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Abstract

Purpose: The worldwide prevalence of diabetes mellitus (DM) continues to in-
crease. As DM is linked to various ophthalmological comorbidities, it is crucial
to understand the incidence and the treatment patterns of these complications
to minimise the treatment burden for the patient and the healthcare system.
This study aims to evaluate the incidence and prevalence of diabetic macular
oedema (DME) and proliferative diabetic retinopathy (PDR) and to analyse
intravitreal (IVT) treatment patterns and responses in the Finnish population
with diabetes.

Methods: A nationwide data register containing details of over 20-year-old in-
dividuals with diabetes was used in the analyses.

Results: The incidence and prevalence of DME and PDR among the Finnish
population with diabetes either declined or remained stable during 2007-2017
(Incidence rate: DME —40.8%, PDR —65.3%; prevalence rate: DME +4.7%,
PDR —11.2%). During the same period, number of persons suffering from dia-
betes increased by +58.3%. The total number of IVT injections increased by
261.7%; the number of patients receiving IVT treatments increased by 133.6%
from 2011 to 2017, reflecting changes in patient numbers in the ophthalmology
departments. Furthermore, irrespective of the rising number of patients with
diabetes, the numbers with visual impairment declined by 75.8% among DME
and by 75.7% among PDR patients in 2007-2017.

Conclusions: Regardless of the considerable increase in the workload of oph-
thalmology departments, the healthcare system has been able to reduce both
the age and sex standardised incidence of DME and PDR among the diabetic
population suffering from a visual impairment associated with this disease.
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most common microvascular complication of DM and
is one of the most frequently encountered reasons for

Diabetes mellitus (DM) is a major medical and societal
challenge due to the rapid increase in its global preva-
lence and the severity of its late complications, including
micro- and macrovascular diseases (Collaboration, 2016;
Danaei et al., 2011). Diabetic retinopathy (DR) is the

visual loss in the working age population. The signs of
DR include microancurysms, haemorrhages, abnor-
mally tortuous, dilated and elongated blood vessels, as
well as hard and soft lipid exudates. Diabetic macular
oedema (DME) and proliferative diabetic retinopathy
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(PDR) represent the advanced manifestations of DR. In
DME, fluid accumulates in the central portion of the ret-
ina because of capillary leakage and this leads to a loss
of vision. Instead, PDR involves neovascularisation and
fibrous retinal lesions (Schmidt-Erfurth et al., 2017).

DME and PDR have a multifactorial pathophysi-
ology, but usually they have been linked to angiogene-
sis, increased vascular permeability and inflammation
(Gale et al., 2021; Schmidt-Erfurth et al., 2017). As it is
recognised that it is hyperglycaemia that triggers the dis-
ease progression behind the DR and other ocular com-
plications, optimal glycaemic and blood pressure control
are essential in preventing disease progression (AlDarrab
et al., 2023; Becker et al., 2018; Gale et al., 2021). There
are several treatment options for DME, including laser
photocoagulation, intravitreally (IVT) administration
of anti-vascular endothelial growth factor (anti-VEGF)
agents and corticosteroids (either IVT or as implants)
(Gale et al., 2021; Schmidt-Erfurth et al., 2017).

In the study, we focused on DME and PDR, as those
are the two most common causes of vision loss in the
working age population (Schmidt-Erfurth et al., 2017).
The exact numbers of DME and PDR patients in
Finland are not currently known. Global prevalences of
DME among diabetic patients are around 4%—7%; for
PDR, they are in a similar range,1%—-7% (Teo et al., 2021;
Thomas et al., 2019; Yau et al., 2012). Loukovaara
et al. (2023) reported recently that the incidence rate of
DME in Finland was 1.8 cases per 1000 person years.
Furthermore, the number of patients with diabetic eye
complications has been projected to continue to ex-
pand during the next decades (Saaddine et al., 2008; Teo
et al., 2021). It is estimated that currently approximately
500000 people in Finland have diabetes, 10%—15% of
these individuals have type I diabetes (T1D) (1).

As there is very little known about the patient num-
bers and treatment patterns of DME and PDR patients
in Finland, our aim was to determine the incidence and
prevalence of DME and PDR in the country's popula-
tion with diabetes. In addition, we wanted to understand
how many of these patients need a medical intervention
and, finally, examine the patterns of treatment. As novel
treatment options for DME and PDR had been intro-
duced during the last decade, our aim was also to eval-
uate whether these treatments had altered the number
of DME and PDR patients progressing to a visual im-
pairment. The emergence of novel treatment options for
the ophthalmic complications linked to diabetes during
the last decade has raised question about the incidence,
prevalence and real-world treatment patterns of diabetic
ocular complications in Finland. This is important in
order to perceive the whole treatment burden for the pa-
tient and also on the healthcare system.

2 | MATERIALS AND METHODS

2.1 | Study population

This study was based on administrative healthcare data
registers. We used the Diabetes in Finland (FinDM) da-
tabase. This register has strived to identify all persons

with diabetes in Finland and houses comprehensive
follow-up data, including hospital discharges and dates
of death. Data from the Finnish Register of Visual
Impairment (FRVI) was also linked to this database
(Purola et al., 2022). The detailed description of the
FinDM database and methods for its compilation are
available elsewhere (Arffman et al., 2020). The classi-
fication of people into T1D and type 2 diabetes (T2D)
followed that of the FinDM database and was based
on information on diagnoses, medication and age at
the first year following the recorded onset of diabetes.
Treatments for DME and PDR are provided in Finland
in university hospitals, central hospitals and some local
hospitals. Some hospitals have partially outsourced
IVTs to private service providers. The FinDM project
has received ethical approval from the Research Ethics
Committee of the Finnish Institute for Health and
Welfare (THL) (5/2018 (§791)).

2.2 | Inclusion and exclusion criteria

The study population included 695 758 patients with dia-
betes living in Finland between the years 1998 and 2017.
The patients who were included were those aged at least
20years and the data collection lasted until the end of
the year 2017 or death before that year. We identified
patients with the diagnosis codes DME (ICD10: H36.01)
or PDR (H36.03) in the hospital discharge records at any
time in 1998-2017. We studied two patient groups: those
with DME and those with PDR. In addition, as some
patients had diagnosis codes for both DME and PDR,
we studied those with both diagnoses. The first occur-
rence of diagnoses of DME and PDR was defined as
the onset date. However, if the patient had received IVT
before diagnosis codes for DME or PDR, the first IVT
(CKDO05) administration date was set as the diagnosis
date. If a patient had received a diagnosis for neovas-
cular age-related macular degeneration (nAMD, ICDI10:
H35.31) or retinal vein occlusion (RVO, ICDI10: H34.8)
prior to the DME or PDR diagnosis, those patients were
excluded from analyses. In addition, if a patient had re-
ceived a diagnosis for nAMD or RVO at any time during
the follow-up, this patient was censored and participated
in analyses only until nAMD or RVO had been diag-
nosed. Furthermore, only those individuals with an areca
code and residence status on the Finnish mainland were
included in the analyses. Those patients living in the
Aland Islands were excluded, as they are often treated in
Sweden. The patients' breakdown in terms of diagnosis
codes is shown in Figure 1.

2.3 | The incidence and
prevalence of PDR and DME among Finnish
persons with diabetes

The incidence was determined as the first appear-
ance of a recording of a DME or PDR diagnosis in the
healthcare patient records in 1998-2017 with a clear-
ance period of 10years (the years 1998-2007, thus
the incidence was assessed in 2007-2017) in order to
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Persons with diabetes in 1998-2017
n=695,758

Excluding non-residents and those living in Aland Islands
n=690,462

Excluding those under 20 years
n=681,505

Those with DME and/or PDR diagnoses
n=31,412

Excluding those with nAMD or RVO diagnosis prior to DME and/or PDR diagnosis
n=30,389

DME

PDR

FIGURE 1 Patients' break-down in the FinDM database. DME, diabetic macular oedema; PDR, proliferative diabetic retinopathy;

nAMD, neovascular age-related macular degeneration.

identify the true incident cases. All patients who had
been diagnosed at some point during 1998-2017 with
DME or PDR were included in prevalence calculations
for subsequent years. Thus, the prevalence numbers
include not only patients with an active disease in the
year of analysis but more widely by counting those pa-
tients who have been diagnosed at some point prior to
the analysis date. Typically, patients with DME and
PDR have several treatment periods as the disease
becomes active multiple times during their lifetime.
Patients with active disease requiring treatment are as-
sessed via the IVT numbers.

2.4 | The workload for the ophthalmology
clinics and treatment burden for a patient

We studied the IVT treatment of DME and PDR
by examining hospital discharge dates of DME and

PDR patients with the operational code CKDO05 and
calculated the number of patients starting treatment
(with no previous treatment with CKDO05), the num-
ber of patients receiving treatment and the number of
treatment periods in the time period 1998-2017. For
the University Hospital District (UHD) of Turku,
the operational codes of CKW99 were also accepted
as CKDO05 treatments. In the UHD of Turku during
our study period, CKDO05 was used for corticoster-
oid implants and CKW99 for anti-VEGF agents. In
the other UHDs, the procedure code CKDO0S5 in-
cluded both anti-VEGF treatments and corticoster-
oid implants.

The workload for a clinic was measured by analysing
the total number of IVT treatments per year for the years
2007-2017. In order to explore the treatment burden for
DME and PDR patients, we analysed the median num-
ber of IVT injections during the first treatment year per
patient in 2007-2017.
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2.5 | The incidence of visual impairment
among Finnish persons with diabetes

Finally, we examined the registered incidence of blind-
ness or a visual impairment among DME and PDR
patients using FRVI data. The first date of entry in
FRVI was defined as the onset of a visual impairment.
Registered age- and sex-standardised incidence rates of
visual impairment among people with diabetes were cal-
culated to estimate the incidence. Healthcare providers,
specialists in ophthalmology and the ophthalmological
units of hospitals are required to submit information
about those individuals with permanent VI to the reg-
ister, and this does not need to receive permission from
the patients. Patient data are submitted when a patient
meets the criteria for a visual impairment: visual acu-
ity is permanently less than 0.3 in the better eye of the
patient, or if the individual, for some other reason, can
be considered comparable with a person with permanent
visual impairment.

2.6 | Statistical analyses
Descriptive analyses included numbers and proportions.
The age- and sex-standardised incidence and prevalence
rates were calculated using a direct standardisation
method with person years from the Finnish population
with diabetes as the risk population and the age- and sex-
structure from it in 2017 as the standard population.
Statistical analyses were conducted using SAS, ver-
sion 9.4 (SAS Institute, Cary, NC, USA) and R, version
4.0.5 (R Foundation, Vienna, Austria).

3 | RESULTS

3.1 | The incidence and prevalence of DME
and PDR among Finnish persons with diabetes

Our study population included 695,758 patients with
diabetes (1998-2017), of whom 23 058 patients were diag-
nosed with DME and 14 853 patients with PDR. Among
these patients, 15536 persons had DME as the sole di-
agnosis, 7331 persons had only a diagnosis of PDR and
7522 had been diagnosed with both DME and PDR dur-
ing our follow-up time.

In 2017, the incidence was 0.25% for DME (n=1127),
0.10% for PDR (n=441) and 0.01% for DME+ PDR
(n=80, the number of persons with diabetes in 2017:
447328 person years). In 2017, the prevalence was 3.1%
for DME (n=13822), 2.0% for PDR (n=8849) and 1.1%
for DME+ PDR (n=4822). In 2017, the incidence among
patients with T1D was 0.10% for DME (n=434), 0.62%
for PDR (n=278) and 0.09% for DME+ PDR (n=39, num-
ber of persons with T1D in 2017: 44796 person years). In
2017, the prevalence among patients with T1D was 12.8%
for DME (n=5730), 12.6% for PDR (r=5639) and 13.3%
for DME+ PDR (n=5938). In 2017, the incidence among
patients with T2D was 0.17% for DME (n=693), 0.04%
for PDR (n=163) and 0.01% for DME+ PDR (n=41, num-
ber of persons with T2D in 2017: 402 532 person years). In

2017, the prevalence among patients with T2D was 2.0%
for DME (n=8092), 0.8% for PDR (»=3210) and 0.5% for
DME+ PDR (n=2108).

The incidence and prevalence rates of DME and PDR
among Finnish persons with diabetes are shown for
the years 2007-2017 in Figure 2a. The incidence rate of
both DME and PDR was observed to decrease during
the observation period; for example, the incidence rate
of PDR declined by 65.3%, from 262 per 100000 person
years in 2007 to 99 in 2017 (incident cases: 2007 n="776,
2017 n=441; patients with diabetes: 2007 n=289 148, 2017
n=457852). Furthermore, the incidence rate for DME
decreased by 40.8% from 426 per 100000 person years
in 2007 to 252 in 2017 (incident cases: 2007 n= 1243, 2017
n=1127). The prevalence rate of PDR decreased by 11.2%
during the same time period (rate: 2228 per 100000 per-
son years in 2007 and 1978 in 2017, n=6697 in 2007 and
n=_8849 in 2017). In contrast, the DME prevalence rate
increased by 4.7% (rate: 3249 per 100000 person years in
2007 and 3090 in 2017, n=9174 in 2007 and n=13822 in
2017) during 2007-2017.

In 2007, there were 11461 prevalent patients and in
2017, there were 17708 patients who had DME and/or
PDR diagnoses (2007: n=4764 DME only, n=2287 PDR
only, n=4410 DME+PDR; 2017: n=8859 DME only,
n=3886 PDR only, n=4963 DME+PDR). Thus, the total
number of prevalent DME and/or PDR-diagnosed pa-
tients increased by 54.5% from 2007 to 2017. Instead,
the total number of new DME and/or PDR-diagnosed
patients declined by 4.4% from 2007 to 2017 (2007 total
n=1556, n=780 DME only, n=313 PDR only, n=463
DME+PDR; 2017 total n=1488, n=1047 DME only,
n=361 PDR only, n=80 DME-+PDR). It is interesting
to note that even though the incidence rates of DME
and PDR had significantly decreased, the total number
of new DME and PDR diagnoses had only slightly de-
clined. This is because the total number of patients with
diabetes increased by 58.3% during 2007-2017.

Trends in the incidence and prevalence rates differed
notably when data from T1D and T2D patients were
analysed separately. The incidence rates decreased
in both patient groups, with a more pronounced de-
crease in the incidences of both DME and PDR in the
T2D patients (Figure 2b,c). The incidence rate of new
PDR cases among patients with T1D decreased by
43.9% from 759 per 100000 person years in 2007 to 426
per 100000 person years in 2017 (incident cases: 2007
n=370, 2017 n=278; patients with T1D: n=37725 per-
son years in 2007 and n=44795 person years in 2017).
Surprising fluctuations in DME and PDR incidence
rates were observed among T1D patients. In addition,
the incidence rate of new PDR cases among patients
with T2D decreased by 75.9% from 166 per 100000 per-
son years in 2007 to 40 in 2017 (incident cases: 2007
n=406, 2017 n=163; patients with T2D: n=242627 in
2007 and n=402 532 in 2017). At the same time, the inci-
dence rate of new DME cases among T1D decreased by
21.1% from 982 per 100000 person years in 2007 to 775
per 100000 person years (incident cases: 2007 n=425,
2017 n=434). Furthermore, the incidence rate of new
DME cases in individuals with T2D and decreased by
48.8% from 330 per 100000 person years in 2000 to 169
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FIGURE 2 (a) Age- and sex-standardised incidence rates for people with diabetes. The black line indicates the number of patients with
diabetes (values on the right-hand side axis). (b) Age- and sex-standardized prevalence rates for people with diabetes (c) Age- and sex-
standardised incidence rates for people with TID and T2D. The black line indicates the number of patients with T2D and grey line patients with
TID (values on the right-hand side axis). (d) Age- and sex-standardized prevalence rates for people with T1D and T2D. DME, diabetic macular
oedema; PDR, proliferative diabetic retinopathy; T1D, type I diabetes; T2D, type II diabetes.

in 2017 (incident cases: 2007 n=818, 2017 n=693). The
total number of new DME and/or PDR-diagnosed pa-
tients with T1D increased by 13.0% from 2007 to 2017
(2007 n=561, 2017 n=634). In 2007, there had been 214
patients, whereas in 2017, there were only 23 patients
with T1D who had received both DME and PDR di-
agnoses at the time of the first diagnosis of DME or
PDR. Instead, the total number of new DME and/or
PDR-diagnosed patients with T2D decreased by 15.8%
from 2007 to 2017 (2007 n=950, 2017 n=800). Similarly,
in 2007, there were 244 patients with T2D who received
both DME and PDR diagnoses at the time of the first
diagnosis of DME or PDR; by the year 2017, this num-
ber had fallen to 29 patients.

More prominent differences between TID and
T2D patients were observed in the prevalence rates.
The prevalence rate of both DME and PDR increased
among patients with TID but decreased in those pa-
tients with T2D (Figure 2b,c). Among patients with
TID, the prevalence rate of PDR increased by 37.6%
from 8987 to 12366 per 100000 person years and the
prevalence of DME increased by 69.0% from 7923 to
13393 per 100000 person years between 2007 (PDR
n=3979, DME n=2951) and 2017 (PDR n=5639, DME
n=>5734). The total number of prevalent DME and/or
PDR-diagnosed patients with T1D increased by 81.1%
from 2007 to 2017 (2007 n=4778, 2017 n=_8655). Instead,
in the T2D patients, the prevalence rate of PDR de-
creased by 26.4% from 1093 to 773 per 100000 person
years and the prevalence of DME decreased by 22.3%

from 2505 to 1946 per 100000 person years between
2007 (PDR n=2700, DME n=6223) and 2017 (PDR
n=3210, DME n=8092). The total number of preva-
lent DME and/or PDR-diagnosed patients with T2D
increased by 39.3% from 2007 to 2017 (2007 n=6599,
2017 n=9194).

3.2 | The total number of patients receiving
treatment for DME or PDR and the numbers of
new patients starting treatment

To clarify how the number of patients receiving IVT
treatment for DME and PDR has evolved during the
years, we analysed the total yearly number of patients
receiving IVT treatments as well as the number of
new patients starting treatment in the years 2007-2017
(Figure 3). During the observation period, the number
of IVT-treated patients has been continuously increas-
ing. If we compare the years 2011 and 2017 (the period
when anti-VEGF agents have been approved for use in
DME), the numbers of IVT-treated patients have in-
creased by 140.6% for DME and by 78.9% for PDR (799
patients with DME and 541 with PDR in 2011, 1922 pa-
tients with DME and 968 with PDR in 2017). A total of
916 patients with DME and/or PDR were being treated
with IVT in 2011; by the year 2017, the number had more
than doubled to 2140 (+133.6%). The rise in IVT-treated
patient numbers as well as in the number of IVT injec-
tion visits is evident among both TID and T2D patients.
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FIGURE 3 The number of annual intravitreal injection visit (a) The number of IVT treatment visits and treated patients in Finland in
2007-2017. (b) The number of new IVT-treated patients starting treatment in Finland in 2007-2017. (c) The number of IVT treatment visits
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The number of IVT-treated patients (DME and/or PDR)
with TID increased by 160.5%, from 301 in 2011 to 784
in 2017. Furthermore, the number of IVT-treated T2D
patients (DME and/or PDR) increased by 120.5% from
615 in 2011 to 1356 in 2017.

The number of new patients (DME and/or PDR)
starting IVT treatment increased by 28.1%, that is
it was 581 in 2011 and 744 in 2017. Especially, the
number of new IVT-treated patients with a DME di-
agnosis and T2D has been increasing considerably
(Figure 3b). The number of new I'VT-treated patients
(DME and/or PDR) with T1D increased by 43.6% from
195 in 2011 to 280 in 2017. Furthermore, the number
of new IVT-treated patients (DME and/or PDR) with
T2D increased by 20.2%, that is from 386 in 2011 to
464 in 2017.

3.3 | The amount of intravitreal
injection visits

In order to evaluate the treatment burden for a clinic
and society, we analysed how the total number of IVT
treatment visits has evolved during the years 2007-2017
(Figure 3). A clear increase in the total number of IVT
treatment visits can be observed from 2011 onwards.
The number of administered treatment visits increased
by 268.2% in patients with DME and by 166.3% in those
with PDR from 2011 to 2017 (1861 in DME and 1133 in
PDR in 2011, 6852 in DME and 3017 in PDR in 2017).
The total number of IVT treatment visits for DME and/
or PDR patients increased by a similar percentage, that
is 261.7%, from 2047 (2011) to 7405 (2017). However, a
slight increase was already evident during the years
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2007-2010. These changes reflect the arrival of the anti-
VEGF agents. The first anti-VEGF drug, ranibizumab,
received EMA approval in 2011 for diabetic macu-
lar oedema. However, EMA approval for its use in the
treatment of neovascular age-related macular oedema
had been issued already in 2007. It may be that the in-
crease detected during the years 2007-2011 was due to
the early introduction of anti-VEGFs into clinical prac-
tice. Instead, the procedures performed during the years
1998-2006 are most likely treatments with corticosteroid
agents.

The total number of IVT injection visits (DME and/
or PDR) among patients with T1D increased by 319.2%,
from 599 in 2011 to 2511 in 2017. In addition, the total
number of IVT injection visits (for DME and/or PDR)
among patients with T2D increased by 238.0%, from
1448 in 2011 to 4894 in 2017.

When interpreting our results, it has to be kept in
mind that our approach identifies only the number of
treatment visits involving IVT procedures and does not
identify how many eyes were treated during one visit. In
our data concerning the years 2016-2017, we observed
that in 14.5% of DME cases, in 15.3% of those with PDR
and in 15.6% of DME+PDR patients, the treatment had
been administered into both eyes.

3.4 | Treatment burden for patients

As we are assessing the kinds of treatments that are
provided by hospitals, but also require additional dis-
ruption to the patients' daily routines, it is also impor-
tant to analyse the treatment burden for the patients.
The percentage of patients belonging to each treatment
intensity group during 2007-2017 is shown in Figure 4b.
During the first year of treatment in 2017, the median
number of IVT visits to a clinic was 3 per patient year
for DME patients and 2 per patient year for PDR pa-
tients. Interestingly, only 16.8% of the DME patients
continued treatment during the 2nd treatment year and
slightly over every twentieth DME patient (5.3%) did
the treatments last for 4years (Figure 4d). Similarly,
only 14.4% of PDR patients needed treatment even
during the second year of treatment, with a mere 4.8%
receiving treatment that lasted 4years. In addition,
when we calculated the proportion of patients receiv-
ing laser treatment per year, we observed a declining
trend (Figure 4a). For example, while in 2010, slightly
more than every sixth DME patient received laser
treatment (15.8%), by 2017, this value had declined to
just over one in every ten (10.7%).

3.5 | Incidence of registered visual
impairment among Finnish patients with diabetes

Registered visual impairment among DME and PDR
patients with diabetes (patients in the FinDM registry)
was analysed from the patient entries to the Finnish
Register of Visual Impairment. A remarkable decrease
in registered registry entries due to visual impairment
in patients with DME (—=75.8%) and PDR (=75.7%) was

[Acta Ophraimolosica Ml
observed to have taken place during our observation
period. The registered age and sex-standardised inci-
dence rate for FRVI entry was 33 per 100000 person
years in DME (n=92) and 37 per 100000 person years
in PDR (n=107) during 2007, but by 2017, these val-
ues had declined to only 8 per 100000 person years for
DME (n=36) and 9 per 100000 person years for PDR
(n=39). The evident decrease in the registered age and
sex standardised FRVI entry rate may reflect improved
diabetic care as well as the timely management of ocu-
lar manifestations. Furthermore, the probability to
develop a registered visual impairment (FRVI entry)
during the next Syears after a diagnosis of DME or
PDR was considerably reduced after the emergence
of the anti-VEGF treatments. In 2005, from 1064 di-
agnosed DME patients about one in twenty (5.1%,
Syear FRVI entry n=>54) developed a registered visual
impairment during the next Syears; for those patients
diagnosed in 2012, the equivalent value was one in fifty
(2.1%, total n=1168, Syear FRVI entry n=24). Thus,
the number of patients with DME with a registered vis-
ual impairment decreased by 58.8% when the pre- and
post-anti-VEGF eras were compared. A similar trend
was observed with PDR-diagnosed patients; in 2005,
of the 719 diagnosed PDR patients, 6.5% (n=47) de-
veloped a registered visual impairment during the next
Syears, whereas the same number was halved to only
3.2% for patients diagnosed in 2012 (total n="772, 5-year
FRVI entry n=25). Thus, the numbers of patients with
PDR with a registered visual impairment decreased
by 50.8% when the pre- and post-anti-VEGF eras were
compared. Finally, we considered the patients who
had diagnoses for both DME and PDR and who de-
veloped registered visual impairment during the 5-year
period after diagnosis at both time points. In 2005,
7.4% (n=30) of the 405 patients diagnosed with both
DME and PDR developed a registered visual impair-
ment during the next 5years, whereas the same number
was reduced to 4.4% in the patients diagnosed in 2012
(total n=339, 5-year FRVI entry n=15). Thus, the pres-
ence of a registered visual impairment decreased by
40.5% among those patients who had been diagnosed
with both DME and PDR when the pre- and post-anti-
VEGF eras were compared.

4 | DISCUSSION

Finland is one of the worse countries in the world with
respect to the incidence of type I diabetes, that is in global
terms, the country has the highest incidence of childhood
type I diabetes. (Knip, 2021; Kurkela et al., 2021) In addi-
tion, the number of persons with type I diabetes has been
increasing significantly during recent years. (Kurkela
et al., 2021) Thus, Finland provides a unique opportunity
for diabetes research. Furthermore, in 2011, it was esti-
mated that diabetes-related healthcare costs consumed
8.8% of the country's total healthcare budget (Knip, 2021;
Koski Sari et al., 2017). Eye-related complications are the
most common complication group experienced by Finnish
patients with type I diabetes and the second most com-
mon complication group in those with type II diabetes
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FIGURE 4 Treatment burden for a patient and FRVI entries. (a) Percentage of patients receiving laser treatment in 2010, 2017 and at any
time in 2007-2017. (b) The median number of IVT injections during the 1st treatment year in Finland. (d) The duration of the IVT treatment
period. The percentage of patients continuing treatment for 2, 3 and 4years. The analysed treatment periods started in the years 2011-2014.
(e) Age- and sex-standardized FRVI entry rate per 100000 person years in Finland in the time period 1998-2017. The black line indicates

the number of patients with diabetes (values on the right-hand side axis). DME, diabetic macular oedema; FRVI, Finnish Register of Visual

Impairment; IVT, intravitreal; PDR, proliferative diabetic retinopathy.

(Kurkela et al., 2021). Thus, clarifying the incidence of
ocular complications and their treatment patterns would
be of major importance when trying to estimate the al-
location of healthcare resources and costs as well as ap-
preciating the treatment burden for the individual patient.
Our study addresses these important issues, providing a
comprehensive dataset, including data from the whole of
Finland and examining both types of diabetes.
According to our results, the numbers of IVT treat-
ment visits and numbers of patients on treatment for
DME and PDR have increased considerably during the
years 2007-2017, increasing the burden on the Finnish
healthcare system. While our analysis does not address
this subject, it would be interesting to appreciate whether
or not personnel and budget resources of the ophthal-
mology departments have followed this trend or if the
departments have been able to reduce some other tasks
during this period, and thus release resources for the
care of the growing numbers of DME and PDR patients.

However, it was intriguing to see that regardless of the
growing number of patients with diabetes and the ris-
ing number of IVT-treated DME and PDR patients,
the incidences of both DME and PDR in patients with
diabetes have been declining. The reduction in the inci-
dence rate may be attributable to the emergence of im-
proved medications, the evolution of treatment practices
in diabetes care and the increase in disease awareness,
leading to an earlier diagnosis. In fact, although the
prevalence of DME slightly increased, that of PDR de-
creased during the observation period. In our study, the
prevalence values of DME (3.1%) and PDR (2.0%) among
Finnish patients with diabetes at 2017 were in line with
those reported from other countries (DME 4%-7% and
PDR 1%-7%) (Teo et al., 2021; Thomas et al., 2019; Yau
et al., 2012). T1D patients had a considerably higher in-
cidence and prevalence of DME and PDR than T2D pa-
tients, which can be explained by the longer duration of
their disease. Curiously, when the changes during time
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in the prevalence rates were analysed separately for TID
and T2D, the prevalence rate increased for patients with
TID patients, whereas it declined in the T2D patients.
This may reflect differences in the underlying disease
and improvements in its treatment. It is interesting to
note that even though the incidence rates of DME and
PDR have decreased (2007-2017 decreasing by 65.3% in
PDR and by 41.3% in DME), the ever-increasing num-
bers of patient with diabetes have limited the decline in
patient numbers. Nonetheless, it does seem that the new
treatment options for DME and PDR provide more time
for the patient to enjoy good vision, but this will also in-
crease the numbers of patients being treated in ophthal-
mology departments. It must be noted that some patients
have received a diagnosis of both DME and PDR, and
this should be kept in mind when interpreting results.

The long-term goal for the IVT treatment of DME and
PDR patients is to prevent or delay the emergence of a
visual impairment. As patient data are submitted to the
Finnish Register of Visual Impairment when a patient
meets the criteria for visual impairment, we wanted to
explore if the numbers of patients entering the registry
had been reduced and if the time from treatment initia-
tion to registry entry had been affected during our obser-
vation period. The criteria of visual impairment include
the following signs: visual acuity is permanently less than
0.3 in the better eye of the patient, or if the person for
some other reason can be considered as being compa-
rable with a person with permanent visual impairment.
Intriguingly, the numbers of individuals with a registered
visual impairment due to DME and PDR have consider-
ably declined during our observation period, as has been
also reported previously with DR, PDR and non-PDR
patients (Hautala et al., 2014; Purola et al., 2022). This
most probably reflects the improvements both in diabetic
care and in the management of ophthalmic conditions.
However, as IVT anti-VEGF treatments for the treatment
of DME and PDR only emerged during the last decade,
their benefits have been demonstrated only as improve-
ments in visual acuity and comprehensive data demon-
strating the long-term potential of anti-VEGF treatments
to delay the emergence of a permanent visual impairment
has been lacking. As we had the possibility to explore this
intriguing topic, we analysed the percentage of patients
developing a visual impairment during the Syears after
the diagnosis of DME or PDR in the pre- and post-anti-
VEGF ecras. Interestingly, we could detect a clear re-
duction in the registered visual impairment rates when
the pre-anti-VEGF era (2005) was compared to the time
after the introduction of the anti-VEGF agents (2012).
The percentage of patients developing a registered visual
impairment during the Syears after diagnosis decreased
by 58.8% in patients diagnosed with DME, by 50.8% in
those with PDR and by 40.5% in the patients who had di-
agnoses for both PDR and DME. Thus, our data demon-
strate that the emergence of IVT anti-VEGF treatments
may have further decreased the rates of registered visual
impairment in DME and PDR patients.

The strength of this study is that it covers the entire
Finnish population. In addition, patients with both T1D
and T2D have been included in the same study, which
facilitates an appreciation of the entire workload for the
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clinics. However, as this analysis is based on a retrospec-
tive analysis of registry data, this approach may also have
some possibility for error. The recording of patient data
in hospitals is most often designed to serve patient care
and not data analysis. This means that accurate record-
ing is the responsibility of the hospital personnel and thus
there might be deficiencies in the data recording. In this
respect, we acknowledge that this analysis represents
the level of data that can be extracted from the current
registries and this might vary from the true numbers.
Furthermore, it is possible that recording practices may
vary slightly between the hospital regions. In addition,
some of the hospital districts use service providers and
not all of them may transmit data to the HILMO registry.
If it is the case that not all data reach the registry, then
our results will underestimate the number of IVT injec-
tions administered for patients with DME and PDR in
Finland. However, these data include data from all IVT
injections that are provided in publicly funded hospitals.
An appreciation of the workload being done in oph-
thalmology departments and the treatment burden for
patients is important in a publicly funded system, as it
represents a foundation for a data-based discussion about
the resource needs in each specialty area. Thus, it would
be highly valuable for registry research if recording prac-
tices could be aligned throughout the whole country. This
is the aim of the ACES-rwm project, which is now ongo-
ing in Finland where the university hospitals are trying to
create a common registry and recording practices in oph-
thalmology (Tuulonen et al., 2022). Hopefully in the fu-
ture, we will have systems that would even further support
real-world research and evidence-based decision-making
in Finland. Furthermore, it has to be kept in mind that
also the entry of data into the FRVI registry is garnered
from the reports of individual physicians and thus record-
ing practices may introduce the possibility for error. Even
though healthcare providers, specialists in ophthalmol-
ogy and the ophthalmological units of hospitals are re-
sponsible for the submission of information about VI to
the FRVI, this practice may be subjected to some level of
underreporting to the registry. In addition, the addition
of data to the registry introduces difficulties in estimating
the exact time point at which a person had become VI
and when the disease itself had emerged. Furthermore,
the potential impact of other vision-threatening diseases
cannot be excluded, but we tried to minimize this possi-
bility by censoring patients with diagnoses of wet AMD
or retinal vein occlusions. Registry data may also lack in-
formation of those individuals who do not or are unable
to seek treatment for their condition.

In this retrospective registry data analysis, we de-
scribe the evolution of treatment practices and patient
numbers in DME and PDR during the time frame 2007-
2017. We show that regardless of the significant increase
in the treatment burden in the ophthalmology depart-
ments, the Finnish healthcare system has been able to
reduce both the age- and sex-standardised incidence of
DME and PDR and the visual impairment resulting from
these complications in patients with diabetes. However,
our results suggest that the total number of diabetic pa-
tients is constantly increasing and this will be reflected
in the number of patients with DME and PDR requiring
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care from the ophthalmology departments. Therefore,
it would be important for ophthalmology departments
to be prepared to cope with the increasing numbers of
patients with diabetes and its ocular complications. As
diabetic ocular complications can be efficiently reduced
by timely medical interventions, it is essential that the
resources in diabetic care units and ophthalmology de-
partments should be sufficient to respond to this need.
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