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Abstract

Purpose: To evaluate the changes in visual impairment (VI) due to age-related
macular degeneration (AMD) during the past 40years and the impact of novel
therapies at population level.

Methods: In this nationwide register-based study, we assessed the incidence, preva-
lence, severity, and onset age of VI due to AMD based on the Finnish Register
of Visual Impairment data from 1980 to 2019. Our data included 30016 visually
impaired persons with AMD as the main diagnosis for VI. The number of persons
treated with intravitreal injections in Finland was obtained from hospital data
kept by the Finnish Institute for Health and Welfare.

Results: Between the 1980s and the 2010s, the incidence of reported VI doubled;
however, this increase has stagnated in the 2010s. Since 2012, the prevalence of
reported VI has decreased. The number of patients treated with intravitreal injec-
tions showed a 40-fold increase during 2005-2019. The severity of reported VI has
decreased whereas the mean age at the onset of reported VI has increased during
the 40years. The age-adjusted incidence and prevalence of reported VI were sig-
nificantly higher in females in comparison to males in all decades.

Conclusion: Increase in the incidence and prevalence of VI due to AMD in the
past decades has stagnated and shifted to older age in the 2010s when therapies for
exudative class became commonly available. Furthermore, the prognosis of VI has
improved during the past 40 years. These positive trends are likely contributable to
improved diagnostic tools, earlier diagnoses, and new therapy options.
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Burden of Disease Study, 2021; Klaver et al., 1998; Klein
et al., 1999; Mitchell et al., 2018; Wong et al., 2014). In US

Age-related macular degeneration (AMD), which is
mainly divided into exudative (wet) and non-exudative
(dry) classes, is the most common cause of visual impair-
ment (VI) and blindness in developed countries, particu-
larly in population aged 60 years or older (Bressler, 2004;
GBD 2019 Blindness and Vision Impairment
Collaborators & Vision Loss Expert Group of the Global

population aged 40years or older, the estimated prev-
alence of any AMD was reported 6.5% and late AMD
0.8% (Klein et al., 2011). In Europe, the overall preva-
lence of early AMD was 13.2% and late AMD 3.0% in
population aged 60years or older (Colijn et al., 2017).
In the Rotterdam Study, the prevalence of atrophic or
neovascular AMD was 1.7%, and neovascular AMD
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was twice as common as atrophic AMD (Vingerling
et al., 1995). In addition, the overall 2-year cumulative
incidence of AMD was 0.2%, increasing to 1.8% in per-
sons aged 85years or older (Klaver et al., 2001). In the
Blue Mountains Eye Study, the prevalence of end-stage
AMD was 1.9%, rising from 0% among persons aged
S5years or younger to 18.5% among those aged 85years
or older (Mitchell et al., 1995). In Asia, the pooled prev-
alence estimates for populations aged 40-79years were
reported to be 6.8% for early AMD and 0.6% for late
AMD (Kawasaki et al., 2010). The global prevalence
of AMD among individuals 45-85years is 8.7% (Wong
et al., 2014). The projected number of people suffering
from AMD in 2020 was 196 million, and it is estimated
to increase to 288 million by 2040 (Wong et al., 2014).
This increase is likely attributable to the ageing of pop-
ulations (Bourne et al., 2014; Lindekleiv & Erke, 2013).

New therapy options for exudative AMD were devel-
oped in the 2000s. Photodynamic therapy (PDT) using
verteporfin (V-PDT; Visudyne, Novartis Ophthalmics)
was approved in 2000 for the treatment of classic sub-
foveal choroidal neovascularization (Brown et al., 2006).
Pegaptanib is an antivascular endothelial growth factor
(VEGF) aptamer that binds to the isoform of VEGF-
165 (Macugen, Pfizer). It was approved in 2005 for the
treatment of all exudative AMD subtypes (Gragoudas
et al.,, 2004). Neither treatment resulted in clinically
significant improvements in visual acuity (Brown
et al.,, 2006; Gragoudas et al., 2004). Ranibizumab
(Lucentis, Genentech and Novartis Ophthalmics),
which was approved in 2006, is a humanized immuno-
globulin GI (IgGI) antibody fragment against VEGF.
Recombinant humanized monoclonal IgGl antibody
bevacizumab (Avastin, Genentech and Roche) was ap-
proved in 2004 for metastatic colorectal cancer but is
used worldwide as an off-label drug for exudative AMD
(Zondor & Medina, 2004). VEGF-trap aflibercept
(Eylea, Bayer), a recombinant protein created by fusing
the second Ig domain of human VEGF receptor 1 with
the third domain of human VEGF receptor 2, which in
turn is fused to the constant region of human IgGl, was
approved 2011. Today, we can say that exudative AMD
treatment has been revolutionized by the introduction
of intravitreal anti-VEGF drugs. Despite this develop-
ment, undertreatment is frequent, and the availability
of treatment and protocols differs between clinics (Holz
etal., 2016; Klein & Klein, 2009; Martinetal., 2011; Monés
et al., 2020; Schroeder et al., 2017; Tuuminen et al., 2017).
Furthermore, non-exudative AMD is still without effec-
tive treatment options. Therefore, it is important to eval-
uate the amount and burden of VI caused by the disease
in order to improve health care and treatment.

Only few studies have evaluated the prevalence of
AMD and its relation to VI and new therapy options
(Bloch et al., 2012; Borooah et al., 2015; Bourne et al., 2014;
Claessen et al., 2012; Colijn et al., 2017, Granstam
et al., 2016; Skaat et al., 2012). Furthermore, these stud-
ies have usually been based on single-centre recruitments
and/or clinical trials with short follow-up periods, and in
many cases, the study population has only included per-
sons with legal blindness due to AMD. Hence, there is a
need for a comprehensive, population-based evaluation of

trends in VI due to AMD and the impact of new treatment
options on the VI of AMD patients (Bourne et al., 2014).
To fill this gap in knowledge, we investigated the changes
in the incidence, prevalence, severity, and onset age of VI
due to AMD during the past 40years using nationwide,
register-based multicenter data collected from the Finnish
Register of Visual Impairment during 1980-2019. We also
investigated the potential impact of new therapies based
on the number of persons treated with intravitreal injec-
tions collected from hospital data kept by the Finnish
Institute for Health and Welfare during 1996-2019.

2 | MATERIALS AND METHODS
2.1 | Finnish Register of Visual Impairment
and classification of visual impairment

The Finnish Register of Visual Impairment (The Finnish
Federation of the Visually Impaired) was established in
1983, and its operation is regulated by the Act (556/89) and
Decree (774/89) on National Personal Records kept under
the Health Care System. Healthcare providers, specialists
in ophthalmology, and the ophthalmological units of hos-
pitals are, under the above-mentioned Act, responsible to
submit information on persons with permanent VI to the
register without requiring permission from the patients. At
the end of 2019, the register included data on 58 822 visually
impaired persons. Registered data include eye diagnoses,
date of birth, year of onset VI, and the classification of VI.
The VI is classified according to the examination of oph-
thalmologists and the Finnish definitions of VI using vis-
ual acuity (VA) and visual field (VF) from central fixation
(Ojamo, 2021), which are based on the definitions of World
Health Organization (1973) with a modification of the no-
menclature of the names of the VI classes here presented as
Snellen decimals: (1) mild VI (0.3>VA >0.1), (2) moderate VI
(0.1>VA20.05), (3) severe VI (0.05>VA=>0.02; 10>VF=>5°),
(4) near total blindness (0.02>VA — 1/e0; VF<5°), and (5)
total blindness (VA = 0; no sense of light). The time of VI
is determined based on the notification data, and if it does
not exist, the date of registration is used instead. The VI
class is updated if any further information is notified.

2.2 | Study population

In this study, we included visually impaired persons
who had AMD as the main diagnosis of VI between
1980 and 2019. In addition, we received the number of
patients treated with intravitreal injections (based on
the NOMESCO Classification for Surgical Procedures
code CKDO05) in Finland during 1996-2019 from hos-
pital data kept by the Finnish Institute for Health
and Welfare. The annual population of Finland was
provided by Statistics Finland. Age at death of the
persons in the register was acquired from the Digital
and Population Data Services Agency. This study
was conducted in line with the tenets of the Helsinki
Declaration. Because this is a register-based study, the
approval of ethical committee is not needed according
to the Finnish legislation.
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2.3 | Statistical analyses

Annual incidence rates were calculated by dividing the
number of new registered persons with the number of in-
habitants per year by sex and age group. Annual preva-
lence rates were calculated similarly using cumulatively
summed registered persons alive at the end of the year. For
incidence rates, we also calculated average annual rates
per decade adjusted for age and sex. We used linear regres-
sion to compare annual-based trends and chi-squared test
to compare decade-based trends. The expected number of
years with VI was calculated by subtracting the mean age
at the onset of reported VI from the mean age at death in
each decade. Because age data was left-skewed, Mann—
Whitney U test was used for between-group comparisons.
A two-tailed p value of <0.05 was considered statistically
significant. All statistical analyses were performed using
R software version 4.1.1 (R Core Team, Foundation for
Statistical Computing, Vienna, Austria).

3 | RESULTS

The Finnish Register of Visual Impairment included a
total of 30016 (70.5% females) visually impaired persons
with AMD registered as the main diagnosis of VI at the
end of 2019. Of these persons, 3913, 6806, 9332, and 9965
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had become visually impaired in the 1980s, 1990s, 2000s,
and 2010s, respectively. The share of females in each dec-
ade was 71.7%, 70.3%, 71.2%, and 69.4%, respectively. At
the end of 2019, the population of Finland was 5 525292
(50.6% females), of which 1 231274 (56.0% females) were
aged 65years or older.

The most common class of AMD to cause VI was
non-exudative AMD (43.8%), followed by exudative
AMD (28.2%) and unspecified AMD (28.0%). Among
females the distribution of AMD classes was 43.3%,
28.8%, and 27.9%, respectively, and among males
45.0%, 29.1%, and 25.9%. Unspecified AMD was sig-
nificantly more common among females (p<0.001);
however, the number of unspecified diagnoses had de-
creased in the 2010s due to the improved classification
of AMD.

The incidence of reported VI due to AMD in the
Finnish population in the four decades by age and
sex is shown in Figure la,b. Regarding total popu-
lation (Figure Ic), the annual age- and sex-adjusted
incidence of reported VI due to AMD per 100000 in-
habitants had significantly increased from 7.9 (95%
confidence interval [CI] 7.1-8.7) in the 1980s to 18.2
(95% CI 17.0-19.3) in the 2010s (p<0.001). This in-
crease was significant in both sexes (p<0.001). During
the 40 years, the incidence had increased most notice-
ably in the age group 85years or older in both sexes
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PUROLA ET AL.

B8 A\cta Ophaimologia
(Figures la,b, 2a,b). There was no significant differ-
ence in the incidence between the 2000s and the 2010s
in either sex (Figure 1c). Regarding population aged
65years or older (Figures 1d, 2a,b), the incidence of
reported VI due to AMD had significantly increased
from the 1980s to the 2010s in both sexes (p<0.001),
but the incidence had significantly decreased between
the 2000s and the 2010s in both females (p = 0.002)
and males (p = 0.014) aged 65years or older. There
was no significant difference in the incidence between
the 1990s and 2000s in males aged 65years or older
(Figure 1d). The incidence was significantly higher in
females in each decade in total population and popu-
lation aged 65 years and older (p<0.001).

When the prevalence of reported VI due to AMD
was observed in population aged 65 or older, there was a
significant increase in the prevalence during 19802012,
but it has since significantly decreased (Figure 2c.,d;
»<0.001). Only in females aged 85years or older, the
prevalence has significantly kept increasing in the 2010s
(p<0.001), and in males aged 85years or older the prev-
alence has not significantly changed since 2010. The an-
nual prevalence was significantly higher in females in
total population and population aged 65years or older
(p<0.001).

The number of persons with reported VI due to AMD
and patients treated with intravitreal injections per year
is shown in Figure 3. The number of all treated patients
per year increased from 448 in 2005 to 18286 in 2019,
and the respective numbers for new cases per year were
418 and 5545. During the same period, the increase in VI
had stagnated and the prevalence started to decrease in
total population.

The distribution of reported VI classes is shown in
Table 1. The percentage of mild VI had significantly
increased from 63% in the 1980s to 78% in the 2010s
(p<0.001). The shares of other more severe classes of VI
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had decreased. No statistically significant differences
between sexes were found in any of the decades.

The age at the onset of reported VI by decade of onset
is shown in Table SIA. The mean age had significantly
increased from 78.3 years (95% CI 78.1-78.6) in the 1980s
to 84.0years (95% CI 83.9-84.2) in the 2010s (p<0.001).
The mean age among females had significantly increased
from 78.8 years (95% CI 78.6-79.1) to 84.5years (95% CI
84.4-84.7) during the same period. Among males the
mean age had significantly increased from 77.1 years (95%
CI 76.6-77.6) to 82.9years (95% CI 82.6-83.2) during the
same period (p<0.001). Females had significantly higher
mean age compared to males in each decade (p<0.001).

The age at death in persons with reported VI due to
AMD by decade of onset is shown in Table SIB. The
mean age had significantly increased from 86.8years
(95% CI 86.6-87.0) in the 1980s to §89.5years (95% CI
89.2-89.7) in the 2010s (p<0.001). The mean age among
females had significantly increased from §7.6 years (95%
CI 87.3-87.8) to 90.3 years (95% CI 90.0-90.5) during the
same period (p<0.001), and among males the numbers
were 84.9 (95% CI 84.5-85.3) and 87.9 (95% CI 87.6-88.3)
(p<0.001). Females had significantly higher mean age
compared to males in each decade (p<0.001).

The age at the onset of reported VI and the age at
death are illustrated in Figure 4. The expected number of
years with VI had significantly decreased in females from
8.8years in the 1980s to 5.7years in the 2010s (p<0.001).
In males, respective numbers were 7.8 and 5.1 (p<0.001).

4 | DISCUSSION

In this study based on population-level register data,
we show that the incidence and prevalence of VI due to
AMD have increased between the 1980s and the 2010s;
however, the increase in incidence has stagnated in the
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2010s and the prevalence started to decrease in the same
decade. During the same period these changes have oc-
curred, the number of persons treated with intravitreal
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between the 1980s and the 2010s. First, the ageing
of the population is likely to increase the prevalence
and incidence of AMD and the subsequent VI (Colijn
et al., 2017; Klein & Klein, 2009). People living past
80years are particularly making up a larger proportion
of the population, as shown in our data. Second, many
improvements, such as developed imaging technology
and understanding of pathogenesis, have occurred in
the detection and diagnosis of AMD during the past
decades, likely contributing to the increasing number
of registered AMD patients.

What was most remarkable, however, was the stag-
nation of the incidence and prevalence in the 2010s — in
fact, even some decline was observed in younger age
groups. Granstam et al. (2016) reported a similar decline
in the incidence of severe VI attributable to AMD be-
tween 2005 and 2013; however, the study included only
three time points and persons from low vision clinics
in five counties in northern Sweden. Colijn et al. (2017)
also observed a decrease in VI due to AMD after 2006
in a meta-analysis based on 14 population-based cohorts
from 10 countries in Europe between 1990 and 2013.

Bloch et al. (2012) reported a reduction of 50% in
legal blindness due to AMD between 2000 and 2010
in Denmark, the bulk of the reduction occurring after
2006. Skaat et al. (2012) reported significant decline in
the incidence of blindness due to AMD between 1999
and 2008 in Israecl. The greatest decline in the inci-
dence was observed in persons aged 65years or younger.
Claessen et al. (2012) observed decline in the incidence of
blindness due to AMD in 2008-2009 in Germany when
compared to previous study in 1994-1998. These results
support our findings; however, all three studies included
only a 10-year follow-up and persons with (legal) blind-
ness. A meta-analysis based on population-based surveys
showed that the estimated global prevalence of blindness
due to AMD declined by almost 30% from 1990 to 2020;
however, the authors pointed out that these figures are
estimates of regional-level data, which can be biased
due to the diversity of existing situations within coun-
tries and communities (GBD 2019 Blindness and Vision
Impairment Collaborators & Vision Loss Expert Group
of the global burden of disease study, 2021).

These studies have suggested that the decline in the
VI due to AMD is because of healthier lifestyles and the
implementation of anti-VEGF treatment since the mid-
2000s. In addition, many public campaigns have likely
made elderly persons more aware of the symptoms and
new therapy options, and therefore have contributed
to the decrease in VI (Bertram et al., 2014; Heraghty
& Cummins, 2012). Interestingly, in a study based on a
systematic review of medical literature, Bourne and col-
leagues reported a significant increase in the proportion
of blindness due to AMD between 1990 and 2010 in high-
income countries (Bourne et al., 2014). They suggested
that this negative change is possibly due to an increased
life expectancy leading to an increased prevalence of
AMD and that it may reflect the challenges in treatment
of AMD (Bourne et al., 2014; Colijn et al., 2017, Wong
et al., 2014).

In Finland, anti-VEGF treatments are based on
Finnish national guidelines for exudative AMD that

allow fixed, pro re nata, and treat-and-extend protocols
and bevacizumab, ranibizumab, and aflibercept intra-
vitreal injections (Tuuminen et al., 2017). The guideline
recommends starting anti-VEGF treatment with bevaci-
zumab and continue with it as long as treatment response
can be observed. The indication to switched treatment to
a second drug is usually done once bevacizumab is not
effective enough. The decision to switched drug could be
because visual acuity did not improve, the optical coher-
ent tomography failed to show an effect on retinal fluid,
or the interval between injections could not be extended
beyond four weeks. Most switches are made to afliber-
cept in line with previous studies (Barthelmes et al., 2016,
2018; Karesvuo et al., 2020; Verbraak et al., 2020). The
use of ranibizumab in Finland has been very marginal
all the time. Here we show decreased VI due to AMD
after 2010. The delay in improved VI prevention may be
due to lack awareness of the therapeutic options among
population and primary health care as well as lack of
experience to control and treat exudative AMD during
the first years when anti-VEGF intravitreal drugs were
approved. PDT was used routinely in Finnish ophthal-
mology centers during 2000-2005, but as known, its ca-
pacity to improve visual acuity remained weak (Brown
et al., 2000). Pegabtanib was used in Finland for a short
period, until more effective bevacizumab and ranibi-
zumab replaced it immediately when they became pos-
sible to use. According to Finnish guidelines of AMD,
bevacizumab is the first-line therapy, but it is switched
to aflibercept once required to prevent VI. It is also note-
worthy that during the couple past years many centers
have started with aflibercept as first-line therapy due to
less clinic visit requirements. However, one can estimate
that this does not affect the current data.

Our study shows that the incidence and prevalence of
VI due to AMD are more common among females than
males. Similar trend has been shown in global scale, as the
estimated age-standardized global prevalence of blind-
ness due to AMD was found greater in females (GBD
2019 Blindness and Vision Impairment Collaborators &
Vision Loss Expert Group of the global burden of dis-
ease study, 2021). Gender differences have been reported
in the health behaviour in general (Mahalik et al., 2006;
Weber et al., 2019) and in Finland particularly (Koponen
et al., 2018; Vaajanen et al., 2021). Therefore, the un-
dertreatment of exudative AMD among females is not
explaining this difference. Females have longer life ex-
pectancy than males in Finland and therefore are more
susceptible to diseases associated with age, suchas AMD
(Koponen et al., 2018). The longer life expectancy of fe-
males is likely to also explain the higher age at the onset
of VI in comparison to males. Nevertheless, as females
showed significantly higher age-adjusted incidence and
age-stratified prevalence than males, and as there were
no significant differences in VI grades between sexes,
this suggests that VI due to AMD is indeed more com-
mon among females.

AMD has been associated with severe effects on qual-
ity of life, including greater life stress, lower activity in
daily living, and increased depression (Brody et al., 2001;
Gopinath et al., 2014; Mitchell & Bradley, 2006; Purola
et al., 2021). This is likely due to the VI associated with
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the disease (Purola et al., 2021). Even though the recent
treatment possibilities for the exudative AMD have had a
reducing effect on the VI and the time the AMD patients
are living visually impaired has decreased as shown in
this study, frequent hospital visits due to the treatment
and the disease itself likely keep having impact on the
patient's quality of life. Furthermore, non-exudative
AMD remains a significant cause for VI in Finland and
other developed countries. Hence, there is a need to im-
prove existing treatment options for exudative AMD and
develop new therapies for non-exudative AMD to reduce
negative impact on quality of life of the patients, bur-
den of health care, and the direct and indirect costs to
society.

Our study had many strengths. We had a unique pos-
sibility to use nationwide registers that represent popula-
tion well, as similar registers are rare worldwide. We had
high number of data based on routinely collected health
registers, and therefore our results are comparable with
those from studies in the other developed countries. We
also had access to data from four decades, giving us a
relatively large timescale of 40years. The classification
of VI is based on the Finnish national definitions and
recommendations modified from the World Health
Organization (1973) definitions, which cover both de-
creased visual acuity and visual field constriction.

Our study also had limitations. Visual impairment
register data, like register data in general, can have po-
tential sources of biases. It is difficult to estimate the
exact time point at which a person becomes visually im-
paired, and it is even more difficult to estimate when the
discase itself emerges. Because aged patients may suffer
from more than one vision-threatening disease, we an-
alysed only those patients whose main diagnosis caus-
ing VI was AMD. We could not analyse exudative and
non-exudative data separately due to the relatively high
number of unspecified AMD diagnoses in the 1980s,
1990s, and 2000s. The register may lack information on
specific populations, such as institutionalized demented
persons. Our data included predominantly people with
Finnish background, and therefore our results may not
be directly applicable to other countries and ethnicities.

In conclusion, our population-based register data
show that the incidence and prevalence of VI due to
AMD have increased during the past 40 years due to the
ageing of population. This trend appears to have stag-
nated or decreased in the 2010s and shifted to older age.
The severity of VI and expected number of years with
VI have also decreased during the past 40years. These
positive trends are likely due to the modern treatment
possibilities for exudative AMD. Despite these recent de-
velopments, non-exudative AMD remains a significant
cause for VI in developed countries.

ACKNOWLEDGEMENT

This study was supported by Tampereen secudun
Niakovammaisten tukisdatio s.r, Tampere, Finland;
Glaukooma Tukisdatido Lux s.r, Helsinki, Finland; and
Elsemay Bjorn Fund, Helsinki, Finland. Funding sources
did not influence the study design, data collection, anal-
ysis, interpretation, or writing of the publication. The
decision of publishing the results was completely made

[ Acta Ophihalmologica Rl
by the authors. PKMP, KK, MUIO, MG, and HMTU
declare no conflict of interest.

ORCID

Petri Purola ‘® https://orcid.org/0000-0001-5308-8622
Kai Kaarniranta ® https://orcid.org/0000-0003-2600-8679
Mika Gissler © https://orcid.org/0000-0001-8254-7525
Hannu Uusitalo (® https://orcid.org/0000-0002-8499-8175

REFERENCES

Barthelmes, D., Campain, A., Nguyen, P., Arnold, J.J., McAllister,
1., Simpson, J.M. et al. (2016) Effects of switching from ranibi-
zumab to aflibercept in eyes with exudative age-related macu-
lar degeneration. The British Journal of Ophthalmology, 100,
1640-1645.

Barthelmes, D., Nguyen, V., Walton, R., Gillies, M.C. & Daien, V.
(2018) A pharmacoepidemiologic study of ranibizumab and
aflibercept use 2013-2016. The fight retinal blindness! Project.
Graefe's Archive for Clinical and Experimental Ophthalmology,
256, 1839-1846.

Bertram, B., Gante, C. & Hilgers, R.D. (2014) Increase in examina-
tions for cataracts, glaucoma, diabetic retinopathy and age-
related macular degeneration: comparative cross-sectional
study between 2010 and 1997 in ophthalmological practices. Der
Ophthalmologe, 111, 757-764 [in German)].

Bloch, S.B., Larsen, M. & Munch, 1.C. (2012) Incidence of legal blind-
ness from age-related macular degeneration in Denmark: year
2000 to 2010. American Journal of Ophthalmology, 153,209-213.¢2.

Borooah, S., Jeganathan, V.S., Ambrecht, A.M., Oladiwura, D.,
Gavin, M., Dhillon, B. et al. (2015) Long-term visual outcomes
of intravitreal ranibizumab treatment for wet age-related mac-
ular degeneration and effect on blindness rates in south-East
Scotland. Eye, 29, 1156-1161.

Bourne, R.R., Jonas, J.B. & Flaxman, S.R. (2014) Prevalence and
causes of vision loss in high-income countries and in eastern and
Central Europe: 1990-2010. The British Journal of Ophthalmology,
98, 629-638.

Bressler, N.M. (2004) Age-related macular degeneration is the leading
cause of blindness. JAMA, 291, 1900-1901.

Brody, B.L., Gamst, A.C., Williams, R.A., Smith, A.R., Lau, PW.,
Dolnak, D. et al. (2001) Depression, visual acuity, comorbidity,
and disability associated with age-related macular degeneration.
Ophthalmology, 108, 1893-1901.

Brown, D.M., Kaiser, P.K., Michels, M., Soubrane, G., Heier, J.S.,
Kim, R.Y. et al. (2006) Ranibizumab versus verteporfin for neo-
vascular age-related macular degeneration. The New England
Journal of Medicine, 355, 1432-1444.

Claessen, H., Genz, J. & Bertram, B. (2012) Evidence for a consider-
able decrease in total and cause-specific incidences of blindness
in Germany. European Journal of Epidemiology, 27, 519-524.

Colijn, J.M., Buitendijk, G.H.S., Prokofyeva, E., Alves, D., Cachulo,
M.L., Khawaja, A.P. et al. (2017) Prevalence of age-related
macular degeneration in Europe: the past and the future.
Ophthalmology, 124, 1753-1763.

GBD 2019 Blindness and Vision Impairment Collaborators & Vision
Loss Expert Group of the global burden of disease study. (2021)
Causes of blindness and vision impairment in 2020 and trends
over 30years, and prevalence of avoidable blindness in relation
to VISION 2020: the right to sight: an analysis for the global bur-
den of disease study. The Lancet Global Health, 9, e144—¢160.

Gopinath, B., Liew, G., Burlutsky, G. & Mitchell, P. (2014) Age-related
macular degeneration and S-year incidence of impaired activities
of daily living. Maturitas, 77, 263-266.

Gragoudas, E.S., Adamis, A.P., Cunningham, E.T., Jr., Feinsod, M. &
Guyer, D.R. (2004) Pegaptanib for neovascular age-related mac-
ular degeneration. The New England Journal of Medicine, 351,
2805-2816.

Granstam, E., Westborg, I. & Barkander, A. (2016) Reduced occur-
rence of severe visual impairment after introduction of anti-
vascular endothelial growth factor in wet age-related macular
degeneration — a population- and register-based study from
northern Sweden. Acta Ophthalmologica, 94, 646—651.


https://orcid.org/0000-0001-5308-8622
https://orcid.org/0000-0001-5308-8622
https://orcid.org/0000-0003-2600-8679
https://orcid.org/0000-0003-2600-8679
https://orcid.org/0000-0001-8254-7525
https://orcid.org/0000-0001-8254-7525
https://orcid.org/0000-0002-8499-8175
https://orcid.org/0000-0002-8499-8175

PUROLA ET AL.

B8 A cta Oplihamologica

Heraghty, J. & Cummins, R. (2012) A layered approach to raising pub-
lic awareness of macular degeneration in Australia. American
Journal of Public Health, 102, 1655-1659.

Holz, F.G., Tadayoni, R., Beatty, S., Berger, A.R., Cereda, M.G.,
Hykin, P. et al. (2016) Determinants of visual acuity outcomes in
eyes with neovascular AMD treated with anti-VEGF agents: an
instrumental variable analysis of the AURA study. Eye (London,
England), 30, 1063—1071.

Karesvuo, P., Hakkala, L., Kaarniranta, K., Uusitalo, H., Ojamo,
M. & Tuuminen, R. (2020) Correlation between the rate of in-
travitreal injections, use of aflibercept as a second-line treat-
ment and visual impairment for wet AMD in Finland. Acta
Ophthalmologica, 98, 472-476.

Kawasaki, R., Yasuda, M., Song, S.J., Chen, S.J., Jonas, J.B., Wang,
J.J. et al. (2010) The prevalence of age-related macular de-
generation in Asians: a systematic review and meta-analysis.
Ophthalmology, 117, 921-927.

Klaver, C.C., Wolfs, R.C. & Vingerling, J.R. (1998) Age-specific prev-
alence and causes of blindness and visual impairment in an older
population: the Rotterdam study. Archives of Ophthalmology,
116, 653-658.

Klaver, C.C., Assink, J.J., van Leeuwen, R., Wolfs, R.C., Vingerling,
J.R., Stijnen, T. et al. (2001) Incidence and progression rates of
age-related maculopathy: the Rotterdam study. Investigative
Ophthalmology & Visual Science, 42, 2237-2241.

Klein, B.E. & Klein, R. (2009) Forecasting age-related macular degen-
eration through 2050. JAM A, 301, 2152-2153.

Klein, R., Klein, B.E. & Cruickshanks, K.J. (1999) The prevalence
of age-related maculopathy by geographic region and ethnicity.
Progress in Retinal and Eye Research, 18, 371-389.

Klein, R., Chou, C.F., Klein, B.E., Zhang, X., Meuer, S.M. & Saaddine,
J.B. (2011) Prevalence of age-related macular degeneration in the
US population. Archives of Ophthalmology, 129, 75-80.

Koponen, P, Borodulin, K., Lundqvist, A., Sdédksjarvi, K. & Koskinen, S.
(2018) Health, functional capacity and welfarein Finland — FinHealth
2017 study. Report 4/2018. Finnish Institute for Health and Welfare.
http://urn.fi/URN:ISBN:978-952-343-105-8. [in Finnish].

Lindekleiv, H. & Erke, M.G. (2013) Projected prevalence of age-
related macular degeneration in Scandinavia 2012-2040. Acta
Ophthalmologica, 91, 307-311.

Mabhalik, J.R., Lagan, H.D. & Morrison, J.A. (2006) Health behav-
iors and masculinity in Kenyan and U.S. male college students.
Psychology of Men & Masculinity, 7, 191-202.

Martin, D.F., Maguire, M.G., Ying, G.S., Grundwald, J.E., Fine,
S.L. & Jaffe, G.J. (2011) Ranibizumab and bevacizumab for neo-
vascular age-related macular degeneration. The New England
Journal of Medicine, 364, 1897-1908.

Mitchell, J. & Bradley, C. (2006) Quality of life in age-related macular

degeneration: a review of the literature. Health and Quality of

Life Outcomes, 4, 97.

Mitchell, P., Smith, W., Attebo, K. & Wang, J.J. (1995) Prevalence of
age-related maculopathy in Australia. The Blue Mountains Eye
Study. Ophthalmology, 102, 1450-1460.

Mitchell, P., Liew, G., Gopinath, B. & Wong, T.Y. (2018) Age-related
macular degeneration. Lancet, 392, 1147-1159.

Monés, J., Singh, R.P., Bandello, F., Souied, E., Liu, X. & Gale, R.
(2020) Undertreatment of neovascular age-related macular de-
generation after 10years of anti-vascular endothelial growth fac-
tor therapy in the real world: the need for a change of mindset.
Ophthalmologica, 243, 1-8.

Purola, P.K.M., Nittinen, J.E., Ojamo, M.U.L., Koskinen, S.V.P,
Rissanen, H.A., Sainio, P.R.J. et al. (2021) Prevalence and 11-year
incidence of common eye diseases and their relation to health-
related quality of life, mental health, and visual impairment.
Quality of Life Research, 30, 2311-2327.

Purola, P.K.M., Nittinen, J.E., Ojamo, M.U.L., Koskinen, S.V.P,,
Rissanen, H.A., Sainio, P.R.J. et al. (2021) Prevalence and 11-year
incidence of common eye diseases and their relation to health-
related quality of life, mental health, and visual impairment.
Quality of Life Research, 30, 2311-2327.

Schroeder, M., Rung, L. & Lovestam-Adrian, M. (2017) No improve-
ment in injection frequency or in visual outcome over time in
two cohorts of patients from the same Swedish county treated for
wet age-related macular degeneration. Clinical Ophthalmology,
11, 1105-1111.

Skaat, A., Chetrit, A. & Belkin, M. (2012) Time trends in the inci-
dence and causes of blindness in Israel. American Journal of
Ophthalmology, 153, 214-221.el.

Tuuminen, R., Uusitalo-Jarvinen, H., Aaltonen, V., Hautala, N.,
Kaipiainen, S., Laitamiki, N. et al. (2017) The Finnish national
guideline for diagnosis, treatment and follow-up of patients with
wet age-related macular degeneration. Acta Ophthalmologica,
95, 1-9.

Vaajanen, A., Purola, P., Ojamo, M., Gissler, M. & Uusitalo, H. (2021)
Changes in incidence and severity of visual impairment due to
glaucoma during 40years — a register-based study in Finland.
Acta Ophthalmologica, 2021, 534-540. https://doi.org/10.1111/
20s.15030

Verbraak, F.D., Ponsioen, D.L., Tigchelaar-Besling, O.A.M., Nguyen,
V., Gillies, M.C., Barthelmes, D. et al. (2020) Real-world treat-
ment outcomes of neovascular age-related macular degenera-
tion in The Netherlands. Acta Ophthalmologica, 99, ¢884—e892.
https://doi.org/10.1111/a0s.14712

Vingerling, J.R., Dielemans, 1., Hofman, A., Grobbee, D.E., Hijmering,
M., Kramer, C.F.L. et al. (1995) The prevalence of age-related
maculopathy in the Rotterdam study. Ophthalmology, 102,
205-210.

Weber, A.M., Cislaghi, B., Meausoone, V., Abdalla, S., Mejia-
Guevara, 1., Loftus, P. et al. (2019) Gender equality, norms and
health steering committee. Gender norms and health: insights
from global survey data. Lancet, 393, 2455-2468.

Wong, W.L,, Su, X., Li, X., Cheung, C.M.G., Klein, R., Cheng, C.Y. et
al. (2014) Global prevalence of age-related macular degeneration
and disease burden projection for 2020 and 2040: a systematic re-
view and meta-analysis. The Lancet Global Health, 2, e106—¢el16.

World Health Organization. (1973) The prevention of blindness.
Techn rep ser. No 518. Geneva: World Health Organization.

Zondor, S.D. & Medina, P.J. (2004) Bevacizumab: an angiogenesis in-
hibitor with efficacy in colorectal and other malignancies. The
Annals of Pharmacotherapy, 38, 1258-1264.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Purola, P, Kaarniranta,
K., Ojamo, M., Gissler, M. & Uusitalo, H. (2022)
Visual impairment due to age-related macular
degeneration during 40 years in Finland and the
impact of novel therapies. Acta Ophthalmologica,
00, 1-8. Available from: https://doi.org/10.1111/
a0s.15224



http://urn.fi/URN:ISBN:978-952-343-105-8
https://doi.org/10.1111/aos.15030
https://doi.org/10.1111/aos.15030
https://doi.org/10.1111/aos.14712
https://doi.org/10.1111/aos.15224
https://doi.org/10.1111/aos.15224

	Visual impairment due to age-­related macular degeneration during 40 years in Finland and the impact of novel therapies
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Finnish Register of Visual Impairment and classification of visual impairment
	2.2|Study population
	2.3|Statistical analyses

	3|RESULTS
	4|DISCUSSION
	ACKNOWLEDGEMENT
	REFERENCES


