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ABSTRACT

The purpose of this study was to estimate the prevalence and distribution of reduced visual
acuity, major chronic eye diseases, and subsequent need for eye care services in the Finnish
adult population comprising persons aged 30 years and older. In addition, we analyzed the
effect of decreased vision on functioning and need for assistance using the World Health
Organization’s (WHO) International Classification of Functioning, Disability, and Health
(ICF) as a framework.

The study was based on the Health 2000 health examination survey, a nationally
representative population-based comprehensive survey of health and functional
capacity carried out in 2000 to 2001 in Finland. The study sample representing the
Finnish population aged 30 years and older was drawn by a two-stage stratified cluster
sampling. The Health 2000 survey included a home interview and a comprehensive health
examination conducted at a nearby screening center. If the invited participants did not
attend, an abridged examination was conducted at home or in an institution.

Based on our finding in participants, the great majority (96%) of Finnish adults had at
least moderate visual acuity (VA > 0.5) with current refraction correction, if any. However,
in the age group 75-84 years the prevalence decreased to 81%, and after 85 years to 46%.
In the population aged 30 years and older, the prevalence of habitual visual impairment (VA
<0.25) was 1.6%, and 0.5% were blind (VA < 0.1). The prevalence of visual impairment
increased significantly with age (p < 0.001), and after the age of 65 years the increase
was sharp. Visual impairment was as common in women as in men (OR 1.20, 95% CI
0.82-1.74).

Based on self-reported and/or register-based data, the estimated total prevalences of
cataract, glaucoma, age-related maculopathy (ARM), and diabetic retinopathy (DR) in the
study population were 10%, 5%, 4%, and 1%, respectively. The prevalence of all of these
chronic eye diseases increased with age (p < 0.001). Cataract and glaucoma were more
common in women than in men (OR 1.55, 95% CI 1.26—1.91 and OR 1.57, 95% CI 1.24—
1.98, respectively). The most prevalent eye diseases in people with visual impairment (VA



<0.25) were ARM (37%), unoperated cataract (27%), glaucoma (22%), and DR (7%).

One-half (58%) of visually impaired people had had a vision examination during
the past five years, and 79% had received some vision rehabilitation services, mainly
in the form of spectacles (70%). Only one-third (31%) had received formal low vision
rehabilitation (i.e. fitting of low vision aids, receiving patient education, training for
orientation and mobility, training for activities of daily living (ADL), or consultation with
a social worker). People with low vision (VA 0.1-0.25) were less likely to have received
formal low vision rehabilitation, magnifying glasses, or other low vision aids than blind
people (VA < 0.1). Furthermore, low cognitive capacity and living in an institution were
associated with limited use of vision rehabilitation services. Of the visually impaired living
in the community, 71% reported a need for assistance and 24% had an unmet need for
assistance in everyday activities. Prevalence of limitations in ADL, instrumental activities
of daily living (IADL), and mobility increased with decreasing VA (p < 0.001). Visually
impaired persons (VA < 0.25) were four times more likely to have ADL disabilities than
those with good VA (VA > 0.8) after adjustment for sociodemographic and behavioral
factors and chronic conditions (OR 4.36, 95% CI 2.44-7.78). Limitations in [ADL and
measured mobility were five times as likely (OR 4.82, 95% CI 2.38-9.76 and OR 5.37,
95% CI1 2.44-7.78, respectively) and self-reported mobility limitations were three times as
likely (OR 3.07, 95% CI 1.67-9.63) as in persons with good VA.

The high prevalence of age-related eye diseases and subsequent visual impairment
in the fastest growing segment of the population will result in a substantial increase in
the demand for eye care services in the future. Many of the visually impaired, especially
older persons with decreased cognitive capacity or living in an institution, have not had a
recent vision examination and lack adequate low vision rehabilitation. This highlights the
need for regular evaluation of visual function in the elderly and an active dissemination
of information about rehabilitation services. Decreased VA is strongly associated with
functional limitations, and even a slight decrease in VA was found to be associated with
limited functioning. Thus, continuous efforts are needed to identify and treat eye diseases
to maintain patients’ quality of life and to alleviate the social and economic burden of
serious eye diseases.

Keywords: visual acuity, visual impairment, eye diseases, functional limitations, disability,
vision rehabilitation, need for assistance, epidemiological studies
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ADL Activities of daily living

AMD Age-related macular degeneration

AMI Acute myocardial infarction

ARM Age-related maculopathy

BMI Body mass index

cC Cortical cataract
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D Diopter
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DM Diabetes mellitus

DR Diabetic retinopathy

GHQ General Health Questionnaire

IADL Instrumental activities of daily living

ICD International Classification of Diseases

ICF International Classification of Functioning, Disability, and Health

ICIDH International Classification of Impairments, Disabilities,
and Handicaps

IDDM Insulin-dependent diabetes mellitus

10P Intraocular pressure

LOCS Lens Opacities Classification System

MI Multiple Imputation

MMSE Mini-Mental State Examination

NIDDM Non-insulin-dependent diabetes mellitus

NO Nuclear opalescence

OAG Open-angle glaucoma

OR Odds ratio

PDT Photodynamic therapy

PSC Posterior subcapsular cataract

RB Rosow-Breslau

TTT Transpupillary thermotherapy

VA Visual acuity

VEGF Vascular endothelial growth factor

VI Visual impairment

WARMGS Wisconsin Age-Related Maculopathy Grading Scheme

WHO World Health Organization
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1 INTRODUCTION

Demands for vision have increased due to technological evolution at working places and
in daily life. A decline in visual function may seriously compromise a person’s ability to
perform daily tasks and manage everyday living. Moreover, with increasing life expectancy,
the number of people with age-related eye diseases and subsequent visual impairment
has been predicted to increase significantly in the near future (STAKES Reports 2007).
Despite the increasing significance of visual function, information about visual acuity
(VA) and the prevalence of visual impairment and blindness in the general population is
scarce. According to the Finnish Register of Visual Impairment, 0.3% of Finnish people
have visual impairment (VA < 0.3), ranging from 0.07% in persons younger than 18 years
to 4.8% in persons aged 85 years and older (STAKES Reports 2007). However, coverage
of the register may be inadequate due to underreporting of visual impairment. This is in
accordance with the findings of Hikkinen (1984) and Hirveld and Laatikainen (1995),
who have reported a prevalence of 20-27% for visual impairment in persons aged 80 years
and older in the city of Turku and in the county of Oulu, Finland.

According to studies in Europe, North America, and Australia, of visual impairment
in the middle-aged and elderly, 33—-64% is caused by age-related maculopathy (ARM),
18-29% by cataract, 3—4% by glaucoma, and 1-4% by diabetic retinopathy (DR) (Attebo
et al. 1996, Klaver et al. 1998, Wang et al. 2000, Buch et al. 2001a, Buch et al. 2001b). In
Finland, no earlier nationally representative population studies concerning the prevalence
of these major eye diseases exist. Based on information from the Finnish Register of
Visual Impairment, the prevalence of ARM (45%) among persons with permanent visual
impairment is consistent with findings in other industrialized countries (STAKES Reports
2007). The prevalences of glaucoma (7%) and DR (7%), by contrast, are higher among
Finnish adults with visual impairment than in persons from other industrialized countries
(Attebo et al. 1996, Klaver et al. 1998, Wang et al. 2000, Buch et al. 2001a, Buch et al.
2001b, STAKES Reports 2007). Although the Finnish Register of Visual Impairment is
statutory, coverage of registered persons with visual impairment is thought to be low,
especially among the elderly. In addition, the register lacks information on cataract as
a cause of visual impairment because with modern surgery permanent deterioration of
vision can usually be prevented. However, Hirveld and Laatikainen reported in 1995 that
11% of visual impairment in the elderly in Northern Finland was due to cataract.

Vision has a significant effect on functioning and it plays an important role in the
development of disability. Self-reported visual impairment has been found to be one of the
strongest predictors of moderate and severe limitations in activities of daily living (ADL)
in the elderly (Dunlop et al. 2002). Along with disability, reduced visual function has a
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great impact on society as well as on a person’s quality of life and sense of independence
by increasing the need for health and social services and institutionalization (Branch and
Jette 1982, Foley et al. 1992, Norburn et al. 1995, Torres et al. 1995, Aguero-Torres et al.
2001). How VA influences the performance of different activities is not well understood.

To plan adequate measures for alleviating the influence of visual impairment on general
disability, more detailed information is required to clarify which functions are particularly
prone to the effects of worsening VA. More information is also needed about the effect of
visual function on disability, independent of other coexisting conditions. Chronic diseases,
cognitive and hearing impairment, depressive symptoms, decreased social contacts and
physical activity, and some sociodemographic factors have been found to increase the
risk of disability and potentially modify the influence of visual function (Carabellese et
al. 1993, Guralnik et al. 1993, Boult et al. 1994, Seeman et al. 1994, Goldman et al.
1995, Moritz et al. 1995, Seeman et al. 1995, Gallo et al. 1997, Penninx et al. 1998).
However, the results of studies on the independent effect of measured visual impairment
on disability have been inconsistent (Hakkinen 1984, Carabellese et al. 1993, Ensrud et al.
1994, Salive et al. 1994, West et al. 1997, Reuben et al. 1999, Rubin et al. 2000, Rubin et
al. 2001, West et al. 2002b).

Timely provision of vision examinations and treatment of eye diseases are essential
to prevent or postpone visual impairment, but little is known about the factors affecting
the use of eye health care. Low socioeconomic status is associated with high morbidity
and disability (Marmot et al. 1997, Valkonen et al. 1997). This may be due to a higher
prevalence of chronic diseases associated with unfavorable socioeconomic factors and/
or inadequate treatment and rehabilitation of persons with low socioeconomic status.
Education is thought to increase knowledge about diseases and their prevention, giving
better opportunities to utilize the health care system (Livingston et al. 1998, Hoevenaars
et al. 2006). People with higher income may have easier access to health care. Low
socioeconomic status has also been reported to be connected to visual impairment (Tielsch
et al. 1991a, Klein et al. 1994b). To reduce health disparities associated with decreased
visual function, we need information on factors affecting the use of eye health care, vision
rehabilitation, and the appropriate supply of assistance for visually impaired people. This
information will allow us to identify those population subgroups who would benefit most
from special intervention programs. A substantial proportion of people are unaware of
their eye diseases and attend eye examinations too rarely (Wang et al. 1994, Bylsma et al.
2004). In the case of irremediable visual impairment, low vision aids and rehabilitation
have proven effective regardless of the cause of the visual impairment (Nilsson 1986,
Nilsson and Nilsson 1986, Nilsson 1988). Low vision aids and rehabilitation seem to
improve both functional ability and the quality of life (Scott et al. 1999, Hinds et al.
2003).
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The aim of this study was to determine the prevalence and distribution of reduced
VA, major chronic eye diseases, and subsequent need for eye care services in the Finnish
population using data collected in a large nationally representative population-based
study of people aged 30 years and older (The Health 2000 Survey). Based on this data, it
was also possible to explore the associations between decreased vision and functioning
and need for assistance by analyzing which specific tasks are limited at various levels
of VA. As a framework, we used the World Health Organization’s (WHO) International
Classification of Functioning, Disability, and Health (ICF) to shed light on the complexity
of the processes leading to disability (WHO 2001).
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2 REVIEW OF THE LITERATURE

2.1 Visual function

Visual function refers to a person’s ability to perceive the surrounding world by sensing
the presence of light and the form, size, shape, and color of visual stimuli (WHO 2001).
Various ophthalmic and neurological disturbances may affect this ability and compromise
a person’s capability to perform usual daily tasks and manage everyday living. Visual
function is most commonly assessed with the objective measurements of VA, visual field,
stereopsis, contrast sensitivity, dark adaptation, and glare. Self-reported visual function is
also thought to give some additional information on the quality of visual function.

2.1.1 Population studies

Over the past three decades, several large population-based studies have been conducted
to assess the distribution of visual function and the prevalence of deteriorated vision and
associated eye diseases. Due to the requirements of large-scale population-based studies,
they have been forced to focus mainly on measuring VA or assessing self-reported visual
functions.

The Framingham Eye Study was conducted in 1973-1975 (Kahn et al. 1977, Leibowitz
et al. 1980). The population sample consisted of all survivors of the Framingham Heart
Study cohort originally recruited in 1948 and representing the people of the town of
Framingham, USA. A comprehensive ophthalmologic examination was conducted
on 2 631 persons aged 52—85 years (66% of those eligible). VA was initially assessed
with current spectacles, but with deficit (VA < 1.0) a pinhole and subsequent manifest
refraction were performed. However, selection by survivorship may cause some bias in
the representativeness of the study population.

Three subsequent important studies in the United States are the Baltimore Eye Survey
(1985-1988), the Beaver Dam Eye Study (1988—1990), and the Salisbury Eye Evaluation
Study (1993—-1995). The Baltimore Eye Survey comprised noninstitutionalized people aged
40 years and older residing in the east Baltimore area (Tielsch et al. 1990). A screening
examination, including VA measurement with current correction, was performed on 5 341
persons (79% of those eligible). If VA < 1.0, it was assessed also with pinhole and/or
subsequent full refraction correction. The Beaver Dam Eye Study consisted of 5 700
eligible individuals aged 40—86 years living in the city and township of Beaver Dam (Klein
et al. 1991b, Linton et al. 1991). Of these, 86% participated in the examination, which
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included VA measurement with best refraction correction. The Salisbury Eye Evaluation
Study comprised noninstitutionalized persons aged 65—84 years living in Salisbury (Rubin
etal. 1997). Persons with cognitive impairment, defined as Mini-Mental State Examination
(MMSE) score of 17/30 or less, were excluded from the study. A clinical examination,
including visual acuity measurement with best refraction correction, was carried out on
2520 persons (61% of those eligible).

The Blue Mountains Eye Study (1991-1993) and the Melbourne Visual Impairment
Project (VIP; 1992-1996) are two large population studies conducted in Australia. The
Blue Mountains Eye study consisted of 4 433 eligible persons aged 49 years and older
living in the Blue Mountains area in New South Wales (Attebo et al. 1996). Of these, 82%
participated in the examination. The VIP was performed in the Melbourne metropolitan
area, and 83% of the 3 946 eligible people aged 40 years and older participated (Livingston
et al. 1994, Taylor et al. 1997). Both studies included only noninstitutionalized persons.
VA was assessed with best refraction correction, but in the VIP only if initial VA had been
<1.0.

Also in Europe, two widely cited population studies have been carried out. The
Copenhagen City Eye Study (1986—1988) consisted of 1 000 eligible individuals aged 60—
80 years living in Copenhagen, Denmark (Buch et al. 2001a). Of these, 97% participated
in the examination, which included VA measurement with current and best refraction
correction. The Rotterdam Study (1990-1993) comprised persons aged 55 years and older
living in Rotterdam, The Netherlands (Klaver et al. 1998). Of the eligible sample (n =
10 275), 66% participated in the ophthalmologic examination, including VA measurement
with best refraction correction.

In Finland, VA has been investigated in elderly persons only. Hakkinen (1984)
evaluated people aged 65 years and over living in the city of Turku (eligible sample 595
persons); Rouhiainen and Terdsvirta (1990) assessed people aged 65, 70, and 75 years
living in Kuopio (eligible sample 1 133 persons), and Hirveld and Laatikainen (1995)
examined people aged 70 years and older living in the county of Oulu (eligible sample
560 persons). All of these studies had good participation rates (74-92%) and included
examinations of VA with best refraction correction. The Turku Study assessed VA also
with current spectacles.

All of the earlier studies have potential limitations regarding the generalizability of
results due to use of regional data, limited population samples, or restricted age ranges.
To our knowledge, no previous nationally representative population-based study assessing
VA has been published.
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2.1.2 Visual acuity

The majority of the middle-aged or elderly population have good VA with best refraction
correction. In the Beaver Dam Eye Study, 93% of persons aged 43—54 years had VA> 1.0,
and in the Melbourne Visual Impairment Project 73% of persons aged 40 years and older
had VA > 1.0 (Klein et al. 1991b, Taylor et al. 1997). The prevalence of VA > 0.8 was as
high as 93% in persons aged 5285 years in the Framingham Eye Study (Leibowitz et al.
1980). The use of data of healthier survivors from the orginal sample potentially explains
this figure.

VA is strongly and inversely related to age. According to the Beaver Dam Eye Study,
only 36% of persons aged 75—84 years had VA > 1.0 (Klein et al. 1991b). In persons aged
75 years and older, the prevalence of VA > 1.0 has been 11-18% and in persons aged 85
years and older 9% (Hakkinen 1984, Gibson et al. 1986, Attebo et al. 1996). However, VA
of > 0.8 was still observed in 74% of persons aged 75-85 years in the Framingham Eye
Study (Leibowitz et al. 1980). Bergman and Sjostrand (1992) reported that 45% of persons
aged > 82 years had VA > 0.8.

In all age categories, women have been less likely than men to have VA > 1.0, although
the age-adjusted difference was significant only in the Blue Mountains Eye Study
(Leibowitz et al. 1980, Héakkinen 1984, Klein et al. 1991b, Attebo et al. 1996).

2.1.3 Visual impairment

Several population studies have estimated the prevalence of visual impairment and
blindness in European countries, North America, and Australia (Table 1). The results have
been inconsistent, which is at least partly due to different sampling methods and definitions
of visual impairment and blindness. The samples in earlier population studies have had
different age distributions, inclusion criteria, and representativeness (e.g. restricted
sampling area, use of pre-existing study samples, exclusion of institutionalized persons).
Each country also has had different definitions of visual impairment and blindness. To
compile comparable data from various countries, the WHO has recommended a universal
definition for visual impairment. This definition is used in the text unless otherwise
specified.
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The WHO has defined visual impairment as better-eye VA of less than 0.3 with best
refraction correction. Blindness has been defined as a best-corrected VA of less than 0.05.
VA less than 0.3 but equal to 0.05 represents low vision (WHO 1973). Based on these
definitions, the prevalence of visual impairment has varied from 0.7% in persons aged 40
years and older in the Melbourne Visual Impairment Project to 2.7% in the Ponza Study
(Taylor et al. 1997, Cedrone et al. 2006). The corresponding proportion of persons aged
40 years and older who are blind is 0.1-0.6%. The Ponza Study was conducted in 2000
and the population consisted of survivors of the earlier Ponza Study in 1988. A complete
ophthalmic examination was conducted on 843 persons living on the Island of Ponza,
located on the western coast of Italy (Cedrone et al. 2006).

Visual impairment and blindness increase significantly with age. The increase
is obvious after 70 years of age and most marked after 80 years of age (Tielsch et al.
1990, Attebo et al. 1996, Taylor et al. 1997, Klaver et al. 1998, Cedrone et al. 2006). The
prevalence of visual impairment increases from 0-0.6% in persons aged 40—49 years to
3-12% in persons aged 70 years and older and to 6-27% in persons aged 80 years and
older (Hakkinen 1984, Tielsch et al. 1990, Ponte et al. 1994, Hirveld and Laatikainen
1995, Taylor et al. 1997, Cedrone et al. 2006).

Most previous population studies have shown a higher rate of visual impairment in
women than in men, especially in older age groups. The gender difference was significant
in the Melbourne Visual Impairment Project (Taylor et al. 1997). Klein et al. (1991b) and
Attebo et al. (1996) also found that women have visual impairment, defined as VA < 0.5,
significantly more often than men. In the Melton Mowbray Study, the gender difference
was observed only in persons aged 70 years and older (Ponte et al. 1994). By contrast,
the gender difference was not statistically significant in the Baltimore Eye Study, the
Turku Study, the Oulu Study, the Rotterdam Study, or the Ponza Study (Hékkinen 1984,
Tielsch et al. 1990, Hirveld and Laatikainen 1995, Klaver et al. 1998, Cedrone et al. 2006).
Interestingly, in the Copenhagen City Eye Study, men were more likely than women to be
blind (Buch et al. 2001a).

Visual impairment is most prevalent among the elderly, who also have an increased risk
of residing in a nursing home. Some population studies have not included institutionalized
persons in their study sample, which may influence the prevalence results. Based on the
Beaver Dam Eye Study, persons aged 75 years and older living in an institution were 3.3
times more likely to have visual impairment (VA < 0.5) than persons living in their own
homes (Klein et al. 1991b). Tielsch et al. (1995) reported a prevalence of blindness of
11% and VanNewkirk et al. (2000b) a prevalence of visual impairment of 41% in nursing
home residents aged 40 years and older (Tielsch et al. 1995, VanNewkirk et al. 2000b).
These prevalence rates were 16 and 59 times higher, respectively, than among comparable
community-living individuals. Moreover, in the Blue Mountains Eye Study, the prevalence
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of blindness (11%) was six times higher in institutionalized persons aged 50 years and
older than among community-living people (Mitchell et al. 1997b).

2.1.4 Habitual visual acuity

Distance VA is commonly measured with best refraction correction and high-contrast
letter-tests in optimal lighting conditions, which may only partly reflect everyday visual
functioning. Habitual VA measured with the subjects’ own spectacles, if any, has only been
studied in a few population surveys (Table 2). Taylor et al. (1997) reported a prevalence
of habitual VA of > 1.0 in 65% of persons aged 40 years and older. Compared with the
prevalence of best-corrected VA of > 1.0 in the same report, an additional 9% of persons
could achieve this VA level by optimal refraction correction. The correlation between
habitual and best-corrected VA has, however, been shown to be high (r = 0.67) (Klein et
al. 1999a).

The prevalence of habitual visual impairment in persons aged 40 years and older has
varied from 1.3% to 7.0% (Tielsch et al. 1990, Taylor et al. 1997, Cedrone et al. 2006).
As expected, these prevalence rates were higher than in studies using best refraction
correction. However, the difference was observed mainly in persons with low vision. The
prevalence of blindness, varying between 0.2—0.8% with current correction and 0.1-0.6%
with optimal correction, seems to be more independent of refraction correction (Tielsch et
al. 1990, Taylor et al. 1997, Cedrone et al. 2006).

Age-adjusted prevalence of habitual visual impairment has been shown to be more
common in women (20%) than in men (17%) aged 40 years and older in the Established
Populations for the Epidemiologic Studies of the Elderly (EPESE) (Salive et al. 1992).
This finding has been confirmed in three later studies (Taylor et al. 1997, van der Pols et
al. 2000, Evans et al. 2002), but the cause of this gender difference is unknown. Taylor
et al. (1997) reported the results of the Melbourne Visual Impairment Project (VIP), Van
der Pols et al. (2000) the results of the National Diet and Nutrition Survey (NDNS), and
Evans et al. (2002) the results of the Medical Research Council Trial (MRC) in Britain.
The NDNS included persons aged 65 years and older (n = 1 487), and the MRC persons
aged 75 years and older (n = 14 600). Salive et al. (1992) reported the results of the
six-year follow-up of the EPESE conducted in three locations: in East Boston, in Iowa
and Washington counties, and in New Haven during 1988 (Cornoni-Huntley et al. 1985,
Salive et al. 1992). It included 5 335 participants aged 71 years and older who could be
interviewed. All of the participants were survivors of the original sample of about 10 300
participants in 1981-1983.
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2.1.5 Visual acuity for near vision

Near and distant VA have been strongly correlated, especially when both measurements
are based on optimal refraction correction (r = 0.60-0.63) (Hirveld and Laatikainen 1995,
Klein et al. 1999a). The correlation between habitual VA measurements was lower due
to better maintained habitual near VA than distance VA (Salive et al. 1992, Taylor et al.
1997). The majority of persons were able to read newsprint text size with their current
reading spectacles regardless of age and gender. Based on the Melbourne VIP, 98% of
persons aged 40 years and older could read 1.5-mm text (J6), which is equivalent to near
VA of 0.4 at a reading distance of 40 cm (Taylor et al. 1997). Salive et al. (1992) reported
that 86% of persons aged 71 years and older and 61% of persons aged 90 years and older
were still able to read a 1.2-mm text (J5; near VA of 0.5 at 40 cm distance) with their
current reading spectacles. The difference in near VA was small between best refraction
correction and own spectacles. In the Beaver Dam Eye Study, 99% of persons aged 43—-86
years had VA > 0.5 (J1-J4) with best correction (Klein et al. 1999a).

2.1.6 Self-reported visual function

In many population studies, visual function has been evaluated with a few questions
covering aspects such as ability to read newsprint or road signs or to recognize people
across the street. Measurements of self-reported visual function are a relatively simple
way to assess visual disturbances in epidemiological studies because they do not require
specialized equipment or personnel and are not time-consuming, and can therefore
be applied to large population groups. However, the interpretation of results is not as
straightforward as with performance-based measurements.

In concordance with performance-based measurements, self-reported visual difficulties
increase with age (Hirveld and Laatikainen 1995, Klein et al. 1999a). In general, most
of those who have achieved a good result in VA measurement also report good vision.
However, many persons with decreased VA also describe their vision as good or even
excellent. In accordance, Hiller and Krueger (1983) found that self-reported trouble
with vision had high specificity but low sensitivity when assessing VA impairment. This
may at least partly explain why correlations between self-reported visual functions and
performance-based measurements have only been moderate, although highly significant
(p < 0.0001) (Klein et al. 1999a). Spearman correlation coefficients between habitual
distant VA and reading road signs, between near VA and reading newsprint, and between
habitual distant VA and recognizing people across the street were 0.19, 0.22, and 0.25,
respectively (Klein et al. 1999a). Self-reported visual functions seemed to be more highly
correlated with habitual VA than with best-corrected VA.
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Environmental and individual demands on vision may alter the subjective assessment
of visual ability. Unrelated to the actual VA result, a subject’s own assessment of visual
function may give information about vision to supplement VA tests, which do not cover
all visual components, e.g. contrast sensitivity and visual field, influencing an individual’s
ability to cope with his/her environment (Valbuena et al. 1999, Rubin et al. 2001). In
the Turku Study, an explanation for visual complaints despite good VA was found in
96-97% of cases (Hdkkinen 1984). Therefore, self-assessment of visual function has
been recommended to be included in ophthalmological studies, although the correlation
between self-reported and performance-based visual function tests is moderate at best
(Klein et al. 1999a). In addition, elderly visually impaired persons have reported to have
less disability in resolution-requiring tasks than younger people despite identical measured
VA (Hékkinen 1984). This indicates that self-reported visual ability may be attributable to
age, overall health state, and duration of impaired VA and needs to be taken into account
when interpreting test-based and self-reported results and discrepancies between these.

2.2 Causes of decreased visual acuity

From the public health perspective, it is important to know the causes of decreased VA
and their prevalence to assess the need for future health and eye care services. In earlier
population studies, the major factors predisposing adults to deteriorated VA have been
chronic eye diseases and uncorrected refractive errors, which are treatable in many cases
(Tielsch et al. 1990, Rahmani et al. 1996, Munoz et al. 2000). Of chronic eye diseases, age-
related maculopathy (ARM), glaucoma, diabetic retinopathy (DR), and age-related cataract
have been the most common causes of decreased VA although the distribution of the main
causes varies in different age groups (Rahmani et al. 1996, Klaver et al. 1998, Munoz et al.
2000, Weih et al. 2000, Buch et al. 2001a, Buch et al. 2001b, VanNewkirk et al. 2001).

2.21 Age-related maculopathy

ARM is thought to be a continuum of a disease process, which is clinically observed as the
presence of typical retinal lesions. These clinical findings are usually classified as either
early or late ARM. Early ARM includes clinical findings such as retinal drusen and/or
pigment epithelial abnormalities and has a strong tendency to evolve into late ARM (Klein
etal. 2002, van Leeuwen et al. 2003, Wang et al. 2003a, Klein et al. 2007, Wang et al. 2007).
Signs of exudative age-related macular degeneration or geographic atrophy are related to
late ARM, also known as age-related macular degeneration (AMD). Visual impairment
associated with ARM is mainly related to late ARM (Klein et al. 1995, Laatikainen and
Hirveld 1995). The cause of ARM is unknown, but some factors, such as age, family history,
smoking, hypertension, and cataract surgery, have been most consistantly associated with
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an increased risk of ARM (Klein et al. 2004). Treatment modalitiecs of ARM have been
limited for the most part, but recently launched new methods, including photodynamic
therapy (PDT), transpupillary thermotherapy (TTT), and especially anti-VEGF treatment,
have improved the possibility of preventing further deterioration of vision due to exudative
ARM (Bressler 2001, Newsom et al. 2001, Gragoudas et al. 2004, Chang et al. 2007,
Kaiser et al. 2007). Treatments for geographic ARM are limited.

The prevalence of late ARM has been evaluated in a few earlier population studies.
Results seem to depend on the geographic area, age distribution of the study population,
and the grading methods used to classify the retinal lesions. The prevalence of late ARM
has varied between 0.5% and 1.9% in middle-aged and elderly persons in studies using
photographs and the Wisconsin Age-Related Maculopathy Grading Scheme (WARMGS)
(Klein et al. 1991a) to assess ARM (Klein et al. 1992¢, Mitchell et al. 1995, Vingerling
et al. 1995, Klein et al. 1999b, VanNewkirk et al. 2000a). In the Nordic countries, the
prevalence of late ARM is higher, ranging from 2.8% in the Oslo Macular Study to 3.5%
in the Reykjavik Eye Study (Jonasson et al. 2003a, Bjornsson et al. 2006). However, these
studies had slightly older population samples and used the protocol of the International
ARM Group as a grading method (Bird et al. 1995). In the Nordic studies, the prevalence
of geographic ARM has been higher than of exudative ARM, whereas this ratio has been
reversed in other population studies.

Late ARM increases sharply with age, especially after the age of 75 years. In persons
aged 70 or 75 years and older, the prevalence of late ARM has varied between 4% and 8%
(Laatikainen and Hirveld 1995, Mitchell et al. 1995, Vingerling et al. 1995, Topouzis et al.
20006). In persons younger than 65 years, the prevalence of late ARM has been low, ranging
from 0.1% in the Blue Mountains Eye Study to 0.3% in the Beaver Dam Eye Study and
the Thessaloniki Eye Study (Klein et al. 1992¢, Mitchell et al. 1995, Topouzis et al. 2006).
Three studies found no cases of late ARM in persons younger than 55 years (Mitchell et
al. 1995, VanNewkirk et al. 2000a, Bjornsson et al. 2006). Except for the Oulu Eye Study,
women seemed to have late ARM more often than men, but these gender differences
were not statistically significant. Only Klein et al. (1992c) reported that exudative macular
degeneration is more common in women than in men aged 75-86 years (p = 0.02).

ARM is the most common cause of visual impairment (VA < 0.3) in elderly people
(Hirveld and Laatikainen 1995, Attebo et al. 1996, Wang et al. 2000, Buch et al. 2001a,
Buchetal. 2001b, VanNewkirk et al. 2001). Hirveld and Laatikainen (1995) found that 39%
of the visually impaired persons aged 70 years and older had late ARM. The prevalence
rose to 56% if early ARM changes with cataract were included. In the Copenhagen City
Eye Study, 43% of visual impairment was caused by ARM in persons aged 60—80 years
(Buch et al. 2001a, Buch et al. 2001b). Wang et al. (2000) reported that 61% of visual
impairment was caused by ARM in persons aged 60 years and older.
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2.2.2 Glaucoma

Glaucoma is a heterogeneous group of conditions that share an irreversible progressive
optic neuropathy. Diagnosis of glaucoma is based on characteristic optic nerve damage and
typical lesions in the nerve fiber layer observed ophthalmoscopically and/or with imaging.
The two main categories of glaucoma are open-angle glaucoma (OAG) and angle-closure
glaucoma depending on the mechanism of increased intraocular pressure (IOP), which
has been found to be the major risk factor for developing glaucoma. The treatment of
glaucoma is based on lowering of IOP by medication, laser therapy, or surgery. Some other
major factors, such as older age, family history, presence of exfoliative material, vascular
dysregulation, and myopia, have been reported to be associated with OAG (Leske 2007,
Leske et al. 2007). In addition, older age, female gender, shallow anterior chamber, and
shorter axial length have been found to increase the risk for angle-closure glaucoma, but
the cause of glaucoma remains unknown (Foster 2002).

Primary OAG is the most prevalent and investigated form of glaucoma. However,
population studies have had different age distributions and definitions for OAG, which
hamper comparison of results. For example, some studies have excluded capsular
glaucoma (exfoliation glaucoma), considering it secondary glaucoma. In most studies, the
prevalence of OAG has varied from 1% to 3% in middle-aged and older persons (Tielsch
et al. 1991b, Coffey et al. 1993, Dielemans et al. 1994, Mitchell et al. 1996, Bonomi et
al. 1998, Wensor et al. 1998, Wolfs et al. 2000, Weih et al. 2001, Anton et al. 2004). Due
to the low prevalence of other forms of glaucoma, the overall prevalence of all types
of glaucoma has varied little, from 2% to 3% (Coffey et al. 1993, Bonomi et al. 1998,
Nizankowska and Kaczmarek 2005). The prevalence of OAG increases significantly with
age, from 1% in persons younger than 65 years to 3—5% in persons aged 65 or 70 years and
older (Leibowitz et al. 1980, Tielsch et al. 1991b, Klein et al. 1992b, Coffey et al. 1993,
Mitchell et al. 1996, Bonomi et al. 1998, Reidy et al. 1998, Wensor et al. 1998, Weih et
al. 2001). In the Rotterdam Study, the prevalence has been lower, increasing from 0.2%
in persons younger than 65 years to 1.6% in persons aged 65 years and older (Dielemans
et al. 1994).

A substantial geographic variation in the prevalence of OAG has been noted. This
may be due to differences in the occurrence of the exfoliation syndrome and subsequent
capsular glaucoma, which are common in, for example, Finland and other Nordic countries.
In the Nordic countries, the prevalence of OAG has been 4-5% in middle-aged and older
persons and 8—10% in persons aged 65 or 70 years and older (Ringvold et al. 1991,
Hirveld et al. 1994, Jonasson et al. 2003b). In these studies, 36-60% of persons with OAG
have had capsular glaucoma.
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Results concerning the gender difference in prevalence of OAG have been inconsistent.
Some previous studies have reported that glaucoma is more prevalent in men than in
women (Jonasson and Thordarson 1987, Dielemans et al. 1994, Ekstrom 1996, Bonomi et
al. 1998, Reidy et al. 1998, Wolfs et al. 2000), and others have found no gender difference
(Gibson et al. 1985, Ringvold et al. 1991, Klein et al. 1992b, Hirvela et al. 1994, Wensor
et al. 1998, Weih et al. 2001, Jonasson et al. 2003b, Anton et al. 2004, Nizankowska and
Kaczmarek 2005). In the Blue Mountains Eye Study, women had a higher prevalence of
glaucoma than men (Mitchell et al. 1996).

Glaucoma is the second most frequent cause of irreversible blindness (VA < 0.05) after
ARM in the elderly (Buch et al. 2001a, VanNewkirk et al. 2001). In the Copenhagen City
Eye Study, 40% of blindness was caused by glaucoma in persons aged 60—-80 years (Buch
et al. 2001a, Buch et al. 2001b). VanNewkirk et al. (2001) reported that 25% of blindness
was caused by glaucoma in persons aged 60 years and older. Despite the high significance
of this eye disease, only half of the persons with glaucoma were aware of having the
disease (Tielsch et al. 1991b, Coffey et al. 1993, Dielemans et al. 1994, Mitchell et al.
1996, Wensor et al. 1998, Wolfs et al. 2000, Topouzis et al. 2007). In Finland, however,
70-80% of elderly people with glaucoma are aware of their disease (Hékkinen 1984,
Hirveld et al. 1994).

2.2.3 Diabetic retinopathy

Diabetic retinopathy (DR) is the most common ocular complication of diabetes mellitus
(DM), with potentially devastating effects on vision. An estimated 500 000 persons have
DM in Finland, and the prevalence is expected to increase further, especially due to the
increase in non-insulin-dependent diabetes mellitus (NIDDM, type 2 DM) (Reunanen
2006). Moreover, the prevalence of insulin-dependent diabetes mellitus (IDDM, type 1
DM) in Finland is the highest in the world (Diabetes Epidemiology Research International
Group 1988). The most serious and vision-threatening forms of DR are proliferative DR and
macular edema. Persons with IDDM are at higher risk of developing severe proliferative
DR as a result of microvascular changes in the retina, whereas macular edema is more
likely in persons with NIDDM. Screening and early treatment of DR with laser therapy
and surgery have been shown to reduce the risk of subsequent visual impairment (The
Early Treatment Diabetic Retinopathy Study Research Group 1987, Ferris 1991).

In earlier population studies, the prevalence of DR has varied between 0.8% and 2.3%
in middle-aged and elderly persons, increasing in the Blue Mountains Eye Study from
1.7% in persons younger than 60 years to 2.7% in persons aged 70-79 years (Mitchell et
al. 1998, Rajala et al. 1998, McKay et al. 2000). Of those with DM, 25-32% have had
retinopathic changes. Hirveld and Laatikainen (1997) observed that 5% of the general
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population aged 70 years and older and 21% of diabetic persons had DR. In an earlier
Finnish study, only 2% of persons aged 65 years and older had DR (Hékkinen 1984).
In the majority of cases, the retinal changes were mild. Proliferative changes have been
present in 2-4% and macular edema in 3—8% of persons with DM (Klein et al. 1992d,
Hirveld and Laatikainen 1997, Mitchell et al. 1998, McKay et al. 2000).

The prevalence of DR has been found to increase significantly with the duration
of DM. Retinopathic changes have been quite uncommon among persons with newly
diagnosed DM, varying from 8% in persons aged 70 years and older in the Oulu Study to
16% in persons aged 49 years and older in the Blue Mountains Eye Study (Hirveld and
Laatikainen 1997, Mitchell et al. 1998). Of persons with DM diagnosed at least 20 years
earlier, 55-86% had retinopathic changes (Hirveld and Laatikainen 1997, Mitchell et al.
1998, McKay et al. 2000). DR has also been more common in diabetic persons taking
insulin compared with other forms of treatment. Of persons using only diet or oral therapy
for their NIDDM, less than one-third (29-30%) had retinopathic changes compared with
62% of persons using insulin (Klein et al. 1992d, Mitchell et al. 1998).

Of the four major chronic eye diseases, DR has been the most common cause of
decreased VA in persons younger than 65 years. In the Baltimore Eye Study, 18% of
persons aged 40—64 years with VA better than 0.1 but worse than 0.5 had DR (Rahmani et
al. 1996). The prevalence of decreased VA caused by DR (1.6 per 1 000 individuals) was
most common in persons aged 50-59 years. VanNewkirk et al. (2001) found DR to be the
most common cause of low vision (VA 0.1 — < 0.3) in persons aged 40—64 years, but no
one was blind due to DR.

2.2.4 Age-related cataract

Age-related cataract refers to an opacification of the originally clear lens of the eye,
obstructing the passage of light reaching the retina. The cause of age-related cataract
is unknown, but such factors as older age, trauma, intraocular inflammation, ultraviolet
light exposure, smoking, and use of steroids increase the risk for developing this disease
(Hodge et al. 1995). Currently, no proven means of preventing development of cataract
exist, but with modern surgery permanent deterioration of vision can usually be prevented.
Nevertheless, cataract has been found to be a common cause of visual impairment. Hirvelad
and Laatikainen (1995) reported that 11% of visual impairment in persons aged 70 years
and older was caused by cataract only. This is in accordance with the finding of Hakkinen
(1984), who reported that 10% of VA < 0.3 in persons aged 65 years and older was due
to cataract as the only cause. In the Copenhagen Eye Study, cataract was the cause of low
vision in 33% of persons aged 60—80 years (Buch et al. 2001b).
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Previous population studies have used a variety of classifications and grading systems
in describing the prevalence of cataract. Many recent population studies have been aimed at
determining the risk factors for cataract, and therefore, the prevalence rates have included
even early abnormalities assessed with thorough ophthalmic examination. Some studies
have defined lens opacities as cataract only if they are associated with decreased VA.
This makes it difficult to generalize the results. In the Swedish community Skovde, the
prevalence of cataract has been 42% in women and 27% in men aged 70—84 years (Ostberg
etal. 2006). In that study, the Lens Opacities Classification System III (LOCS III) was used
for grading, and the criteria corresponded to clinically significant cataract (i.e. posterior
subcapsular cataract (PSC) > 1, cortical cataract (CC) > 3, and nuclear opalescence (NO)
> 4). Other previously reported prevalence rates have been much higher, at least partly due
to the different definitions of cataract. In Finland, for example, Hékkinen (1984) reported
a prevalence of 48% in persons aged 65 years and older when cataract was defined as
opacities in the retinoscopic reflex, while Hirveld et al. (1995) found a prevalence of 64%
in persons aged 70 and older based on LOCS II grading with milder criteria (grade > 0 for
PSC, grade > 1 for CC and NO). Of studies using the Wisconsin Cataract Grading System,
the Blue Mountains Eye Study has shown that 43% of persons aged 65 years and older
had early cataract and 33% had late cataract excluding past cataract surgery (Mitchell et al.
1997a). In the Beaver Dam Eye Study, the figures were almost the same. Of persons aged
65-86 years, 45% had early cataract and 34% late cataract when previous cataract surgery
was excluded (Klein et al. 1992a).

In persons younger than 65 years, the prevalence of cataract has been low, with 4%
having lens opacities related to VA of < 0.67 or having cataract extraction (Leibowitz et al.
1980, Klein and Klein 1982). Klein et al. reported in 1992 that only 0.4% of person aged
43-64 years had visually significant (VA < 0.63) cataract, excluding previous cataract
operations. Most earlier studies have shown that lens opacities and cataract are more
common in women than in men (Leibowitz et al. 1980, Hakkinen 1984, Gibson et al.
1985, Jonasson and Thordarson 1987, Klein et al. 1992a, Hirveld et al. 1995, Reidy et
al. 1998, Ostberg et al. 2006), but the age-adjusted gender difference was statistically
significant in only a few studies (Jonasson and Thordarson 1987, Klein et al. 1992a, Reidy
et al. 1998, Ostberg et al. 2006).

For comparisons between studies, the prevalence of previous cataract surgery is more
unequivocal, although the increasing trend for cataract surgery in recent years must be
taken into account when interpreting results. The prevalence of operated cataract has been
4% in persons aged 40 and older (McCarty et al. 2000), 6% in those over 48 (Mitchell et
al. 1997a), 5% in those 50 and older (Sasaki et al. 2000), 10% in those 65 and older (Reidy
et al. 1998), and 11% in those 70 and older (Hirvela et al. 1995).
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2.2.5 Refraction

One major factor affecting visual function is the refractive status of the eyes. In earlier
population studies, the prevalence of emmetropia (i.e. spherical equivalent between -0.5 D
and +0.5 D) has been found to decrease with age, from 48% in persons aged 49—54 years
to 15% in persons older than 84 years (Attebo et al. 1999). In the Baltimore Eye Study,
these prevalence rates have been quite similar (Katz et al. 1997). Although the prevalence
of refractive errors increases with age, they can usually be compensated with corrective
lenses, i.e. spectacles.

In the Baltimore Eye Study, the best refraction correction improved VA by 1 or more
lines in 54% and by 3 or more lines in 8% of persons aged 40 years and older (Tielsch et
al. 1990). In the Blue Mountains Eye Study, the corresponding figures were 45% and 13%
(Attebo et al. 1996). Taylor et al. (1997) reported that in the Melbourne Visual Impairment
Project 60% of persons aged 40 years and older improved their VA by at least one line.
In these studies, increasing age has been the most important predictor of uncorrected
refractive errors (Liou et al. 1999, Foran et al. 2002, Thiagalingam et al. 2002). Gender
was not related to uncorrected refractive errors.

Several studies have also reported a relatively high frequency of un(der)corrected
refractive error as a cause of visual impairment in the middle-aged and elderly population.
Of the visual impairment (VA < 0.33) assessed with current refraction correction, 45—
66% has been due to uncorrected refractive error in noninstitutionalized persons aged 40
years and older (Tielsch et al. 1990, Taylor et al. 1997). Most of the correctable visual
impairment was observed in persons with low vision.
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2.3 Effect of visual decline on daily life

2.3.1 Disability

Traditionally, the health status of a population has been evaluated with disease prevalence
rates and mortality. Although these figures are important, they are not adequate measures
to describe the consequences of diseases and impairments on people’s functional capacity.
Functional status and assessment of disability are additional approachs for evaluating
health. The development of disability may vary considerably even among persons with
the same diseases or impairments. Thus, identifying the factors associated with disability
or maintaining a good functional ability is crucial. To understand the complex process of
disability and to clarify the terminology, various conceptual models have been presented.

The first comprehensive framework for disability was introduced by the sociologist
Nagiin 1976 (Nagi 1976, Nagi 1979, Nagi 1991). His theory included four major concepts:
active pathology, impairment, functional limitation, and disability, and it proposed a
theoretical pathway from disease (i.e. active pathology) to disability. After this, in 1994,
Verbrugge and Jette presented a model called the Disablement Process. It was based on
Nagi’s scheme, but placed more attention on the dynamics of disablement and introduced
predisposing and protective factors that may speed up or slow down the process. Both of
these models consider functional limitations as restrictions in basic physical and mental
actions and disability as a difficulty to perform activities of daily life in their environmental
and social context. Verbrugge and Jette (1994) defined disability as the gap between a
person’s capability and environmental demands.

In 2001, the WHO published the International Classification of Functioning, Disability,
and Health (ICF), a taxonomy providing a unified terminology and framework for health
and functional capacity (WHO 2001). It was an improved version of the International
Classification of Impairments, Disabilities, and Handicaps (ICIDH) published earlier by
WHO (1980). The ICF enables disability to be elucidated along a pathway from diseases
to functional limitations, defined as activity limitations (i.e. “difficulties an individual may
have in executing activities”) and participation restrictions (i.e. “problems an individual
may experience in involvement in life situation”) in the context of other health conditions
and coexisting factors, including personal factors (i.e. socio-demographic and behavioral
factors), environmental demands, and social support. Differing from earlier models,
the ICF perceives disability as an umbrella concept that includes impairments, activity
limitations, and participation restrictions instead of being only the endstate of a theoretical
pathway.

Measurement of disability is difficult and can give only an approximation of a person’s
functional capacity. Functional limitations have commonly been assessed with self-reported
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or proxy-reported difficulties in various tasks. The assessment of needing help in the same
tasks has given another point of view on disability. The most commonly used scales to
assess functioning have been activities of daily living (ADL) and instrumental activities
of daily living (IADL) (Katz et al. 1963, Lawton and Brody 1969). ADL measures reflect
a person’s ability to manage self-care (e.g. eating, washing, and dressing). [ADL measures
(e.g. cleaning, laundry, shopping, and banking), by contrast, are more complex and
reflect how the person manages independently in his surroundings. The scale of Rosow-
Breslau (RB) (e.g. walking half a mile, climbing stairs, and doing heavy housework) and
Nagi’s items (e.g. standing, walking, and carrying weights) has been used to assess self-
reported physical performance and mobility limitations (Rosow and Breslau 1966, Nagi
1976). Performance-based measurements have been used to provide more objective and
standardized information on functional abilities and to enable assessment of the degree of
functional limitations even at the upper end of the functional scale. Especially, mobility-
related performance-based measurements (e.g. tests of balance, walking, stair-climbing,
and chair-rising) have been widely used (Bassey et al. 1992, Guralnik et al. 1994).

Regardless of the various methodological challenges, disability has been studied
extensively. It has been found to increase substantially with age and has a great impact on
society as well as on a person’s quality of life and sense of independence by increasing the
need for health and social services and institutional care (Branch and Jette 1982, Branch
et al. 1984, Foley et al. 1992, Norburn et al. 1995, Torres et al. 1995, Aguero-Torres et al.
2001). Increasing life expectancy has led to a rapid increase in the number of older people,
who are particularly prone having various diseases and functional limitations. Therefore,
it has become increasingly important to prevent and postpone disability and to provide
adequate rehabilitation to improve function whenever possible so that the additional years
of life are of good quality and can be spent without dependence. Disability, like many
diseases, is thought to have a preclinical state where incipient functional limitations can
still be overcome by conscious or unconscious compensatory strategies (Harris et al. 1989,
Fried et al. 1991, Guralnik et al. 1994, Fried et al. 1996, Fried et al. 2000). Disability is
usually a progressive process, but functional abilities can also improve (Branch et al.
1984, Guralnik et al. 1993, Seeman et al. 1994). However, the likelihood of improvement
decreases with more severe disability (Branch et al. 1984, Mor et al. 1989). Thus,
identification of preclinical disability could be an important way to prevent its progression
to more advanced level and to enhance independence.
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2.3.2 Predisposing factors for disability

Identification of the predisposing and protective factors associated with the development
of functional limitations has been one of the main topics in the research of disability.
Factors like chronic health conditions, health behavior, social support, and some
sociodemographic factors have consistently been found to modify the risk of disability, in
accordance with the hypothesis of prior theoretical frameworks (Verbrugge and Jette 1994,
WHO 2001). Already existing functional limitations have also been reported to increase
the risk for novel chronic conditions and functional limitations, highlighting the dynamic
and multidirectional nature of development of disability (Guralnik et al. 1994, Fried et al.
1996). Further evaluating these factors may facilitate understanding of the development of
disability and identification of potential targets for preventive actions.

Due to differences in study populations and definitions of both determinants and
outcome variables in earlier studies, associations between potential predisposing factors
and functional limitations have been difficult to compare. Despite some discordance, certain
diseases and subsequent impairments, such as cardiovascular diseases, diabetes mellitus,
osteoarthritis, depression, dementia, and cognitive, visual, and hearing impairments, have
been related to the development of disability in most prospective studies (Harris et al.
1989, Mor et al. 1989, Leveille et al. 1992, Carabellese et al. 1993, Guralnik et al. 1993,
Boult et al. 1994, Bruce et al. 1994, Seeman et al. 1994, Moritz et al. 1995, Gallo et al.
1997, Aguero-Torres et al. 1998, Penninx et al. 1998, Stuck et al. 1999, Wang et al. 2002).
An increasing number of chronic concomitant health conditions, i.e. comorbidities, seems
to increase the probability of functional limitations (Guralnik et al. 1993). Interactions
among specific diseases may also exacerbate the development of disability more than
expected on the basis of the effects of single diseases (Verbrugge et al. 1989, Fried et al.
1999).

Previous studies have also confirmed that the effect of chronic diseases and impairments
on functional ability is often modified by personal (i.e. sociodemographic and behavioral)
and environmental factors. Increasing age is the greatest risk for disability (Guralnik et
al. 1993). Low socioeconomic status (e.g. low income and educational level) has also
been found to predict disability (Harris et al. 1989, Mor et al. 1989, Guralnik et al. 1993,
Boult et al. 1994, Seeman et al. 1994). Of the behavioral factors, smoking, low physical
activity and high body mass index (BMI) have been found most consistently to modify
the development of disability (Harris et al. 1989, Mor et al. 1989, Seeman et al. 1994,
Seeman et al. 1995, Wang et al. 2002, Lang et al. 2007, Stenholm et al. 2007a, Stenholm
et al. 2007b). Environmental factors have been examined much less, but some evidence
suggests that social support predicts better physical performance (Seeman et al. 1995).
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2.3.3 Visual function and disability

Several cross-sectional studies have shown an association between impaired visual function
and functional limitations (Table 3a and 3b). For example, in the Established Populations
for the Epidemiological Studies of the Elderly (EPESE), 39% of persons aged 70 years
and older with severe visual impairment (VA < 0.1) had ADL limitations (i.e. inability
to perform ADL tasks independently) and 70% had mobility limitations (i.e. inability to
climb a flight of stairs or walk a half-mile without help) compared with 7% and 29%,
respectively, of persons with VA> 0.5 (Salive et al. 1994). Impaired VA was also associated
with performance-based functional limitations. Of persons with severe visual impairment,
only 18% managed the balance test, 9% completed the eight-foot walk in the fastest
quartile, and 11% completed the five chair stands in the fastest quartile (Salive et al. 1994).
However, all persons with impaired visual function do not report functional limitations,
and one cross-sectional study found no association at all between vision and functional
limitations (Ensrud et al. 1994). This suggests that some confounding or modifying factors
may influence the association between vision and physical functioning.

Some prospective population-based studies have also tried to evaluate the independent
effect of visual impairment on disability (Table 4a and 4b). In the Longitudinal Study of
Aging (LSOA) conducted in the USA, self-reported visual impairment predicted functional
decline in ADL, TADL, or mobility-related tasks even after controlling for medical,
demographic, and behavioral factors (Mor et al. 1989). The results were based on the two-
year follow-up of physically intact persons aged 70—74 years at baseline. These findings
were confirmed in the National Health and Nutrition Examination Survey (NHANES I)
and its follow-up survey (NHEFS) noting that self-reported visual impairment predicted
ADL, TADL, and mobility-related limitations also in persons aged 55-74 years during
a ten-year follow-up (Reuben et al. 1999). The North Carolina EPESE reported similar
results in persons aged 65 years and older during a six-year follow-up (Whitson et al.
2007). In addition, the Alameda County Study, grading self-reported visual impairment,
found an association between it and ADL and IADL limitations in persons aged 50 years
and older. By contrast, physical performance items (e.g. writing, standing up from a chair,
carrying weights, and kneeling) were associated only with moderate visual impairment
(Wallhagen et al. 2001).
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Despite this strong evidence of an association between vision and physical functioning,
some conflicting results have also been reported. Kaplan et al. (1993) found that self-
reported poor or fair vision did not predict a decline in function scale score based on ADL,
IADL, and RB limitations. In the Alameda County Study, results concerning the association
between visual impairment and mobility limitation were inconsistent (Wallhagen et al.
2001). Two studies revealed no association between self-reported visual impairment and
ADL limitations (Jagger et al. 2005, Sloan et al. 2005a), although in two other studies self-
reported visual impairment was one of the strongest predictors of the two-year incidence
of moderate and severe limitations in ADL of the elderly (Dunlop et al. 2002, Spiers et al.
2005).

Inconsistencies in results may be due to differences in population samples and definitions
of both visual impairment and functional limitations. Most of the previous studies have
been based on community-dwelling people, but inclusion criteria have differed between
studies. Two studies had included institutionalized persons in the analyses (Jagger et al.
2005, Spiers et al. 2005). In addition, the assessment of self-reported visual impairment
has varied and definitions and measurements of functional limitations have been diverse
among studies. All of these variations render comparison of results difficult. Adjustment
for various coexisting chronic conditions and modifying factors potentially affecting
the association between vision and physical functioning may also explain some of the
observed differences.

Some earlier studies have also evaluated whether performance-based visual impairment
predicts functional limitations. For practical reasons, most of the prospective studies
have based their analyses on measured VA although some cross-sectional studies have
suggested that also other aspects of visual functions (i.e. visual field, stereopsis, contrast
sensitivity, and glare) may be associated with the development of disability (Rubin et
al. 1994, Dargent-Molina et al. 1996, West et al. 2002a, West et al. 2002b). Salive et
al. (1994) found that severe visual impairment (VA < 0.1) increased 15-month incidence
for ADL and mobility limitations in persons aged 70 years and older after adjustment
for sociodemographic factors and chronic diseases. Milder visual impairment (VA <
0.5) has also been found to predict subsequent ADL and IADL limitations in a ten-year
follow-up of persons aged 55-74 years at baseline (Reuben et al. 1999). This finding
was confirmed in the Jerusalem Longitudinal Study, which reported that VA < 0.5 was
significantly associated with a seven-year decline in ADL functions in persons aged 70
years at baseline (Jacobs et al. 2005), and the Study of Osteoporotic Fractures (SOF),
which found an association between VA < 0.5 and an increase in difficulty score during a
four-year follow-up (Lin et al. 2004). However, West et al. (2005) showed that visual field
restrictions were associated with two-year incident walking and stair-climbing disability,
but visual impairment (VA < 0.5) did not predict these mobility difficulties.
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The strength of the link between visual impairment and functional limitations has also
been examined. In the Salisbury Eye Evaluation Project (SEE), visual impairment (VA
< 0.5) increased the likelihood of ADL and IADL limitations twofold after adjustment
for some sociodemographic factors (West et al. 1997). Also in an Italian Study and in
EPIDOS, VA <0.2 and VA < 0.4 were found to increase the likelihood of IADL limitations
twofold (Carabellese et al. 1993, Dargent-Molina et al. 1996). In the EPESE, moderate
visual impairment (VA < 0.3 but > 0.1) also increased the likelihood of ADL and mobility
limitations twofold, but severe visual impairment (VA < 0.1) increased ADL limitations
fivefold and mobility limitations threefold (Salive et al. 1994). This suggests that the
probability of functional limitations increases with decreasing VA. These studies were
based on cross-sectional analyses, but also in prospective analyses persons with VA <
0.5 have had 2-3 times greater risk for ADL and IADL limitations than persons with VA
> (0.5 (Reuben et al. 1999, Jacobs et al. 2005). However, Salive et al. (1994) found no
increase in relative risk of new ADL limitations until VA had decreased to < 0.1. Severe
visual impairment increased the relative risk of new ADL limitations threefold over a
15-month period. The relative risk of new mobility limitations was increased fourfold
(Salive et al. 1994). Reuben et al. (1999), on the contrary, found that self-reported visual
impairment predicted mobility-related limitations (i.e. walking a quarter mile, climbing up
and down at least two steps, and performing heavy chores), whereas performance-based
visual impairment did not. However, baseline functional status was not adjusted in this
study. Overall, both cross-sectional and prospective studies have reported fairly similar
results concerning the strength of the association between visual impairment and physical
functioning.

To obtain more detailed information about which physical functions are particularly
prone to the effect of worsening vision, a few previous studies have analyzed the association
between self-reported visual impairment and difficulties in separating ADL and IADL
tasks (Branch et al. 1989, Crews and Campbell 2004, Swanson and McGwin 2004, Sloan
et al. 2005a). In addition, one study evaluated the impact of VA level on separate ADL
and IADL tasks (Dahlin-Ivanoff et al. 2000). Visual function seems to have a greater
impact on performance of IADL tasks than ADL tasks. Results concerning separate ADL
tasks have been more inconsistent (Branch et al. 1989, Dahlin-Ivanoff et al. 2000, Crews
and Campbell 2004, Swanson and McGwin 2004, Sloan et al. 2005a). However, as VA
level decreased, the proportion of persons needing personal assistance in several ADL and
IADL tasks increased. Already at a VA of 0.5-0.7, the relative risk for needing assistance
was higher than for persons with normal vision (VA 0.8—1.0) (Dahlin-Ivanoff et al. 2000).
In addition, the relationship between decreasing VA and mobility tasks is linear, and no
evident threshold level for decreased functioning has been identified (West et al. 2002b).
For example, results of performance-based mobility tests (i.e. a timed 4-m walk test
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and chair test) have revealed significant deterioration at the early stages of decreasing
VA, although more than half of the subjects had unaffected mobility functions until VA
decreased to < 0.2 (West et al. 2002b).

How visual impairment causes disability remains unknown. Visual function is known
to play an important role in balance, orientation, and gait, but some of the decreased
mobility may be due to the fear of falling (Marron and Bailey 1982, Stones and Kozma
1987, Manchester et al. 1989, Tobis et al. 1990, Era et al. 1996, Lord et al. 1996, Klein
et al. 1998, Lord and Menz 2000, Anand et al. 2003, Klein et al. 2003, Lee and Scudds
2003). In addition, visual impairment may predispose to cognitive impairment and
depressive symptoms leading to disability, as suggested by previous studies (Lin et al.
2004, Reyes-Ortiz et al. 2005, Sloan et al. 2005a, Chou 2008). Persons with self-reported
visual impairment have been more likely to have lower levels of social relationship and
participation, e.g. visiting friends, attending church, or going to the movies (Carabellese et
al. 1993, Crews and Campbell 2004). Coexisting with other chronic health conditions, e.g.
hearing or cognitive impairment, visual impairment has been found to increase the risk for
functional limitations more than visual impairment alone (Laforge et al. 1992, Reuben et
al. 1999, Lin et al. 2004, Whitson et al. 2007).

In conclusion, previous studies suggest that visual impairment increases the risk for
functional limitations two- to fourfold depending on the severity of decreased visual
functioning. Both the prevalence of functional limitations and visual impairment are high in
the elderly, indicating that the need for assistance will increase substantially in the future.

2.4 Need for assistance

The majority of persons with functional limitations live in the community independently
or with the assistance of either family members and friends (informal help) or health
and social services (formal help). In Finland, municipalities have the responsibility of
organizing health and social services for the disabled. However, individual municipalities
have their own criteria for need for assistance when granting these services. In addition,
especially social services are fragmented into numerous separate services, e.g. home
care, meals-on-wheels, transportation, and home environment modifications, which may
predispose to a shortfall in assistance.

Previous studies have shown that assistance provided does not always meet the need.
For example, in people with ADL or IADL limitations, the prevalence of unmet need
for assistance has varied between 9% and 21% (Tennstedt et al. 1994, Desai et al. 2001,
Kennedy 2001, LaPlante et al. 2004). Unmet need for assistance in tasks of everyday
living may have negative consequences on a person’s quality of life and be a risk factor
for increased health care use and institutionalization (Allen and Mor 1997, Chenier 1997,

4



Desai et al. 2001, LaPlante et al. 2004). The estimates of current met and unmet need for
assistance may give some insight into the future need for health and social services to
enable people to continue living at home. However, very little information exists on the
total and unmet need for assistance in visually impaired people.

Visual impairment has been shown to be one of the factors associated with increased
use of community support services (Wang et al. 1999a). Based on the Blue Mountains
Eye Study, people with visual impairment (VA < 0.5) were 2-3 times more likely to use
community support services or rely on informal regular help than community-dwelling
people with normal vision (Wang et al. 1999b, Wang et al. 1999c). A similar result was
reported in the Aged Care Client Study (ACCS) when the visually impaired (VA < 0.25)
were compared with persons with better VA (Tay et al. 2007). Visual impairment has also
been associated with a higher incidence of nursing home admission (Wang et al. 2001, Wang
et al. 2003b). This is in accordance with the finding that more than one-tenth (11-14%) of
institutionalized middle-aged or older persons have severe low vision (VA <0.1) compared
with only 0.5-0.9% of those living in the community (Tielsch et al. 1995, Mitchell et al.
1997b). The high rate of institutionalization among the visually impaired may reflect the
unmet need for assistance in managing at home. Branch et al. (1989) have also found that
older people who reported a decline in their vision were receiving no more health or social
services than persons without subsequent vision decline, although the decline in vision was
associated with increased functional limitations and unmet need. Specific factors associated
with the unmet need for assistance in visually impaired persons are unknown.

2.5 Use of eye care services

2.51 Eye examinations

Earlier studies have revealed that a substantial proportion of people are unaware of their
eye diseases. Tielsch et al. (1991b) noted that glaucoma was undiagnosed in about half
of the glaucoma patients in the Baltimore Eye Study. McCarty et al. (1998) and McKay
et al. (2000) reported that almost one-third of their Australian subjects with diagnosed
DM had never seen an ophthalmologist and only about half of them had had a retinal
examination within the last two years. Both of these eye diseases are treatable in most
cases, but are typically asymptomatic in their early stages. Several studies have also
reported that 34-68% of visual impairment (VA < 0.33 or VA < 0.5) could be treated
with adequate refraction correction (Tielsch et al. 1990, Reinstein et al. 1993, Taylor et
al. 1997, Foran et al. 2002). Regular eye examinations have been found to reduce the
decline in vision as well as in functional status (Picone et al. 2004, Sloan et al. 2005b).
Thus, timely treatment of underlying eye diseases and refractive errors is the best way to
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prevent vision-related disability. To identify subgroups of the population lacking adequate
eye health care services, information about sociodemographic and other factors affecting
the use of eye care and vision rehabilitation is needed.

The Melbourne Visual Impairment Project and the Blue Mountains Eye Study reported
that 44-45% of middle-aged or elderly persons living in the community had had a vision
examination during the past year, 62-63% during the past two years, and 80-88% during
the past five years (Wang et al. 1999a, Keeffe et al. 2002, Bylsma et al. 2004). In the
Salisbury Eye Evaluation Study, 64% of persons aged 65-84 years had seen an eye care
provider in the past year (Orr et al. 1999). Of persons aged 40 years and older, 9% had
never seen an ophthalmologist or an optometrist (Bylsma et al. 2004). Little is known
about the associations of sociodemographic and other variables with the use of eye
health care services. Male gender, rural residence, decreased cognitive capacity, and lack
of eye symptoms have most consistently been associated with nonparticipation in eye
examinations (Orr et al. 1999, Wang et al. 1999a, Keeffe et al. 2002). People with a low
socioeconomic status have been more likely to have uncorrected refractive errors (Liou
et al. 1999, Foran et al. 2002, Munoz et al. 2002, Thiagalingam et al. 2002), but results
concerning the association between low socioeconomic status and eye examinations are
only suggestive (Klein et al. 1994b, Orr et al. 1999, Keeffe et al. 2002).

In visually impaired persons, the rate of vision examinations has been similar to that in
the general population. Of visually impaired persons in North America and Australia (VA
<0.5), 45-66% had had a vision examination during the past 1-2 years and 77% during
the past five years (Orr et al. 1999, Bylsma et al. 2004). However, 5% had never seen
an ophthalmologist or an optometrist (Bylsma et al. 2004). Earlier studies have reported
an association between visual impairment and low socioeconomic status (Kirchner and
Peterson 1979, Dana et al. 1990, Tielsch et al. 1991a, Salive et al. 1992, Klein et al.
1994a, Coppin et al. 2006). This association may be due to sociodemographic differences
in the prevalence of eye diseases causing visual impairment or unequal distribution of
the use of eye care services. Associations between sociodemographic and other factors
and use of eye care services in visually impaired persons have been investigated in only
a few studies. Orr et al. (1999) reported that low educational level and absence of eye
problems were associated with nonparticipation of visually impaired persons in an eye
examination. Lupsakko et al. (2003) noted that only one-third of the visually impaired (VA
< 0.3) aged 75 years or older with reduced cognitive function had been examined by an
ophthalmologist within the last four years.

Living in a nursing home may also increase the probability of infrequent use of eye
care services. In addition to visual impairment, cognitive impairment and other chronic
conditions are also common in institutionalized people. The role of visual impairment as a
cause of declining physical or mental functioning may therefore be difficult to recognize.
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Treatment of uncorrected refractive errors, for example, may significantly improve
an institutionalized person’s visual ability as well as their quality of life and physical
functioning (Owsley et al. 2007). In the Baltimore Nursing Home Eye Survey, 40% of
blindness in institutionalized persons was treatable or preventable with an appropriate
intervention, especially with cataract surgery (Tielsch et al. 1995). New spectacles could
have corrected 37% of visual impairment (VA > 0.1 but <0.5) and 20% of blindness (VA <
0.1) (Tielsch et al. 1995). As part of an intervention study among nursing home residents,
23% of visual impairment (VA < 0.5) was found to be correctable with spectacles (West
et al. 2003). de Winter et al. (2004) estimated that vision could be improved in 65% of
institutionalized people with visual impairment (VA < 0.4) via cataract extraction and/or
low vision aids.

2.5.2 Low vision rehabilitation

Prevention, early detection, and treatment of eye diseases and subsequent visual impairment
are essential ways of reducing disability. In the case of irremediable visual impairment,
the aim of low vision rehabilitation is to overcome the visual disability with optical or
other devices and adaptive skills. Several intervention studies have evaluated the benefit
and success of low vision rehabilitation (Nilsson 1990, van Rens et al. 1991, Virtanen and
Laatikainen 1991, Bischoff 1995, Shuttleworth et al. 1995, Raasch et al. 1997, Watson et
al. 1997a, Watson et al. 1997b, Harper et al. 1999, Margrain 2000, Scanlan and Cuddeford
2004, Edmonds and Edmonds 2006). Based on these studies, 23—100% of visually impaired
persons may benefit from low vision rehabilitation. Different interventions and definitions
for success of low vision rehabilitation have made the results difficult to compare.

Some studies have also evaluated the long-term success of low vision rehabilitation.
Nilsson (1986, 1988) and Nilsson and Nilsson (1986) investigated the low-vision patients
attending the Low Vision Clinic in Linkdping. The mean VA of low vision patients at
baseline varied from 0.17 to 0.35 depending on the cause of low vision. After the first
series of rehabilitation visits, including optical aids and educational training, 94—100% of
persons with low vision were able to see a TV picture satisfactorily, 49-88% were able to
read TV text, 98—100% were able to read newspaper headlines, and 93—100% were able
to read newspaper text (Nilsson 1986, Nilsson and Nilsson 1986, Nilsson 1988). During
the follow-up of 6 months to § years, the proportions of persons managing these tasks
declined but rebounded after a new series of rehabilitation visits. The results of low vision
rehabilitation seem to be long-lasting, but follow-up visits are required to ensure that
low vision aids and educational training continue to meet patients’ needs. However, the
capacity to perform various vision-related tasks may be better at the low vision clinic than
at home due to standardized conditions (Leat et al. 1994). Of visually impaired persons,
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74-81% report using their low vision aids regularly (van Rens et al. 1991, Leat et al. 1994,
Bischoff 1995). The continued use of low vision aids probably reflects the actual benefit
gained by them.

One major reason for different results concerning the success of low vision rehabilitation
in previous studies may be differencies in the training provided. Educational training in the
use of low vision aids and to improve adaptive skills has been shown to be important. The
ability to see a TV picture or to read TV subtitles, newspaper headlines, and newspaper
text increased significantly among low vision persons with AMD who received educational
training in addition to being given low vision aids (Nilsson 1990). Among low vision
patients who received only low vision aids and instructions on their use, visual abilities
did not increase significantly. Other studies evaluating the impact of educational training
on success of low vision rehabilitation have also reported that visually impaired persons
receiving more comprehensive rehabilitation showed better results in reading, used their
low vision aids more frequently, and were more satisfied with rehabilitation services
(Shuttleworth et al. 1995, Scanlan and Cuddeford 2004). Low vision rehabilitation seems
to also improve the quality of life (Appollonio et al. 1996, Scott et al. 1999, Stelmack
2001, Hinds et al. 2003).

In Finland, people with untreatable eye disease(s) and permanent visual impairment (VA
< 0.3 with best refraction correction or binocular visual field < 60° or degree of disability >
50% due to vision) are eligible for free low vision aids and related rehabilitation services
(Ministry of Social Affairs and Health 2005). These free low vision aids are provided
by health centers (e.g. recorders, dictating machines, and mobility aids) or by central
hospitals (e.g. optical aids, electronic reading machines, computer-related add-ons, and
guide dogs). The Social Insurance Institution of Finland is responsible for regulation of
rehabilitation for seriously disabled persons younger than 65 years together with appropriate
rehabilitation institutions (Act on Social Insurance Institutions’s Rehabilitation Benefits
and Rehabilitation Monetary Benefits 2005/566). The rehabilitation of visually impaired
persons aged 65 years and older is channelled by communal health care services (Act on
Revision of Primary Health Care Act 1991/605, Act on Revision of Specialized Medical
Care 10 a § 1991/606, Act on Specialized Medical Care 1989/1062, Decree on Medical
Rehabilitation 1991/1015, Primary Health Care Act 1972/66).

A shortage of low vision rehabilitation services, especially among persons aged 65
years and older, is apparent. In the Canadian Study of Health and Aging, less than half of
visually impaired (VA < 0.3) people aged 65 years and older had received rehabilitation
services (Gresset and Baumgarten 2002). In the United Kingdom, 66% of persons
registered as blind or partially sighted had undergone low vision aid assessment (Williams
et al. 2007). The proportion of visually impaired people receiving low vision rehabilitation
services in Finland is unknown.
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3 AIMS OF THE STUDY

The aim of this study was to estimate the prevalence and distribution of reduced visual
acuity and major chronic eye diseases in the Finnish population aged 30 years and older.
Based on information collected in the large nationally representative Health 2000 Survey,
the association of decreased vision with functioning and subsequent need for help and eye
care services, including low vision rehabilitation, were analyzed.

Specific aims of this study were as follows:
1. To estimate the prevalence of decreased VA and visual impairment in Finland.
2. To assess the prevalence and distribution of major causes of decreased VA and visual

impairment.

3.  To examine the effect of decreased vision on functioning by analyzing which
specific tasks are limited at various levels of VA independent of other coexistent
conditions.

4.  To assess the use of eye care services, including a vision examination and low vision

rehabilitation, and need for assistance of visually impaired people and the role of
sociodemographic and other factors in hampering adequate use of these services.
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4 MATERIALS AND METHODS

4.1 Study population

This study was based on the Health 2000 health examination survey, a nationwide
population-based comprehensive survey of health and functional capacity in Finland carried
out from 2000 to 2001. The study in which several national institutes and universities
participated was coordinated by the National Public Health Institute. Approval of the
appropriate Ethics Committee was obtained. Written informed consent was obtained from
all participants.

The two-stage stratified cluster sample represented the population aged 30 years and
older living on the Finnish mainland. Continental Finland was divided into 20 strata: the
15 largest cities and five university hospital districts. Within the five strata representing the
university hospital regions, each serving approximately one million inhabitants, 65 health
care districts were sampled by applying the probability proportional to population size
(PPS) method to yield the primary sampling units. Finally, a random sample of individuals
(n =8 028) was drawn from the 15 largest towns and the 65 smaller health care districts
using systematic sampling from the National Population Register. Persons aged 80 years
and older were oversampled by doubling the sampling fraction. Details of the sampling
method have been published elsewhere (Aromaa and Koskinen 2004, Heistaro 2008).

In the first phase, a computer-aided interview (i.e. a home interview) was conducted
at home by trained interviewers of Statistics Finland. The second phase comprised a
comprehensive examination at a neighborhood screening center established for this
survey, usually the local health center. The whole examination consisted of a nine-stage
evaluation of subjects’ health and functional capacity. If the invited subjects did not
attend, an abridged examination was conducted at home or in an institution, along with
an abbreviated health interview (i.e. an abbreviated home interview) if a home interview
had not been carried out earlier. To improve the response rate, an abridged interview was
conducted by phone (i.e. a phone interview) for subjects unable or unwilling to participate
in the interview at home. Finally, a questionnaire corresponding to the abridged interview
(i.e. a final questionnaire) was mailed to subjects not participating in any of the earlier
interviews.

Of the sample, 49 persons (0.6%) had died before the interview and 566 (7.1%)
refused to participate or could not be reached. The overall response rate was 92.9%. The
age of the participants ranged from 30 to 99 years. Those participants who could not be
reached or who declined to participate were more often men living in metropolitan areas.
Based on the register of the Social Insurance Institution of Finland, nonparticipants and
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2.3% of participants had glaucoma. According to information from the Finnish Register
of Visual Impairment, 0.4% of both nonparticipants and participants were registered as
visually impaired. Study populations and participation rates are presented in Tables 5 and
6. Participants who could not be reached or who declined to participate were more often
men, especially if they were younger than 50 years. Persons aged 85 years and older also
participated less often in the health examination.

Table 5.  Study populations and participation rates in Studies I-1V.

Age Eligible Participation rate
Study Subset
(yrs) sample health interview health examination

LI 230 n=7979 n=7393(93%) n=6771(85%)

i >55 n=3392 n=3185(94%) n =2 870 (85%)

Visually impaired persons

WY 230 n=7979 n=7393(93%) n=6771(85%) (VAZ0.25) n= 147

Table 6.  Participation rates by age, gender, and study phase.

Men Women

Age

Health Health Health Health
(yrs) . . - . . A

Sample interview examination Sample interview examination
n % % n % %

3044 1316 89.4 79.7 1353 92.6 86.7
45-54 961 91.6 84.8 957 93.9 89.4
55-64 610 93.9 85.7 669 95.1 90.6
65-74 417 95.9 88.0 566 93.5 85.9
75-84 236 93.2 86.4 547 92.9 80.6
85+ 74 93.2 71.6 273 91.6 72.5
All 3614 91.8 83.3 4365 93.4 86.1

49



4.2 Visual function

4.2.1 Visual acuity (I-1V)

Habitual distance VA was measured binocularly, with current spectacles if the participant
usually wore them, at 4 m using a modification of the logMAR letter chart published by
Precision Vision. Habitual near vision was tested with the near vision chart complying
with the same principles as the distance VA chart. The test was performed at the subject’s
preferred reading distance, which was allowed to differ from the commonly used distance
of 40 cm. Illumination was optimized to 350 lux or more on far and near vision charts.
Adequacy of illumination was assessed with an illuminometer (EC-1, Hager Inc., Sweden).
VA values are presented as decimal (Snellen) equivalents. Binocular VA with current
spectacles (habitual VA) > 0.8 was defined as good vision, VA 0.5-0.63 as moderate
vision, and VA 0.3-0.4 as reduced vision. Visual impairment was defined as binocular VA
< 0.25 based on WHO (1973) criteria. Binocular VA 0.1-0.25 was defined as low vision
and VA <0.1 as blindness.

4.2.2 Self-reported visual function (I, 1)

Visual disturbances were assessed by the following questions: (1) Is your eyesight good
enough (with glasses) to read normal newspaper text? (2) Are you able to read TV text (with
glasses) from a normal watching distance (about 3 m)? In Finland, all television programs
in a foreign language are broadcast with Finnish subtitling, the height of which is about
4:100 of the height of the TV screen. (3) Does your eyesight restrict your ability to move
about? Moving about was divided into three categories: able, difficulties during twilight,
and difficulties also in good lighting. First two questions were divided into categories:
able, with difficulties, and unable. Question no. 1 was asked of all interviewed persons (i.e.
those participating in a home interview, an abbreviated home interview, a phone interview,
or a final questionnaire; n =7 393). Question no. 2 was asked only of subjects participating
in a home interview (n = 6 986). Question no. 3 was asked of subjects participating in a
home interview or an abbreviated home interview (n =7 087). To analyze the association
between vision and functional limitations, self-reported capability was dichotomized to
subjects without difficulties and subjects with difficulties or unable to read TV text.
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4.3 Major eye diseases

4.31 Self-reported eye diseases (ll)

Interviews and a final questionnaire included the following questions on eye diseases: “Has
a doctor diagnosed one of the following diseases: cataract, glaucoma, degenerative fundus
changes, or other visual defect or injury?”” and/or “Have changes caused by diabetes been
diagnosed in the fundus of your eye?” Information on cataract and glaucoma was also
obtained by a field physician based on patients’ disease history and symptoms during the
comprehensive health examination.

4.3.2 Ophthalmic data from registers and case records (ll)

To identify people with chronic eye diseases, we gathered information on the National
Hospital Discharge Register, the National Medication Reimbursement Register, and
the National Prescription Register concerning the entire sample (Study II, Figure 1).
The two latter-mentioned registers only included information on glaucoma. Diagnosis
codes of International Classification of Diseases (ICD) 8, 9, and 10 used are shown in
Study II / Table 1. For 1 243 persons, information on chronic eye diseases before the
year 2002 was also traced from the case records of public central hospitals and offices of
private ophthalmologists. These included 360 persons with or without self-reported eye
diseases who had decreased VA (< 0.5) assessed in the survey examination, 317 persons
who had reported eye diseases or difficulties in vision but VA was unknown, and 566
nonparticipants. Case records were obtained for 55%, 39%, and 14% of these individuals,
respectively. The presence of chronic eye diseases was assessed based on ICD codes or
remarks on clinical examination.

4.4 Physical functioning and need for assistance

4.41 Functioning measurements (lll)

Self-reported mobility functions were considered limited if the subject reported difficulties
or inability in moving about, climbing one flight of stairs, or walking about half a kilometer
without resting. Self-reported mobility was divided into three categories: no difficulties
in any of the three tasks (i.e. mobility is not restricted), difficulties in at least one task (i.e.
able to move about alone and without any aids, but with difficulty), and major difficulties
in at least one task (i.e. able to move about, but only with help or in a wheelchair, with
crutches or other aids, or totally unable to move about).
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Performance-based mobility measurements included testing the ability to walk 6.1 m,
including timing (Bassey et al. 1992). Walking was considered limited if the subject was
unable to walk at a speed of 1.2 m/s or faster, which is required to cross the road safely
(Langlois et al. 1997). Performance-based mobility was also considered limited if the
subject was unable to stand up and sit down five times without using hands for help (chair
test), to climb up two stairs (stair test), or to stand in tandem position for 10 s (balance test)
(Sievers et al. 1985, Guralnik et al. 1994). In the tandem position, subjects stood with the
heel of one foot directly in front of the other foot.

Participation restrictions were evaluated with questions about activities of daily living
(ADL; getting in and out of bed, dressing and undressing, eating, washing oneself, going
to the toilet, and ability to move about in the apartment) and instrumental activities of
daily living (IADL; shopping, cooking, laundering, using the phone, and handling matters
in public offices, e.g. banking). The following four alternatives were given: without
difficulties, with minor difficulties, with major difficulties, not at all. ADL and TADL
functions were considered limited if the subject reported difficulties or inability in one or
more of the above tasks.

442 Need for assistance (IV)

Need for assistance was evaluated with two questions: “Do you, because of your reduced
functional capacity, repeatedly receive assistance or help in your everyday activities,
e.g. household work, washing up, and shopping?” and “Would you need this kind of
assistance or help?” A positive answer to either of these questions was considered to
indicate a need for assistance. If a subject not already receiving assistance in his everyday
activities reported needing this kind of help, he was considered to have an unmet need
for assistance. Furthermore, an unmet need for assistance was assessed by asking persons
already receiving assistance: “Do you get enough help to manage at home?” The perceived
need for assistance in the separate tasks of activities of daily living (ADL; i.e. cooking,
eating, washing, dressing and undressing, and taking care of medication) and instrumental
activities of daily living (IADL; i.e. cleaning, laundry or other care of clothes, shopping,
and handling other tasks outside home, e.g. banking) were also assessed.

4.5 Use of eye care services (IV)

The health interview included questions on vision examinations during the past five years.
The use of vision rehabilitation services was assessed by questions on the possession
of spectacles, a magnifying glass because of poor sight, and/or some other vision aids,
and the receiving of low vision rehabilitation (i.e. fitting of low vision aids, receiving
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patient education, training for orientation and mobility, training for activities of daily
living (ADL), or consultation with a social worker). Data on self-reported low vision
rehabilitation therapy were supplemented with hospital records, which were available for
72% (106 people) of the visually impaired. Visually impaired people were considered to
have received low vision rehabilitation if at least one rehabilitation practitioner at a low
vision clinic had evaluated their need for low vision aids.

4.6 Covariates (lll, IV)

The sociodemographic factors used in analyses were age, gender, living arrangement,
region of residence (i.e. living region), urbanicity, education, and income. Living
arrangement was divided into three categories: living with someone, living alone, and
living in an institution. Region was classified as the metropolitan area (i.e. Helsinki
University Central Hospital region) and other parts of the country. Urbanicity was divided
into two categories: urban or semi-urban and rural municipalities. Education was divided
into three categories: low (< 6 years of all-round education), middle (7-11 years of all-
round education or < 6 years of all-round education plus vocational school), and high
(7-11 years of all-round education plus vocational school, matriculation examination,
or a higher vocational institution or university). Annual income adjusted for the number
of consumption units in the household was obtained from national taxation records and
classified into tertiles.

Data on chronic diseases were based on self-reports. The following diseases were
included separately: coronary heart disease (angina pectoris and/or myocardial infarction),
hypertension, stroke, diabetes mellitus, rheumatoid arthritis, osteoarthritis, back disease,
asthma, chronic obstructive pulmonary disease (COPD), cancer, and Parkinson’s disease.

Cognitive impairment was defined as a score of < 10/16 points in the short version of
the Mini-Mental State Examination (MMSE) or less than 15 animal names memorized in
one minute as part of the neuropsychological test battery of the Consortium to Establish
a Registry for Alzheimer’s disease (CERAD) when analyzing the association between
VA and functional limitations. The cut-off score < 10/16 in the short version of MMSE
provides a distribution corresponding to the cut-off score of < 24/30 used in the original
MMSE to determine cognitive impairment (Suutama T, personal communication). When
estimating the use of eye care services and need for assistance, the result of the short
version of the MMSE was classified into tertiles.

Hearing threshold was measured in a quiet examination room using a screening
audiometer (Micromate 304, Madsen Electronics) in both ears at three frequencies: 0.5,
1, and 2 kHz. The average hearing threshold of the better ear at the aforementioned
frequencies was classified into four categories according to WHO (1991) recommendations:
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normal (< 25 dB), mild impairment (26-40 dB), moderate impairment (41-60 dB), and
severe impairment (> 61 dB).

Psychological symptoms, especially in the areas of anxiety and depression, were
evaluated with the 12-item version of the General Health Questionnaire (GHQ-12)
(Pevalin 2000). Significant psychological symptoms were defined as a score of 3 or
more points as suggested in previous reports (Goldberg et al. 1997). Diagnosis of clinical
depression, including major depressive disorder and dysthymia during the past 12 months
based on DSM-1V classification, was determined by a Finnish translation of the German
computerized version of the structured mental health interview (M-CIDI).

As an anthropometric measure, we used body mass index (BMI). BMI was calculated
by dividing body weight (kg) by the height squared (m?). The body weight was measured
with the subject wearing light clothing without shoes using the bioimpedance apparatus
(InBody 3.0, Biospace Inc., South Korea). Body height was measured using a tape measure
fastened to the wall. Self-reported information on body weight and height was used in case
of nonattendance to the health examination. BMI was divided into three categories: low
weight (BMI < 20 kg/m?), normal weight (20 < BMI < 30 kg/m?), and obesity (BMI > 30
kg/m?).

Behavioral factors assessed included smoking and self-reported ambulatory doctor’s
appointment during the past 12 months. Smoking habits were categorized as nonsmokers,
current smokers, and ex-smokers.

Social support was evaluated with the question: “From whom do you get practical help
when needed?” The total number of persons reported as a source of help was classified
into three categories: no one, 1 person, and > 2 persons.

4.7 Statistical methods

The sampling design was accounted for by using SUDAAN software (versions 9.0.0 and
9.0.1) for SAS (versions V8 and V9.1; SAS Institute, Cary, NC). The oversampling of
persons aged 80 years and older was accounted for by weighting the observations. As an
alternative to post-stratification weights, the SAS multiple imputation (MI) procedure with
15 or 50 imputations was used to estimate the impact of missing data on the distribution of
VA (Rubin 1987). The single-chain Markov Chain Monte Carlo method with 200 burn-in
iterations and 100 iterations was applied.

The prevalences of VA for distance and near vision were calculated as percentages
of the population of Study I stratified by age and gender. Prevalence of cataract, ARM,
and glaucoma was estimated as a percentage of all participants (n = 7 413) of the Health
2000 Survey. Because self-reported diabetic retinopathy was assessed only in the home
interview, its prevalence was assessed among participants of that phase alone (n = 6 986).
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Persons who had not reported chronic eye diseases and for whom we had no information
on chronic eye diseases based on register data, case records, or the survey examination
were presumed not to have chronic eye diseases.

Agreement between self-reported and documented chronic eye diseases was assessed
by overall kappa value (Fleiss 1981) in persons with VA < 0.5 (n = 360). The overall
kappa statistic, which is a weighted average of stratum-specific kappa values, was used
because the standard kappa statistic can be sensitive to confounding factors. In this case,
age is strongly associated with eye diseases, and therefore, the stratification was based on
age groups. The sensitivity of self-reported data was defined as the proportion of persons
with a positive diagnosis in documented data matched by corrected positive reports in
the interview (i.e. weighted number of positive in both / weighted number of positive
in documented data x 100) and the specificity of self-reported data as the proportion of
persons without a particular eye disease in documented data matched by correct negative
reports in the interview (i.e. weighted number of negative in both / weighted number of
negative in documented data x 100).

Gender- and/or age-adjusted prevalences were determined with binomial logistic
regression analysis in all studies. A multinomial generalized logistic model was used when
the outcome variable was trichotomous.

In the Study II1, the age- and gender-adjusted prevalence of difficulty in performing
separate ADL, TADL, and mobility tasks in different classes of VA was determined.
Interactions between VA, age, and gender were tested. The p-value was corrected for
multiple tests using a Sidak correction. Associations between both VA and functioning
measures (ADL, IADL, and mobility functions) and potential confounding variables were
tested with a multinomial generalized logistic procedure adjusting for age and gender.
Variables with significance of p < 0.20 were included in further analyses.

Multivariate logistic regression models were used to assess the independent effect of
VA and self-reported visual function for distance on summary variables of ADL, IADL, and
mobility functions after controlling for confounding variables. The analysis was carried
out by adding groups of variables one by one. First, the association between functioning
measures and VA was examined. Variables assumed to precede impaired VA and disability
were then included in the model. Finally, variables assumed to coexist with impaired VA
or to intervene between VA and disability were included in the analyses. The effect of
graded VA on separate ADL, IADL, and mobility functions was assessed, controlling for
all confounding variables. Odds ratios with 95% confidence intervals were calculated.

In the Study IV, the associations of the vision examination, vision rehabilitation
services, and need for assistance with the covariates (sociodemographic variables,
cognitive function, and mobility) were tested adjusting for age and gender. In addition to
age and gender, covariates showing a statistical suggestive association (p < 0.20) with the
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outcome variables were included in multivariate logistic regression models. Odds ratios
with 95% confidence intervals were calculated.
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5 RESULTS

5.1 Visual acuity

5.1.1 Visual acuity for distance vision

Binocular distance VA measured with the subject’s own spectacles, if any, was assessed
for 6 663 persons (98% of those who took part in the examination and 84% of the eligible
sample). In all, 3 497 persons (52%) had spectacles for distance vision and 98% of them
wore spectacles in the VA test.

Of the study population, 77% had habitual VA > 1.0 and 96% had VA > 0.5 required
for a driving licence. The prevalence of VA > 1.0 declined with increasing age, from 94%
in the youngest age group to 6% in people aged 85 years or older (Fig. 1). The decline
became obvious after 65 years. Of all participants, 16% had VA 0.63—0.8 and 6% had VA
0.3-0.5. The prevalence of these VA levels increased until the age of 75-84 years, after
which the prevalence of VA 0.63—0.8 started to decline. Differences in the distribution of
VA across the age groups were significant (p < 0.001).
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Figure 1. Prevalence of habitual binocular distance visual acuity levels in different
age groups.
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Visual impairment (VA < 0.25) was recorded in 1.6% of the subjects. Of the participants,
1.1% had low vision (VA 0.1-0.25), and blindness (VA < 0.1) was present in 0.5%. The
prevalence of visual impairment and blindness increased significantly with age (p <0.001),
and after the ages of 65 and 75 years the growth was sharp. Visual impairment seemed to
be more common in women than in men, but this gender difference was not significant
(OR 1.20, 95% CI1 0.82—1.74).

To analyze the possible effect of nonresponse on the distribution of VA, information on
factors correlating with VA was used to estimate the missing VA values of nonparticipants.
Theresults from these imputation models suggested ahigher prevalence of visual impairment
(2.1% in women and 1.7% in men) than those obtained from the original analyses (1.7%
in women and 1.2% in men) (Study I, Fig. 3). The increase was particularly pronounced in
the age group of 75 years or older, in which the prevalence of visual impairment increased
from 12% (95% CI19.2-14.6) to 16% (95% CI 12.7—-18.8) in women and from 9% (95% CI
5.0-12.3) to 12% (95% CI 8.2—-16.4) in men. When the original rates of visual impairment
and blindness from this study were applied to the Finnish adult population aged 30 years
and older, the estimated number of visually impaired persons in the Finnish population in
2000 was 48 000 and the corresponding number of blind persons was 15 000. Based on
the results of the imputation, these numbers were higher: 65 000 visually impaired persons
and 17 000 blind persons.

5.1.2 Visual acuity for near vision

Near vision was assessed for 6 667 persons (84% of those eligible). In all, 4 586 persons
(68%) had spectacles for reading, and 95% (4 321 persons) wore their reading glasses in
the VA test for near vision.

The prevalence of habitual good to moderate VA for near vision (near VA > 0.5) was
96%, and it declined with age (p < 0.001). However, a minimum of 95% of people retained
VA > 0.5 for near vision until reaching the age of 75 years. A marked decline occurred after
75 years of age and particularly after 85 years. In the age group of 30—74 years, 98% had
near VA > 0.5 compared with 83% in participants aged 75-84 years or older and 55% in
participants aged 85 years and older.

Near VA < 0.25 was observed in 1.8% of the total population, increasing from 0.8%
in persons aged 3074 years to 8% in persons aged 75-84 years and older and to 31% in
persons aged 85 years and older. Reduced VA for near vision (VA < 0.25) was rarer in
women than in men (OR 0.66, 95% CI 0.48-0.91 adjusted for age).
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5.2 Self-reported visual function and correlation with
measured visual acuity

A total of 6 942 persons (87% of those eligible) answered the question about ability to
read TV text, 7 358 persons (92% of those eligible) answered the question about ability to
read newsprint, and 7 020 persons (88.0% of those eligible) answered the question about
limitations in moving about due to poor vision.

Of the respondents, 95% were able to read TV text, 92% were able to read newsprint,
and 92% had no vision-related difficulties in moving about (Fig. 2). By contrast, 2%
were unable to read TV text, and 1% were unable to read newsprint. Moreover, 5% had
vision-related difficulties in moving about in twilight, and 2% had difficulties also in good
lighting.
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Figure 2.  Self-reported capability to read television text and newsprint and vision-
related ability to move about in age groups of 30—64 years and > 65 years
by gender. Categories for moving about are as follows: able, difficulties
during twilight, and difficulties also in good lightning.
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The proportion of persons who reported difficulties in or inability to perform these self-
reported tasks increased significantly with age (p < 0.001) (Fig. 2). No significant gender
difference existed in reading TV text, but women significantly more often had difficulties
in reading newsprint than men when controlling for age (OR 1.26, 95% CI 1.08-1.47)
(Fig. 2). However, the prevalence of persons unable to read newsprint at all was equally
common in both genders. Working-aged women reported more often having difficulties
in moving about in twilight than men (OR 1.36, 95% CI 1.03—1.82), but women aged 65
years and older had this difficulty more seldom than men (OR 0.68, 95% CI 0.48-0.97).

Self-reported ability to read TV text correlated highly with measured VA for distance
vision (Spearman’s correlation coefficient 0.40, p < 0.0001), and self-reported ability to
read newsprint correlated with measured near VA (Spearman’s correlation coefficient 0.32,
p<0.0001) in all persons (Table 7). Moreover, the correlation between VA for distance and
near vision was high (Spearman’s correlation coefficient 0.46, p < 0.0001). However, the
self-reported ability to move about without visual restrictions correlated only moderately
with measured VA for distance vision (Spearman’s correlation coefficient 0.27, p <
0.0001). Correlations between self-reported and performance-based visual function did
not seem to depend on age. When analyzed separately, the results were similar in persons
aged younger than 65 years and in those aged 65 years and older (Study I, Table 4).

Table 7.  Relationship among performance-based and self-reported measures of

visual function.
Binocular distance acuity with Binocular near visual acuity with
current correction current correction
£0.25 0.32-04 0.5-2.0 Total £0.25 0.32-04 0.5-1.25 Total
Read TV text Read newsprint
Able 44 136 5996 6176 Able 49 132 5946 6127
With difficulty 30 52 167 249 With difficulty 40 47 335 422
Unable 62 21 29 112 Unable 70 6 14 90
All 136 209 6192 6 537 All 159 185 6 295 6 639
r=0.40* p < 0.0001** r=0.32* p <0.0001**

Vision restricts movement

No 53 141 5 866 6 060
Only in twilight 19 27 322 368
Yes 67 39 80 186
All 139 207 6 268 6614

r=0.27*,p <0.0001**

* Age- and gender-adjusted Spearman’s correlation coefficient, ** Significance of correlation coefficients
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Differences between self-reported and measured visual performance were mainly
observed in persons with impaired distance or near VA. Of those with distance VA <0.25,
34% (44 of 136 persons) reported that they were able to read TV text. By contrast, 0.4%
of people with VA > 0.5 reported that they were unable to read TV text. Correspondingly,
36% of people with near VA < 0.25 (49 of 159 persons) reported that they could read
newsprint, but only 0.2% of people with good near VA reported that they could not read
newsprint. Some of the difference may be explained by half of the persons with near VA
<0.25 and able to read newsprint (24 of 49 persons) not using their reading glasses at the
examination. In addition, most persons with distance VA > 0.5 who nevertheless reported
inability to read TV text (16 of 29 persons) had at least one ocular disease or had had a
stroke earlier. The same was true for persons with near VA > 0.5 who were unable to read
newsprint (9 of 14 persons).

5.3 Major eye diseases

5.3.1 Estimated population prevalence of major eye diseases

Self-reported information on cataract, glaucoma, and ARM was received from 99% of
participants (92% of all eligible) and on DR from 6 790 persons (97% of interviewed
participants and 85% of all those eligible). Self-reported eye diseases were complemented
with data from national registers, and case records were gathered for nonparticipants and
persons with VA < 0.5 or reporting difficulty with vision or eye diseases without assessed
VA.

Of the study population, 10% had either operated or unoperated cataract (Table 8). The
prevalence increased significantly with age (p < 0.001) and the increase became obvious
after 65 years of age (Fig. 3, Table 8). In the age group 30-64 years, 2% had cataract
compared with 31% of participants aged 65-84 years or older and 67% of participants
aged 85 years or older. The prevalence of all cataract (operated and unoperated) seemed
to be more common in women than in men (OR 1.55, 95% CI 1.26-1.91) (Fig. 3), but
this gender difference was only due to the statistically significant gender difference in
unoperated cataract (OR 1.66, 95% CI 1.28-2.15). No statistically significant gender
difference was present in operated cataract (OR 1.19, 95% CI 0.93—-1.55). Cataract had
been operated in one or both eyes in one-half (53%) of persons with cataract.
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Figure 3.  Prevalence of self-reported and/or register-based cataract (i.e. operated
and unoperated cataract), unoperated cataract, and cataract related to VA
< 0.5 in age groups of 30—64 years, > 65 years, and > 85 years by gender.

The proportion of persons with unoperated cataract and VA < 0.5 was 1% in the whole
population, increasing significantly with age (p < 0.01) (Table 8). In persons aged 65—
84 years and in persons aged 85 years and older, the proportion of VA < 0.5 related to
unoperated cataract was 3% and 10%, respectively. Altogether, one-quarter (28%) of
persons with unoperated cataract had VA < 0.5. By aggregating the prevalence of operated
cataract and unoperated cataract with VA < 0.5, the estimated need for cataract surgery
was 6% for the whole population.

The second most common chronic eye disease, with a prevalence of 5%, was glaucoma.
Its prevalence increased significantly with age, from 2% in people aged 30—64 years to
20% in the oldest age group (p < 0.001) (Fig. 4, Table 8). ARM was almost as common
as glaucoma, with a prevalence of 4% (Fig. 4, Table 8). Its prevalence also increased with
age, from 1% in people aged 30—64 years to 27% in the oldest age group (p < 0.001). Both
glaucoma and ARM seemed to be more common in women than in men, but this gender
difference was significant only for glaucoma (OR 1.57, 95% CI 1.24-1.98). Almost one-
third (30%) of persons with ARM and 16% of those with glaucoma had VA <0.5.
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Figure 4. Prevalence of self-reported and/or register-based glaucoma, age-related
maculopathy (ARM), and diabetic retinopathy (DR) in the age groups
30—64 years, > 65 years, and > 85 years by gender.
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Figure 5. Prevalence of chronic eye diseases in persons with decreased visual acuity
(i.e. VA < 0.5, low vision, and blindness).
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DR had a prevalence of 1%, varying from 1% to 2% in the different age groups (Fig.
4, Table 8). Of those with DR, 15% had VA < 0.5. In the study population, 16% of
persons with known DM and 23% of those taking medication for DM reported having DR.
However, the presence of DR could not be assessed for 41% of the 425 persons with DM
and 23% of those taking medication for DM reported having DR.

5.4 Causes of decreased visual acuity

In persons with VA< 0.5 (n=360), the prevalence of unoperated cataract, ARM, glaucoma,
DR, and other chronic eye diseases was 29%, 26%, 16%, 3%, and 23%, respectively (Table
8, Fig. 5). Of the 228 participants with any eye disease, 53% had a single eye disease, 35%
had two eye diseases, and 12% had three or more eye diseases. One hundred and thirty-
two persons with VA < 0.5 had no documented or self-reported chronic eye diseases. Of
these individuals, 61% had not had a vision examination during the past five years and
35% had not had any previous vision examinations.

We were able to gather ophthalmological information on 108 of 147 visually impaired
persons. In persons with low vision (VA 0.1-0.25), the most common chronic eye
diseases with or without other eye diseases were unoperated cataract (31%), ARM (26%),
glaucoma (19%), and DR (8%) (Table 8, Fig. 5). Of the low vision, 16% was associated
with unoperated cataract, 7% with ARM, 5% with glaucoma, and 1% with DR alone.
In blind persons (VA < 0.1), ARM (62%) and glaucoma (28%) were the most prevalent
eye diseases, whereas prevalence of unoperated cataract and DR alone or with other eye
diseases comprised only 18% and 5% of blindness, respectively (Table 8, Fig. 5). Of blind
persons, 4% had unoperated cataract but no other eye disease and 12% had ARM alone.
Glaucoma and DR caused blindness only in conjunction with other eye diseases.

5.5 Agreement between self-reported and
documented major chronic eye diseases

The agreement between self-reported and documented major chronic eye diseases was
analyzed among persons most likely to have eye diseases, i.e. persons with VA < 0.5 (n=
360). Diagnoses of one or more major chronic eye diseases (i.e. operated or unoperated
cataract, glaucoma, ARM, DR, or other chronic eye diseases) could be assessed for 219
persons based on national registers and/or case records. When self-reported eye diseases
were included, an additional 30 persons had one or more eye diseases. Agreement between
all four self-reported and documented major chronic eye diseases was between fair and
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good (Kappa values 0.30-0.78) (Study II, Table 2). For glaucoma, the agreement was
excellent. Overall, sensitivity of self-reported eye diseases was good to moderate (55—
72%) and specificity was very high (88—100%).

5.6 Visual disability

5.6.1 Prevalence of functional limitations by visual acuity

The effect of decreased VA on functioning was assessed in persons aged 55 years and older
(n =2 781). The proportion of persons having functional limitations (i.e. difficulties in at
least one ADL / IADL / self-reported mobility / measured mobility function) increased
with decreasing VA (p < 0.001) (Fig. 6). Of persons with VA > 0.8, 48% had functional
limitations compared with 59% of persons with VA 0.5-0.63, 64% of persons with VA 0.4—
0.3, and 82% of visually impaired persons (VA < 0.25). No significant gender difference
existed in the association between VA and functional limitations.
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Figure 6. Proportion of subjects with difficulty or unable to perform ADL, IADL and

mobility functions in different visual acuity categories adjusted for age
and gender.
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5.6.2 Association of vision with functional limitations

VA was significantly associated with the sociodemographic factors included in the
analyses, i.e. age, gender, education, and living region (p < 0.05). Asthma, hypertension,
stroke, DM, osteoarthritis, rheumatoid arthritis, back disease, impaired cognitive and
hearing functions, and psychological symptoms were all associated with VA (p < 0.10).
Anthropometric and behavioral factors, such as obesity (p < 0.20), smoking (p = 0.10),
and a doctor’s appointment within the past 12 months (p <0.05), were also associated with
VA. However, coronary heart disease, COPD, cancer, clinical depression, Parkinson’s
disease, and receiving help had no association with VA (p > 0.20). All variables associated
with VA were also significantly linked to one or more functional limitations.

Decreased VA remained significantly associated with ADL limitations, even after
adjustment for all variables associated with VA (Fig. 7). Visually impaired persons (VA
<0.25) were four times more likely to have at least one ADL limitations than those with
good VA (VA > 0.8). IADL and performance-based mobility limitations were five times
as likely to occur in visually impaired persons as in those with good VA, and reported
mobility limitations three times as likely. Functional limitations were also one to two times
more likely in persons with VA 0.3-0.4 or VA 0.5-0.63 than in those with good VA.

Adjustment for sociodemographic factors (i.e. education level and living region),
especially level of education, slightly reduced the association between VA and all
disability measurements (Study III, Table 3). On the other hand, the anthropometric and
behavioral factors (i.e. BMI, smoking, doctor appointment within the past 12 months)
included did not contribute to the higher disability prevalence of persons with decreased
VA (Study 111, Table 3). After adjustment for chronic diseases (i.e. asthma, hypertension,
stroke, DM, rheumatoid arthritis, osteoarthritis, and back disease), cognitive and hearing
impairment, and psychological symptoms, the association between VA and all functional
limitations decreased (Study III, Table 3). Among the separate covariates, cognitive
impairment, psychological symptoms, hearing impairment, stroke, and DM made the
greatest contribution to the association between VA and disability.
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Figure 7. Association between decreased visual acuity and disability variables (i.e.
ADL, IADL, self-reported mobility, and performance-based mobility)
compared with good visual acuity (VA= 0.8) (ORs and 95% CI) adjusted
for various confounding variables#.

# Confounding variables: age, gender, sociodemographic factors (i.e. education level and living region), bahavioral factors (i.e.
BMI, smoking and doctor appointment within the past 12 months), chronic diseases (i.e. asthma, hypertension, stroke, diabetes
mellitus, rheumatoid arthritis, osteoarthritis, and back disease), cognitive function (i.e. word production and MMSE test),
hearing, and psychological symptoms.

5.6.3 Effect of visual acuity level on functional tasks

The independent influence of measured VA on separate ADL, IADL, and mobility tasks
was assessed, adjusting for all variables associated with VA (Study III, Fig. 2). Except
for dressing and undressing, which were significantly restricted only among the visually
impaired, difficulties in other ADL functions increased already among persons with VA
0.3-0.4. Getting in and out of bed caused problems also for those with moderate visual
acuity (VA 0.5-0.63). Limitations in ADL functions were two to five times more likely in
visually impaired (VA < 0.25) than in those with VA > 0.8.

Difficulties in IADL and in self-reported and performance-based mobility functions
also increased with decreasing VA. Except for the ability to use the phone and the chair
test, the IADL and mobility functions were compromised already when distance VA fell
below 0.8. Limitations in IADL functions were three to eight times more likely in those
with VA < 0.25 than in those with good VA, and banking and shopping were the most
likely to cause difficulties in visually impaired persons. Inability to cross the road safely
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(i.e. walk 6.1 m at a speed of 1.2 m/s or faster) or difficulties in climbing up two stairs were
three times more likely in visually impaired persons than in those with good VA. Visually
impaired persons were also four times more likely to be unable to stand in the tandem
position for 10 s (balance test) than those with good VA. Limitations in self-reported
mobility functions were two- to three times more likely to occur in visually impaired
persons than in those with good VA.

5.7 Use of eye health care and social services

5.7.1 Use of eye health care services

The prevalence of a recent vision examination seemed to be slightly more common in
women (71%; 95% CI 69%—72%) than in men (69%; 95% CI 67%—71%), but this rate
changed differently across age groups by gender and a significant gender difference could
not be verified (Fig. 8). Possession of spectacles was more common in women than in men
(82% vs. 72%; p < 0.001).

The prevalence of a recent vision examination and having spectacles changed
significantly across age groups (p < 0.001) (Fig. 8). A recent vision examination increased
from 63% in the youngest age group to 80% in persons aged 45-54 years, after which
the prevalence started to decline, being only 56% in persons aged 85 years and older. In
addition, the prevalence of having spectacles increased from 59% in women and 39% in
men aged 30—44 years to 98% in women aged 55—64 years and 94% in men aged 55-74
years, after which the prevalence began to decline.

The use of eye care services and the associated socioeconomic factors were analyzed
in persons aged 55 years and older. The prevalence of vision examination and spectacle
usage decreased with decreasing VA (p < 0.001). After adjustment for age and gender,
73% of persons with good VA (= 0.8) aged 55 years and older had had a recent vision
examination compared with 58% of visually impaired persons (VA < 0.25). Also, 97%
of persons with good VA had spectacles compared with 62% of those visually impaired.
According to the multivariate models, living in an institution, lower annual income level,
and decreased cognitive capacity seemed to decrease the prevalence of vision examination
and possession of spectacles in all VA categories (Table 9). Persons with lower educational
level were also less likely to have had vision examinations.
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Table 9.  Odds ratios and associated confidence intervals from a multivariate logistic
regression model for variables associated with vision examination and possession
of spectacles in different visual acuity categories in persons aged 55 years and older
according to sociodemographic characteristics, cognitive capacity, and mobility.

Vision examination Spectacles
Variable VA<0.25 VA 0.3-0.4 | VA 0.5-0.63 VA20.8 VA<0.25 | VA0.3-0.4 | VA0.5-0.63 | VA=20.8
OR OR OR OR OR OR OR OR
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% ClI)
Gender
Women 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Men 0.57 214 0.97 1.00 0.42 0.76 0.32 0.28
(0.22-1.47) | (1.05-4.37) | (0.63-1.48) | (0.83-1.21) | (0.15-1.17) | (0.23-2.56) | (0.14-0.72) | (0.15-0.52)
Age (yrs)
55-64 1.0 1.0 1.0 1.0 1.0 1.0 1.0
65-74 2.88 2.37 1.1 0.86 0.24 0.69 0.93
(0.22-37.77) | (0.70-8.08) | (0.56-2.19) | (0.67-1.10) | (0.01-6.05) | (0.06-8.09) | (0.70-5.35)
75-84 1.84 3.58 1.67 0.88 0.78 0.49 5.55
(0.14-23.39) | (1.23-10.43) | (0.85-3.29) | (0.65-1.21) | (0.03-19.75) | (0.05-4.47) | (1.75-17.62)
85+ 2.54 6.67 2.18 0.8 0.56 0.64 3.9

(0.17-37.79) | (2.08-21.40) | (0.90-5.25) | (0.36-1.79) | (0.02-13.71) | (0.06-7.18) | (1.07-14.21)

Living arrangement

With someone 1.0 1.0 1.0 1.0 1.0 1.0
Alone 1.33 0.79 0.72 0.38 0.62 1.25
(0.46-3.89) | (0.42-1.51) | (0.48-1.07) (0.10-1.40) (0.27-1.40) | (0.62-2.49)
Institution 0.85 0.3 0.16 0.26 0.32 0.17
(0.28-2.62) | (0.06-1.58) | (0.04—0.64) (0.07-1.00) (0.06-1.68) | (0.02—1.39)
Urbanicity
Urban or suburban 1.0 1.0 1.0 1.0
Rural 0.53 0.88 0.83 3.16
(0.23-1.22) (0.51-1.52) | (0.62-1.12) (0.66-15.06)
Education
Highest 1.0 1.0 1.0 1.0
Middle 0.66 0.67 0.71 1.09
(0.16-2.67) | (0.20-2.25) | (0.35-1.44) | (0.85-1.39)
Lowest 0.49 0.30 0.78 0.84

(0.13-1.81) | (0.10-0.90) | (0.38-1.59) | (0.61-1.15)
Annual income per consumption unit

29 500 euros 1.0 1.0 1.0 1.0 1.0
7 001-9 499 euros 0.51 0.65 0.38 0.63 0.66
(0.30-0.89) | (0.49-0.85) | (0.31-6.17) (0.20-1.96) | (0.30-1.42)
<7000 euros 0.57 0.72 0.83 0.30 0.45
(0.33-1.0) | (0.55-0.95) | (0.20-3.47) (0.12-0.73) | (0.20-0.99)
Cognitive capacity
Normal 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Decreased 0.24 0.56 0.56 0.70 0.66 0.39 0.46
(0.10-0.59) | (0.29-1.11) | (0.37-0.85) | (0.52-0.92) | (0.22-1.95) | (0.11-1.38) | (0.19-1.15)
Mobility
No difficulty 1.0 1.0 1.0
Difficulty 0.48 0.68 3.10
(0.22-1.05) | (0.43-1.08) (0.96-10.03)
Major difficulty 0.49 0.94 0.83
(0.21-1.13) | (0.56-1.58) (0.30-2.32)
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5.7.2 Use of eye health care and rehabilitation services by visually impaired
persons

Of all visually impaired (VA <0.25) persons aged 30 years and older, 58% had had a vision
examination during the past five years and 79% had received rehabilitation services (Fig.
9). Vision examination was provided by an ophthalmologist in almost all cases (93%).
Of the visually impaired, 70% had spectacles, 31% a magnifying glass, and 9% other
low vision aids (e.g. electronic reading and writing aids, or telescopic magnifiers), and
31% had received low vision rehabilitation (Fig. 9). Instead, 16% (n = 23) had not had
any vision examination during the past five years, nor had they had vision aids or vision
rehabilitation. All of these individuals were 65 years or older, and three-quarters (n = 18)
were cognitively impaired.
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Figure 9. Age- and gender-adjusted prevalence (%) of the use of eye care services
and possession of visual aids among the visually impaired.

*p=0.01,**p<0.01.
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After adjustment for age and gender, people with low vision (VA 0.1-0.25) had received
low vision rehabilitation less often (18% vs. 52%, p < 0.01) and had fewer low vision aids
(27% vs. 49%, p = 0.01) than people with blindness (VA < 0.1), while spectacles were
more common in people with low vision (75% vs. 59%, p = 0.06) (Fig. 10 and Study 1V,
Table 2). Also, according to the multivariate model, low vision rehabilitation or low vision
aids (magnifying glasses and other low vision aids) were less common among people with
low vision than among people who were blind (OR 0.14, 95% CI 0.05-0.39 and OR 0.37,
95% CI 0.16-0.85, respectively) (Study IV, Table 3).

Nonparticipation in vision rehabilitation procedures was significantly associated
with decreased cognitive capacity (p < 0.01) (Study IV, Table 2). Living in an institution
reduced the likelihood of having received rehabilitation services (57% vs. 84%, p=0.01).
Alower level of income also reduced the likelihood of having received visual rehabilitation
services, especially spectacles (p < 0.05). According to the multivariate model, people
in the lowest tertile of cognitive capacity appear less likely to have received low vision
rehabilitation (OR 0.10, 95% CI 0.01-0.95) (Study IV, Table 3). Magnifying glasses or
other low vision aids were less commonly possessed by people living in institutions (OR
0.17, 95% CI 0.03-0.85).

5.7.3 Need for assistance of visually impaired persons

The need for assistance was analyzed only among people with visual impairment living in
the community (n = 120). Of these, 71% reported the need for assistance and 24% of those
needing assistance reported not receiving enough assistance for everyday living. The need
for assistance increased with decreasing VA, from 67% in people with low vision (VA
0.1-0.25) to 82% in blind people (VA <0.1) (p = 0.09) (Fig. 10).

The need for assistance was significantly associated with age and mobility difficulties
after adjustment for age and gender (p < 0.05) (Study IV, Table 4). Almost all (95%)
visually impaired people aged 85 years or older reported a need for assistance, whereas in
other age groups the proportion was around 60%. Female gender, living alone, living in
an urban or suburban municipality, and low cognitive capacity also seemed to increase the
probability of needing assistance, but these associations were not statistically significant.
Based on a multivariate model, only mobility difficulties increased the likelihood of
needing assistance (Table 5).
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Figure 10. Prevalence of total, met, and unmet need for assistance by visual acuity
adjusted for age and gender.

**p=0.01.

An unmet need for assistance was significantly associated only with age after adjustment
for gender (p < 0.05) (Study IV, Table 4). In addition, female gender, living alone, living
in rural municipalities, normal or near-normal cognitive capacity, and mobility difficulties
seemed to increase the reported unmet need for assistance. On the basis of a multivariate
model, only mobility difficulties increased the likelihood of having an unmet need for
assistance (Table 10). However, the number of people in these analyses was small.
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Table 10. Associations between need for assistance and getting sufficient help to
manage at home and various sociodemographic variables, cognitive
function, and mobility in visually impaired (VA < 0.25) persons in a
multivariate model.

S Need for assistance Unmet need for assistance
OR (95% ClI) OR (95% ClI)

Visual acuity

0.1-0.25 1.0

<0.1 1.87 (0.47-7.40)
Gender

Women 1.0 1.0

Men 0.37 (0.08-1.71) 0.46 (0.08-2.81)
Age (yrs)

30-64 1.0 1.0

65-74 0.37 (0.04-3.52) 0.84 (0.10-7.32)

75-84 0.31 (0.06-1.59) 0.04 (0.00-0.54)

85+ 0.86 (0.09-8.42) 0.18 (0.02-1.96)
Living arrangement

With someone 1.0

Alone 2.85 (0.84-9.69)
Cognitive capacity

Highest tertile 1.0

Middle 0.39 (0.09-1.67)

Lowest tertile 0.24 (0.04-1.44)
Mobility

Able 1.0 1.0

Difficulty 9.67 (2.71-34.49) 6.01 (0.75-47.90)

Major difficulty or unable 93.58 (9.67-906.08) 10.09 (1.04-98.09)
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6 DISCUSSION

6.1 Main findings

6.1.1 Visual function

Populations in industrialized countries are aging. In Finland, the number of elderly people
(65 years and older) is expected to increase by 77% by the year 2040, from 874 700
persons (16.5% of the population in 2007) to 1 548 400 persons (27.0% of the population).
The number of persons aged 85 years and older is anticipated to increase particularly
rapidly, by 256%, from 98 000 to 349 000 (Statistics Finland 2007). Our results show that
also the prevalence of decreased VA increases with age. The majority (96%) of people
aged 30 years and older maintained at least a moderate vision (VA > 0.5) up to the age of
85 years. However, in the age group 75—84 years the prevalence had decreased to 81%,
and after 85 years to 46%. Although the overall rate of visual impairment was low, more
than one in ten persons 75 years or older had visual impairment. The high rate of visual
impairment in the fastest growing segment of the population means that the demand for
eye care services is on the rise.

In all, visual impairment (VA < 0.25) was observed in 1.6% of the population,
and 0.5% were blind (VA < 0.1). After compensating for the missing information due
to nonparticipation, the prevalence of visual impairment increased from 1.7% to 2.1%
in women and from 1.2% to 1.7% in men, mostly due to the significant proportion of
nonparticipants in the age group 75 years or older. Selective response seems to have
produced an underestimation of the prevalence of visual impairment by about 0.5% in
both men and women. Visual impairment for distance vision started to increase at around
65 years of age and for near vision at around 75 years of age, after which the increase was
sharp. Even without correction for nonparticipation, 30% of the population aged 85 years
and older were visually impaired and 11% were blind. We found that visual impairment
was slightly more common in women than in men, but the gender difference was not
statistically significant, in accordance with most previous studies (Hakkinen 1984, Tielsch
et al. 1990, Salive et al. 1992, West et al. 1997, Klaver et al. 1998, Buch et al. 2001b).
However, higher prevalence rates of visual impairment in women have also been reported
(Klein et al. 1991b, Attebo et al. 1996, Taylor et al. 1997).

We observed predominantly lower prevalences of visual impairment, especially low
vision, than in previous studies measuring VA with the participant’s own spectacles
(Hékkinen 1984, Salive et al. 1992, van der Pols et al. 2000). However, our prevalences
of visual impairment with current spectacle correction were mainly higher than in earlier
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studies with best refraction correction (Tielsch et al. 1990, Klein et al. 1991b, Attebo et al.
1996, Klaver et al. 1998). Compared with previous studies with best refraction correction,
the higher prevalence of visual impairment in our study may be due to the lack of recent
refraction. This is in accordance with results that a significant proportion of visually
impaired persons have had insufficiently corrected refractive errors (Leibowitz et al. 1980,
Tielsch et al. 1990, Taylor et al. 1997). Moreover, surveys concerning everyday-seeing in
the elderly have suggested that the current eyeglasses of these subjects have not met their
needs (Hiller and Krueger 1983, West et al. 1997, Evans et al. 2002). Higher prevalence
rates of visual impairment and blindness in our study may also be explained by nursing
home residents being included in the subject pool (Tielsch et al. 1990, Attebo et al. 1996,
Taylor et al. 1997).

We, however, found that a higher proportion of persons who had at least moderate VA
(> 0.5) for distance or near vision used their spectacles than persons with lower VA. This
may indicate that persons with lower VA did not benefit from spectacle correction and
consequently did not use eyeglasses rather than having insufficiently corrected refractive
error, as reported in some studies (Leibowitz et al. 1980, Tielsch et al. 1990, Taylor et al.
1997). This finding is supported by no notable discordance being present between near and
distance vision. The prevalence rates of blindness in our study were also similar to those
reported in population-based surveys based on best refraction correction (Tielsch et al.
1990, Klein et al. 1991b, Buch et al. 2001a).

Compared with a previous population-based study in older persons in Finland (Hirveld
and Laatikainen 1995), the prevalence of blindness was fairly close since a similar
definition of blindness had been used. The lower prevalence of visual impairment than in
other Finnish surveys on older persons may be partly due to nonparticipation in the older
age groups, but it may also reflect improved treatment possibilities within the last 10-20
years.

Self-reported ability to read newsprint was previously assessed in the Mini-Finland
Health Survey, which used largely similar methods to assess health and functional capacity
in Finland as those used in the Health 2000 Survey, although it was carried out two decades
earlier (Aromaa et al. 1989). This data enabled us to evaluate the change in visual function
in the adult population from 1978-1980 to 2000-2001. The proportion of persons who
had difficulties or could not read newsprint with their current spectacles had decreased
significantly (p < 0.001), from 16% to 8% in women and from 12% to 6% in men over
the past 20 years (Laitinen et al. 2005). The comparison suggests that visual impairment
has decreased significantly, especially in the age group 65 years and older. In this age
cohort, the proportion of persons with difficulties or unable to read newsprint with their
current spectacles had decreased from 30% to 19%. Since the late 1970s cataract surgery
and intraocular lens technology have improved considerably, enabling more accurate
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postoperative correction of refraction. There is also some evidence that the incidence of
severe visual loss due to diabetes and glaucoma has decreased because of better treatment
possibilities (Backlund et al. 1997, Klein et al. 2001, Chen 2003). These improvements in
therapy may at least partly explain the favorable time trend in the prevalence of reading
difficulties.

Measurement of self-reported visual functioning may be a relatively simple way
to assess the prevalence of visual disturbances in the general population. In our study,
the habitual VA for distance and near vision correlated quite well with the self-reported
capability to read TV text and newsprint, respectively. We analyzed findings also in the
age group of 65 years or older to ascertain that the large proportion of younger persons
with good VA did not skew the results. Despite the significant correlation between
measured values and subjective assessment, we observed some discordance, especially
in the low vision group, which may partly be due to differences in classification of these
two categorical variables. In addition, self-reports on visual function may underestimate
the prevalence of visual impairment because some persons with visual impairment do not
perceive having difficulties due to compensation strategies adopted (Fried et al. 1991,
Sager et al. 1992). In persons with good VA, self-rating of visual disturbances includes
not only vision disorders due to refractive errors, but also disturbances regarding contrast
sensitivity, glare sensitivity, sterecopsis, and visual field (Carta et al. 1998). It is also
possible that some of the reported subjective difficulties were not entirely visual.

When the original rates of visual impairment and blindness from this study were
applied to the Finnish general population, a total of 48 000 visually impaired persons (VA
< 0.25) and 15 000 blind persons (VA < 0.1) emerged in 2000. Based on the results of
the imputation (Study I, Fig. 3 / Model IV), these numbers were higher: 65 000 visually
impaired persons and 17 000 blind persons. In 2000, there were 13 000 visually impaired
adults (VA < 0.3) and 5 000 blind persons (VA < 0.05) in the Finnish Register of Visual
Impairment (STAKES Reports 2001). Several potential reasons exist for these differences,
a different definition for blindness being one. Unfortunately, we were unable to assess
the prevalence of blindness using the WHO definition, which was used by the Finnish
Register of Visual Impairment, to obtain a comparable prevalence rate. It is, however,
likely that the prevalence of VA of < 0.1 in our study is quite tenable. Our results are
similar to previous reports, even though the best correction was not defined, which may
indicate that an additional refraction correction does not benefit blind persons and has
negligible effect on the assessed prevalence of blindness. However, our estimation for
the number of visually impaired persons may be too high because we measured VA with
current spectacle correction instead of the best-corrected VA required for registration in
the Finnish Register of Visual Impairment. On the other hand, we report the prevalence of
visual impairment only due to decreased VA. The total prevalence of visual impairment in
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Finland may be higher since some visual impairment has also been reported to be caused
by visual field restrictions (Taylor et al. 1997). Moreover, registries of the blind have been
shown to underestimate true prevalence because of their voluntary nature (Robinson et al.
1994).

6.1.2 Major chronic eye diseases

As expected, in persons aged 30-64 years, the prevalence of major chronic eye diseases
(i.e. cataract, glaucoma, ARM, and DR) was very low, and only 18 of the 5 434 persons
(0.3%) in this age group had decreased VA (< 0.5) with any of these diseases. According to
previous reports, in persons aged 20-64 years, the most common causes of impaired vision
(0.1 > VA < 0.5) have been myopia-related and other retinal disorders (ARM excluded),
accounting for 46% of all visual impairment in this age group (Buch et al. 2004). The
most common causes of blindness (VA < 0.1) have been retinitis pigmentosa and optic
neuropathy, each causing 29% of blindness (Buch et al. 2004).

In this survey, the major chronic eye diseases, especially cataract, glaucoma and ARM,
were strongly related to increasing age, consistent with earlier reports. Of persons aged 65
years and older, 34% had cataract, 13% glaucoma, 12% ARM, and 2% DR. One half of the
persons with cataract had not been operated on (16% of the whole population of that age).
In all, one-quarter (23%) of the population aged 65 years and older seems to need cataract
surgery when the prevalences of operated cataract and unoperated cataract with VA <
0.5 are taken into account. Different sampling methods and definitions for chronic eye
diseases have a great influence on reported prevalence rates and may at least partly explain
the different prevalence rates found in our study compared with previous studies. Earlier
population studies have reported much higher prevalence rates for cataract, ARM, and DR
than we observed. Many of these studies have been aimed at estimating risk factors for
eye diseases, and therefore, the prevalence rates have included even early abnormalities
assessed with thorough ophthalmic examination, unlike in our study, which estimated the
prevalence of clinically relevant prevalence rates of these major eye diseases. Our findings
were in agreement with the Skovde Cataract Study, which used a grading system and
criteria corresponding to clinically significant cataract (Ostberg et al. 2006). Our results
were also consistent with those of Mitchell et al. (1993), who found that 19% of persons
aged 75-84 years and 26% of persons aged 85 years and older had ARM based on case
records.

Individuals reporting ARM probably had either advanced early ARM or late ARM. In
previous studies, the prevalence of late ARM has varied between 4% and 5% in persons
aged 75-84 (compared with 15% of all ARM in our study) and between 11% and 35%
in persons aged 85 or older (compared with 27% of all ARM in our study) (Laatikainen
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and Hirveld 1995, Mitchell et al. 1995, Vingerling et al. 1995). It is obvious that persons
with late ARM are more aware of their eye disease, although a previous study showed that
67% of patients with late ARM were unaware of it (Topouzis et al. 2006). Late ARM may
go unnoticed because 40-60% of late ARM is found in only one eye, and binocular VA
remains unaffected (Vinding 1989, Laatikainen and Hirveld 1995, Topouzis et al. 2000).

Despite the higher prevalence rates of DR found in earlier studies, proliferative
changes have been present in only 2-4% and macular edema in 3-8% of middle-aged and
elderly persons with DM, and in the majority of cases the changes have been mild (Klein
et al. 1992d, Hirveld and Laatikainen 1997, Mitchell et al. 1998, McKay et al. 2000).
This may at least partly explain the low prevalence of DR in our study. However, we are
concerned that 41% of persons with DM reported not having ever had diabetes-related
retinal photography or a fundus examination, although a quarter of these persons had seen
an ophthalmologist earlier. Perhaps they were merely unaware that a fundus examination
had been performed on that occasion. However, McCarty et al. (1998) and McKay et al.
(2000) also reported that almost one-third of their Australian subjects with a self-reported
history of DM had never seen an ophthalmologist, and only about half had had a retinal
examination in the last two years.

The prevalence of glaucoma seemed to be higher in our data than in many earlier
studies (Tielsch et al. 1991b, Dieclemans et al. 1994, Mitchell et al. 1996, Bonomi et al.
1998, Wolfs et al. 2000, Weih et al. 2001, Nizankowska and Kaczmarek 2005). However,
a substantial geographic variation has been observed in the prevalence rates according
to differences in occurrence of pseudoexfoliation and subsequent capsular glaucoma.
Consequently, the prevalence of glaucoma in other Nordic countries has been more
similar to our findings (Jonasson and Thordarson 1987, Ringvold et al. 1991, Hirvelé et al.
1994, Ekstrom 1996, Jonasson et al. 2003b, Astrém and Linden 2007, Astrom et al. 2007,
Tarkkanen et al. 2008). In these studies, the prevalence of OAG has been 2—5% in middle-
aged or older persons, and capsular glaucoma explained 30-85% of this prevalence. Thus,
one explanation for the higher prevalence of glaucoma in Finland, as in other Nordic
countries, may be the higher prevalence of capsular glaucoma than in other European,
North American, and Australian countries.

In this study, women had unoperated cataract and glaucoma more often than men.
Most previous studies have shown that lens opacities and cataract are more common in
women than in men, but the age-adjusted gender difference was significant in only a few
of these studies (Leibowitz et al. 1980, Hakkinen 1984, Gibson et al. 1985, Jonasson and
Thordarson 1987, Klein et al. 1992a, Hirveli et al. 1995, Reidy et al. 1998, Ostberg et
al. 2006). Contrary to our findings, earlier studies have reported that glaucoma is more
prevalent in men than in women (Leibowitz et al. 1980, Jonasson and Thordarson 1987,
Dielemans et al. 1994, Ekstrom 1996, Bonomi et al. 1998, Reidy et al. 1998, Wolfs et
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al. 2000) or have shown no gender difference (Martinez et al. 1982, Gibson et al. 1985,
Ringvold et al. 1991, Klein et al. 1992b, Hirvela et al. 1994, Weih et al. 2001, Jonasson et
al. 2003b, Nizankowska and Kaczmarek 2005). The gender differences in our study may
be due to earlier manifestation of eye diseases in women and/or differences in seeking
treatment, which is supported by there being no gender difference in the prevalences of
major eye diseases in persons with VA < 0.5. The prevalence of operated cataract was
similar in both men and women.

In accordance with previous studies, the most prevalent eye diseases among persons
with visual impairment were ARM (37%), unoperated cataract (27%), glaucoma (22%),
and DR (7%). However, the exact prevalence rates are impossible to compare between
studies due to different sampling methods, diagnostic criteria, and definitions for visual
impairment and blindness. Moreover, previous studies have assessed the main reason for
visual impairment and blindness, whereas we report the prevalence of major eye diseases
with or without the presence of other chronic eye diseases. This may at least partly explain
the higher prevalence of cataract in our blind subjects (18%) compared with earlier reports
(Attebo et al. 1996, Buch et al. 2004). However, only in 4% of our subjects was unoperated
cataract considered to be the only cause of blindness.

6.1.3 Visual function and disability

Previous studies have suggested that visual function affects physical performance and
everyday living, but the strength of these links remains unknown. In our study, 82% of
visually impaired persons (VA < 0.25) aged 55 years or above had limitations in at least
one ADL, IADL, or mobility function, compared with 48% of those with good vision (VA
> 0.8) The impact of decreasing VA on functional limitations was uniform across genders.
In addition to vision, physical functioning is often affected by various coexisting chronic
diseases, which may at least partly explain the association between VA and functional
limitations. As the close association between VA and physical functioning attenuated
only slightly when we adjusted for many of the relevant diseases, our results suggest
that VA has a strong independent influence on physical functioning in persons aged 55
years and above. The association between both measured and self-reported visual function
and functional limitations remained after controlling for some potential confounding or
modifying factors, such as other chronic diseases, psychological well-being, cognitive
function, hearing, and sociodemographic and behavioral factors. Even after controlling
for these factors, visual impairment (VA < 0.25) increased the odds for ADL, IADL,
and mobility limitations three- to fivefold. The association between self-reported visual
function and functional limitations was quite similar.

Our observations concerning the strong effect of VA on ADL, IADL, and mobility
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limitations correspond with those in most previous reports with comparable outcome
variables (Salive et al. 1994, West et al. 1997, Reuben et al. 1999). However, we observed
a stronger effect of self-reported visual function on functional limitations than the previous
studies, which may be due to the different definitions of self-reported difficulties in vision
(Rudberg et al. 1993, Spiers et al. 2005). Some findings suggesting no association between
visual function and functional limitations have also been reported, but these analyses were
based on subjects who were healthier and had relatively fewer functional limitations than
the general population (Ensrud et al. 1994, Jagger et al. 2005). We found that all separate
ADL, IADL, and mobility tasks were also associated with VA. This is in accordance with
two previous studies reporting an association between self-reported visual function and
IADL limitations (Swanson and McGwin 2004, Sloan et al. 2005a). However, results
concerning ADL tasks have been inconsistent (Swanson and McGwin 2004, Sloan et al.
2005a).

In our study, even a slight decrease in VA, which may easily go undetected, was
associated with limitations in ADL and, particularly, with IADL and mobility tasks. Most of
the IADL and mobility tasks, especially tasks requiring moving about, were compromised
already at VA 0.5-0.63. Persons with VA < 0.5 were more likely to have limitations in
almost all ADL, IADL, and mobility functions than persons with normal vision. However,
increased likelihood of having limitations in dressing and undressing was observed only
in visually impaired persons. The complexity of physical functions and their demands
on vision vary from task to task. Our results suggest that persons with visual impairment
most likely had difficulties in such IADL tasks as banking and shopping compared with
those with normal vision after adjustment for potential confounding variables. This may
indicate that functioning in a wider social context demands sufficient visual ability to cope
with an unfamiliar environment. Visual function is also known to play an important role
in balance, orientation, and gait, but some of the decreased mobility may be due to fear
of falling (Marron and Bailey 1982, Stones and Kozma 1987, Klein et al. 2003, Lee and
Scudds 2003, Deshpande et al. 2008). Decreased visual function may lead to multiple
undesirable consequences, such as social isolation and poorer quality of life. In addition,
lack of physical activity is known to be a major risk factor for further disability (Mor et al.
1989). This highlights the need for evaluation and correction of VA also among those who
are not classified as visually impaired. Improvement in mobility and ADL performance is
more likely with better VA (Salive et al. 1994). Prevention, early detection, treatment, and
rehabilitation of decreased visual function are essential in reducing disability.

The associations between vision and various health conditions and behavioral and
sociodemographic factors have been well established, but only a few studies have explored
the potential causal or mediating effect of these variables on the complex process through
which impaired vision leads to disability. By using a large, representative, population-based
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data and a more comprehensive set of potential confounding factors in analyses, our study
was able to shed further light on the relationship between impaired vision and functional
limitations. In accordance with our results, age, gender, and education have been observed
to explain some of the effect of visual function on functional limitations (Rudberg et al.
1993, Reuben et al. 1999). We found that cognitive impairment, psychological symptoms,
and hearing impairment also contribute to the association between VA and functional
limitations. Persons with visual impairment are known to more often suffer from
depression or dementia, which may be due to a common underlying cause. Alternatively,
visual impairment may predispose to cognitive impairment and depressive symptoms,
leading to disability as suggested by previous studies (Rovner and Ganguli 1998, Lin et
al. 2004, Sloan et al. 2005a). In addition, concomitant hearing and visual impairment have
been found to increase the risk for functional limitations more than visual impairment
alone (Laforge et al. 1992, Lin et al. 2004).

6.1.4 Visual function and use of health and social services

Visual impairment is generally a nonfatal condition, but it is a major public health problem
due to its significant impact on functional ability, independent living, and need for
assistance. Based on our results, many visually impaired people, older persons in particular,
have not had a recent vision examination and lack adequate low vision rehabilitation. We
found that only one-half of the visually impaired (VA < 0.25) aged 30 years and older had
had a vision examination within the last five years. Previous studies have reported that
45-66% of visually impaired people (VA < 0.5) have had a vision examination during the
past one or two years and 77% during the past five years (Orr et al. 1999, Bylsma et al.
2004). Different definitions of visual impairment (VA < 0.25 vs. VA < 0.5 used in previous
studies) and different population samples may partly explain the lower percentage of
eye examination in our study, as we included institutionalized people. The low overall
proportion of vision examinations in visually impaired people may partly be due to the
fact that in cases of untreatable end-stage eye disease, regular eye examinations have not
been considered useful. Diagnosis of visual impairment and untreatable eye disease may
lead to the belief that nothing can be done to improve visual functioning. The role and
benefits of rehabilitation may have been forgotten.

In our study, one-third (31%) of the visually impaired had received low vision
rehabilitation. This finding is consistent with the results reported by Gresset and Baumgarten
(2002), who showed that 29% of people with self-reported visual impairment had received
rehabilitation services for visual impairment. However, they estimated that the prevalence
of low vision services would have been about twofold if it had been assessed only among
persons with permanent visual impairment (i.e. visually impaired persons after refraction
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correction) (Gresset and Baumgarten 2002). This is in accordance with our finding that
low vision rehabilitation was almost twice (52% vs. 31%) as common in people with
blindness (VA < 0.1) as in all visually impaired people (VA < 0.25). In Finland, only
people with untreatable eye disease(s) and permanent visual impairment (VA < 0.3 with
best refraction correction or binocular visual field < 60° or degree of disability > 50% due
to vision) are eligible for free low vision aids and rehabilitation services. In our study, VA
was measured binocularly with the participant’s own spectacles, but best-corrected VA
was not assessed. Thus, there may have been people with correctable visual impairment in
our sample, and our results may underestimate the prevalence of low vision rehabilitation
received, especially among people with low vision.

Sociodemographic and functional status potentially affect the use of eye care services in
the visually impaired. Our results suggest that low education and low income are associated
with limited use of many eye care services. Orr et al. (1999) have also reported that a low
educational level in visually impaired people is associated with nonparticipation in an
eye examination. In accordance with our results, previous studies have found that people
with lower socioeconomic status are also more likely to have an uncorrected refractive
error (Liou et al. 1999, Foran et al. 2002, Munoz et al. 2002, Thiagalingam et al. 2002).
Education is thought to increase knowledge about diseases and their prevention, giving
better opportunities to utilize the health care system (Livingston et al. 1998, Hoevenaars
et al. 2006). People with higher income may have easier access to eye care. However, in
multivariate analyses none of the socioeconomic factors significantly affected the odds of
receiving eye care services, but the number of people in our analyses was small.

Cognitive capacity was one of the most important factors affecting the use of eye care
services. Consistent with our findings, Lupsakko et al. (2003) noted that only one-third
of the visually impaired (VA < 0.3) aged 75 years or older who had a reduced cognitive
function had been examined by an ophthalmologist in the past four years. We also found that
people living in institutions less often had had eye examinations, low vision rehabilitation,
spectacles, and low vision aids than those living at home. In addition to visual impairment,
cognitive impairment and other chronic conditions are common in elderly institutionalized
people. It may, therefore, be difficult to recognize the role of visual impairment and its
consequences in people living in institutions. Decreasing VA in the elderly may also be
seen as part of normal aging. However, de Winter et al. (2004) have estimated that vision
could be seen as improved in 65% of institutionalized people with visual impairment (VA
< 0.4) through cataract extraction and/or low vision aids.

Visually impaired people have been shown to be two to three times more likely to use
community support services or to rely on informal regular help than people with normal
vision (Wang et al. 1999b, Wang et al. 1999¢). Visual impairment has been associated
with a higher incidence of nursing home admission, which may be partly due to the unmet
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need for assistance in managing at home (Wang et al. 2001, Wang et al. 2003b). Previous
studies have demonstrated that in people with ADL or IADL limitations the prevalence
of unmet need for assistance varies between 9% and 21% (Tennstedt et al. 1994, Desai
et al. 2001, LaPlante et al. 2004). In our study, a need for assistance was reported by
71% of visually impaired people, and 24% felt that they received inadequate assistance in
everyday activities. By contrast, only 9% of the general adult population in Finland report
a need for assistance (Aromaa and Koskinen 2004). Based on multivariate regression
models, total and unmet need for assistance were both highly associated with mobility
difficulties independent of VA (data not shown). Female gender and older age seemed to
accentuate the need for assistance in visually impaired people.

6.2 Methodological considerations

A major concern in population studies is nonparticipation. Potentially selective
nonparticipation may cause nonresponse bias unless the participation rate is sufficiently
high (Livingston et al. 1997, Klaver et al. 1998). The Health 2000 Survey had an
exceptionally high response rate, but still the evaluation of the differences between
participants and nonparticipants suggested that participation in the survey was selective.
Of both nonparticipants and participants, 0.4% were registered as visually impaired in
the Finnish Register of Visual Impairment, but based on national registers and obtainable
case records, nonparticipants were less likely to have glaucoma (p = 0.13) and more
likely to have ARM (p < 0.01). Furthermore, persons who were only interviewed had
more limitations in ADL, IADL, and mobility functions than those who also attended the
health examination. There are various potential explanations for this nonparticipation. In
addition to eye diseases, cognitive impairment and other chronic conditions are common
in elderly persons, and the elderly may have mobility restrictions or be too frail to attend
the population survey. Persons with known eye disease requiring regular follow-ups and
medication may, in turn, be more willing to participate in a health examination survey.
To minimize the effect of nonparticipation, the Health 2000 Survey also included
an abridged health examination, including measurement of VA, conducted at home or
in an institution. An abridged interview at home or by phone was carried out in case of
nonparticipation. Even when the abridged examination was taken into account, participation
in the health examination seemed to be less likely in persons aged 75 years and older,
potentially resulting in an underestimation of the prevalence of visual impairment, which
is most common in this age group. Since we had information from the home interview,
we were able to compensate for missing information due to nonparticipation by replacing
each missing value with a set of plausible values using the multiple imputation method
(Lehtonen and Pahkinen 1995) and to evaluate the effect of nonparticipation on the
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prevalence of visual impairment.

The prevalence estimates of clinically relevant proportions of major eye diseases are
predominantly based on self-reported data. Previous studies have reported that only 18%
of persons with ARM, 33% of persons with DR, and 46% of persons with cataract reported
having these eye diseases, possibly due to recall error or uncertainty in the diagnosis
(Klein et al. 1986, Linton et al. 1991). Mild changes, in particular, were less likely to be
reported. Wang et al. (1994) have shown that half of the unreported but earlier diagnosed
eye diseases could be verified in case records. To improve the reliability of our results,
we complemented information on self-reported eye diseases with data from national
registers. In addition, case records for those most likely to have one or more chronic eye
diseases, i.e. nonparticipants and persons with VA < 0.5 or reporting difficulties in vision
or eye diseases without assessed VA, were gathered. Our results concerning the correlation
between register-based and self-reported eye diseases were parallel with previous findings,
but we got higher sensitivity rates than earlier studies. Only the correlation between self-
reported and specialist-assessed ARM in persons aged 30—74 years was poor, due to other
degenerative fundus changes being included in self-reports and the low prevalence of
ARM in this age group. The prevalences of cataract, ARM, and DR in our study may
be underestimations of the true rates in the Finnish population. Persons with glaucoma
could be determined more comprehensively as a result of data obtained from the National
Medication Reimbursement Register and the National Prescription Register, and they
seemed to be more likely to participate in the survey. However, even the prevalence of
glaucoma may be an underestimate because previous studies have reported that 10-50%
of glaucoma patients are unaware of their disease (Tielsch et al. 1991b, Wormald et al.
1992, Wang et al. 1994).

The cross-sectional nature of the data did not enable us to establish the chronology of
the events. However, when studying the association between visual function and disability,
it is more likely that vision impairment affects success in ADL, IADL, and mobility
tasks than functional limitations enhancing visual impairment. Visual impairment and
functional limitations may result from common background factors connected to living
circumstances, behavior patterns, and diseases. This shared origin of visual impairment
and functional limitations was taken into account in our analysis by adjusting for a wide
variety of covariates. However, the data may not have included all relevant confounding
factors, and therefore, we cannot rule out the possibility that at least part of the association
between visual impairment and functional limitations may result from common background
factors. Furthermore, we were unable to analyze how the association between visual
impairment and functional limitations changed along with new compensatory strategies
adopted to perform ADL, IADL, and mobility tasks.

Selective participation may also have had an effect on the results concerning the use of
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eye care services and the need for assistance in visually impaired persons because the use of
eye care services and vision aids may be different among participants and nonparticipants.
Furthermore, information on the use of eye care services was based on self-reports and
therefore subject to memory lapses. To improve the credibility of results, the Health 2000
Survey data on low vision rehabilitation were supplemented with hospital records.
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7 SUMMARY AND CONCLUSIONS

This study provides the first nationwide population-based prevalence estimates of
clinically relevant major eye diseases, visual impairment, and blindness. The majority
(96%) of people maintained at least a moderate visual acuity (> 0.5) up to the age of 85
years when assessed with current refraction correction, if any. The prevalence of habitual
visual impairment (VA < 0.25) was 1.6%, and 0.5% of subjects were blind (VA <0.1). The
prevalence of visual impairment and blindness increased rapidly with age. Although the
overall rate of visual impairment was low, more than 10% of persons 75 years or older had
visual impairment.

Applying the imputated numbers of visually impaired and blind subjects to the Finnish
population (about 3 million aged 30 years or older), yielded ca 65 000 (2.1%) visually
impaired and 17 000 (0.6%) blind adults in Finland in 2000. The high rates of visual
impairment in the fastest growing population segment indicate that the demand for eye
care services will increase substantially in the future.

Based on self-reported and register-based data, the estimated total prevalences of
cataract, glaucoma, ARM, and DR in the study population were 10%, 5%, 4%, and 1%,
respectively. As expected, in persons younger than 65 years the prevalence of these major
eye diseases was low, and only 0.3% of persons having these eye diseases in this age
group had decreased VA (< 0.5). However, all of these chronic eye diseases increased
significantly with age (p < 0.001), and among persons aged 65 years and older, 34% had
cataract, 13% glaucoma, 12% ARM, and 2% DR.

The most prevalent eye disease in people with visual impairment (VA <0.25) was ARM
(37%). Of the visually impaired, 27% had unoperated cataract, 22% glaucoma, and 7%
DR. The high prevalence and important role of these mainly age-related eye diseases as a
cause of visual impairment, together with the growing number of the elderly, necessiate
continuous efforts to discover and treat eye diseases in order to maintain the quality of life
of patients and to alleviate the social and economic burden of serious eye diseases.

Our results suggest that VA has a strong independent influence on physical functioning
in persons aged 55 years and above. Decreased VA was strongly associated with functional
limitations, and even a slight decrease in VA was found to be associated with limited
functioning. The prevalence of limitations in most IADL and mobility functions increased
already at VA 0.5-0.63. Persons with VA < 0.5 had an increased likelihood of having
limitations in almost all ADL, TADL, and mobility functions. A need for assistance
was reported by 71% of visually impaired persons, 24% of whom described receiving
inadequate assistance in everyday activities.

Our findings showed that many of the visually impaired, older persons in particular,
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have not had a recent vision examination and lack adequate low vision rehabilitation. Only
one-half (58%) of visually impaired people had had a recent vision examination, and one-
third (31%) had received formal low vision rehabilitation. Level of visual impairment, low
cognitive capacity, and living in an institution were associated with limited use of vision
rehabilitation services. This highlights the need for regular evaluation of the visual function
of elderly persons and actively supplying information about rehabilitation services.

As the number of elderly people is expected to increase markedly in the near future,
age-related macular degeneration and subsequent visual impairment will also increase due
to lack of a curative treatment. In the majority of cases, rehabilitation services will help to
reduce the impact of visual impairment on functioning, postponing institutionalization and
improving the quality of life (Scott et al. 1999, Hinds et al. 2003). The low prevalence of
regular vision examinations and limited use of vision rehabilitation services highlight the
need to screen visual function in elderly people living either at home or in an institution and
to actively deliver information on rehabilitation services. Every visually impaired person
should receive vision rehabilitation tailored to meet their specific needs. Furthermore,
timely provision of assistance and an adequate supply of social services are essential to
prevent or postpone the need for institutionalization.
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