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Abstract

Purpose: To study the changes in incidence, age at onset and severity of visual
impairment (VI) due to retinitis pigmentosa (RP) in the Years 1980-2019, and
the incidence and age at diagnosis of hereditary retinal dystrophy (HRD) diag-
noses coded by ICD10 H35.5 in the Years 1998-2019 in Finland.

Methods: A total of 1606 persons with VI due to RP registered by the Finnish
Register of Visual Impairment and total of 4291 HRD diagnoses registered by
the Care Register of the Finnish Institute for Health and Welfare were included.
VI was classified according to the Finnish national definitions derived from
the WHO definitions. The significance of the changes in incidence and age at
onset were tested with statistical tests (Kruskal-Wallis, Mann—Whitney U and
Cochran-Armitage). Two-tailed p-value below 0.05 was considered significant.
Results: The incidence of VI due to RP has decreased from 0.96/100000 in the
1980s to 0.55/100 000 in the 2010s (p 0.004). The age at onset of VI has increased
from 41.6 to 50.3years. The severity of VI has not changed. The incidence of
HRD diagnoses has decreased from 3.66/100000 in the 2000s to 2.86/100000 in
the 2010s (p 0.024). The age at diagnosis has risen in male patients from 42.1 to
44 .5years (p 0.024).

Conclusion: The VI caused by RP in Finland has decreased. It develops at an
older age than in the past. We hypothesize that this trend may be attributed to
informed decisions by visually impaired persons to refrain from having off-
spring to prevent the transmission of hereditary mutations. The severity of VI
due to RP has remained relatively unchanged. The incidence of HRD diagno-
ses has decreased, and the diagnosis occurs at an older age among men.
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et al., 2010) However, the actual prevalence varies across
populations (Bertelsen et al., 2014; Holtan et al., 2020;

Inherited retinal dystrophies (IRDs) belong to the most
common causes of visual disability and blindness at a
young age (Holtan et al., 2020; Karali & Banfi, 2015)
IRDs constitute a phenotypically heterogencous group
of genetic disorders associated with the progressive de-
generation of retinal primary cells, which leads to visual
impairment (VI) or blindness (Broadgate et al., 2017;
Hendriks et al., 2017; Karali & Banfi, 2015) The cumula-
tive prevalence of monogenic IRDs is 1:2000 worldwide,
resulting in over 2million affected individuals.(Berger

Perea-Romero et al., 2021) and age groups (Hamblion
et al., 2012).

The most frequent IRD is retinitis pigmentosa (RP),
with a worldwide prevalence of approximately 1:4000
(Hartong et al., 2006). It is a group of dystrophies that
may share various clinical and/or genetic features (Cross
et al., 2022; Verbakel et al., 2018). The primary charac-
teristic of most RP cases is progressive degeneration of
rod photoreceptors, causing initially night blindness and
subsequent concentric visual field loss. Over time, cone
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cell involvement leads to central vision loss (Fahim, 2018;
Verbakel et al., 2018; Zhang, 2016). Syndromic forms,
such as Usher syndrome (USH), account for 20%-30%
of all RP cases (Cross et al., 2022; Hartong et al., 2006).
Currently, RP is mostly incurable, and the therapy fo-
cuses on alleviating disease-related complications and
providing psychological support. The only gene ther-
apy approved by FDA (2017), voretigene neparvovec-
rzyl, specifically indicated for the treatment of patients
with biallelic RPE65 mutation (Kang & Scott, 2020), is
thus available for only 1%-6% of RP patients (Aouadj
et al., 2018; Cross et al., 2022). RP can manifest in pa-
tients early on, in their childhood, or as late as their 50s,
depending on the genetic subtype, however, RP typi-
cally appears at a young age, often coinciding with an
individual's most productive years (Chaumet-Riffaud
etal., 2017; Cross et al., 2022; Hartong et al., 2006; Karali
& Banfi, 2015; Prokofyeva et al., 2011). Although the age
of onset of the symptoms does not correspond to the
time point when the photoreceptor degeneration began
(Hartong et al., 2006), the general tendency indicates
that early onset RPs progress more rapidly (Verbakel
et al., 2018), for example, X-linked RP affecting men
(Georgiou et al., 2023).

Most of the recent publications on RP aim to produce
a compendium on the subject, starting from describing
its aetiology and pathophysiology, and ending on its
psychological and societal burden (Cross et al., 2022;
Fahim, 2018; Verbakel et al., 2018; Zhang, 2016), or
they focus on one of the aforementioned aspects (Berger
et al., 2010; Chaumet-Riffaud et al., 2017; Garip &
Kamal, 2019; Hahm et al., 2008; Jangra et al., 2007,
Kremer et al., 2006). Even the latest articles rely on preva-
lence estimates based on data from the 1980s (Boughman
et al., 1983; Bunker et al., 1984; GRoNDAHL, 1987,
Haim, 2002; Peterlin et al., 1992), and there has been
a scarcity of epidemiological studies on RP in the past
two decades (Gupta et al., 2022; Na et al., 2017; Rim
et al., 2017). Most recent studies have focused on estimat-
ing the collective prevalence of all IRDs within a popu-
lation at the endpoint of the study (Bertelsen et al., 2014;
Hamblion et al., 2012; Holtan et al., 2020; Perea-Romero
et al., 2021; Woon et al., 2022), rather than exploring
changes in the incidence or prevalence of RP or IRDs
over longer time periods.

Inspired by this scarcity, we studied how the incidence,
severity, and age of onset of VI due to RP have changed
over the years 1980-2019 in Finland. The data were col-
lected by the Finnish Register of Visual Impairment and
the Care Register of the Finnish Institute for Health and
Welfare.

TABLE 1 The definitions of the Finnish visual impairment classes.
Visual impairment class Visual acuity (VA)
Mild visual impairment 0.3>VA>0.1
Moderate visual impairment 0.1>VA20.05
Severe visual impairment 0.05>VA>0.02
Near total blindness 0.02>VA-—1/e0

Total blindness VA =0, no sense of light

2 | MATERIALS AND METHODS

2.1 | Finnish Register of Visual
Impairment and classification of visual
impairment

The Finnish Register of Visual Impairment was estab-
lished in 1983 by the National Board of Health, and until
2019 its operations were governed by the Act (556/89) and
Decree (774/89) on National Personal Records within
the Health Care System. As specified in the Decree, a
person is considered visually impaired if the better eye
has a Snellen visual acuity of less than 0.3, or the visual
field is constricted below 10 degrees.(Gissler et al., 2017)
The above-mentioned Act obligates health care authori-
ties, institutions, and personnel to report all visually
impaired patients to the register. Notification must be
made by a specialist in ophthalmology or the ophthal-
mological unit of a hospital (Tolkkinen, 2023). The reg-
ister stores information on visually impaired patients,
including the diagnosis, date of birth, date of VI onset,
date of registration, and VI class. In Finland, there are
five VI classes, based on definitions provided by the
World Health Organization (WHO) (‘The prevention
of blindness. Report of a WHO Study Group’, 1973), as
outlined in Table 1. The Finnish classification also in-
cludes an additional class, ‘non-defined blindness’, for
the cases, where visual acuity or visual field information
is unavailable, but blindness is reported. The VI class is
recorded based on the notifications from ophthalmolo-
gists and is updated whenever changes are notified. The
register is updated and annual statistics are published
every year (Tolkkinen, 2023). For this study, the age of
onset was either taken directly from the register data or,
in cases when it was missing, the date of registration was
used instead.

2.2 | Care Register of the Finnish Institute for
Health and Welfare

The Care Register of the Finnish Institute for Health
and Welfare is a continuation of the Hospital Discharge
Register (1967-1993) since 1994. The purpose of the reg-
ister is to collect data on the activities of health cent-
ers, hospitals and other institutions providing inpatient
care and, on their patients, as well as on home-nursing
patients, for the purposes of statistics, research, and
planning. The most essential data content is the ad-
mission and discharge, diagnoses, and treatments pro-
vided. The register covers inpatient care in all hospitals

Visual field

>5° and <10° from central fixation

<5° from central fixation
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and outpatient care in public hospitals since 1998 (Care
Register for Health Care—THL, 2023).

2.3 | Study population

This study focused on individuals with VI primarily
caused by RP, using data from the Finnish Register of
Visual Impairment spanning the years 1980-2019. To
validate our results, we also obtained the numbers of new
hereditary retinal dystrophy (HRD) diagnoses coded
with ICD-10 (International Statistical Classification
of Diseases and Related Health Problems) code H35.5
and the age at diagnosis from the Care Register of the
Finnish Institute for Health and Welfare for the period
1998-2019. HRDs encompass a subgroup of IRDs, in-
cluding RP, without further subclassification. Therefore,
the exclusion of diagnoses other than RP from the Care
Register data was not possible, nevertheless, the data
provided insight into the overall trend in incidence of
HRD diagnoses, which RP is a part of. Population data
for Finland, including total annual population and an-
nual population by age and sex, were obtained from pub-
licly available statistics provided by Statistics Finland.
This study was conducted in line with the tenets of the
Helsinki Declaration. As a register-based study, accord-
ing to Finnish legislation, it did not require approval
from an ethical committee, but the register-keeping or-
ganizations gave their permission to use their data in
this study.

2.4 | Statistical analysis

Annual incidence rates were calculated by dividing the
number of newly registered cases by the population
size for each year. Then, we calculated mean incidence
rates for each decade. Separate calculations were per-
formed for women and men, and for 10-year interval
age groups. The estimates were age-standardized for
age groups by multiplying their incidence by the cor-
responding percentage of the entire Finnish popula-
tion. When calculating incidence and age at onsect/
diagnosis, we applied a wash-out period of 2years
counting from the year of establishment to account
for bias in the number of new cases at the beginning
of the registers’ existence. The Finnish Register of
Visual Impairment was established in 1983, thus we
had to filter out all records from before 1985. Trends
in mean decade incidence rates were assessed with
the Cochran—Armitage trend test, and differences be-
tween decades and sexes were evaluated with the chi-
squared test. The average age at onset was calculated

[Acta Ophihaimolosica
for each decade, and the Kruskal-Wallis test with
Dunn-Bonferroni correction was used for between-
decade comparisons. To compare the average age at
onset between men and women within each decade,
the Mann—Whitney U test was employed. To improve
the statistical power while testing the changes in dis-
tribution of VI classes over decades, and to scrutinize
the changes between mild and severe forms of VI more
effectively, we pooled classes 1 and 2, and classes 4
and 5. Statistical significance was set at a two-tailed
p-value of less than 0.05. All statistical analyses were
conducted using R software version 4.2.2 and the
DescTools package version 0.99.47.

3 | RESULTS

3.1 | Registered cases of visual impairment
due to retinitis pigmentosa

Between 1980 and 2019, a total of 1606 persons in Finland
were registered as visually impaired due to RP, with
51.1% (821 persons) being women. In 2019, 662 persons
were alive, of which 351 were women (53.0%). The exact
numbers of new cases in each period and the percent-
age of each sex are presented in Table 2, and the mean
total incidence and age at onset by decade are collected
in Table SI.

The mean incidence of VI due to RP in each decade is
shown in Figure 1. It has decreased from 0.96/100000 in
the 1980s to 0.55/100000 in the 2010s (chi-squared test, p
2.01e-02). The incidence rates were similar for men and
women, with a declining trend (Cochran-Armitage test,
p 4.07¢-02 and 4.14e-02, respectively).

Figure 2 illustrates the age-standardized mean in-
cidence of VI due to RP over decades by age and sex.
We observed a decline in the age groups between 0 and
59years, and an increase in the group 70-79. The inci-
dence in the group 60-69 dropped in the 1990s and 2000s
to increase in 2010s. In the group aged 80years and older,
the incidence remained relatively unchanged.

In contrast to the incidence, the mean age at onset
of VI for retinitis pigmentosa has been gradually rising
from 41.6years in the 1980s to 50.3 years in the 2010s (see
Table S1, Kruskal-Wallis, p 8.90e-07). The differences
between men and women were statistically insignificant.
Upon closer examination of the distribution of age at
onset in each decade (see Figure S2), noticeable changes
were observed. In the 2000s and 2010s, there was a de-
crease in the number of persons whose VI began in child-
hood, adolescence, and middle age, compared to the
1990s, but not when compared to the 1980s. However, the
shares of persons who became visually impaired in their

TABLE 2 The numbers of new visually impaired persons in each period. Years 1985-1989 represent the first decade of the Finnish Register

of Visual Impairment existence without the wash-out period.

1980-1989 1985-1989
Total 500 237
Men (%) 246 (49.2) 121 (51.1)
Women (%) 254 (50.8) 116 (48.9)

1990-1999 2000-2009 2010-2019
481 326 299

230 (47.8) 150 (46.0) 159 (53.2)
251 (52.2) 176 (54.0) 140 (46.8)
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FIGURE 1 The mean incidence of visual impairment due to retinitis pigmentosa over decades.
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FIGURE 2 The mean incidence of visual impairment due to retinitis pigmentosa by age and sex over decades, age-standardized.

60s or later remained similar or even increased relative
to both the 1980s and 1990s.

The distribution of the pooled VI classes can be seen
in Figure S3. The overall distribution was significantly
different in the 2000s than in the 1980s (chi-squared
test, p 4.45e-03). However, only the increase in share of
class III, severe visual impairment, from 28.7% in the
1980s to 39.2% in the 2000s, was found to be significant
(p 3.63¢-02). There were no significant changes among
men. The overall distribution of VI classes had changed
among women between the 1980s and the 1990s, as well
as between the 1980s and the 2000s (p 4.48¢-02 and
6.02¢-03, respectively), although no decade-to-decade
changes within individual classes were found to be
significant. The overall distribution in the 1990s was
significantly different among men than among women
(p 4.76e-02), but the percentages of individual classes
were not.
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3.2 | Inherited retinal dystrophies in the
Finnish population

Based on the data from the Care Register of the Finnish
Institute for Health and Welfare, a total of 4291 patients
with HRD diagnoses were recorded between 1998 and
2019. Women constituted 50.1% of all cases (2150 per-
sons). Figure 3 illustrates the 3-year moving average of
the annual incidence of these diagnoses, excluding the
wash-out period (1998-1999). The mean total incidence
declined from 3.66/100 000 in the 2000s to 2.86/100000 in
the 2010s, and that difference was statistically significant
(chi-squared test, p 2.44¢-02). The difference between
sexes was not statistically significant. Further inspec-
tion of the age-standardized incidence in age groups
(Figure 4) revealed relatively stable rates in age groups
younger than 30years and older than 60years. A decline
was observed in age groups 30-59.
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FIGURE 4 Three-year moving annual incidence of HRD diagnoses in the years 2000-2019 in Finland by age and sex, age-standardized.

The mean age at HRD diagnosis slightly increased
from approximately 45.5 in the 2000s to 46.4 in the 2010s,
although the increase was not statistically significant
(see Figure S4). However, the mean age at diagnosis has
significantly risen for men from 42.1 in 2000s to 44.5 in
2010s (Kruskal-Wallis, p 2.37¢-02). The age at diagnosis
was, on average, younger for men than for women, by
6.7years in the 2000s, and by 4.4years in the 2010s, and
those differences were statistically significant (Mann—
Whitney U test, p 7.02¢-10 and 1.70e-04, respectively).

4 | DISCUSSION

Based on data from The Finnish Register of Visual
Impairment, the incidence of reported VI due to RP has

RIGHTSE LI MN iy

decreased since the 1980s. This is consistent with the
general decline in the incidence of HRD diagnoses in
the Finnish population, which we observed based on the
data on specialized health care from the Finnish Institute
for Health and Welfare. The average age at onset of VI
due to RP has risen from approximately 42-50years in
the Finnish population. In turn, the mean age at which
HRD diagnoses occurred increased significantly only
among male patients, and overall, it was approximately
46years since the year 2000. There were some fluctua-
tions in the distribution of VI classes among all patients
and among women, however, the overall severity of new
VI cases due to RP has been consistent, without signifi-
cant shifts toward the mildest or most severe forms of VI.

There is limited research on the incidence of VI due
to RP or IRDs. In 2015, RP was reported to be one of
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the leading causes of blindness and severe VI in children
0-18years of age in Israel with a statistically significant de-
crease of incidence from 0.72/100000 in 2003 to 0.40/100000
in 2013 (Mezer et al., 2015). We calculated the mean inci-
dence for age groups 0-9 and 0-19, which correspond to
the age of the children studied in Israel, and in the 2000s it
was 0.24/100000 and in the 2010s it was 0.14/100000 (those
are unstandardized numbers, because the authors of the
cited publication do not mention any standardization pro-
cedure). These numbers were lower than those reported in
Israel, but we observed a similar decreasing trend in the
incidence among children. In the years 20042013, the inci-
dence of VI due to RP in Mie prefecture, Japan, oscillated
between 1-2/100000, and the changes were found to be in-
significant.(Ikesugi et al., 2017) The mean incidence of VI
due to RP in the 2000s calculated by us was 0.62, which
is lower than that presented by Ikesugi et al. However,
the authors also state that they use Japanese definitions
of visual impairment, which are different than elsewhere
(Ikesugi et al., 2017), thus these estimates are not directly
comparable. An incidence of 25/100000 was reported for
VI and blindness in Austria for the period of 2017-2018.
IRDs constituted 4.2% of all cases, meaning an approx-
imate incidence of 1.05/100000 for VI and blindness due
to IRDs (Glatz et al., 2022). Our calculated incidence of
VI due to RP in the 2010s was 0.55/100000, which is ap-
proximately half of that reported in Austria. Considering
that RP constitutes 33%—66% of all IRD cases (Bertelsen
et al., 2014; Chen et al., 2021; Coco-Martin et al., 2021;
Holtan et al., 2020; Motta et al., 2018) this result is in line
with the incidence reported in Austria.

To the best of our knowledge, only one study reports
the prevalence of HRD diagnoses. The study was con-
ducted in the south-east region of Norway in the period
2008-2016, and the prevalence was found to be 56/100 000
(Holtan et al., 2020). We have not found any reports on
the incidence of these diagnoses, so that it is impossible
to compare our results to the previous reports.

A population-based study in South Korea esti-
mated the incidence of RP in the years 2011-2014 to
be 1.64/100000 (Rim et al., 2017). This study also ref-
erenced RP incidence estimates from two earlier stud-
ies: 0.79/100000 in Denmark for the years 1990-1997
and 6/100000 in the state of Maine, USA for the years
1976-1980. These incidence rates cannot be interpreted
as a comprehensive timeline of RP incidence due to vari-
ations in geographical and ethnic populations as well as
in study methods. Nevertheless, they are our only ref-
erence points, indicating a decreasing trend. We report
an incidence of 0.96/100000 in the 1980s, 0.94/100000 in
the 1990s, and 0.55/100000 in the 2010s. While our esti-
mates seem to be much lower than in the USA and South
Korea, our incidence from the 1990s is higher than the
one in Denmark.

Overall, our results are more in line with results pre-
viously reported in other Nordic countries, and in cen-
tral Europe, whereas they differ significantly from those
reported in America and South-East Asia. This implies
that regional, and population-specific differences may
exist due to environmental and genetic factors, but there
might have been also differences in diagnostic criteria
and methodologies across different continents.
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Even though we found no significant difference in age
at onset of VI due to RP between men and women, men
have been diagnosed with HRDs at a younger age than
women consistently for the last 20 years. A similar differ-
ence in age at diagnosis was found in Korea, where men
were diagnosed, on average, 6 years earlier than women,
although only RP patients were studied (Na et al., 2017).
In Austria, the age at which subjects applied for health
care allowance due to severe VI or blindness (of which
4.2% caused by IRDs) was significantly older for women
than for men (Glatz et al., 2022). Most probably, the dif-
ference is caused by X-linked RP, which accounts for
15% of RP cases in men, and is characterized by a rapid
course of vision loss, and onsets in patient's teens or 20s
(Branham et al., 2012). Another factor contributing to
earlier detection of IRDs in men could be the fact that
young men attend physical examinations to assess their
ability to serve in the military, and thus, they may have
more opportunities to be diagnosed.

We hypothesize that multiple factors contributed to
the observed changes. The decreasing incidence of IRDs
and VI due to RP suggests that awareness of the hered-
itary dystrophies among visually impaired individuals
may prevent them from having children and passing on
the mutations, especially among, those whose symptoms
manifested at a young age. The older age at onset may
be partially a consequence of the rising age of primipa-
ras in Finland. In 1988, the mean age of primiparas was
26.6, and only 5% of them were 35years or older (Ollila
et al., 1992). In 2019, the mean age of primiparas was
29.5, and 15.2% of them were at least 35years old (Kiuru
et al., 2020). Moreover, life expectancy has been growing
for the last 70years in Finland (Finland Life Expectancy
1950-2023, 2023), thus allowing for more cases of RP to
develop into VI at older age in recent years. Also, we as-
sume a possibility that in the 1980s and 1990s, elderly
people were not diagnosed accurately, especially in the
rural areas, and thus the age at onset in those decades
might be underestimated.

Our study is the first one focusing on VI caused by
RP, which provides valuable insight into changes in inci-
dence, age at onset, and VI severity over a relatively long
period of 40years. To the best of our knowledge, no pre-
viously published study has conducted a similar analysis.
The data utilized in this study were collected systemat-
ically and routinely by an established register, ensuring
its quality. The register data adhered to Finnish legisla-
tion and medical definitions based on the WHO defini-
tions from 1973 regarding decreased visual acuity and
visual field constriction. Additionally, we examined the
incidence of HRD diagnoses given in specialized health
care using data from the Finnish Institute for Health and
Welfare. Also, we estimated the total incidence of RP in
Finland utilizing previously reported empirical data.

The main limitation of this study is that the data
from The Finnish Register of Visual Impairment only
accounts for individuals with VI primarily caused by
RP. In addition, HRD diagnoses do not solely repre-
sent RP cases. Moreover, the wash-out period, although
accounting for the artificially inflated incidence at the
beginning of the registers' existence, also excluded mean-
ingful data from the analysis. Regardless of the study
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being register- or population-based, there are always
some cases that remain undiagnosed unless a health ex-
amination study is conducted. The diagnostic process
itself introduces potential bias, including the possibil-
ity of misdiagnoses. Overall, register data are subject to
various biases, and some, related to the start of registra-
tion, were already mentioned. Age at onset was not avail-
able for all registered persons, in which cases the year
of registration was used, thus introducing a new source
of error to the data. Furthermore, the self-reported age
at onset may not accurately reflect the actual age at
which the disease progressed into VI. Finally, RP is a
rare disease with a low frequency, especially in a small
country such as Finland with a population of 5.45mil-
lion at the end of 2019 (Population by Area, Month and
Information, 2023), which causes additional challenges
in the statistical analysis.

To summarize, our analysis reveals a decline in VI
caused by RP in Finland over the past 40years, along
with a shift toward later onset of the impairment. We
propose that this trend may be attributed to informed
decisions by visually impaired persons to refrain from
having offspring to prevent the transmission of heredi-
tary mutations, especially in early-onset cases with se-
vere symptoms, by the increasing age of primiparas, and
by under-diagnosed elderly in the earlier decades of reg-
ister's existence. The distribution of VI classes of the RP
cases differed significantly between individual decades,
however, overall, there was no significant change in the
percentages of the mildest nor the most severe forms of
VI over time. The total incidence of HRD diagnoses in
the Finnish population has also decreased over the past
20years, but the age at diagnosis has increased signifi-
cantly only among male patients. In addition, men are
diagnosed with HRD at a younger age than women.
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