letters was documented after the first DME episode and these
results sustained during the follow-up, leading to a long-term improvement of
BCVA measuring at 4.1-5.1 ETDRS letters. Furthermore, a clinical trial comparing
bevacizumab and laser therapy for DME showed that after two years 32% of the
patients gained >15 ETDRS letters, hence supporting the finding that bevacizumab
was superior to macular laser, since only 4% of patients treated with macular laser
gained >15 ETDRS letters (Rajendram et al., 2012). Considering this, patients with
DME that were observed or treated by macular laser in our study had no statistically
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significant change in BCVA after the first DME episode or during the follow-up. A
previous ETDRS study has demonstrated the beneficial effect of focal laser
treatment in preventing vision loss (ETDRS Research Group, 1985).

Beyond VEGF, the presence of inflammation is known to affect the
pathogenesis of DME (Forrester et al., 2020) and intravitreal corticosteroids may
be used to treat DME (Beck et al., 2009; Gao et al., 2021). In our study, none of the
patients with DME received intravitreal corticosteroids. Most of the study patients,
at the average age of 47 years, might have been assumed to not have their BCVA
impaired by cataract, and anti-VEGF treatment with a safer profile may have been
chosen to avoid cataract formation which has been associated with administration
of intravitreal corticosteroids alongside an increased IOP (Beck et al., 2009; Gao et
al., 2021).

At the onset of DME 75% and 25% of the patients had non-PDR and PDR,
respectively, after an average of 24+12 years of life with T1D. In a meta-analysis
pooling data from five different clinical trials evaluating DME treatment with anti-
VEGTF, it was shown that DME resolution was faster in patients with more severe
DR at the baseline. However, after a 2-year follow-up there were no differences
between different DR severities (Talcott et al., 2023). In our study, the duration of
T1D had no statistically significant effects on BCVA improvement after the DME
resolution. However, the effect of the severity of DR was not assessed. Moreover,
we have an agreement with previously stated results, that the prevalence of PDR
rises with the duration of T1D even though the prevalence of DME reaches a
plateau after 10 years with T1D (Warwick et al., 2017).

Our study has some limitations. Treatment groups were based on real-world
treatment decisions made by ophthalmologists and had different clinical features at
the baseline, therefore resulting in groups being heterogenic, which in turn, affected
the outcomes. For example, there was no pre-defined BCVA-level for each
treatment. Taking these features of the data into consideration, only intragroup
analysis for BCVA improvement after the first DME episode and after the long-
term follow-up was performed. Thus, our study provides information of different
treatment results, but no intergroup comparison was made because of this. We also
reported long-term BCVA improvement among patients, however, the presence of
cataract was not evaluated, as well as any intraocular lens surgery prior or during
the follow-up was not included. The main reason for this being that the patients in
the study cohort were relatively young and cataract is not common in this patient
population, this is still a limitation to be considered. In addition, glycemic control
was not defined prior to or during the follow-up, hence the effect of glycemic
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control on visual outcomes was not assessed. All patients except one received
bevacizumab as a first-line anti-VEGF agent, so no results are available about other
anti-VEGF agents such as ranibizumab and aflibercept. In addition, no patients
received intravitreal corticosteroids.

This study was a population-based cohort with a long follow-up time giving
strong real-world data and treatment results. In addition, one of the strengths of this
study is that only patients diagnosed with T1D were included, in contrast to
previous studies reporting DME treatment outcomes for both patients diagnosed
with T1D and T2D. Patients were treated mainly with bevacizumab which is also
the first-line anti-VEGF agent in Finland, thus giving reliable results on intravitreal
bevacizumab for DME.

Future research of treatment outcomes between patients diagnosed with T1D
and T2D in addition to DME is needed in order to evaluate the possible differences
in the visual outcomes and treatment protocols for both patient groups. The
efficiency of anti-VEGF treatment is well known; however, more research is
needed to establish more individualized treatment protocols. Our study supports the
fact that with anti-VEGF treatment for DME it is possible to maintain good visual
function even in long-term follow-up.

7.4 Future diagnostics and treatments for diabetic retinopathy
offers answers regarding associated burden

Management of DR, in terms of screening and the need for ophthalmic treatment,
cause an increasing burden to the healthcare system (Bourne et al., 2021; Teo et al.,
2021; Willis et al., 2017). Furthermore, in industrialized countries, for example in
Europe including Finland, the population has an increasing median age and WHO
has estimated that by 2050, there will be double the number of 60-years olds
compared to today (WHO, 2015). Screening and ophthalmic treatment requires
high resources and a strong public healthcare sector to cover all patients adequately
in order to prevent vision loss (Hautala et al., 2014; Wong et al., 2018). The visual
prognosis of DR has markedly improved since the anti-VEGF era, not to mention
PRP (Purola et al., 2022; Wong et al., 2018).

PRP will remain as a standard treatment of VIDR alongside anti-VEGF
therapy. However, novel methods of applying these treatments are needed to
respond to the increasing burden. Telemedicine will provide some answers. In
Northern Finland, DR screening is already carried out with a mobile screening unit
— screening fundus photographs are instantly available for ophthalmologist referral
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via 4G wireless network (Hautala et al., 2014; Hautala et al., 2009). Machine
learning based algorithms for DR screening are already available in open markets
and research is being carried out to evaluate these algorithms in a real-life setting
(Grzybowski et al., 2020; Ngiam & Khor, 2019). Studies are also being conducted
to evaluate the possibility of real-time retinal photocoagulation via wireless
networks, which can help to cover even more patients living in vast, rural areas
(Chen et al., 2021; Kozak et al., 2017).

Novel anti-VEGF agents are also being studied with new application methods.
For example, the United States Food and Drug Administration has approved ocular
implants continuously releasing anti-VEGF for age-related wet macular
degeneration (Chang et al., 2022). These new innovations can profoundly advance
the treatment of patients in need of anti-VEGF therapy. The role of anti-VEGF
therapy will most likely increase and be applied after fully completed PDR as a
form of adjuvant therapy (Maturi et al., 2023; Yates et al., 2021). In the future,
modern technologies will provide resource saving methods to reduce the burden
caused by the management of DR.
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II

III

Conclusions

Treatment of VH with IVB is superior to other treatments including PRP, PPV
and observation in clearing the vitreous, improving visual outcomes and
preventing recurrences of VHs.

Long-term visual prognosis and HRQoL remained good, despite the declined
functional vision caused by PDR, due to efficient treatment of DR and an
improved glycemic balance in the cohort of patients with 35-year duration of
T1D.

Anti-VEGF treatment alone or in combination with macular laser seems to be
an efficient treatment for patients with T1D and central-involved DME in terms
of improvement in visual outcomes even in long-term follow-up.
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