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Abstract

Purpose

To assess the prevalence and causes of visual impairment and blindness in a Central Euro-
pean country. The findings may have implications for the planning of further research and
development of therapies in order to prevent blindness.

Setting
Department of Ophthalmology, Medical University of Graz, Austria.

Design

Retrospective, epidemiological study.

Methods

The database of the Main Confederation of Austrian Social Insurances was searched for
patients with visual impairment, legal blindness or deaf-blindness. This database gathers
data from patients of all insurance providers in the country who receive care due to visual
impairment and blindness. To determine the prevalence of these conditions, the number of
all entries recorded in February 2019 was evaluated. Additionally, all new entries between
(January 1%)) 2017, and (December 31%) 2018, were analysed for distinct characteristics,
such as sex, the cause of blindness/visual impairment, and age. Since health care allow-
ances can provide a considerable source of income (459.90€-936.90€ per month), good
coverage of practically all patients who are blind and visually impaired in the country can be
assumed.

Results

On February 2™, 2019, 17,730 patients with visual impairments, blindness or deaf-blindness
were registered in Austria, resulting in a prevalence of these diagnoses of 0.2% in the
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country. During the observational period from 2017 to 2018, 4040 persons met the inclusion
criteria. Of these, 2877 were female (65.3%), and 1527 were male (34.7%). The mean age
was 75.7 + 18.0 years (median 82). Most patients (n = 3675, 83.4%) were of retirement age,
while 729 (16.6%) were working-age adults or minors. In total, an incidence of 25.0 (95% con-
fidence limit (CL) 24.3—25.8) per 100,000 person-years was observed from 2017 t0 2018. A
higher incidence was observed for females (32.2, 95% CL 31.0-33.3) than for males (17.7,
95% CL 16.8—18.5). Incidences where higher for males in lower age groups (e.g. 10-14
years: rate ratio RR = 2.7, 95% CL 1.1-6.8), and higher for females in higher age groups
(e.g. 70-74 years: RR = 0.6, 95% CL 0.5-0.8). In total, the most frequent diagnoses were
macular degeneration (1075 persons, 24.4%), other retinal disorders (493 persons, 11.2%)
and inherited retinal and choroidal diseases (IRDs) (186 persons, 4.2%). Persons with IRDs
were significantly younger compared to persons with macular degeneration or retinal disor-
ders (IRDs: median 57, range 2—96 vs 83, 5-98 and 82, 1-98 years, p<0.001). For persons
of retirement age, macular degeneration, other retinal disorders and glaucoma were the
three most frequent diagnoses. In contrast, among working-aged adults and children, IRDs
were the leading cause of visual impairment and blindness (103 persons, 14.1%).

Conclusion

These data show that IRDs are the leading cause of blindness and visual impairment in
working-aged persons and children in Austria. Thus, these findings suggest to draw atten-
tion to enhance further research in the fields of emerging therapies for IRDs.

Introduction

Children and young adults who are blind have fewer educational and employment opportuni-
ties, a lower earning potential and a poorer quality of life than those without blindness [1, 2].
An Australian study showed that individuals who are blind have a mortality rate (12/1000 per-
son-years) seven times higher than that of the general population (1.8/1000 person-years) and
that this difference is statistically significant [3]. Thus, the prevention of blindness in children is
a priority within the VISION 2020 Programme of the World Health Organization (WHO) [1].

Frequency of blindness has occasionally been addressed in previous literature. A systematic
review summarized various investigations about this topic in 2013 and reported the prevalence
of blindness to be 0.1% in North America and 0.7% in North Africa and the Middle East [4].
In Europe, most studies have reported age-related macular degeneration (AMD) to be the
main cause of blindness across all age groups [5-7], while in working-aged adults, diabetic reti-
nopathy (DR) has been declared the leading cause in recent decades [5, 8, 9]. Interestingly,
however, recent studies from England and Germany [10, 11] have reported a different perspec-
tive for this cohort over the last decade: both investigations identified inherited retinal diseases
(IRDs) to be the leading cause of registered blindness for persons of working age. Epidemio-
logic information about blinding diseases in the European Union (EU) remains limited [12]
but would be of great use, especially since the first gene therapy has been approved for use in
the EU [13, 14].

One of the aims of our study is to increase awareness of the physical, psychological and
financial burden caused by childhood and working-age blindness for the patients, their fami-
lies and the social insurance systems. The identification of IRDs being the most frequent
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blinding disease in working age could possibly enhance the process of investments for research
of emerging therapies and governmental planning for social care.

Austria is a central European country with approximately 8.8 million inhabitants. It has a
good, inclusive national health care system, with 99% of the entire population receiving health
insurance coverage (https://www.austria.org/health-care). Among the people registered at one of
the welfare institutions of the Ministry for Social Affairs of Austria (MSAA), persons who are
considered blind and severely visually impaired are entitled by Austrian law to a substantial
health care allowance. Given the lack of data from Austria and Europe on blindness, the purpose
of this study was to determine the prevalence and causes of blindness in Austrian populations.

Methods

Based on the retrospective design and only anonymized data were obtained, the ethic commi-
tee / institutional review board of the Medical University Graz granted an exemeption. This
study was conducted in collaboration with the MSAA. A search was performed in the National
Database of Care Allowance (“Pflegegeldinformationssystem”), which is managed by the Main
Confederation of Austrian Social Insurances (MCASI). Every person seeking a health care
allowance in Austria is centrally registered into this system, which classifies patients by case
severity and includes seven grades; furthermore, all patients with disabling diseases are quali-
fied to receive financial support depending on the severity of one or more conditions. Because
the health care allowance is substantial and independent of other sources of income, good cov-
erage of all patients who are blind and visually impaired can be assumed. An exception is per-
sons with multiple disabilities when the other diagnoses are much more severe than the
blindness or visual impairment; these patients may not appear in the database to which we had
access. Based on Austrian law (§ 4a Abs. 4,5,6 Bundespflegegeldgesetz BPGG, https://www.ris.
bka.gv.at/NormDokument.wxe?Abfrage=Bundesnormen&Gesetzesnummer=
10008859&Artikel=&Paragraf=4a&Anlage=&Uebergangsrecht), every person with low vision
is assigned to receive at least level 3 care (currently providing a health care allowance of 459.90
€ per month), every person with blindness is assigned to receive level 4 care (689.80€), and
every person who is both deaf and blind is assigned to receive level 5 care (936.90€).

Definition of severe visual impairment and blindness

The level of visual impairment as assessed by visual acuity is defined according to Austrian law
(BPGG) § 4a:

Visual impairment (level 3 care) is defined as visual acuity < 0.05 (3/60) without visual field
defects, as visual acuity < 0.1 (6/60) with quadrantanopsia, as visual acuity < 0.3 (6/20) with
hemianopsia, or as visual acuity < 1.0 (6/6) with tunnel vision.

Blindness (level 4 care) is defined as visual acuity < 0.02 (1/60) without visual field defects,
as visual acuity < 0.03 (2/60) with quadrantanopsia, as visual acuity < 0.06 (4/60) with hemia-
nopsia, or as visual acuity < 0.1 (6/60) with tunnel vision.

Deafness (in combination with blindness, level 5 care) is defined as a hearing capacity that
is reduced to a degree at which verbal and other acoustic communication with the environ-
ment is impossible.

Our study cohort comprised only patients who were blind or visually impaired because of
diseases that were classified as incurable by an ophthalmologist. Patients with conditions such
as refractive errors are not recorded in our database.

The WHO definition of blindness is slightly less strict than the definition outlined by Aus-
trian law and defines a visual acuity of 3/60 or worse as indicating blindness; thus, with this
definition, all the patients in our study would be classified as blind.
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Cohort definition

The MSAA hosts a central database covering applications and disbursements and that collects
data from different insurance carriers (the main insurance company is the MCASI. We
reviewed all applications (new applications for health care allowances and requests for an
increase in the level of care) from Austrian patients with a statutory diagnosis-related mini-
mum classification of level of care for visual impairment (level of care of 3), blindness (level of
care of 4) or deaf-blindness (level of care of 5) from January 1%, 2017, to December 31%, 2018.
A patient is assigned to a diagnosis-related minimum classification for the respective ophthal-
mic condition when he or she has no additional impairments that would require higher levels
of care; assessments are carried out by certified general physicians including the acknowledg-
ment of medical certifications by corresponding specialists. Since coding according to the 10
version of the international classification of diseases (ICD-10) was not fully implemented in
the central database until 2017, we restricted our observational period to the years 2017 and
2018. Implausible data entries regarding diagnosis-related minimum classifications of level of
care were excluded. All data analysed in this study were provided by the MSAA after the
removal of any personal identifiable information (names, date of birth, etc.).

The following parameters were evaluated: sex, level of care, federal state of residence, type
of application (first application or application for a higher level of care), date of application,
level of impairment, ICD-10 diagnosis, age at the date of application, and history of occupa-
tional accidents. The following groups were defined according to the age at the time of applica-
tion: persons in retirement (men aged > 65 years and women aged >60), working-aged adults
(18-59/64 years) and minors/children (<18 years). The diagnoses were grouped as follows:
congenital and developmental diseases (malformations, retinopathy of prematurity (ROP),
amblyopia), corneal disorders, DR, diseases of the lens, disorders of the optic nerve and visual
pathways, glaucoma, IRDs, inflammation of the eye, macular degeneration, myopia, neo-
plasms, other retinal disorders, retinal detachment and diseases of the vitreous body, and
others.

The MCASI dataset includes exactly one main ICD-10 diagnosis per case. Since the main
purpose of the database is to reveal information that is especially relevant for nursing care
rather than medical care, the nursing-relevant main diagnosis (as assessed by a general physi-
cian serving as a judicially certified expert) might not necessarily be the diagnosis that leads to
a designation of blindness. In such cases, when only nonophthalmic diagnoses were available,
we considered the diagnosis to be “missing” in our study. Cases of visual impairment/blind-
ness were coded on the basis of the most recent version of the WHO ICD-10 classification sys-
tem (https://www.who.int/classifications/icd/icdonlineversions/en/).

Our data included both entries for new applications for health care allowances and applica-
tions for an increase in the level of care. The worsening of a medical condition can be associ-
ated with an increase in the level of care, and when the corresponding criteria (see above) are
fulfilled, patients are eligible to reapply for the next level and receive more financial support. A
visually impaired person (level 3 care) could potentially reapply for two higher levels of care
(i.e., level 4 = blindness and level 5 = deaf-blindness); hence, a person can theoretically be listed
up to three times, although this issue was extremely unlikely. In order to estimate the possibil-
ity of double entries, we explored a sample of all 729 children and working-aged adults with
the following rationale: A double entry must fulfill the following criteria: it must be an applica-
tion for elevation. There are some parameters that would stay the same for this patient: sex,
disease, age (the same or maximally 2 years older Applying these criteria to a sample of all 729
children and working-aged adults, we could not rule out the possibility for double entry in
only 12 cases (of note: those are not cases of double entries but only those for that we could not
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definitely rule out this possibility). Therefore, we analysed all the data, assuming that the dupli-
cates within the short period of time we analysed did not affect the distributions of the charac-
teristics of our cases.

On February 274 2019, the MCASI reported the number of all patients receiving social care
allowances because of diagnosis-related minimum classifications of visual impairment, blind-
ness and deaf-blindness, which allowed us to estimate the prevalence of those conditions in
Austria.

In statistical analyses, continuous parameters are presented as the mean + standard devia-
tion or the median and range (minimum-maximum), and categorical data are presented as fre-
quency and percentage. Age at time of application was compared between male and females
by using Mann-Whitney U tests and between the most frequent diagnoses by Kruskal-Wallis
test. Incidence was calculated per 100,000 person-years. The age-, sex- and province-specific
incidences were calculated based on the Austrian populations in 2017 and 2018. The rate ratios
and their corresponding 95% confidence limits (CLs) for females and males were calculated
within age groups (0-4 years, 5-9 years up to 95 years and older). The population data for the
estimation of incidence were retrieved from the central official institute for statistics (Statistik
Austria; https://www.statistik.at/web_en/statistics/PeopleSociety/population/index.html; last
accessed July 9th, 2020).

The study was conducted according to the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use (ICH) Good Clinical Practice
(GCP) Guidelines, the applicable regulatory requirements and the current version of the Dec-
laration of Helsinki [15].

Results

All age groups

On February 2", 2019, 17,730 patients had a diagnosis-related minimum classification of
visual impairment, blindness or deaf-blindness in Austria. In that month, the Austrian popula-
tion included 8,877,637 people. (https://www.statistik.at/web_de/statistiken/menschen_und_
gesellschaft/bevoelkerung/index.html). The prevalence of diagnosis-related minimum classifi-
cations of blindness, visual impairment, or deaf-blindness in Austria was therefore 0.2% at this
time.

The data included 5040 applications for a health care allowance (new applications and
applications for elevation) for visual impairment, blindness or deaf-blindness. For analysis,
636 entries were excluded either due to an application date outside the observational period
(2017-2018; n = 424) or implausible deviations from the diagnosis-related minimum classifi-
cations of level of care (n = 212).

The remaining 4404 patients (2877 female (65.3%) and 1527 male (34.7%)) met the inclu-
sion criteria. In 2017, there were 2434 (55.3%) applications, and in 2018, there were 1970
(44.7%); 2697 (61.2%) patients had visual impairment, 1693 (38.4%) were blind and 14 (0.3%)
were deaf-blind. No persons were blind or visually impaired because of an occupational acci-
dent. A total of 2338 (53.1%) applications were new applications, and 2066 (46.9%) were appli-
cations for a higher level of care.

The mean age was 75.7 + 18.0 years (median 82, range 0-103 years, Fig 1). Most patients
(n = 3675, 83.4%) were of retirement age, and 729 patients (16.6%) were working-age adults or
minors. The women were significantly older than the men at the time of the application
(women: median 83, range 0-103; men: median 78, range 0-99; p<0.001, Mann-Whitney U
test).

PLOS ONE | https://doi.org/10.1371/journal.pone.0261897  January 13, 2022 5/14


https://www.statistik.at/web_en/statistics/PeopleSociety/population/index.html
https://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/bevoelkerung/index.html
https://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/bevoelkerung/index.html
https://doi.org/10.1371/journal.pone.0261897

PLOS ONE

Blindness in Central Europe

04 mFemales

SH m
104 Males

15 H
20 +
25 +
30
35
40
45
50
55
60 -
65
70
75 4
80
85 -
90
95
100 -
105

Age (years)

1 1 1 I I I I 1 1 1
900 700 500 300 100 100 300 500 700 900
Fig 1. Age distribution for males and females among all patients who requested health care allowances in 2017

and 2018 in Austria because of a diagnosis-related minimum classification of visual impairment, blindness or
deaf-blindness.

https://doi.org/10.1371/journal.pone.0261897.9001

Age- and sex-specific incidences were calculated based on the Austrian populations in 2017
and 2018. In total, an incidence of 25.03 (95% CL 24.3-25.8) per 100,000 person-years was
observed over the years 2017 and 2018. A higher incidence was observed for females (32.2,
95% CL 31.0-33.3) than for males (17.7, 95% CL 16.8-18.5). Within age subgroups, the inci-
dence was higher for young males than for young females (age groups 5-9 and 10-14 years)
and higher for females than for males in the 70-89-year age group (Table 1). The incidences
for the individual Austrian federal states are presented in Table 2, varying between 17.5 (95%
CL 16.0-19.0) per 100,000 person-years in Upper Austria and 37.9 (95% CL 34.3-41.5) per
100,000 person-years in Carinthia.

The diagnoses of the patients varied with age. Overall, the most frequent diagnoses were
macular degeneration, other retinal disorders and IRDs (Table 3). Age at time of application
differs significantly for those three diagnoses with mean ages of 81.1 + 11.3 years (median 83,
range 5-98) for macular degeneration, 77.6 + 16.1 years (median 82, range 1-98) for other reti-
nal disorders and 56.2 + 25.1 years (median 57, range 2-96) for IRDs (p<0.001, Kruskal-Wallis
test). For persons of the age of retirement, macular degeneration, other retinal disorders and
glaucoma were the three most frequent causes of the diagnoses. In contrast, for working-aged
adults and children, IRDs were the leading causes (Table 3).

Special interest cohort: Children and working-age adults

The cohort of children and working-age adults (n = 729) consisted of 290 (39.8%) females and
439 (60.2%) males. The mean age of all newly registered persons was 41.6 + 16.8 years (median
47, range 0-64) in this cohort. Within patients <60 years of age, females were significantly
older than males (41.5 + 14.4 years, median 46, range 1-59 versus 37.8 + 17.4 years, median
42, range 0-59 for patients < 60 years, p = 0.033, Mann-Whitney U test). From the 729 per-
sons, 410 (56.2%, male: n = 251, female: n = 159) were visually impaired, 316 (43.3%, male:

n = 186, female: n = 130) were blind and 3 (0.4%, male: n = 2, female: n = 1) were deaf-blind. A
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Table 1. Age- and sex-specific incidences per 100,000 person-years among all patients who requested a health care
allowance in 2017 and 2018 in Austria because of a diagnosis-related minimum classification of visual
impairment, blindness and deaf-blindness (source of reference population: STATISTIK AUSTRIA, https://www.
statistik.at/web_de/statistiken/menschen_und_gesellschaft/bevoelkerung/index.html, accessed May 17‘]‘, 2018)

(bold values: Statistically significant results).

Age Number of cases Incidence per 100,000 Rate Ratio 95% Confidence
person years Limits
Male Female Male Female
0-4 years 19 8 4.3 1.9 2.23 0.98 5.10
5-9 years 19 7 4.4 1.7 2.56 1.08 6.09
10-14 years 17 6 3.9 1.5 2.69 1.06 6.83
15-19 years 16 8 3.4 1.9 1.84 0.79 4.29
20-24 years 19 9 3.4 1.7 1.99 0.90 4.39
25-29 years 22 12 3.6 2.0 1.75 0.87 3.54
30-34 years 25 25 4.1 4.2 0.97 0.56 1.69
35-39 years 33 32 5.6 5.6 1.01 0.62 1.65
40-44 years 23 29 4.0 5.0 0.80 0.46 1.38
45-49 years 42 44 6.2 6.5 0.96 0.63 1.46
50-54 years 62 54 8.6 7.6 1.14 0.79 1.64
55-59 years 70 56 11.1 8.8 1.26 0.89 1.79
60-64 years 72 71 14.5 13.4 1.08 0.78 1.50
65-69 years 92 99 21.6 20.8 1.04 0.78 1.38
70-74 years 97 184 28.3 45.1 0.63 0.49 0.80
75-79 years 216 429 65.2 102.1 0.64 0.54 0.75
80-84 years 246 581 145.6 230.5 0.63 0.54 0.73
85-89 years 269 743 266.1 397.2 0.67 0.58 0.77
90-94 years 145 395 426.9 411.6 1.04 0.86 1.25
95 years and older 23 85 400.5 354.7 1.13 0.71 1.79

https://doi.org/10.1371/journal.pone.0261897.t001

total of 537 (73.7%) applications were new applications, and 192 (26.3%) were applications for

a higher level of care.

As mentioned above, IRDs were the leading causes of visual impairment and blindness in
this cohort, followed by disorders of optic nerve/visual pathways and other retinal disorders. A
separate sex analysis showed the same distribution as described above for males, whereas

Table 2. Geographical locations of all patients who requested a health care allowance in 2017 and 2018 in Austria because of a diagnosis-related minimum classifi-
cation of visual impairment, blindness and deaf-blindness.

District Patients during the 2-year study period Population 2017 Population 2018 Rate per 100,000 person years
Rate 95% Confidence Limits
Vienna 964 (21.9%) 1883 706 1893779 25.5 23.9 27.1
Lower Austria 878 (19.9%) 1 669 944 1677 104 26.2 24.5 28.0
Burgenland 167 (3.8%) 292 592 293 490 28.5 24.2 32.8
Upper Austria 518 (11.8%) 1472422 1481 298 17.5 16.0 19.0
Styria 589 (13.4%) 1239153 1242 635 23.7 21.8 25.6
Carinthia 425 (9.7%) 560 915 561 030 37.9 34.3 41.5
Salzburg 300 (6.8%) 551 863 554 766 27.1 24.0 30.2
Tyrol 354 (8.0%) 749 853 753 397 23.5 21.1 26.0
Vorarlberg 169 (3.8%) 391 334 393918 21.5 18.3 24.8
Unknown 40 (0.9%)
https://doi.org/10.1371/journal.pone.0261897.t1002
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Table 3. Number and percentage of all patients who requested a health care allowance in 2017 and 2018 in Austria because of a diagnosis-related minimum classifi-
cation of visual impairment, blindness or deaf-blindness according to the diagnosis, age and sex (M = male, F = female, most frequent diseases bold and
underlined).

All 0-retirement 0-17 18-retirement Retirement
diagnosis Total | M F Total | M F Total | M F Total M F Total K M F
congenital and developmental diseases 102 43 59 38 28 10 20 14 6 18 14 4 64 15 49
(malformation ROP, amblyopia) 2.3% | 2.8% | 2.1% | 52% | 6.4% | 3.4% |21.7% | 21.9% | 21.4% | 2.8% | 3.7% | 1.5% | 1.7% | 1.4% | 1.9%
corneal disorders 39 15 24 17 9 8 1 1 1 16 9 7 22 6 16
09% | 1.0% | 0.8% | 2.3% | 2.1% | 2.8% | 1.1% | 3.6% | 3.6% | 2.5% | 2.4% | 2.7% | 0.6% | 0.6% | 0.6%
diabetic retinopathy 101 49 52 29 20 9 29 20 9 72 29 43
23% | 3.2% | 1.8% | 4.0% | 4.6% | 3.1% 4.6% | 53% | 3.4% | 2.0% | 2.7% | 1.7%
diseases of the lens 27 11 16 5 4 1 5 4 1 22 7 15
0.6% | 0.7% | 0.6% | 0.7% | 0.9% | 0.3% 0.8% | 1.1% | 0.4% | 0.6% | 0.6% | 0.6%
disorders of the optic nerve and visual 126 71 55 70 45 25 8 7 1 62 38 24 56 26 30
pathways 29% | 4.6% | 1.9% | 9.6% | 10.3%  8.6% | 8.7% | 10.9% | 3.6% | 9.7% | 10.1% | 9.2% | 1.5% | 2.4% | 1.2%
glaucoma 139 59 80 20 15 5 20 15 5 119 44 75
32% | 3.9% | 2.8% | 2.7% | 3.4% | 1.7% 31% | 4.0% | 1.9% | 3.2% | 4.0% | 2.9%
IRDs 186 79 107 103 62 41 18 10 8 85 52 33 83 17 66
4.2% | 52% | 3.7% | 14.1% | 14.1% | 14.1% | 19.6% | 15.6% | 28.6% | 13.3% | 13.9% | 12.6% | 2.3% | 1.6% | 2.6%
inflammation of the eye 70 15 55 7 2 5 7 2 5 63 13 50
1.6% | 1.0% | 1.9% | 1.0% | 0.5% | 1.7% 1.1% | 0.5% | 1.9% | 1.7% | 1.2% | 1.9%
macular degeneration 1075 | 294 | 781 49 24 25 7 4 3 42 20 22 | 1026 | 270 | 756
24.4% | 19.3% | 27.1% | 6.7% | 5.5% | 8.6% | 7.6% | 6.3% | 10.7% | 6.6% | 5.3% | 8.4% | 27.9% | 24.8% | 29.2%
myopia 11 6 5 5 4 1 5 4 1 6 2 4
0.2% | 0.4% | 0.2% | 0.7% | 0.9% | 0.3% 0.8% | 1.1% | 0.4% | 0.2% | 0.2% | 0.2%
neoplasms 46 21 25 15 11 4 4 3 1 11 8 3 31 10 21
1.0% | 1.4% | 0.9% | 2.1% | 2.5% | 1.4% | 43% | 47% | 3.6% | 1.7% | 2.1% | 1.1% | 0.8% | 0.9% | 0.8%
other retinal disorders 493 152 341 59 28 31 8 7 1 51 21 30 434 124 310
11.2% | 10.0% | 11.9% | 8.1% | 6.4% | 10.7% | 8.7% | 10.9% | 3.6% | 8.0% | 5.6% | 11.5%  11.8% | 11.4% | 12.0%
others 84 36 48 17 8 9 2 1 1 15 7 8 67 28 39
19% | 24% | 1.7% | 2.3% | 1.8% | 3.1% | 2.2% | 1.6% | 3.6% | 24% | 1.9% | 3.1% | 1.8% | 2.6% | 1.5%
retinal detachment and diseases of the 21 7 14 8 3 5 2 2 2 6 1 5 13 4 9
vitreous body 0.5% | 0.5% | 0.5% | 1.1% | 0.7% | 1.7% | 2.2% | 3.1% | 3.1% | 0.9% | 0.3% | 1.9% | 0.4% | 0.4% | 0.3%
missing or unknown 1884 | 669 | 1215 | 287 176 111 22 16 6 265 160 105 1597 | 493 1104

42% | 43% | 42% | 39% | 40% | 38% | 23% | 25% | 21% | 41% | 42% | 40% | 43% | 45% | 42%
https://doi.org/10.1371/journal.pone.0261897.t003

females most often suffered from IRDs, followed by other retinal disorders and disorders of
the optic nerve and visual pathways and macular degeneration. For both men and women
together, DR was the sixth most frequent diagnosis in this cohort (Table 3, 0-retirement
group).

For working-aged adults (18 years-retirement) (n = 637), the most frequent diagnosis was
IRDs. For children, the most frequent diagnoses were congenital and developmental diseases,
followed by IRDs (Table 3). The age distributions for IRDs for men (mean age 37.1 + 15.9) and
women (mean age 37.5 + 16.9) were similar. Deaf-blindness occurred in only 3 children and
working-aged adults, who were over 40 years of age. Finally, for our core cohort, missing diag-
noses were more frequent in men (176, 61.3%) than in women (111, 38.6%), and these num-
bers increased with age.

Discussion

As reported by the WHO Universal Eye Health Action Plan and the European Society of
Ophthalmology’s Pilot Committee on Public Health [16], only a few studies on the prevalence,
incidence and causes of blindness in Europe have been conducted thus far, and therefore,
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there remains a paucity of information on the causes of blindness from central Europe [12]. A
distinctive observation of working-aged persons has only marginally been conducted in the
recent literature [11, 17].

While blindness is more common among retirees, quality of life is affected even more in
younger persons [18-21]: the affected lifespan is much longer, the corresponding ophthal-
mological problems are more often of greater importance or concern to the patient, and the
patient can likely regain complete independence and mobility if the blindness could be
resolved; as a consequence, these individuals participate less in the employment market
[22] and even in higher education. A Danish investigation suggested that at the age of 40
years, fewer patients with generalized retinal dystrophy than controls had a high income, a
high educational level and were married, and more patients than controls were already pen-
sioners at this relatively young age [2]. The aim of our study was to investigate the main
causes of visual impairment/blindness, especially in working-aged persons and children in
Austria, in order to provide information on how to improve potential preventative and
therapeutic measures. The reports of Liew et al. and Finger et al. [10, 11] led us to consider
whether DR, although commonly known to be the major cause of visual impairment or
blindness in the Western world so far [5, 8, 9], is still the leading cause of blindness in work-
ing-aged people in Austria. To the best of our knowledge, there have been no reports on
this topic, and until 2012, potential information was not centrally acquired in this country
as it is now at the MSAA.

In accordance with previous reports, our results show that AMD is the overall leading cause
of blindness in European countries, especially in the United Kingdom (UK), including
England and Wales [5] and Scotland [6, 7], as well as in Ireland [23, 24] and Italy [25]. Other
leading causes of blindness in Europe include glaucoma, IRDs and cerebrovascular disease in
Scotland [6], glaucoma and retinitis pigmentosa in Ireland [24], cataracts and glaucoma in
Italy [25] and untreated cataracts and glaucoma in Moldova [26]. Outside of the European
region, in countries with a comparable socioeconomic status, the findings are similar: the most
frequent causes of legal blindness are AMD, glaucoma and myopic maculopathy in Israel [27],
AMD, glaucoma and cataracts in the United States [28] and AMD, glaucoma and DR in Aus-
tralia [29].

Furthermore, various studies have reported refractive errors to be a frequent cause of blind-
ness [12, 30]. Though every habitant has easy access to social insurances, and additionally,
there are a number of routine investigations for every child at schools and for every 18 year old
male by the federal army in Austria, there are still some few patients who are not provided
with corresponding correcting glasses or contact lenses without these mandatory examina-
tions. However, those are not included in our study, because they do not qualify for care allow-
ance. For care allowance, a medical certificate by an ophthalmologist is required, which clearly
states an incurable blinding condition or visual impairment. Therefore, the assessment of best-
corrected visual acuity is a mandatory step prior being qualified for care allowance.

Regarding working-aged individuals, decades of scientific research have suggested that DR is
the leading cause of blindness [8, 9, 31, 32]. Exhaustive scientific research and reorganization of
health care processes such as the NHS Screening Programme in the UK have been conducted.
In Austria, annual screening by an ophthalmologist is currently provided for every patient with
diabetes with or without mild DR, while patients with severe forms of DR are examined more
frequently (https://www.oedg.at/pdf/OEDG_Pocket_Guide_2019-07.pdf). Programs for pre-
vention and new therapies, such as intravitreal injections (anti-vascular endothelial growth fac-
tor (VEGF) or corticosteroids), are included in routine care [33]. Under these circumstances,
blinding DR has become rarer in working-age people, while IRDs are now the leading cause of
blindness in the UK (11), Germany [10] and, according to our results, also Austria. This is in
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agreement with results from Ireland, where a study reported retinitis pigmentosa to be the lead-
ing cause of blindness in working-aged individuals already in 1998 [23].

Hence, while improved treatment options for DR have lowered the incidence of visual
impairment and blindness and caused IRDs to be the leading cause of these issues today, our
findings and those of the aforementioned studies have several implications. First, awareness
must been raised among (general) ophthalmologists to better understand and address IRDs,
especially in respect to emerging therapies, and also that genetic testing due to the gene-depen-
dent approach of not only gene augmentation but also pharmacotherapy is mandatory [34]. Sec-
ond, these data are clear arguments to focus research on IRDs, also from a funding perspective.
Third, from an economic point of view, e.g., for social insurance, although approved or emerging
therapies such as gene augmentation therapy are very expensive, the therapeutic benefits may
not only reduce the personal burden of patients but also help reduce costs for medical care and
allow patients to participate in the employment market [21, 35]. Interestingly, only three groups
of diseases are responsible for half of all certifications for working-aged people in Europe, as our
study and those conducted in Germany and the UK have shown: IRDs, diabetic retinopathy/
other retinal disorders and glaucoma/diseases of optic nerve and visual pathways [11, 12].

Another mentionable finding of our study is how the sex distribution varies with age. Since
the extent of these differences was so striking and since our groups (children, working-aged
adults and children) are defined by economic activity rather than the age (retirement age is the
age of 60 years for females and 65 years for males in Austria) we created an additional table
that carves out differences of sex distribution across age groups so that our data may be even
better comparable for other researchers with other cohort definitions (Table 1). Taking all age
groups together, in accordance with the results of previous studies [10, 36], the prevalence of
blindness is higher in women than in men overall and for nearly all disease categories. How-
ever, the sex distribution was completely different for patients under 30 years of age: in this
group, more males were affected. For the 5-14-years age groups, this difference was also statis-
tically significant (Table 1: Frequency Distribution). The predominance of males in younger
age groups has rarely been reported, but detailed observations of the results of other investiga-
tions also show some evidence of this finding [7, 9, 10].

High myopia was a larger issue in some other studies, with incidences of 2.8% [11], 5% [10]
and 11.8% [37] versus the 0.2% seen in our study. This observation may be related to the use of
different codes; some of the retinal detachments in our cohort could possibly be seen as conse-
quences of high myopia but were coded as myopia in other reports. Additionally, some myopic
retinopathies and maculopathies could have been coded as “other retinal disorders” in our
study. However, myopic changes, such as retinal holes, are commonly detected and treated
very early in Austria,; a referral from general practitioners to see an ophthalmologist is—in con-
trast e.g. to the UK—not needed, and “medical ophthalmology” is covered by ophthalmologists
rather than optometrists, which are rarely know so far in Austria. Thus, a thorough and regular
routine retinal examination is typically performed in myopic patients.

Our data revealed only a small variation in blindness/visual impairment cases by geographi-
cal location, though from an economical and geographical point of view, there are large differ-
ences between Eastern federal states (e.g. Vienna) and Western federal states that are largely
dependent on rural income sources such as tourism (skiing, hiking etc.) and agriculture. In
contrast, a study conducted in England [38] described an almost 11-fold higher level of varia-
tion. An explanation for this inconsistency could be the differences in the inhabitant/area ratio
and the fact that Austria provides an excellent and easily accessible health care system with
small and good hospitals reachable within a short travelling distance, even from rural areas.

A strength of our study is that data from centralized registers were evaluated. Austria is a
rather small country, but in contrast to the challenges researchers from other countries may
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face, where the incentive for registration is lower [39], our data are quite representative and
complete since the financial support that is allowed with registration is substantial.

A limitation of our study is that persons with multiple impairments and very high levels of
care are not identifiable in our database after they are diagnosed with blindness. We therefore
suspect that, especially over the age of retirement, there are persons with multiple impairments
that might not appear in our data base, so that the rate of blindness/visual impairment might
be even higher than we could verify in this survey. However, for the patients identified herein,
the ophthalmological impairment/burden is the leading problem of affecting their lives by
being their “leading” diagnosis to be eligible for financial care allowance. A second limitation
of our study is that there were patients registered with “unknown diseases”. Only the main
diagnosis was documented in the database, and ICD-10 coding was performed by general
practitioners (GPs) based on ophthalmologic clinical reports. All patients with blindness/visual
impairment but no other disease that is legally more severe than the blindness/visual
impairment were registered in the database. However, when the GPs considered other diseases
more relevant for care allowance (e.g., impaired mobility or psychological diseases), they
potentially might have “overruled” the ophthalmologic diagnosis via ICD-10 coding, even if
correct from the “legal”, administrative point of view, this diagnosis might be less severe in
daily life. Additionally, in some cases, instead of specific codes, general codes such as “visual
impairment” or even “visual disturbances” were chosen. Other authors from the few available
relevant studies faced similar issues, i.e., the rate of general codes or unknown diagnoses ran-
ged from 10.9% [11] to 15.6% [7] and 19.5% [10]. It is presumable, however, that the complete
and accurate coding of cases would not have changed the key results. Regarding the completely
unknown diseases, it is suspected that these diseases are not mainly DRs; since diabetes
(including mild forms) is so prevalent in Austria (6-7%, https://www.diabetes.or.at/fileadmin/
Dokumente/Aktuelles/2017_oest_diabetesbericht.pdf), GPs may not always assign the correct
ICD-10 codes. Patients with DR, however, could be among the patients who have multiple
impairments but are not listed in the database as patients with ophthalmological diagnoses.
For example, these patients could have severely impaired mobility affecting their daily lives
even more than blindness. On the other hand, this might be also applicable for e.g. syndromic
retinitis pigmentosa cases (with the exception of Usher syndromes which are highly likely
coded as “deaf-blind”). Some DRs (but also some IRDs) could be included in the group of
diagnoses that was coded as “other retinal disorders” with no additional information. How-
ever, even if all data from this group (51 working-aged individuals) were added to the group of
DPs (thus totalling 67), they would still be rarer than IRDs (85). Additionally, in 19 persons
aged 40 years or younger, the diagnosis of “macular degeneration” was given. These cases
must have been considered additional cases of IRDs.

In this dataset, we cannot rule out the possibility of double entries due to applications for a
higher level of care. However, a manual check by an expert ophthalmologist was performed on
all data from working-aged persons and showed that few double entries appeared.

Our data may suggest that rigorous efforts to reduce blindness caused by DR in recent
decades could have been effective. Currently, in our country, IRDs are the most important
problem for persons of working age. This implicates that future studies should also focus on
the research and development of therapies for IRDs, in order to treat individual cases and pre-
vent long-term visual impairment or blindness in young and working-aged patients.
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