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ABSTRACT

Kulmala, Jenni

Visual acuity in relation to functional performance, falls and mortality in old age
Jyvéskyla: University of Jyvaskyld, 2010, 98 p.

(Studies in Sport, Physical Education and Health)

ISSN 0356-1070; 152)

ISBN 978-951-39-3958-8 (PDF), 978-951-39-3953-3 (nid.)

Finnish summary

Diss.

Visual impairment is one of the leading causes of functional disability in old
age. With increasing life expectancy, it is predicted that the number of people
with visual impairment will increase significantly in the near future. This study
was conducted to assess visual acuity in older people and to estimate whether
possible visual acuity loss is associated with loss of functional capacity or
disability. Furthermore, visual impairment as a risk factor for falls, other
injurious accidents and mortality was examined.

This study was conducted with three existing data sets. Two data sets
came from the Evergreen project, which is a multi-disciplinary, longitudinal
follow-up study on the health and functional status of residents in Jyvaskyld,
Finland. The first study population comprised all persons aged 75 years in 1989
and the second all persons aged 80 years in 1990. Both populations were fol-
lowed-up for 10 years after the baseline measurements. The third data set came
from the Finnish Twin Study on Aging (FITSA), which investigates the role of
genetic and environmental factors in the disablement process in old age. FITSA
is a 3-year longitudinal study consisting of 434 women aged 63 to 76 years at
baseline, with post baseline fall surveillance for one year and follow-up meas-
urements at three years.

We found that among relatively healthy women aged 63-76, visual im-
pairment correlated with decreased knee extension strength, leg extension
power, maximal walking speed and standing balance. In addition, visual im-
pairment increased the risk of falls (including injurious falls) when accompa-
nied with hearing and balance impairments. Furthermore, we found that
among persons aged 75 and 80 at the baseline, lowered vision was a risk factor
for injurious accidents in the 10-year follow-up. Poor vision also predicted mor-
tality in the 75-year-old population.

Visual impairment has a profound effect on multiple health outcomes and
functional disability, and therefore should be taken into consideration when
aiming to slow down the progression of the disablement process in old age.

Keywords: aging, coimpairment, disability, fall risk, functional capacity,
mobility, mortality, visual acuity, visual impairment
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1 INTRODUCTION

Visual acuity declines with age and this deterioration is faster at higher ages
(Gerson et al. 1989, Klein et al. 2006). With increasing life expectancy, it is pre-
dicted that the number of people with visual impairment will increase signifi-
cantly in the near future. A previous study has reported that in Finland, among
persons aged 65 or over, the best corrected visual acuity is 0.8 (1.0 is considered
normal) in 73%, with a gradual decline with age to 20%, among persons aged 85
years or over. A visual acuity less than 0.1 is found in 1% of persons aged 65
and over and in 7% of those aged 85 or over. Ninety-one percent of persons
aged 65 or over are able to read newspaper-size print by using conventional
presbyopic lenses. For those aged 85 years or over the rate is 50% (Hékkinen
1984). Globally, visual impairment is a major problem, with about 40 million
individuals with blindness and almost 300 million estimated to have visual im-
pairment worldwide (Resnikoff et al. 2004, Sommer 2004).

In the aging eye, pupil size, loss of accommodation and clouding of the
lens diminish the amount of light that can reach the retina. Due to these
changes seeing properly requires a greater amount of light. Colour vision and
contrast sensitivity are also affected by aging (Coeckelbergh et al. 2004). Along
with aging, the lens becomes less elastic and consequently less able to accom-
modate to focus on near objects. This condition, called presbyopia, is considered
a universal age-related change (Newell 1969). Loss of visual field sensitivity is
also a consequence of age-related changes in visual functions (Coeckelbergh et
al. 2004). In addition to normal age-related changes in vision, many diseases are
the causes of visual deficits. The major causes of blindness and visual impair-
ment are related to cataracts, glaucoma, age-related macular degeneration and
diabetic retinopathy -all of which recognize aging as the major risk factor (Fot-
ouhi et al. 2004, Tsai et al. 2005, Cerulli 2008). Also cardiovascular and several
other systemic diseases are associated with visual impairment (Saari 2001).

When decrements in vision exceed normal age-related changes, they may
begin to compromise the ability to carry out the routine activities of daily living.
Vision impairment can affect the most common and simple tasks. It is one of the
leading causes of functional disability in old age (Rovner & Ganguli 1998, Reu-
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ben et al. 1999). Being dependent on others to carry out normal daily activities is
over two times greater among older people with impaired vision when com-
pared to persons with good vision (Keller et al. 1999, Haymes et al. 2002). The
impact of visual impairment on quality of life includes loss of independent liv-
ing, subjective well-being, loss of confidence and depression (Bergman &
Sjostrand 2002, McDonnall 2009). It has also been suggested that visual impair-
ment in old age could be a marker of frailty (Klein et al. 2003a), which is often
defined as decreased resistance to stressors, resulting from declines across mul-
tiple physiologic systems (Fried et al. 2004).

Vision has an important role in balance control, while it provides the
nervous system with continuously updated information regarding the position
as well as the movements of body segments in relation to the environment. Pre-
vious studies have shown that when people with normal vision stand with their
eyes closed, postural sway increases markedly, indicating difficulty in balance
control in the absence of visual feedback (Brooke-Wavell et al. 2002). People
with visual impairment have impaired functional balance more often than those
with better vision (Lee & Scudds 2003). Poor vision therefore increases fall risk
among older people (Ivers et al. 2000, de Boer et al. 2004, Sihvonen et al. 2004a).
The risk of hip fracture is also increased among older people with impaired vi-
sion (Ivers et al. 2000). In addition to poor visual acuity, poor contrast sensitiv-
ity (Lord et al. 1991) and poor depth perception (Lord & Dayhew 2001) are also
major risk factors for fall-related injuries in older people. Fall-related injuries
have adverse effects on health and independent functioning, especially among
older people. Approximately 20% of falls lead to injury that requires medical
attention (Tinetti et al. 1995a). In addition, falling may easily lead to the vicious
circle of fear and activity restriction, which further increases the risk of disabili-
ty. Previous studies have observed increased mortality rates among older peo-
ple with visual impairment (Cacciatore et al. 2004, Freeman et al. 2005, Jacobs et
al. 2005, Pedula et al. 2006), which could be in part a consequence of increased
injury rates (Lee et al. 2003b).

The main pathway in the disablement process as described by Nagi (1976)
and later expanded by Verbrugge & Jette (1994) is that pathology (i.e. the pres-
ence of diseases) causes impairments (which are abnormalities at the physiolog-
ical or anatomical level), which in turn lead to functional limitations (i.e. limita-
tions in basic physical actions) and finally to disability (i.e. difficulties in activi-
ties relevant to daily living). The strong association between visual impairment
and disability, such as self-reported difficulties in activities of daily living
(ADLs) and instrumental activities of daily living (IADLs) has been reported in
several recent cross-sectional and longitudinal studies (Reuben et al. 1999, Lin
et al. 2004, Sloan et al. 2005a, Laitinen et al. 2007). Understandably, poor vision
may directly lead to disability, i.e. through not receiving visual information
about the environment or task being performed. However, it is also possible
that other factors mediate the association of visual impairment and disability.

The consequences of visual impairment in old age have not been exten-
sively studied. Definitions of visual impairment also vary between studies as do
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sample size and sample selection. Moreover, a wide range of assessment meas-
ures have been used to identify vision impairment. Therefore more information
is needed about the consequences of sensory deficits on the disablement process,
which in many cases also cause other adverse outcomes such as loss of inde-
pendence.

In old age, sensory impairments often coincide. Thus far, the combined ef-
fects of poor vision and other sensory impairments on health and functioning
are not well known. Most of the previous studies have focused on the indepen-
dent effects of sensory functions, while only a few studies have investigated the
combined effects (Keller et al. 1999, Reuben et al. 1999, Lupsakko et al. 2002,
Crews & Campbell 2004, Lee et al. 2005b). In this study, in addition to visual
acuity, we studied the effect of co-existing sensory deficits on fall-risk among
older people.

Examining vision in relation to impairments and functional limitations as
well as to disability-related outcomes, such as falls, provides new knowledge
about the factors on the pathway from visual impairment to disability and mor-
tality. This study provides new knowledge about the role of vision in the multi-
factorial disablement process in older people.



2 REVIEW OF THE LITERATURE

2.1 Basic anatomy of the eye

The tough, outermost layer of the eye is the sclera. It maintains the shape of the
eye. The front sixth of this layer is transparent cornea. The light passes through
the cornea when it enters the eye. The cornea is the chief refracting surface of
the eye. The choroid is the second layer of the eye. It contains the blood vessels
that supply blood to structures of the eye. The coloured part of the eye is the iris,
which is an adjustable diaphragm around the pupil. The pupil controls the
amount of light admitted to the eye (Newell 1969).

The lens is a transparent structure located immediately behind the iris and
the papillary aperture and in front of the vitreous body. The lens along with the
cornea helps to refract light to be focused on the retina. The vitreous body is a
transparent gel having the shape of a sphere. Light rays pass through the vitre-
ous before reaching the retina. The innermost layer is the retina, which is the
light-sensing portion of the eye. It contains rod cells, which are responsible for
vision in low light, and cone cells, which are responsible for colour vision and
seeing details. In the back of the eye, in the centre of the retina, is the macula. In
the centre of the macula is an area called the fovea centralis. This area contains
only cones and is responsible for seeing fine detail clearly. The retinal nerve
fibres collect at the back of the eye and form the optic nerve, which conducts the
electrical impulses to the brain. The spot where the optic nerve and blood ves-
sels exit the retina is called the optic disk (Figure 1) (Newell 1969).
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2.2 Visionin old age

221 Age-related changes in visual system

There are a number of structural and physiological changes which are associ-
ated with aging and have an effect on vision. These changes may occur in the
cornea, the pupil, the lens and the retina, and singly or in combination affect
visual functions. Some of these changes, especially changes in the lens, can be
adapted to because the deterioration is often gradual and slow. Therefore older
persons may be unaware of or underreport impaired vision. Some of these
changes are normal and do not signify any disease process. Age-related changes
in the visual functions often concern the quality or sharpness of the picture
(Haegerstrom-Portnoy et al. 1999, Ball 2003, Bonnel et al. 2003).

The changes in the cornea due to aging are mostly asymptomatic and do
not usually affect vision, hence they not require treatment. However, the aged
cornea becomes more susceptible to infections (Cerulli & Missiroli 2008). In the
aging eye, the pupil decreases in size and loses its mobility. This causes the pu-
pil to become less responsive to changes in ambient lighting. When the maxi-
mum size of the pupil decreases, less light reaches the retina, resulting in poorer
vision, especially in low light situations. That is one reason for older people
needing more light for comfortable reading and functioning than younger
adults (Artal 2008).

The principle function of the eye’s crystalline lens is to focus the image on
the retina and enable accommodation, which is the process by which the eye
changes optical power to maintain a clear image on an object as its distance
changes (Alio et al. 2008). From young adulthood, the lens gradually becomes
less flexible. The collagen content of the lens becomes thicker and harder. As a
result, the lens becomes less elastic and consequently less able to change shape
(accommodate) to focus on near objects. This condition, called presbyopia (old-
age sightedness) is considered a universal age-related change. Presbyopia re-
sults in the need to hold reading material further away in order to focus clearly
on the print. Usually reading glasses help to focus on reading. Presbyopia
usually becomes noticeable in the early to mid-40s. It is not a disease, and it
cannot be prevented (Newell 1969, Lim & Constable 1995, Saari 2001). Besides
the physiological changes in the lens, the additional effects caused by exposure
to external physical and chemical factors, e.g. medications, lead to modifica-
tions in the quality of the optic lens (Alio et al. 2008).

Aging causes the retina, which is responsible for the reception and trans-
mission of visual stimuli, to become less sensitive. The cone cells in the retina
are responsible for color vision. Therefore decline in sensitivity along with ag-
ing, causes colors to become less bright and the contrast between different col-
ors to be less noticeable (Bonnel et al. 2003, Binder & Falkner-Radler 2008). The
rod cells are situated more in the peripheral retina and are responsible for peri-
pheral and dark vision. Dark adaptation is affected by age-related changes in
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these cells as well as changes in visual pathway. This may lead to difficulties e.g.
when walking about or toileting during nighttime. Also, older people are more
likely to be dazzled by bright sunlight. When walking from a dimly lit room
into bright lighting, older people often experience temporary blindness until the
eyes adjust to this dramatic change in illumination (Fotiou et al. 2007, Radha-
krishnan & Charman 2007).

Aging also causes a loss of visual field (Taylor et al. 1997). The visual field
refers to the space or range within which objects are visible to the immobile eye
at a given time. Changes in the visual field are due, for example, to decreased
pupil size as well as opacities in the lens. Previous studies have reported a pre-
valence of visual field loss ranging from 5.6% to 17% in adults aged 40 and old-
er (Taylor et al. 1997, Ramrattan et al. 2001). Restriction of a person’s visual field
increases the likelihood of slips and trips.

Some older people experience a decrease in tear secretion accompanied by
a sense of dry eyes. This is usually caused by a problem with the quality of the
tear film that lubricates the eyes (Obata 2008). For this reason, eyes may feel
irritated. This condition can be relieved with the application of artificial tears.
Also the eye lid’s elevator muscle function declines with age. This decline re-
sults in a decreased ability to look upward, making it more difficult to see ob-
jects that are above eye level. This may lead to narrowed vertical visual field
(Feher & Olah 2008). It has been suggested that age-related changes in the orbi-
cular muscles of the eye may generally be related to muscle aging (Feher &
Olah 2008). However, in the absence of disease, vision should be correctable to
normal level in even very old individuals, despite of these age-related changes.
The sudden or even gradual weakening of vision is a sign of illness and needs
immediate medical attention.

2.2.2 Diseases affecting vision in old age

In addition to normal age-related changes in vision, many primary ocular dis-
eases as well as systemic diseases affect visual functions (Figure 1). Age-related
macular degeneration (AMD) is an ocular disease that causes damage to the
retinal macula, mostly in the older people. AMD is a disease that gradually de-
stroys sharp, central vision, ultimately leaving the affected individual with only
orienting vision and the peripheral visual field (van Leeuwen et al. 2003, Binder
& Falkner-Radler 2008). Central vision is needed for seeing objects clearly and
for common daily tasks. AMD occurs in two main forms: wet and dry. Wet
AMD occurs when abnormal blood vessels behind the retina start to grow un-
der the macula. These new blood vessels tend to be very fragile and leak blood
and fluid. The blood and fluid raise the macula from its normal place. Damage
to the macula and consequently loss of central vision may occur rapidly in days
or weeks. Dry AMD occurs when the light-sensitive cells in the macula slowly
break down, gradually blurring central vision (Kanski 1989, Saari 2001). Normal
aging processes can lead to structural and blood flow changes that can predis-
pose patients to AMD, although advanced age does not inevitably cause AMD.
However, age as well as family history, smoking and hypertension are consi-
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dered risk factors for age-related macular degeneration (van Leeuwen et al.
2003, Klein et al. 2004, Jager et al. 2008, Ting et al. 2009). AMD is the leading
cause of visual deterioration and legal blindness in patients over 60 years of age
in the Western World (Kanski 1989, Klein et al. 1997, Congdon et al. 2004). A
previous nationally representative population-based study in Finland reported
that the estimated prevalence of AMD increased from 1% in those aged 30-64 to
27% among persons aged 85 and over (Laitinen et al. 2009).

Cataract is a common cause of visual loss in older population (Congdon et
al. 2004). Cataract occurs as the lens becomes cloudy and yellowish with aging.
The normal lens is clear, but because of protein aggregation in cataract, the lens
loses transparency (Newell 1969, Kalina 1997). Cataract reduces visual acuity
and the loss of transparency in the lens may also contribute to a decrease in the
ability to discriminate colors. In addition to advanced age, smoking, diabetes,
and exposure to UVB light have consistently been identified as risk factors for
cataract development (Abraham et al. 2006). In the Finnish population among
persons 30 and older, the estimated prevalence of cataract (including operated
cases) is about 9.5%. The prevalence increases significantly with age from 2% in
persons under 65 to 67% in those aged 85 or older (Laitinen et al. 2009).

Glaucoma is considered one of the leading causes of visual impairment
worldwide. Glaucoma is the name given to a group of diseases in which typi-
cally the intraocular pressure is sufficiently elevated to damage vision. Howev-
er, the degree of increased intraocular pressure causing damage is not the same
in every individual. Some persons may tolerate high pressure for a long time,
while others with the same intraocular pressure rapidly go blind. Increased
intraocular pressure damages the optic disc and nerve (Newell 1969, Kanski
1989). In Finland glaucoma is considered the main cause of visual deterioration
in 1.5% of cases among persons aged 70 years or older (Hirveld & Laatikainen
1995).

In addition to eye-related diseases, many systemic diseases may affect vi-
sion. Diabetes is one of the leading causes of visual loss in older people. The
risk of blindness is about 25 times as great in diabetics than in persons without
diabetes. Diabetic retinopathy is the result of microvascular retinal changes.
Retinal vessels leak blood and other fluids that cause swelling of retinal tissue
and clouding of vision. The incidence of diabetic retinopathy is related to the
duration of diabetes (Kanski 1989). The estimated total prevalence of diabetic
retinopathy in the Finnish population aged 30 years and older is 1% (Laitinen et
al. 2009). Nearly all persons with type 1 diabetes and more than 60% of persons
with type 2 diabetes have some retinopathy after 20 years (Mohamed et al.
2007). It is known that optimal management of blood glucose levels and hyper-
tension reduces the incidence and progression of retinopathy (Mohamed et al.
2007, Paulus & Gariano 2009). Cataract also develops more often in diabetic in-
dividuals and at a younger age (Lim & Constable 1995).

Other systemic diseases, especially cardiovascular diseases, hypertension,
thyroid and rheumatoid diseases, may affect the eye. Genetic and infectious
diseases, as well as cancers and endocrinological diseases may also reduce vis-
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ual acuity (Saari 2001). In some developing countries, keratomalacia (vitamin A
deficiency) is a major cause of blindness (Lim & Constable 1995, Setdld 1995).

Glaucoma:
Destroys the optic
nerve tissue result-
ing in visual field
loss, which can pro-

Vitreous gel

gress to blindness. _ & { $ / Cornea
Age-related macular
degeneration:
Affects the macula i
and gradually de- W h Lens
stroys sharp, central Cataract:
vision. Retina Lens gradually be-
comes less clear caus-
ing e.g. blurry vision,
Diabetic retinopathy: increased sensitivity
A result of microvascular retinal to light, and poor
changes, which cause swelling of the night vision

retinal tissue and clouding of vision

FIGURE1  The basic anatomy of the eye and the most common age-related diseases.
Figure modified from: National Eye Institute, National Institutes of Health,
Bethesda, MD.

2.2.3 Prevalence of visual impairment in older populations

Visual acuity

Visual acuity (VA) is the most common measurement of visual function. It is
the spatial resolving capacity of the visual system. VA refers to the ability to see
details on which the gaze is fixed. Most of the optotypes used in visual acuity
charts are based on the idea of ophthalmologist Herman Snellen (1834-1908),
who invented a chart containing square shaped letters. The letters on the chart
are drawn making the maximal dimension, usually the height, five times the
thickness of the elementary line. According to Snellen, visual acuity is normal
when a person recognizes a figure in which the elementary line is seen in an
angle of one arc minute, which is equal to one sixtieth (1/60) of one degree, and
the maximal dimension of the letter is seen in an angle of five minutes (Voipio
1995). The visual acuity (V) of the person is characterized by the Snellen fraction:
V=d/D, in which d is the distance used and D is the distance on which the op-
totype fulfills the demand of one minute of arc visual angle (Voipio 1995).
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In Finland, visual acuity is usually expressed as a decimal number. In
many other countries, for example in the USA, the vulgar fraction is used. A
decimal value of 1.0 is equal to the fractional visual acuity of 20/20, where the
foot is used as a unit of measurement. When using meters, the standard visual
acuity of 1.0 is equal to 6/6 (6 meters) or 5/5 (5 meters). In Finland, vision
charts are usually designed for distance of five meters between the face of the
examinee and the chart. VA is typically measured monocularly. It is measured
according to the size of letters or other symbols, such as Landolt rings, Tum-
bling E, alphabets and numeral figures (Voipio 1995). The room used for mea-
suring visual acuity has to be sufficiently large with light colored walls (Voipio
1995). VA is commonly measured with best refraction correction. Habitual vis-
ual acuity, which refers to VA measured with the person’s own spectacles, is
also used. The correlation between habitual vision and VA with best refraction
correction has been shown to be high (Klein et al. 1999a).

However, VA measures only the smallest detail we can see; it does not
represent the quality of vision in general. In addition to visual acuity, several
other aspects of vision can also be clinically assessed, such as visual field, con-
trast sensitivity and colour vision. Contrast sensitivity refers to the ability to
differentiate between two objects of different light intensity, for example the
ability to see a black object against a gray wall.

Refractive errors

A common cause of decreased visual acuity is refractive error. This is a physio-
logical condition where the refracting system of the eye fails to focus objects
sharply on the retina. It is usually corrected with glasses. Myopia (short sighted-
ness) is an optical condition where images of distant objects are focused in front
of the retina so that vision for distance is blurred, but near vision is normal. Hy-
pertropia (long sightedness) is a condition where a distant object is focused be-
hind the retina (Lim & Constable 1995). Attebo et al. (1999) found that the pre-
valence of hyperopia is age-related, increasing from 36% of persons aged <60
years to 71% of persons aged 80 and over, whereas prevalence of myopia de-
creases with age, from 21% of persons aged <60 years to 10% of persons over 80
years of age (Attebo et al. 1999). Astigmatism refers to an optical defect in which
vision is blurred mainly due to an irregular curvature of the cornea or lens. In
an eye with astigmatism, light rays are skewed and do not come to focus at a
single point only, but instead are focused at two separate points (Newell 1969).
Age is one of the most important predisposing factors of undercorrected refrac-
tive error. It has been reported that the risk for undercorrected refractive error
increases by 1.8 times for every decade of life starting at 40 years of age. How-
ever, it should be noted that, for example, education modifies this risk (Liou et
al. 1999).

Definitions of visual acuity impairment
Vision impairment usually means that a person's eyesight cannot be corrected
to a normal level. The World Health Organization (WHO 1992) uses the follow-
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ing classifications of visual impairment (vision in the better eye with best possi-
ble glasses correction):

o 0.67-0.33 (20/30 to 20/60) = mild vision loss

e 0.29-0.13 (20/70 to 20/160) = moderate visual impairment, or moderate
low vision

e (.10-0.05 (20/200 to 20/400) = severe visual impairment, or severe low
vision

o (.04-0.02 (20/500 to 20/1,000) = profound visual impairment, or pro-
found low vision

o Less than 0.02 (20/1,000) = near-total visual impairment, or near total
blindness

» No light perception = total visual impairment, or total blindness.

The Unites States criterion for visual impairment is also commonly used in the
previous literature. Accordingly, blindness is defined as best-corrected visual
acuity of <0.1 in the better eye and low vision as a best-corrected visual acuity
of <0.5 but >0.1 in the better eye. Visual impairment is defined as a best-
corrected visual acuity of <0.5 in the better eye (Tielsch et al. 1990, Munoz et al.
2000).

Prevalence of age-related visual acuity loss

It has been estimated that the loss of best corrected visual acuity is approxi-
mately two lines in the visual acuity chart for each decade after age 50 (Ferrer-
Blasco et al. 2008). With increasing life expectancy, it is predicted that the num-
ber of people with visual impairment due to age-related changes as well as dis-
eases will increase significantly in the near future (Lee et al. 2003). Studies of the
prevalence of visual impairment are numerous. Recent data from the Copenha-
gen City Eye Study assessed the cause-specific prevalence of visual impairment
in an urban Scandinavian population aged 60 to 80 years. In their study visual
impairment was defined according to the World Health Organization criterion
(VA of 0.33-0.05 in the better eye) and the criterion most commonly used in the
United States (VA worse than 0.5 but better than 0.1 in the better eye). They
found the prevalence of low vision according to the WHO definition ranged
from 2.6% in subjects aged 70 to 74 years to 5% in subjects 75 to 80 years of age.
Using the U.S. definition, the overall age-adjusted prevalence of visual impair-
ment was 3%. In comparison with other studies, these prevalence rates are ra-
ther low. A study by Munoz et al. (2000) reported that in older Americans aged
65-84 years visual acuity worse than 0.5 increased from 4% in the 65- to 74-year
age group to 16% in the 80- to 84-year group. The overall percentage in this
study population was 5% (Munoz et al. 2000). It has also been estimated that
almost 40% of persons aged 75, who survive 15 years, develop visual impair-
ment (VA < 0.5) during that time (Klein et al. 2006). The prevalence rates among
some ethnic minorities are even higher, indicating that socioeconomic factors
are strongly associated with visual loss, especially uncorrected refractive errors
(Munoz et al. 2000, Munoz et al. 2002).
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In the developed countries the number of blind people was estimated to
be 3.5 million in 1990 and 3.8 million in 2002, an increase of almost 9%. During
the same period the size of the population aged 50 years and older in these
countries had increased by 16%. More significantly, it is estimated that about 18
million people had visual impairment in 2002, compared to 10 million in 1990.
These figures represent an increase in unavoidable causes of visual impairment
linked to an increase in the size of the population over 60 years of age. Globally,
visual impairment is a major problem, with about 40 million individuals with
blindness and over 120 million estimated to have severe visual deficits world-
wide (Resnikoff et al. 2004). See Table 1.

TABLE 1 Global estimates of visual impairment, by WHO region, 2002. (Resnikoff et al.

2004)

Afr Amr Emr Eur Sear Wpr
Population 672238 852551 502 823 877 886 1590832 1717536
No. of blind
people 6782 2419 4026 2732 11 587 9312
No. with very
low vision (VA 19 996 13116 12444 12789 33 496 32481
of 0.05-0.3)
No. with visual
impairment* 26 778 15 535 16 469 15 521 45 083 41793

*includes low vision as well as blindness

Afr, WHO African Region; Amr, WHO Region of the America; Emr, WHO Eastern Medi-
terranean Region; Eur, WHO European Region; Sear, WHO South-East Asia Region; Wpr,
WHO Western Pacific Region.

Hakkinen et al. (1984) reported that in Finland among persons aged 65 or over
the best corrected visual acuity was 0.8 in 73%, with a gradual decline with age
to 20% in late senescence (85 years or over). The poorest acuity level of less than
0.1 was found in 1% of persons aged 65 and over and in 7% of those aged 85 or
over. 91% of persons aged 65 or over were capable of reading newspaper-size
print with conventional presbyopic lenses. For those aged 85 years or over the
rate was 50% (Héakkinen 1984). A recent large population-based study among
adults aged 30 and over showed that the prevalence of visual acuity of 0.5 or
more (measured with current spectacles) declined with increasing age from 99%
in the youngest age group to 46% in people aged 85 and over. The prevalence of
visual acuity of < 0.25 increased significantly, especially in the age group of 65
to 74 years and upward (Laitinen et al. 2005). Among older nursing home resi-
dents in Finland, the prevalence of uncorrected distant visual acuity in the bet-
ter eye has been shown to be less than 0.4 in 76% of men and 68% of women
(Rifaat & Kiveld 1989).
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2.3 Vision in relation to functional capacity and health in old age

2.3.1 Vision in relation to muscle strength, mobility and functional inde-
pendence

Age-related changes in muscle strength and power

Age-related decreases in muscular strength and power have been well docu-
mented (Lexell 1995, Rantanen et al. 1997, Bemben 1998, Rantanen et al. 1998,
Lauretani et al. 2003, Faulkner et al. 2007). These decreases are associated with
age-related muscular and neural changes (Lexell 1995, Lamoureux et al. 2001). It
has been estimated that by 80 years of age, approximately 50% of the fibers are
lost from the muscle that have been studied (Lexell et al. 1988, Faulkner et al.
2007). Loss of muscle mass subsequently leads to reduced muscle strength. The
annual decline in isometric strength is about 1-2% (Rantanen et al. 1997, Ranta-
nen et al. 1998) and the deterioration in muscle power is even faster at 2-4% per
year (Skelton et al. 1994). The age-related reduction in muscle mass and
strength is widely considered one of the major causes of disability in older per-
sons (Roubenoff 2003, Rolland et al. 2008). However, it is known that a number
of modifiable factors, including a low level of physical activity and poor diet,
are associated with increased decline in muscle strength among people (Forrest
et al. 2007). In addition, previous studies have suggested that some people may
be more prone to decreases in muscular strength and power in old age due to
their genetic disposition. It has been estimated that approximately 20-30% of the
interindividual differences in isometric muscle strength and muscle power are
accounted for by genetic effects (Tiainen et al. 2004, Tiainen et al. 2005, Tiainen
et al. 2008).

Vision and muscle function

In the previous literature, only a few studies have examined the association be-
tween visual functions and muscle strength or power in older people. A strong
cross-sectional correlation between visual acuity and hand grip strength is
found among persons aged 43 and older (Klein et al. 2003). In the same study
population, cataract was associated with weaker hand-grip strength (Klein et al.
2006). The study by Uusi-Rasi et al. (2001) compared muscle performance
among 40-year-old women with normal vision and with visual impairment (VA
< 0.3). They found that the muscle strength of the upper-limb flexors and trunk
flexors was significantly better in the group with normal vision, while there
were no differences in mean values for leg extensor strength between the
groups (Uusi-Rasi et al. 2001). It has been suggested that the association be-
tween poor vision and muscle weakness may be due to structural protein simi-
larities in the lens and skeletal muscles. Another possible explanation is that
aging processes may affect both functions at the same time (Klein et al. 2006).
Since previous studies have shown that visual deficits are associated with
avoidance of physical activity (Kempen et al. 2009), it is also possible that the
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low level of physical activity among visually impaired persons may compro-
mise their muscle performance.

Mobility in old age

Mobility is defined as the self-reported or observed ability of a person to move
safely and efficiently from one position to another within the environment. Li-
mited mobility is a condition in which an individual has limitations in inde-
pendent physical movement (Shumway-Cook et al. 2005). In this study mobility
refers to a person’s ability to move around independently, with or without
walking aids. When measuring mobility, the spectrum of available procedures
encompasses self-report measures, such as difficulties in walking, chair-rising
or negotiating stairs and performance-based measures, which evaluate mobility
directly. Performance-based measurements provide standardized information
and therefore more attention is now paid to them.

Mobility function declines with age. However, it is difficult to know
whether the changes observed are attributable to the aging process or some un-
derlying pathological process. Cross-sectional studies have found clear differ-
ences between healthy older adults and younger adults. It has been reported
that gait speed remains comparatively stable until the seventh decade and the-
reafter slows 15% per decade (Wolfson 2001). Diminished gait speed is asso-
ciated with decreased stride length and single support time (single foot on the
floor) as well as increased double support time (both feet on the floor) (Wolfson
2001). Maximal walking speed is more affected by aging than habitual walking
speed (Bohannon 1997). Difficulties in walking 0.5 km, walking indoors and
walking up 10 stairs increase in frequency with advancing age (Tilvis et al.
1997). Steffen et al. (1992) reported that mean test scores show a trend of age-
related declines for the Six-Minute Walk Test, Timed Up and Go Test as well as
for the comfortable- and fast-speed walking test for both men and women (Stef-
fen et al. 2002). Data from longitudinal studies on mobility and changes with
aging are limited. In the study by Onder et al. (2002) among women aged 65 or
older, walking speed declined and time in the chair stand test increased by ap-
proximately 16%-27% over a 3-year follow-up (Onder et al. 2002). Maintaining
mobility is a major goal for maintaining independence in older people (Rubens-
tein et al. 2001). Impaired mobility decreases quality of life (Netuveli et al. 2006),
increases the chance of institutionalization (von Bonsdorff et al. 2006) and is
associated with higher risk of mortality (Tilvis et al. 1997, Hirvensalo et al. 2000).

Vision and mobility

Worse visual function is strongly associated with limitations in mobility and
poorer physical performance. A few studies have investigated the cross-
sectional association between vision and performance-based physical functions,
such as walking ability, the chair stand test and stair climbing (Salive et al. 1994,
Sakari-Rantala et al. 1998, West et al. 2002, West et al. 2002, Laitinen et al. 2007).
Performance-based mobility limitations have been shown to increase when dis-
tance visual acuity declines below 0.8 (Laitinen et al. 2007). Salive et al. (1994)
showed that performance-based measure of rising from a chair was cross-
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sectionally associated with worse visual acuity, and in prospective analyses par-
ticipants with severe visual impairment had a 3-fold higher risk of incident mo-
bility limitation than those with visual acuity of 0.5 or better (Salive et al. 1994).
West et at. (2002) found that poor visual acuity was associated with failure on
the maximum walking speed test (nine or fewer 3-meter lengths completed in
one minute), as well as inability to rise from a chair with arms crossed over the
chest at least four times in one minute among adults aged 55 and over (West et
al. 2002). A large population-based data from Finland showed that among older
people at same age, inability to walk 6.1 meters at a speed of 1,2m/s or faster is
three times more likely in visually impaired persons than among those with
good visual acuity (Laitinen et al. 2007).

As well as decreased visual acuity, also other aspects of vision correlate
with poor mobility. Impaired contrast sensitivity is associated with slower
walking velocity, increased step width, and reduced stride length (Wood et al.
2009). Impairments in contrast sensitivity and visual fields are also associated
with increased double-support time (time spent with both feet in contact with
the ground) (Wood et al. 2009). Having a normal lower visual field has been
shown to be important especially when walking in a multi-surface terrain (Ma-
rigold & Patla 2008). Also a sudden reduction from normal to marginal lighting
when older persons are walking on an uneven surface reduces walking speed
(Moe-Nilssen et al. 2006). Furthermore, Helbostad et al. (2009) reported that ma-
nipulating older persons” vision in simple conditions (walking straight ahead
without obstacles) leads to a decrease in walking speed, cadence (steps/minute)
and step length. Simulated tunnel and double vision in particular had the
greatest effects (Helbostad et al. 2009).

Vision plays an important role in balance, gait and orientation and there-
fore its implications for mobility are readily apparent. Visual impairment and
mobility difficulties may also arise from background factors in common, for
example diseases. In addition, it is possible that decreased mobility among vi-
sually impaired older people may be due to fear of falling, since poor visual
acuity has been identified as a one of the risk factors for fear of falling (Arfken
et al. 1994, Murphy et al. 2003).

Vision and disability

Disability refers to reported difficulties in or an inability to perform activities of
daily living (ADL) and instrumental activities of daily living (IADL) due to a
health or physical problem. It is considered as a gap between a person’s abilities
and environmental demands (Verbrugge & Jette 1994). It is known that visual
impairment is one of the leading causes of self-reported functional disability in
old age (Rovner & Ganguli 1998, Reuben et al. 1999). Poor vision can affect even
the most common and simple tasks. Cross-sectional studies have shown that
visually impaired persons aged 55 and above have limitations in eating, going
to the toilet, washing oneself, moving about in own apartment, dressing, getting
in and out of bed and in IADLs, such as using the phone, cooking, shopping,
laundering, banking four to five times more likely than persons with good vis-
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ual acuity (Laitinen et al. 2007). They have also more difficulties in managing
medications (Crews & Campbell 2004). The proportion of the older people de-
pendent on others to carry out daily activities is over two times greater among
older people with impaired vision (Keller et al. 1999, Haymes et al. 2002). Ac-
cording to self-reports, older people with visual loss have 3 times more likely
difficulties in walking and in getting outside than persons without sensory
problems (Crews & Campbell 2004). A strong association between visual im-
pairment and self-reported functional status, especially in ADLs and IADLs and
self-reported mobility has been established in many recent studies (Laukkanen
et al. 1994, West et al. 1997, Keller et al. 1999, Reuben et al. 1999, Haymes et al.
2002, Swanson & McGwin 2004, Bibby et al. 2007, Laitinen et al. 2007). Objec-
tively measured visual impairment increases the risk for ADL, IADL and mobil-
ity limitations three to five-fold and the association between self-reported visual
loss and functional limitation is quite similar (Laitinen et al. 2007). Furthermore,
among older people the presence of visual impairment increases the risk of de-
veloping future ADL- and IADL limitations (Dunlop et al. 2002).

2.3.2 Visual acuity, health and mortality

Visual impairment correlates strongly with self-rated health (Wang et al. 2000,
Jacobs et al. 2005, Wang et al. 2006). Persons aged 18 and over who report vis-
ual impairment are two times more likely to report poor self-rated health com-
pared to persons with good visual acuity (Lam et al. 2008). Visual impairment is
also strongly associated with more frequent visits to a physician or hospital
among adults 18-64 years of age, and restricted activity and bed rest days
among males aged 45 years and older (Lee et al. 2005a). Reduced mobility in
visually impaired older people may contribute to obesity, which is associated
with various diseases such as diabetes, hypertension and cardiovascular diseas-
es (Meigs 2003, Evangelista & McLaughlin 2009). Among older persons with
visual acuity of 0.5 or lower the risk for institutional placement is over three-
fold compared to persons with visual acuity of 1.0 or more (Klein et al. 2003).
Older people with eye-related diseases have in many cases additional
chronic conditions. AMD correlates for example with hypertension, heart dis-
ease, thyroid disorder and cancer (Brody et al. 2001). Cataract may be associated
with cardiovascular diseases, diabetes and hypertension (Borger et al. 2003).
Eye-related diseases, such as AMD, glaucoma and cataract correlate with de-
pressive symptoms. It has been reported that up to one third of persons aged 60
and over with AMD have depressive symptoms (Brody et al. 2001). Also many
serious systemic diseases, such as leukaemia, cardiovascular diseases, infectious
diseases and genetic diseases may decrease visual acuity (Saari 2001). In addi-
tion, a previous Finnish population-based cohort study revealed that cancer
incidence among persons with visual impairment is increased for most cancer
types (Pukkala et al. 1999). It has been suggested that this association may simp-
ly reflect the effects of lifestyle or other factors with a potential influence on
cancer risk, namely smoking, alcohol abuse, low level of physical exercise, and
poor diet (Pukkala et al. 1999, Verkasalo et al. 1999). It has also been suggested
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that visual impairment may be associated with an increased risk of suicide
through its effect on poor health (Lam et al. 2008).

Several studies have shown that mortality rates are higher among older
people with lowered visual acuity (Klein et al. 1995, Reuben et al. 1999, Taylor
et al. 2000, McCarty et al. 2001, Lee et al. 2002, McCarty et al. 2002, Cacciatore et
al. 2004, Freeman et al. 2005, Jacobs et al. 2005, Pedula et al. 2006) as well as
among people with total blindness (Taylor et al. 1991, Krumpaszky et al. 1999).
Older persons with poor visual acuity and poor contrast sensitivity are at high-
er risk of all cause mortality and, in particular, death due to trauma. A previous
study reported that among Caucasian women aged 65 and older, all-cause mor-
tality rates (per 100 000 person-years) ranged from 1 816 for persons with the
best baseline visual acuity to 4 715 for persons with the poorest visual acuity.
Similar rates were seen for contrast sensitivity. Traumatic mortality rates were
about three times higher for women in the poorest visual acuity (108 per 100
000) than for those in the best visual acuity (37 per 100 000) (Pedula et al. 2006).
Severe bilateral visual impairment has been shown to be strongly associated
with increased injury mortality in adults aged 18 and over, increasing the risk
over ten-fold compared to persons with no visual deficits (Lee et al. 2003b). In
the Beaver Dam Eye Study, conducted in USA in 1988-1990, visual impairment
was related to decreased survival after controlling for age and sex. However,
after controlling for other survival-related factors, such as BMI, cardiovascular
diseases, diabetes, cancer and inactive lifestyle this relationship was no longer
significant (Klein et al. 1995, Borger et al. 2003). Other reports have shown that
depression and reported number of falls also markedly attenuate the associa-
tion between visual acuity and mortality among people aged 75 and over
(Thiagarajan et al. 2005).

Eye-related diseases, such as age-related maculopathy, cataract, diabetic
retinopathy and glaucoma correlate with shorter survival (Minassian et al. 1992,
Henricsson et al. 1997, Klein et al. 1999, Taylor et al. 2000, Wang et al. 2001, Bor-
ger et al. 2003, Lee et al. 2003a, Clemons et al. 2004, Buch et al. 2005). Data from
case-control studies have shown that older patients undergoing cataract extrac-
tion have significantly higher mortality than patients undergoing other, non-
ocular elective surgical procedures (Hirsch & Schwartz 1983, Benson et al. 1988)
or same aged persons in the US population (Street & Javitt 1992). Cataract has
also shown to be associated with increased cancer and cardiovascular mortality
risk (Thiagarajan et al. 2005). Further, the presence of severe diabetic retinopa-
thy in diabetic patients increases the risk of ischemic heart disease death (Klein
et al. 1999). The Rotterdam Eye Study, conducted in Netherland in 1990-2000,
revealed a strong relationship between AMD and higher all-cause mortality,
but after correction for additional confounders, such as smoking, BMI, choles-
terol level, hypertension, cardiovascular diseases and diabetes, the association
was markedly attenuated. Similar results were obtained when examining the
associations between cataract and glaucoma and mortality (Borger et al. 2003).
In addition, an increased risk of cardiovascular disease mortality as well as all-
cause mortality among persons aged 18 and over with glaucoma has been es-
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tablished (Lee et al. 2003a). It is possible that the age-related eye diseases as
well as visual impairment are predictors of shorter survival because they share
common risk factors for mortality.

Based on these previous results, it is reasonable to assume that visual im-
pairment at least partly reflects confounding by comorbidities, risk factors and
other factors related to susceptibility to death. It is also known that visual im-
pairment and blindness are the end-stage of many metabolic and systemic dis-
eases (Tielsch et al. 1995). However, both visual impairment and eye-related
diseases have been reported as significant risk indicators for poorer survival
even after adjusting for other survival-related factors (Wang et al. 2001, Buch et
al. 2005, Knudtson et al. 2006). Therefore it is also possible that visual impair-
ment reflects biological aging, and thus its health effect is substantial. This indi-
cates that the relationship between visual loss and mortality could also be direct.
This is suggested by the results obtained by Freeman et al. (2005), who reported
that persons aged 65 and older who gained in visual acuity (owing to cataract
surgery or proper correction of refractive errors) over a 2-year follow-up period
had a lower risk for death compared to those whose acuity worsened or did not
change (Freeman et al. 2005). Although several factors on the pathway from
poor vision to mortality have been identified, the interpretation of this associa-
tion is still unclear and warrants further studies.

2.4 Vision in relation to postural balance and falls

24.1 Visual functions and postural balance

Balance refers to the ability to maintain postural control in an up-right position.
Balance in the eyes open and eyes closed as well as balance during tandem
standing show longitudinal age-related declines (Era et al. 2002). Balance dis-
orders among older people represent a growing public health concern due to
their association with falls and fall-related injuries.

Balance calls upon contributions from vision, vestibular sense, propriocep-
tion, muscle strength and reaction time. With increased age, there is a progres-
sive loss of functioning of these systems which can contribute to balance deficits.
In addition to age-related vision loss, the sensitivity of cutaneous receptors de-
clines, resulting in a reduced ability to feel the quality of contact between the
feet and the surface below (Shaffer & Harrison 2007, Sturnieks et al. 2008). Also
a gradual decline in the vestibular system begins as early as age 30 (Park et al.
2001). Additionally, muscle strength and reaction time (Tucker et al. 2008) de-
cline with age, which contributes to balance problems in old age (Frontera et al.
2000, Hughes et al. 2001, Tucker et al. 2008, Danneskiold-Samsoe et al. 2009).
However, older people show considerable variation in postural balance. It has
been suggested that the genetic influences on postural balance while standing
or walking account for 14-35% of individual differences (Pajala et al. 2004, Pa-
jala et al. 2007).
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Vision plays an important role in both maintaining balance while standing
still and remaining stable while moving within the environment. Vision pro-
vides the nervous system with continuously updated information regarding the
position and movements of body segments in relation to the environment. This
is an important source of information for postural control. A removal of visual
cues by closing the eyes has been shown to increase body sway among people
with normal vision, indicating difficulty in balance control in the absence of
visual feedback (Brooke-Wavell et al. 2002). Equally, standing balance in older
persons in nursing homes, as measured by the amount of sway has been shown
to be worse for those who have visual impairment (Maeda et al. 1998). Older
people with vision impairment have also impaired functional balance more of-
ten than those with better vision. A previous study by Lee & Scudds (2003)
found that older people with good vision performed better and were more sta-
ble in difficult items of the Berg balance test, for example, reaching an arm for-
ward while standing, placing alternate foot on step or stool while standing un-
supported, standing unsupported one foot in front, and standing on one leg
(Lee & Scudds 2003).

When the effect of visual input (eyes open versus eyes closed) is compared
during standing on an unstable surface in a group of healthy community-
dwelling older people, the participants have significantly more difficulties in
balancing in the eyes-closed condition (Whipple et al. 1993). Also in a study of
older adults with age-related maculopathy, visual acuity and contrast sensitivi-
ty were significantly associated with poorer postural stability on a foam surface
(Wood et al. 2009). Similar results was obtained by Lord et al (1991), who found
that among relatively independent older adults with a mean age of 83 years,
decreased visual acuity was not associated with increased sway on the hard
surface, but on the foam surface poor visual acuity correlated strongly with in-
creased sway (Lord et al. 1991). These results indicate that visual influences on
postural balance become more important during stance on a compliant surface.
When standing on a foam mat, the proprioceptive input from the feet and an-
Kkles is reduced, and subjects are compelled to rely more on other sensory and
motor systems to maintain stability.

Previous studies have also shown that the reliance on visual information
for the maintenance of postural balance increases with advancing age, with
older adults aged 85 and over swaying up to 38 per cent more with eyes closed
than persons aged 50 to 60 years (Pyykkd et al. 1990). The increased reliance on
vision for the maintenance of postural stability occurs in women as early as 50
years of age (Choy et al. 2003).

It is known that poor vision causes deterioration in the control of standing
balance due to lack of visual feedback about body posture (Brooke-Wavell et al.
2002). It is also possible that deterioration in vision and in balance ability devel-
op at the same time while the processes underlying them are independent, or
they may share common risk factors, or both may be biological markers of ag-
ing. Common background factors, such as diseases, may explain the associa-
tion between poor vision and decreased postural balance.
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2.4.2 Visual acuity in relation to falls and fall-related injuries

Falls in older people

A fall is most commonly defined according to the definition given by the Kel-
logg International Work Group on Prevention of Falls by the Elderly (1987) as
“an event in which the person unintentionally comes to rest on the ground,
floor, or other lower level for other reasons than sudden onset of acute illness or
overwhelming external force”. Previous studies indicate that about one third of
community-dwelling persons aged 65 years and older fall each year and half of
this number fall repeatedly (Tinetti et al. 1988, Moylan & Binder 2007). Falls oc-
cur more frequently in nursing home settings, with up to 60 per cent of resi-
dents reporting at least one fall per year (Lord et al. 2003). It is also known that
the proportion of older people who fall each year increases with their advanc-
ing age. Also the risk of serious injury increases with each fall (Moylan &
Binder 2007).

Falling in older people is a multifactorial phenomenon, which is partly
caused by intrinsic (person-related) factors, attributable to age- or disease-
related changes occurring within the older adult. Extrinsic factors (those asso-
ciated with environmental features) also elevate the risk for falls during the per-
formance of activities of daily living. In many cases, falls are caused by the in-
teraction of both of these factors (Tinetti et al. 1995b). A number of intrinsic risk
factors for falls in older people have been identified. The most common under-
lying causes for falls include muscle weakness, gait and balance problems, vis-
ual impairment, cognitive impairment, depression, functional decline and me-
dications, particularly psychotropics (Rubenstein & Josephson 2002, Rubenstein
2006, Hartikainen et al. 2007).

A few previous studies have separated the risk factors for outdoor and in-
door falls and found that the risk factors for indoor and outdoor falls are differ-
ent. In the study conducted by Bergland et al. (2003) indoor falls were affected
by slower walking speed, poorer functional capacity, morbidity and poor cogni-
tion. Older people with faster walking speed, symptoms of depression or visual
impairment were more likely to fall outdoors (Bergland et al. 2003). Indoor falls
also increase the risk for new falls by more than two-fold in older people aged
65 and over (Close et al. 2003). In addition, older people with indoor falls have
been found to be less confident in maintaining balance and also to have lower
scores in the functional balance test (Kulmala et al. 2007). Often, older persons
have multiple risk factors predisposing them to falls. The risk for falls increases
consistently with the presence of one or several known predisposing factors,
such as depressive symptoms, orthostasis, cognitive impairment, decreased
sensory functions, poor balance, gait deficits, poor muscle strength and mul-
tiple medications (Tinetti et al. 1988, Nevitt et al. 1989). Newitt et al. (1989)
showed that the percentage of community-residing older people experiencing
multiple falls increased from 10% when only one risk factor was present to 69%
for those with four or more risk factors (Nevitt et al. 1989). This multifactorial
nature of falls cannot be overemphasized and therefore factors predisposing to
falls need to be well understood.
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The consequences of falls range from mild to severe. Falls are the leading
cause of morbidity and nursing home admission in old age. Even a single non-
injurious fall increases the risk of admission to a nursing facility almost five-
fold over a three-year follow-up in people over 71 years of age (Tinetti & Wil-
liams 1997). Falls and fall-related injuries also appear to be independent deter-
minants of functional decline and disability in community-dwelling older per-
sons (Tinetti & Williams 1998, Laird et al. 2001). Each year, at least 10 percent of
falls among older people lead to a serious injury, including fractures, head inju-
ries and serious soft tissue injuries (Tinetti et al. 1988, Tinetti et al. 1995a). One
of the most serious consequences of falling among older people is hip fracture,
which is followed about 1% of falls and the incidence of which appears to be
increasing (Kannus et al. 1999a, Kannus et al. 1999b). Hip fracture increases the
use of health and social care, need for help in daily activities and use of assistive
devices (Osnes et al. 2004). Approximately 20% of hip fractures lead to perma-
nent hospitalization (Marottoli et al. 1994). High mortality rates have also been
observed among older people with hip fracture (Wolinsky et al. 1997, Farah-
mand et al. 2005).

There are also important psychosocial consequences associated with fall-
ing, even in the absence of physical injury. These psychosocial consequences of
falls include fear of falling and social isolation, which may further lead to li-
mited activity, functional decline, muscle weakness and future falls (Tinetti et al.
1994, Moylan & Binder 2007). Of those older persons who have previously
fallen without injury about 30% report fear of falling, while among persons
with previous injurious falls the prevalence rate for fear of falling is 40%
(Howland et al. 1993). Ideally, older people at risk for falls should be identified
and modifiable risk factors should be addressed before any serious injury oc-
curs.

Vision in relation to falls and fall-related injuries
The evidence from the current literature indicates that impairments of visual
functions are associated with increased fall risk in older people (Lord et al. 1991,
Koski et al. 1998, Abdelhafiz & Austin 2003, Coleman et al. 2004, Faulkner et al.
2009). Both self-reported problems with seeing (Sihvonen et al. 2004a) as well as
clinically measured visual impairment (Lord et al. 1991, Klein et al. 1998, Kuang
et al. 2008) are more common in fallers than non-fallers. Distance visual acuity
is a commonly investigated visual function in relation to falls. In a recent review
on the association between visual impairment and injuries, it was concluded
that older persons with visual loss are 1.7 times more likely to have a fall and
1.9 times more likely to have multiple falls compared with peers with good vi-
sion. In previous studies, the risk estimates for falls among visually impaired
persons range from 1.2 to 5.4 (Legood et al. 2002). It has been suggested that
visual acuity below 0.65 increases the risk for falls by two-fold (Ivers et al. 1998).
Poor visual acuity has been shown to be a significant predictor, in particu-
lar, of recurrent falls and fall-related injuries in community-dwelling older peo-
ple (Ivers et al. 1998, Koski et al. 1998, Lord & Dayhew 2001, Coleman et al.
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2004). A recent prospective study showed that among persons whose visual
acuity declined over a period of approximately 5 years prior to a 12-month fol-
low-up for falls, had substantially higher risk for frequent falling during the
follow-up compared to persons, who did not lose VA (Coleman et al. 2004).
Visual impairment increases the risk for falls in community-dwelling (Nevitt et
al. 1989, Lord et al. 1994, Ivers et al. 1998) and also in institutionalised older
people (Tinetti et al. 1986).

Cross-sectional data from an emergency department showed that over
70% of the older people who had sustained an injurious fall had visual acuity
lower than 0.5 (Jack et al. 1995). The risk of fall-related hip fracture is signifi-
cantly increased among older people with visual loss (Grisso et al. 1991, Klein et
al. 1998). Visual acuity of less than 0.2 in both eyes increases hip fracture risk
more than two-fold. The strength of the association between visual acuity and
hip fractures increases with the severity of the visual deficit and the association
is even stronger for people aged 75 and older (Dargent-Molina et al. 1996, Klein
et al. 1998, Ivers et al. 2000, Ivers et al. 2003).

Although some of the previous studies are limited by the use of retrospec-
tive data, the use of large samples provides convincing evidence of the associa-
tion between reduced vision and falls and fall-related injuries. However, a few
studies have failed to detect a significant relationship between visual acuity and
falls (Tinetti et al. 1988, Arfken et al. 1994, Cesari et al. 2002) or between vision
and hip fractures (Cummings et al. 1995). It has been suggested that the associa-
tion between vision and falls may be attributable to the characteristics of the
population studied. A prospective population-based study conducted in rural
Finnish municipalities found that poor vision (VA < 0.3) was strongly asso-
ciated with major injurious falls (including fractures, joint dislocations, lacera-
tion requiring sutures and intracranial injuries) among home-dwelling older
people aged 70 and over who also had other functional disabilities, such as the
inability to walk between rooms, inability to get in and out of bed and inability
to do housework. However, among older people who were functionally inde-
pendent the association between visual acuity and injurious falls was no longer
significant (Koski et al. 1998). In addition, a recent study by Lamoureux et al.
found a non-significant association between vision and falls, but reported that
visually impaired people were three times more likely to fall if they were physi-
cally inactive (Lamoureux et al. 2010). These findings suggest that visual acuity
may become more significant risk factors for falls when accompanied with oth-
er aspects of function decline.

Other aspects of visual functioning have also been found to correlate with
fractures and other fall-related injuries. Whereas visual acuity is a measurement
of fine detail vision, contrast sensitivity tests a person’s ability to detect edges
under low-contrast conditions and may therefore be important in order to de-
tect ground-level hazards. Therefore loss of contrast sensitivity may predispose
older people to trip over obstacles and outdoor hazards. Poor contrast sensitiv-
ity (Lord et al. 1991, de Boer et al. 2004), visual field impairment (Ivers et al.
1998) and poor depth perception (Cummings et al. 1995, Lord & Dayhew 2001)
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have proved to be major risk factors for fall-related injuries in older people. A
prospective study among community-dwelling people aged 63-90 showed that
multiple fallers had decreased vision in all aspects of visual functioning, but
impaired depth perception, contrast sensitivity and low-contrast visual acuity
were the strongest risk factors for recurrent falls (Lord & Dayhew 2001). It has
been suggested that inability to detect an association between visual acuity and
falls in a number of previous studies may have occurred because these meas-
ures of vision have not been assessed (Tinetti 2001).

Poor vision can contribute to a fall directly through inaccurate perception
of the environment as well as indirectly through difficulties in coordinating gait
and balance. While many factors are associated with falls among older people,
poor vision is most certainly essential for maintaining postural balance, effec-
tive mobility and avoiding falls. The visual system is the key to the early detec-
tion of potential balance threats during walking. Therefore additional studies,
which deepen knowledge about fall aetiology in older people, are still needed.

2.5 Co-existing sensory deficits in relation to health deterioration
among older people

Previous studies have shown that the number of impairments in old age is as-
sociated with an increasing rate of negative outcomes, such as disability (Ran-
tanen et al. 1999, Rantanen et al. 2001, Cesari et al. 2006) and falls (Tinetti et al.
1995¢c). However, little is known about the combined effects of multiple im-
pairments, despite the fact that with increasing age the proportion of persons
having impairments in multiple systems (commonly referred as coimpairments)
increases.

In old age, sensory impairments often coincide. Like vision impairment,
hearing impairment has been identified as a major chronic condition in old age
(Strawbridge et al. 2000). It has been estimated that more than half of persons
aged 60 and over experience hearing impairment (Cruickshanks et al. 1998).
Previous studies have also shown a strong relationship between vision and
hearing impairment in older people; along with each 1-line reduction in pre-
senting visual acuity, the prevalence of hearing loss increases by 13% (Chia et al.
2006). Cataract and age-related maculopathy are also associated with hearing
loss (Chia et al. 2006). It has been estimated that the overall prevalence of con-
current vision and hearing impairment in an adult population is 3% and in-
creases from 1% for persons aged 18-44 years to 7-8% for adults aged 70 and
older and 17% for persons aged 80 years and older (Caban et al. 2005). An even
higher prevalence, over 20%, has been observed among aged care clients (Jee et
al. 2005).

In addition to vision and hearing, the control of postural balance is also
dependent on several other systems, such as the central nervous, vestibular and
somatosensory systems, which are vulnerable to age and disease-related
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changes. For example, it has been estimated that over 30% of US adults aged 40
years and older have vestibular dysfunction and that the proportion increases
significantly with age (Agrawal et al. 2009). In addition, age-related changes in
both the number and sensitivity of muscle and joint receptors contribute to a
less accurate knowledge of limb position, especially when the body is moving
(Shaffer & Harrison 2007).

It is assumed that the problems encountered by older people with co-
existing sensory impairments are considerably greater than the effects of vision
impairment alone, because when two or more sensory impairments are com-
bined, the person is seriously deprived of compensatory strategies from other
sensory sources. In cross-sectional studies, older persons with both vision and
hearing loss demonstrate higher rates of ADL and IADL dependency than per-
sons without sensory deficits (Keller et al. 1999, Lupsakko et al. 2002, Crews &
Campbell 2004). Combined vision and hearing impairment has also been shown
to be a strong predictor of functional dependency during a 10-year follow-up
even after adjusting for sociodemographic characteristics and chronic condi-
tions among people aged 55 and older (Reuben et al. 1999). Persons with com-
bined sensory impairment also report low rates of excellent health and high
rates of poor health and depression (Lupsakko et al. 2002, Crews & Campbell
2004). They also tend to have more restricted activity days, more days of bed
rest and more visits to the physician than persons with only one impairment
(Lee et al. 2005b). Further, Lin et al. (2000) reported that combined vision and
hearing impairment was associated with decline in cognitive capacity (meas-
ured with the Mini-Mental State Examination) during a 4-year follow-up in
women aged 69 and over (Lin et al. 2004). Mortality risk is also higher among
people, who report concurrent vision and hearing impairment as compared
with persons reporting either visual impairment or hearing impairment alone.
This association increases with the severity of these impairments (Lam et al.
2006, Lee et al. 2007).

In a few previous studies, the effect of co-existing sensory deficits on fall
risk among older people has been studied. Tinetti et al. (1995) found falling in-
cidence to increase significantly along with the number of predisposing factors,
such as slow timed chair stands, decreased arm strength, decreased vision and
hearing and a high score for anxiety or depression (Tinetti et al. 1995c). In an
earlier retrospective study among persons aged 70 or older, those with coexist-
ing self-reported vision and hearing impairment were 3.0 times more likely to
have fallen during the previous 12 months than persons without vision or hear-
ing problems (Crews & Campbell 2004). The ability to maintain an upright posi-
tion depends on the interaction of multiple physiological systems, including
vision, the vestibular system and proprioception. These balance control systems
send signals to the central nervous system about head and body movements.
The complex structure of sensory input involved in maintaining an upright po-
sition and the interaction between vision and other sensory systems makes it
possible for people with only one sensory impairment to compensate for the
lack of information from that channel by using other sensory information avail-
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able to them. This is supported by previous studies among people with blind-
ness or deafness, where changes have been observed in the processing of in-
formation by the remaining sensory modalities (Proksch & Bavelier 2002, Dye et
al. 2007). However, studies assessing co-existing sensory deficits in relation to
health deterioration continue to be warranted in order to recognize more poten-
tial high-risk groups.



3 PURPOSE OF THE STUDY

The purpose of this study was to assess whether visual impairment is related to
functional capacity, falls and mortality among older people. The aim was to
provide new knowledge about the role of visual acuity in the multifactorial dis-
ablement process in older people.

The specific aims of the study were:

1. To examine the association between visual impairment and other im-
pairments (decreased lower extremity muscle strength and power and
impaired balance), functional limitations (decreased walking speed) and
IADL disability and further, to examine the predictive value of decreased
vision in the development of lower extremity impairment in a three-year
follow-up. (Study I and previously unpublished data)

2. To examine visual impairment as a risk factor for falls and injurious ac-
cidents. Further, the impact of co-existing vision, hearing and balance
impairments on falling incidence was assessed. (Studies II and III)

3. To determine whether visual loss is associated with increased all-cause
mortality in a ten-year follow-up and what factors might lie on the
pathway from poor vision to mortality in older community-dwelling
people. (Study IV)



4 THE STUDY FRAMEWORK

The main pathway in the disablement process described by Nagi (1976) and
later expanded by Verbrugge & Jette (1994) is that pathology (i.e. the presence
of diseases) influences impairments (which are abnormalities at the physiologi-
cal or anatomical level), which lead to functional limitations (i.e. limitations in
basic physical actions) and finally to disability (i.e. difficulties in activities rele-
vant to daily living). The pathway is modified by risk factors (predisposing
characteristics), intra-individual factors (e.g. lifestyle and behavioral changes)
and extra-individual factors, such as external support. This means that although
functional limitation may be a direct consequence of pathology or impairment,
it may also be caused by direct or indirect predisposing risk factors, such as be-
havioral characteristics or lifestyle. Also intra-individual factors, such as life-
style or behavioral changes along with extra-individual factors, such as medical
care may either slow down or accelerate the progression of the disablement
process. This model is used as a method of conceptualizing the impact of dete-
rioration of vision on older people and thus on disability. This model also en-
ables elaboration of the connections between vision and functional limitation.
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FIGURE2  The disablement process by Verbrugge and Jette (1994) applied to visual im-
pairment and the study outcomes.

The model has been adapted for application to those with visual impairment by
Verbrugge and Jette (1994). Pathologies may be defined as conditions, such as
eye-related or systemic diseases, which have negative effects on visual acuity.
Impairments are abnormalities or conditions in a specific body system, such as
decreased visual acuity. Functional limitations refer to restrictions in perform-
ing physical and mental actions such as physical functioning and altered com-
munication. Disability is a negative outcome and refers, for example, to the
need for assistance with daily activities (Verbrugge & Jette 1994).

Falls and injurious accidents, which are also used as outcomes in this
study, are considered disability-related factors in the literature (Czerwinski et al.
2008, Lang et al. 2009, Wahl et al. 2009). They are associated with several com-
ponents of the disablement pathway and they may accelerate the disablement
process. Further, disability subsequently leads to significantly increased risk for
falls and mortality (Fletcher et al. 2009, Klijs et al. 2010).
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Examining vision in relation to impairments, functional limitation and
disability-related outcomes will provide new knowledge about the factors on
the pathway from visual impairment to disability and even mortality. It is im-
portant to pay more attention to early signs of disability in old age when aiming
to slow down the progression of the disablement process in this life phase. Pre-
vious studies which have examined the association between poor vision and
functional capacity have mainly focused on isolated components of this disab-
lement process. This study expands the perspective by taking several factors
simultaneously into account in this process.



5 PARTICIPANTS AND METHODS

5.1 Study design and participants

The analyses included in this thesis were based on prospective observational
population-based studies. Three separate study samples with one- and ten-year
follow-up times for falls and injurious accidents, three-year follow-up for func-
tional capacity and ten-year follow-up for mortality were used. Two data sets
came from the Evergreen project which is a multi-disciplinary, longitudinal fol-
low-up study on the health and functional status of residents in Jyvéskyls,
Finland. The third data set came from the Finnish Twin Study on Aging (FITSA),
which investigates the role of genetic and environmental factors in the disable-
ment process in old age. The Evergreen project has been conducted in close co-
operation with the City of Jyvdskyld. The FITSA study was conducted in col-
laboration with the University of Helsinki. The studies used are summarized in
Table 2.

5.1.1 The Evergreen Project (Studies II and IV)

The Evergreen project is a multidisciplinary, prospective study on health and
functional capacity among older people. The target group for this study com-
prised all community-dwelling persons aged 75 years in 1989 (N=388, 261
women and 127 men) and 80 years in 1990 (N=291, 213 women and 78 men)
living in Jyvéaskyld, Finland. Research centre examinations, which consisted
clinical examinations on health and functional status, were conducted for the
75-year-old cohort in 1989 (n=295) and for the 80-year-old cohort in the year
1990 (n=206). The data also consist of face-to-face interviews on health, func-
tioning and living habits. After the baseline measurements, follow-up data for
injurious accidents was collected for 10 years after the baseline from patient re-
cords maintained by the local health care centres and central hospital. Death
dates were received from the official register of the province of Central Finland.



38

Complete data on visual acuity was available for 416 participants, i.e. 61%
of the target population. This sample is used in this thesis, in studies II and IV.
Those participants who had missing data were most frequently 75-year-old
women, had an average of 2 chronic diseases and only 8% of them rated their
health as very good or good. No significant differences were found between
participants and non-participants in gender, difficulties in reading a newspaper
or functional capacity at baseline or mortality during the subsequent ten years.
Comparisons between persons in the study target group with and without base-
line visual acuity (VA) measurements are presented in Table 3. The study pro-
tocol in described in detail by Heikkinen (1997).

5.1.2 Finnish Twin Study on Aging (Studies I and III)

The Finnish Twin Study on Aging (FITSA) is a study of genetic and environ-
mental effects on the disablement process in older female twins. The partici-
pants for the FITSA study were recruited from the Finnish Twin Cohort, which
is a longitudinal study of the genetic and environmental factors of chronic dis-
eases and risk factors (Kaprio & Koskenvuo 2002). The Finnish Twin Cohort
comprised the same-sex twin pairs born before 1958 with both co-twins alive in
1975 (n=13 888 twin pairs). The Finnish Twin Cohort contained 1260 female
twin pairs born in 1924-1937. The participants, who participated in Finnish
Twin Cohort Study in 1975 and were in the age group of 63-76 years in August
2000, were selected for FITSA study. An invitation to participate in FITSA was
sent to every monozygotic twin pair (n=178), every third dizygotic twin pair
(n=212) and to 24 female twin pairs with uncertain zygocity. The twin study
design has been described in detail by (Tiainen et al. 2004). A total of 828
women were contacted of whom 434 took part. The inclusion required that both
co-twins could participate and were able to travel to the research laboratory.
Altogether 428 persons took part in fall surveillance for one year after the base-
line measurements. Totally 3 persons were unable to participate in fall surveil-
lance due to poor health and 3 persons refused to participate. An invitation to
take part in three-year follow-up measurements in 2004 was sent to all baseline
participants. However, 8 of the participants refused to participate due to poor
health, 7 had died and 106 women consented to participate solely in an inter-
view. Thus, totally 313 women participated in follow-up measurements in labo-
ratory. Although the sample consisted of twins, in this study we treated the
sample as a set of individuals by taking into account the within-pair depend-
ency in the statistical analyses.



TABLE 2 Summary of study designs, populations and outcomes.

Study Data set Population Design Age Outcomes

I FITSA 434 community- Observational 63-76 Impairments
dwelling women at ~ Cross-sectional and - Maximal isometric knee ex-
baseline, three-year follow- tension strength
313 at three-year up - Leg extension power
follow-up - Standing balance

Functional limitations
- Maximal walking speed

ITand IV Evergreen 416 community- Observational 75-year-olds n=223 Disability-related outcomes:
dwellers Longitudinal 10- Men n=80 - Injurious accidents, which
Men=136 year follow-up Women n=143 required medical examina-
Women=280 80-year-olds n=193 tion (Study II)

Men n=56 - Mortality (Study IV)
Women n=137

III FITSA 428 community- Observational 63-76 Disability-related outcome:

dwelling women Longitudinal 1-year - Falls
follow-up

Previously FITSA 434 community- Observational 63-76 Disability

unpublished dwelling women at  Cross-sectional - IADL

data the baseline

6¢
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TABLE 3 Comparisons between persons in the Evergreen study target group with and
without baseline visual acuity (VA) measurements. Frequencies, percentage
and statistical significance (chi-square tests).

Characteristics Participated in VA Did not participate =~ p-value
measurements in VA measure-
ments
75-year-old persons
Number of people 223 133
Female gender 143 (64%) 93 (71%) 0.222

Major difficulties in
reading a newspa-

per 15 (9%) 10 (10%) 0.443
Baseline walking

speed* 1.6+0.4 1.6+0.4 0.866
Died during the 10-

year follow-up 107 (48%) 65 (49%) 0.871
80-year-old persons

Number of people 193 75

Female gender 137 (71%) 51 (74%) 0.643

Major difficulties in
reading a newspa-

per 24 (13%) 9 (15%) 0.649
Baseline walking

speed* 1.3+0.4 1.1+0.6 0.108
Died during the 10-

year follow-up 138 (72%) 56 (77%) 0.393

*mean * SD, statistical significance tested with independent samples t-test

5.2 Measurements

The complete battery of laboratory examinations lasted approximately 5 hours
per each participant and comprised measurements of physical functions, func-
tional abilities and an examination conducted by a physician.

5.21 Impairments

Visual acuity (explanatory variable, Studies I-1V)

The visual acuity data were collected as part of the clinical examination at the
Sports and Health Laboratory at the University of Jyvaskyld. Visual acuity (VA)
measurements were carried out first without and then with participants’ own
spectacles using the illuminated Landolt ring chart (Oculus 4512). Subjects were
seated during the measurement and the chart was positioned at five meters dis-
tance. Both eyes were examined separately. Participants were requested to state
in which direction the gaps in black circles on the white background point (up,
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down, right, left). If the answer was correct, the subject was asked to perform
the same task for the next smaller line and so on until the line with the smallest
circles was reached. The Landolt ring chart consists of 13 lines, where visual
acuity is scored from 0.125, if the subject can only see the first line, to 2.0, if the
subject can correctly see the last line. The Landolt rings are widely accepted as
the standard of reference in measuring distance VA (Sloan et al. 1952).

In the Evergreen study, by modifying the WHO and the Unites States cri-
teria, the following three visual acuity groups were formed. VA of <0.3 in the
better eye was defined as visual impairment (VI). VA of > 0.3 but < 0.5 in the
better eye was defined as lowered vision (LV) and visual acuity of more than
0.5 was defined as normal vision (NV). Visual acuity of 0.5 and 0.3 are conven-
tional cut points that have also been used in other studies (Tielsch et al. 1990,
West et al. 1997, Reuben et al. 1999, Thiagarajan et al. 2005). In addition, visual
acuity of 0.5 is a statutory driving cut point in Finland.

In the FITSA study, the participants were rather healthy and well-
functioning. In this study population, the proportion of those with visual acuity
of less than 0.5 was very small (47 persons, 11% of the study population). With
such a small group, it was not possible to conduct meaningful analyses. For this
reason, we decided to use the standard definition of good vision (VA of 1.0) as a
cut point. Participants from the FITSA data are therefore divided into those
with visual acuity of less than 1.0 (n=191) and to those with visual acuity of 1.0
or over (n=237). Table 4 summarizes the definitions of normal vision and visual
impairment used in this study.

TABLE 4 Definitions of normal visual acuity and visual impairment in this study.
FITSA EVERGREEN

Definition Visual acuity n Visual acuity n

Normal vision >1.0 237 >05 228

Lowered vision 203 but<0.5 123

Visual impairment <1.0 191 <03 65

Hearing (explanatory variable Study 111)

Audiometric measures were performed by an experienced audiology assistant
in a soundproof booth, using a clinical Madsen OB 822 audiometer equipped
with THD 39 headphones (Madsen Electronics, Denmark). The better ear hear-
ing threshold level was defined as a pure-tone average of thresholds at 0.5, 1, 2
and 4 kHz. In accordance with the European Union Working Group recom-
mendations, a person was defined as having hearing impairment if the hearing
threshold level of the better ear was = 21dB (Stephens 2001).

Balance (outcome measure Study I, explanatory variable Study 11I)
Balance was measured using the Good Balance force platform measurement
system (Metitur Ltd, Jyvadskyld, Finland) (Pajala et al. 2008). The tests were car-
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ried out by two trained physiotherapists. The medio-lateral and antero-
posterior movements of the center of pressure (COP) were measured during
semitandem stance (heel of one foot positioned alongside the big toe of the oth-
er foot) with eyes open and gaze fixed at a point marked at eye level at a dis-
tance of two meters. During the balance testing, the participants were instructed
to stand as still as possible in a well-balanced position, with their arms held
down by their sides. COP movement was recorded for 20 seconds. When all the
measurement points were read, the medio-lateral (x) and anteroposterior (y)
coordinates of the center of pressure were calculated on the basis of these ver-
tical force signals using the Good Balance software. To compensate for the poss-
ible influence of the center of mass being located at the higher point among the
taller subjects, the absolute COP measures were standardized for height [(COP
variable/subject height) x 180]. The mean moment of velocity (VEL; mm?/s)
was calculated as the mean of the areas covered by the movement of COP dur-
ing each second of the test. Lower scores represent better balance. Adequate
reliability of this force platform method has been demonstrated by Sihvonen &
Era (1999).

Muscle strength and power (outcome measure Study I)

Maximal voluntary isometric knee extension strength (Study I) was measured
from the side of the dominant hand in a sitting position using an adjustable dy-
namometer chair (Good Strength, Metitur Ltd., Jyvaskyld, Finland). The meas-
urement was done at a knee angle of 60° from full extension. The ankle was fas-
tened by a belt to a strain-gauge system. After familiarization with the meas-
urement, three to five maximal efforts, each separated by a 1-min rest interval
period, were conducted. The data were digitized into Newtons (N), recorded
and stored on a computer using the Good Strength software package (Metitur
Ltd.). For each subject the best performance with the highest value was ac-
cepted as the result. In our laboratory, the coefficient of variation for knee ex-
tension strength between two consecutive measurements performed 2 weeks
apart has earlier been 6.3% (Rantanen et al. 1997).

Leg extensor power (Study I) was measured using the Nottingham Leg
Extensor Power Rig (Bassey & Short 1990) in an upright sitting position with
arms folded across the chest, the active leg towards the push-pedal and the free
leg resting on the floor. The push-pedal was located in front of the seat, which
makes the direction of movement almost horizontal. First, the leg on the domi-
nant hand side was measured, followed by the other leg. The subject was in-
structed to push the pedal as hard and as rapidly as possible. Two to three prac-
tice trials were allowed for the participants to familiarize themselves with the
method. The measurement was repeated until no further improvement oc-
curred, but at least five times. The intertrial rest period was 30 s. For each sub-
ject, the highest value was used in the analysis. The results were recorded,
computed, and expressed in watts (W) using the Leg Rig software package
(PC214E; University of Nottingham, Medical Faculty Workshops, Queen's
Medical Centre, Nottingham, UK). Muscle power measurement with the Not-
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tingham power rig has been validated and found to be safe and acceptable
among older people (Bassey & Short 1990). The test-retest coefficient of varia-
tion for this population in our laboratory was 8% between two measurements
one week apart (Tiainen et al. 2005). In this study, impairments in strength and
power are considered as lower extremity impairments.

5.2.2 Functional limitations

Walking speed (outcome measure Study 1, mediating factor Studies I and IV)

In both study populations maximal walking speed over 10 meters was meas-
ured in the laboratory corridor using photocells for timing. Three meters were
allowed for acceleration. Participants were instructed to "walk as fast as possi-
ble, without compromising safety". Participants wore walking shoes or sneakers
and use of a walking aid was allowed if needed. The test was done twice and
the faster performance was documented as the result. For the analyses, maximal
walking speed (m/s) was calculated. The test-retest coefficient of variation in
our laboratory after an interval of 1-2 weeks in 63-76-year-old women was 5 %
(Pajala et al. 2005).

5.2.3 Disability and disability-related outcomes

IADL disability (outcome in previously unpublished data)

Information on instrumental activities of daily living (IADL) disability was col-
lected with regard to eight IADL tasks: preparing meals, washing clothes,
shopping, coping with heavy housework, administering and taking medica-
tions, using the telephone, using public transport and handling finances
(Lawton & Brody 1969). The participants were asked whether they 1) had no
difficulty in performing the task, 2) had some difficulty, 3) had a lot of difficul-
ties, and 4) were not able to do the task or needed help in performing the task.
For each individual IADL task, participants were categorized into those who
were able to do the task without any difficulty and to those who has at least
some difficulty. A summary score for these eight tasks, ranging from 0 to 8 was
calculated.

Disability-related outcomes: falls, injurious accidents and mortality (outcome measure
Studies II-1V, mediating factor Study IV)

In the Finnish Twin Study on Aging (FITSA), the follow-up data for falls during
12 months were gathered from 428 participants (Study III). A fall was defined
as unintentionally coming to rest on the ground, floor or other lower level for
reasons other than unexpected overwhelming force (Kellogg International
Work Group on Prevention of Falls by the Elderly 1987). The participants were
requested to report their falls each day by marking in their calendars whether a
fall had happened or not. At the end of each month, the participants mailed the
relevant calendar page to the research centre. If a fall had occurred, the research
assistant called the participant and asked about the immediate environment,
circumstances, causes and consequences of the fall.
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In the Evergreen project information about injurious accidents, i.e. acci-
dents which required medical examination, was collected for 10 years after the
baseline from patient records maintained by the local health care centres and
central hospital (Studies II and IV). Information was collected on the dates,
course of events (falling, traffic accident or other), diagnosis and medical treat-
ment. The data on participants without an accident were censored at the time of
death or at the end of the follow-up. Death dates during the ten-year follow-up
were received from the official register of the province of Central Finland.

5.2.4 Health status and background information

Mediating, confounding and descriptive variables (Studies I-IV)

The presence of chronic diseases was assessed by a physician on the basis of the
subjects’ self-report, current medication and clinical examination. In particular,
cardiovascular, musculoskeletal and neurological status was evaluated in order
to avoid risks in the functional performance measurements. Self-rated health
was elicited at the baseline using a noncomparative question: "How would you
describe your health at the moment: very good, good, average, poor, or very
poor?”. Participants” weight was measured with a beam scale, and height with a
stadiometer. Body mass index (BMI) was calculated by dividing weight (kg) by
height (m) squared.

The Mini-Mental State Examination (MMSE) was used to test cognitive
capacity (Folstein et al. 1975). Depressive symptoms were measured using the
Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff 1977). The
CES-D scale consists of 20 items with a total score ranging from 0 (no symptoms)
to 60 (maximal number of depressive symptoms). In our analyses, persons who
scored 16 points or over were classified as having depressed mood (McDowell
& Newell 1996). The socioeconomic status of the participants was measured as
the length of full-time education in years.

Self-reported physical activity level was assessed on the six point scale de-
veloped by Grimby (1986): 1) most activities done sitting down, 2) light physical
activity, 3) moderate physical activity about 3h per week, 4) moderate physical
activity at least 4h per week or heavy physical activity < 4h a week, 5) intensive
physical exercise at least 3h per week and 6) competitive sports several times a
week. For the statistical analysis, the answers were re-classified into 3 categories;
1) low physical activity only (answers 1 and 2), 2) moderate physical activity
(answers 3 and 4) and 3) high physical activity (answers 5 and 6).

5.3 Ethics

Permission to the Evergreen project has been granted by the Ethical Committee
of the Central Finland Health Care District and the FITSA by the Ethical Com-
mittee of the Jyvéskyld Central Hospital Board. Participants in both studies
have been informed about the purpose of the research and gave their written
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informed consent to participate. Studies were carried out according to the
guidelines for good clinical and scientific practice laid down in the Declaration
of Helsinki.

5.4 Statistical analyses

5.4.1 Descriptive statistics

Descriptive statistics were obtained using SPSS (SPSS Inc., version 14.0 and 15.0)
and STATA statistical softwares (Stata Corp., College Station, TX, 2001) before
the constructing the multivariate models. The level of statistical significance
was set at p < 0.05. Although in the FITSA study the sample consisted of twins,
the sample was treated as a set of individuals (Studies I and III). The STATA
software was used when analyzing the FITSA data, because this software can
accommodate the statistical interdependency of twins. The mean differences in
continuous variables and the distribution of discrete characteristics were tested
with the Wald test adjusted for within-pair dependency.

In the Evergreen study, the statistical analyses were first performed sepa-
rately for the 75- and 80-year-old populations (Studies II and IV). If the results
were parallel, the data were pooled to obtain a larger sample size. Baseline
characteristics were compared by a t-test for independent samples for continu-
ous variables, and by cross-tabulation analysis with chi-square tests for cate-
gorical variables. Mean differences in possible mediators were tested with one-
way ANOVA with the Tukey test and cross-tabulation with the chi-square test.
The incidence of injurious accidents was calculated for each group and ex-
pressed as the number of cases per 1000 persons each year. Person time was
calculated from the date of the baseline measurements to the date of the first
injurious accident, death or the end of the study follow-up, which ever hap-
pened first. Mortality rates were expressed as number of deaths per 1000 per-
son-years and person time was calculated from the date of the baseline meas-
urements to the date of death or to the end of the follow-up. Using the Kaplan-
Meier procedure with log-rank tests, mortality functions for the three different
visual acuity levels were estimated.

5.4.2 Multivariate models

In order to improve comparability between the balance and lower extremity
function measures, the distribution of the values obtained for isometric knee
extension strength, leg extension power, velocity moment and maximal walking
speed were classified into quintiles. Odds Ratios (OR) per quintiles of distribu-
tions of the results of the balance and lower extremity function tests were calcu-
lated using logistic regression. Visual acuity (good vs. impaired) was used as
the explanatory variable. Similarly, when studying vision in relation to IADL
disability, a logistic regression model was used. The regression modelling was
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performed using STATA statistical software. Using SPSS, analysis of variance
for repeated measures (ANOVA) having the vision (good vs. impaired vision)
as a grouping factor was used to assess changes in balance and lower extremity
function during the three-year follow-up. With this analysis, it is possible to
detect the main effects for both VI group and time. We included only those per-
sons who had both baseline and follow-up measurements. The drop-out analy-
ses were performed using the adjusted Wald tests to compare vision, lower ex-
tremity impairment and self-rated health at baseline between the subjects who
were tested three years later and those who dropped out of the study.

The negative binomial regression model (Afifi et al. 2007) was used to
study the association between visual impairment and coexisting sensory deficits
and falls. The negative binomial regression model takes into account that falls
are non-independent observations, tend to be recurrent events and that one fall
makes future falls more likely. The following five exclusive groups were
formed on the basis of visual acuity, balance and hearing: 1) Participants with
visual acuity of 1.0 or over (the reference group), 2) Impaired vision, but no
other impairments, 3) Coexisting vision and balance impairment, 4) Coexisting
vision and hearing impairment, 5) All three impairments (vision, hearing, bal-
ance). The strength of the association between sensory impairments and fall
incidence was calculated with Incidence Rate Ratios (IRR). IRRs are interpreted
as relative risk estimates. In addition, 95% confidence intervals were estimated.
The modelling was performed using STATA statistical software.

Multivariate analyses with the Cox proportional hazards model (Cox 1984)
were used to examine vision as a predictor of injurious accidents and mortality.
When examining vision in relation to injurious accidents, the number of days
from the baseline measurements to the first injurious accident was used as an
outcome. In the study of visual acuity and mortality, the outcome was the
number of days from the baseline measurements to the date of death. In order
to assess differing mortality risk in the age and vision groups, we tested the
significance of an interaction term involving vision and age in the Cox model.
Scaled Schoenfeld residuals were used to test the proportionality of hazards
using the method developed by Grambsch and Therneau (1994). Plots of these
residuals against the untransformed time variable and using rank of time were
used to gain insight into potential outlying observations. Because the interac-
tion term of visual impairment with age was statistically significant (p=0.030),
the 75- and 80-year-old persons were analyzed separately. The mortality analy-
ses were continued in order to find factors on the pathway from poor vision to
mortality. Diabetes, cardiovascular diseases, body mass index (BMI), physical
activity, walking speed, depressed mood and injurious accidents were added to
the base model one at a time. As the event dates for injurious accidents were
known, they were added into the Cox regression model as a time-dependent
covariate. In constructing the time-dependent variable, we assumed that the
effect of an injurious accident would last for six months. The participant was
counted in the category of having an injurious accident from the date of the ac-
cident until 180 days later. After six months, unless another accident had oc-
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curred, the participant was recategorized as having no injurious accident until
another accident occurred or until the end of the follow-up. The relationship
between VA and each potential factor on the pathway was tested with one-way
analysis of variance for continuous variables. For categorical variables cross-
tabulation with chi-square tests was used. The association of each potential fac-
tor on the pathway with mortality was studied with independent samples t-test
for continuous variables and cross-tabulation analysis with chi-square tests for
categorical variables. When the variable was significantly related to both VA
and mortality and attenuated their association, it was considered to be a factor
on the pathway from poor vision to mortality. The relative contribution of a
potential factor on the pathway was estimated by first computing the hazard
ratio (HR) for the vision terms in the model unadjusted for the factor on the
pathway (Riskpaseline=HRpaseline-1), and then by calculating the hazard ratio for
the vision terms in the model adjusted for a factor on the pathway (Riskad-
justed=HRadjusted-1). The relative contribution of the factor was then calculated
using the expression: [(Riskvaseline-RisKadjusted)/ Riskbaseline] X100%. These analy-
ses were carried out using SPSS and STATA statistical software.



6 RESULTS

6.1 Characteristics of the participants

Table 5 summarizes the baseline characteristics of the participants in the Ever-
green and FITSA studies.

TABLE 5 Baseline characteristics of participants in the Evergreen and FITSA data sets.
Evergreen Evergreen FITSA
75-year-old cohort, 80-year-old cohort, n=343
n=223 n=193

Characteristics Mean+SD Mean+SD Mean+SD

Age (years) 75 80 68.613.4

Chronic diseases (number)  2.1+1.5 2.9+1.6 2.0£1.5

Medication (number) 3.6+2.7 4.0£2.7 2.0+2.2

Education (years) 6.0£3.0 5.843.5 8.6+3.1
% % %

Women 64 71 100

Cataract 24 36 19

Glaucoma 9 9 6

AMD* 4 11 4

VA™<1.0 88 71 45

VA <05 40 23 11

VA <03 21 9 6

*Age-related macula degeneration
** Visual acuity

The FITSA participants (Studies I and III) were younger than the Evergreen par-
ticipants (Studies II and IV), had fewer chronic diseases and prescribed medica-
tions. They were also more educated than the Evergreen participants. In addi-
tion, visual acuity among the FITSA participants was better than among the
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Evergreen participants. The FITSA participants consisted only of women,
whereas the Evergreen study included both men and women.

6.2 Visual acuity of the participants

Mean visual acuity in the FITSA study group was 0.9£0.3. A total of 191 persons
(44%) had a VA below 1.0. The proportion of those with visual acuity of less
than 0.5 was 11% (47 persons). Vision impaired subjects (VA< 1.0) were some-
what older than persons with good vision (69.1 vs. 68.1, p=0.001), and had a
lower MMSE score (mean 26.7 vs. 27.2, p=0.003) than people with good vision.
In addition, the prevalence of impaired balance was higher among vision im-
paired persons compared to those with good vision, although the difference
was of borderline statistical significance (p=0.053). There were no significant
differences in the prevalence of chronic diseases, prescribed medications, body
mass index or prevalence of hearing impairment between the VA groups.

In the Evergreen study (75- and 80-year-olds combined), the mean value of
VA was 0.6+0.3. Men had a visual acuity of 0.7 (SD+0.3) and women a visual
acuity of 0.6 (SD+0.3). Out of 416 persons, 65 subjects (16%) had visual impair-
ment (VA lower than 0.3), 123 subjects (30%) lowered vision (VA 20.3 but <0.5)
and 228 subjects (55%) normal visual acuity (>0.5). Table 6 shows the baseline
comparisons between the visual acuity groups in the 75- and 80-year-old Ever-
green study populations.
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TABLE 6 Baseline characteristics in relation to vision in the Evergreen study. Percen-
tages and statistical significance between the vision groups (chi-square test).

Vision
Characteristics NV LV VI p-value
75-year-old persons n=101 n=75 n=47
%
Female (n=143) 59 68 68 0.409
Diabetes (n=15) 5 9 6 0.515
Cardiovascular disease
(n=132) 49 69 66 0.012
Physical activity
Low* 14 25 38
Moderatet 76 71 60
Hight 10 4 2 0.011
Depression$ (n=68) 22 45 29 0.006
MeantSD
Walking speed (m/s) 1.7+0.4 1.6+0.4 1.4+0.5 <0.001#
BMI (kg/m?) 26.8+4.1 274453 27.4+4.2 0.618#
80-year-old persons n=127 n=48 n=18
%
Female (n=137) 66 77 89 0.078
Diabetes (n=26) 9 21 22 0.075
Cardiovascular disease
(n=128) 63 75 67 0.325
Physical activity
Low* 29 50 22
Moderatet 67 50 78
Hight 4 0 0 0.052
Depression$ 44 43 29 0.540
MeantSD
Walking speed (m/s) 1.4+0.4 1.2+0.4 1.3+0.2 0.010#*
BMI (kg/m?) 26.4+4.2 26.343.6 27.043.5 0.790#

“Moderate physical activity less than 4 hours per week
tModerate physical activity > 4 hours per week

*Intensive physical exercise more than 3 hours per week or competitive sports

§ Depressive symptoms were measured using the Center for Epidemiologic Studies De-

pression Scale (CES-D); a total score of 16 or over was defined as depression.
# statistical significance calculated with one-way ANOVA

Note: NV = normal vision; LV = lowered vision; VI = visual impairment
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6.3 Vision, lower extremity function and balance (Study I)

Among relatively healthy women aged 63-76 years, balance and lower extremi-
ty impairment were associated with visual impairment. Maximal isometric knee
extension strength was significantly lower among participants with visual im-
pairment (273.2+SE 6.4N) compared to those with good vision (306.5£5.9N, ad-
justed Wald test, p<0.001) as well as leg extension power (95.2+2.7W vs.
104.2+2.6W, p=0.009) and maximal walking speed over 10 meters (1.6+0.02m/s
vs. 1.84£0.03m/s, p<0.001). In addition, higher velocity moment in the balance
test among persons with VI (53.5+2.7mm?/s vs. 42.7+1.4mm?/s, p<0.001) indi-
cated that persons with visual impairment had poorer standing balance com-
pared to persons with good vision.

In the logistic regression analyses, when only age and the interdepen-
dency between the twin sisters were taken into account, decreased isometric
knee extension strength was associated with VI (OR per quintiles of distribu-
tions 1.28, 95% Cl 1.10-1.47) as well as lower maximal walking speed (OR 1.37,
95% CI1.17-1.61). Additionally, poorer standing balance (OR 1.18, 95% CI 1.02-
1.37) and poorer leg extension power (OR 1.15, 95% CI 1.00-1.33) were related to
VI. Adjustment for the confounders (socioeconomic status, diabetes, cardiovas-
cular diseases, cognitive capacity) produced only little change to the estimates.
Table 7 shows the adjusted associations between vision and balance impairment
and lower extremity impairment.

TABLE7 Association between balance and lower extremity impairment and vision.
Odds Ratios per quintiles of distributions of the results of the balance and
lower extremity impairment tests for visual impairment (Visual acuity < 1.0).

Variable n OR 95% CI p-value
Isometric knee

extension

strength 404 1.26 1.09-1.45 0.002
Leg extension

power 407 1.14 0.99-1.31 0.075
Maximal walk-

ing speed 404 1.34 1.13-1.59 0.001
Standing bal-

ance (velocity 412 1.16 1.00-1.35 0.049
moment)

Analyses are adjusted for age, cognitive capacity, socioeconomic status, cardiovascular
diseases, diabetes and interdependency between the twins.
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A total of 138 (71%) of those who were visually impaired at the baseline partici-
pated in the three-year follow-up measurements. The corresponding number of
persons with good vision at baseline was 175 (73%), indicating that the drop-
out was not significantly different between the vision groups (p=0.688). How-
ever, when comparing those with follow-up measurements, participants with-
out the follow-up measurements had somewhat poorer leg extension power
(94.944.0W vs. 102.3+2.3W, p=0.100), maximal isometric knee extension strength
(274.629.7 vs. 297.7+5.6, p=0.039) and higher velocity moment in the balance test
at baseline (51.1£3.7 vs. 46.1+1.6, p=0.211), although only the differences in
maximal isometric knee extension strength were statistically significant. Maxi-
mal walking speed at baseline did not differ between those with and without
follow-up measurements (1.7£0.03 vs. 1.7+0.02, p=0.149). However, only 69% of
persons who rated their health as very poor, poor or average at the baseline
participated in the follow-up measurements compared to 80% of those who
rated their health as good or excellent (p=0.031).

In the longitudinal analyses, only minor changes were found between the
vision groups in balance and lower extremity function over the three-year fol-
low-up period. The subjects with visual impairment showed a greater decline in
leg extension power than those with good vision, but a statistically significant
group-by-time interaction was not found (p=0.121). However, isometric knee
extension strength declined somewhat more among persons with good vision at
baseline compared to those with visual impairment (p=0.030). Persons with
good vision showed a slight improvement in maximal walking speed over the
three years, whereas among those with visual impairment no change was ob-
served (p=0.963). Change in standing balance over time did not differ between
the vision groups (p=0.991). The results of the longitudinal analyses are shown
in Figure 3.
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FIGURE3  Mean values and standard errors of balance and lower extremity functions
among persons with and without visual impairment at baseline and three-
year follow-up in FITSA study. The p-values are for group, time and group-

by-time interaction (tested with ANOVA for repeated measures).

6.4 Vision and disability

Previously unpublished data

Among the 63-76-year-old women in the FITSA study (n=434), 56% (108 per-
sons) in the visually impaired group had IADL disability (difficulties in at least
one task). The corresponding number among the participants with normal vi-
sion was 43% (102 persons). The difference was statistically significant (Ad-
justed Wald test p=0.005). Figure 4 shows the percentage differences in IADL
disability in each task between persons with and those without visual impair-

ment.
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FIGURE4  Percentages of persons with disability in IADL tasks among 63-76-year-old
women with or without visual impairment.

The mean score in IADL disability was 0.95 (SD 1.23) among the visually im-
paired participants compared to 0.60 (SD 0.86) among persons with good vision
(p=0.001). When tested with logistic regression, taking into account the interde-
pendency between the twins and adjusted for age, chronic diseases and pre-
scribed medications, the IADL disability score was significantly associated with
visual impairment (OR 1.33, 95% CI 1.10-1.62).

6.5 Visual acuity and co-impairments in relation to falls and inju-
rious accidents (Studies II and III)

Visual impairment as a predictor of injurious accidents (Study 1I)

During the 10-year follow-up, 239 (58%) persons aged 75 and 80 years at base-
line sustained at least one injurious accident. Of these, 203 were falls, 13 were
traffic accidents, 19 were other injurious accidents and in 4 cases the type of ac-
cident was unknown. The mean time to the first injurious accident was 1961
days (~5 years). The accident rate per 1000 person-years of follow-up was 79
among participants with normal vision, 115 among participants with lowered
vision and 90 among participants with visual impairment. Table 8 presents the
frequencies and incidence rates of injurious accidents according to visual acuity.
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TABLE 8 Frequencies (f) and Incidence Rates, IR, (cases/1000 person years) of inju-
rious accidents according to visual acuity and statistical significance between
groups (chi-square test).

Normal vision ~ Lowered vision Impairment

>05 <05but=0.3 <03

n=228 n=123 n=65
Injurious
accidents f IR f IR f IR p-value*
Falls 102 67 69 102 32 80 0.559
Traffic acci-
dents 8 5 3 4 2 5 0.720
Other injurious
accidents 17 6 9 2 5 0.760
All together 121 79 78 115 36 90 0.116

*chi-square test
Note: Evergreen project data; total of 416 persons aged 75 and 80 years at baseline.

The risk for injurious accidents in the multivariate model among participants
with lowered vision was 1.45 (95% CI 1.08-1.94) compared to those with normal
VA. Impaired vision did not predict injurious accidents. Of the confounding
factors, only female gender was related to increased risk for injurious accidents,
HR 2.14 (95% CI 1.56-2.93). Maximum walking speed over ten metres did not
differ between those who subsequently sustained an injurious accident
(0.75+£0.31m/s) compared to those with no accidents (0.77£0.35m/s, p=0.561).
Furthermore, physical activity level did not differ between persons with and
without accidents. In the multivariate logistic regression model, neither of
these variables had a material effect on the relationship between lowered vision
and injurious accidents (Table 9).

We also examined separately the association between visual loss and falls
and visual loss and traffic accidents. The associations were not statistically sig-
nificant, but the relative risk for falls for those with lowered vision (HR 1.29,
95% CI 0.95-1.76) was quite similar to the risk for all accidents, indicating that
the results of our analysis concerning all injurious accidents are mostly based
on fall risks. Because of the small number of accidents other than falls, meaning-
ful analyses were not possible for each category separately.
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TABLE 9 Association between different levels of visual acuity and injurious accidents
among persons aged 75 and 80 years at baseline. Cox regression models for
risk for injurious accidents among those with lowered and impaired vision

compared to those with normal vision (n=416).

Sequental ad-

HR (95% CI)

HR (95% CI)

Lowered vision

Visual impair-

justment <0.5but=0.3 p-value ment < 0.3 p-value
Unadjusted 1.53 (1.15-2.03)  0.004 1.21 (0.84-1.74)  0.303
Adjusted for

confounders* 1.45(1.08-1.94)  0.013 1.20 (0.82-1.75)  0.342
+walking

speed* 1.48 (1.10-1.99)  0.010 1.15(0.78-1.70)  0.471
+physical

activity* 1.49 (1.11-2.01)  0.008 1.19 (0.81-1.75)  0.374
for allt 1.47(1.09-1.99)  0.011 1.14 (0.77-1.68)  0.519

* Adjusted for age, gender, diabetes, eye-related diseases and cardiovascular diseases.

t Adjusted for age, gender, diabetes, eye-related diseases, cardiovascular diseases, walking
speed and physical activity

Note: HR = hazard ratio; CI = Confidence interval

The effect of co-impairments on fall-risk (Study 11I)
Altogether, 227 women aged 63-76-years at baseline reported no falls during the
1-year follow-up, while 201 participants (46% of the study population) reported
a total of 440 falls within a mean follow-up time of 345+39 days. The mean inci-
dence of falls was 8.9 falls per 100 person-months. There were no significant
differences between fallers and non-fallers in age, MMSE score, prescription
medications, chronic diseases, hearing impairment or balance impairment. BMI
was somewhat higher among participants who experienced at least one fall
compared to those who did not fall (28.6 kg/m? vs. 27.5 kg/m?, p=0.022).
According to the standard definition of normal VA, the participants were
categorized into those with visual impairment (VA < 1.0) and those with good
vision (VA = 1.0). In accordance with the European Union recommendations
(Stephens 2001), a person was defined as having hearing impairment if the
hearing threshold level of the better ear was > 21 dB. According to the distribu-
tion of values in the balance test, participants were categorized into three equal
groups. The cut-off values for the tertiles were 32.9 mm?/s and 50.2 mm?/s
(range 10.0 mm?2/s - 263.5 mm?/s). Nine persons were incapable of performing
the test and were included in the poorest tertile. Participants in the poorest ter-
tile were classified as having balance impairment. Altogether, 75 (18%) partici-
pants had only vision impairment, 40 (9%) had co-existing vision and hearing
impairment, 42 (10%) had co-existing vision and balance impairment and 34
(8%) participants had all three impairments. Figure 5 shows that the proportion
of fallers in general, and in particular recurrent fallers, was higher among par-
ticipants with coexisting vision, hearing and balance impairments than in the
other groups.
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FIGURE 5 Percentages of persons with 0, 1, 2 and recurrent falls in groups formed on
the basis of VA, balance and hearing ability in FITSA study.

Table 10 shows the results of the negative binomial regression modelling. The
model, adjusted for age and interdependency between the twin sisters, showed
that participants with vision impairment, but no other sensory impairments had
a slight, but not significantly, increased risk for falls compared to persons with
good visual acuity. However, participants who had vision impairment and the
poorest standing balance had 2.7 times higher risk for falls during the one-year
follow-up, although the increased risk was of only borderline statistical signifi-
cance. Subjects with coexisting vision and hearing impairment had 4.2 times the
risk for a fall, and those with co-existing vision, hearing and balance impair-
ment had a further increased risk for falls of 29.4 (95% CI 5.8-148.3).
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TABLE10  Risk for falls in one year follow-up among persons with vision loss and coex-
isting sensory impairments compared to persons with good vision.

Participants Falls during

Variable at baseline  the follow-up IRR* 95% CI p-value
Normal vi- 237 201 1

sion

Visual im-

pairment (VI) 75 63 1.5 0.6-4.2 0.39
VI + balance

impairment 42 34 2.7 0.9-8.0 0.073
VI + hearing

impairment 40 65 42 1.5-11.3 0.006
VI + balance

+ hearing

impairment 34 77 29.4 5.8-148.3 <0.001

All analyses are adjusted for age and interdependency between the twins.
* Incidence rate ratio

6.6 Visual acuity and mortality and factors on the pathway
(Study IV)

The analyses are based on the 10-year mortality follow-up of 223 participants
aged 75 and 193 aged 80 in the Evergreen study. Over the 10-year follow-up 107
(48%) persons aged 75 years and 138 (72%) aged 80 years at the baseline died.
The mean length of the follow-up until death or the end of the surveillance was
3172 (SD 1127) days among the 75-year-olds and 2654 (SD 1248) days among the
80-year-olds. The mortality rate per 1000 person-years was 70 among the 75-
year-old men and 47 among the 75-year-old women. The mortality rates for the
80-year-old men and women were 101 and 81, respectively. Among the 75-year-
olds, the follow-up mortality rate per 1000 person-years was 34 among partici-
pants with NV, 70 among participants with LV and 75 among participants with
visual impairment. The corresponding numbers among the 80-year-olds were
83,101 and 75.

The log-rank tests showed that among the 75-year-olds mortality differed
significantly according to level of visual acuity (p=0.002). Participants with
normal vision had lower mortality throughout the ten-year follow-up than
those with LV or VI. Among persons aged 80 mortality did not differ according
to visual acuity (p=0.433). Figure 6 shows the cumulative mortality in the dif-
ferent visual acuity groups in both age groups.

In the Cox regression model visual acuity did not predict mortality among
the 80-year-olds. However, among the 75-year-old persons according to the
base model (adjusted for gender and socioeconomic status), both LV and VI
increased the risk for mortality almost two-fold in comparison with subjects
having NV. We further investigated the possible effects of body mass index,
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diabetes, cardiovascular diseases, physical inactivity, walking speed, depressed
mood and injurious accidents, because of their postulated association with mor-
tality and visual loss among older people.

The analyses showed that in the 75-year-old people the presence of car-
diovascular diseases, physical inactivity and lower walking speed correlated
with both poorer vision and increased mortality. In addition, we found that the
prevalence of depressed mood was higher among persons with LV and VI
compared to those with NV. Among the 80-year-old persons higher prevalence
of cardiovascular diseases, lower physical activity and lower walking speed
were associated with mortality. Lower walking speed also correlated with poor
vision.

Table 11 shows the association between vision and mortality after adjust-
ing for gender and socioeconomic status. Each factor potentially on the path-
way from poor vision to mortality was added to the base model one at the time.
We found that among the 75-year-old persons a higher prevalence of cardiovas-
cular diseases explained 28% of the association between LV and mortality and
19% of the association between VI and mortality. Lower physical activity ex-
plained 24% of the association between VI and mortality, but it did not attenu-
ate the association between LV and mortality. Lower walking speed explained
22% of the association between higher mortality and VI, but it did not attenuate
the association between LV and mortality. Depressed mood explained 17% of
the association between VI and 13% of association between LV and higher mor-
tality. Injurious accidents explained 9% and diabetes 8% of the association be-
tween VI and mortality, but they did not explain the association between LV
and mortality. Body mass index did not attenuate the association between vi-
sion and poorer survival.

When the variable was significantly related to VA and mortality and at-
tenuated their association in the multivariate model, it was considered to be a
factor on the pathway from poor vision to mortality. Therefore based on these
results, lower walking speed, physical inactivity and higher prevalence of car-
diovascular diseases may be considered as factors on the pathway from poor
vision to mortality among the 75-year-old persons. We also found that injurious
accidents, diabetes and depressed mood each attenuated the increased risk
markedly in the Cox regression models. However, in the final model, lowered
vision remained a significant predictor of mortality among the 75-year-old par-
ticipants, even after including all variables in the model.
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FIGURE6  Cumulative mortality during the 10-year follow-up according to visual acui-
ty among persons aged 75 (A) and 80 (B).



TABLE11  Association between different levels of visual acuity and mortality among 75-year-old (n=223) and 80-year-old persons (n=193). Cox
regression models for risk for death among those with lowered vision (LV) or visual impairment (VI) compared to participants with
normal vision.

75-year-old persons 80-year-old persons

LV VI LV VI
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Base model* 1.98 (1.25-3.13) 1.90 (1.12-3.20) 1.13 (0.74-1.72) 0.92 (0.47-1.78)

Base model adjusted fort
Body mass index

Diabetes

Cardiovascular dis.

Walking speed

Physical activity

Depressiont

Injurious accidents$

All of above

2.06 (1.28-3.32)
2.02 (1.28-3.20)
1.71 (1.07-2.72)
2.04 (1.28-3.24)
2.02 (1.27-3.22)
1.85 (1.15-2.98)
1.99 (1.25-3.14)

211 (1.27-3.48)

2.00 (1.16-3.45)
1.83 (1.08-3.09)
1.73 (1.07-2.72)
1.70 (1.00-2.92)
1.68 (0.97-2.91)
1.75 (1.02-3.00)
1.82 (1.08-3.08)

1.34 (0.75-2.39)

1.15 (0.75-1.76)
1.11 (0.73-1.70)
1.13 (0.74-1.72)
0.93 (0.60-1.46)
0.98 (0.64-1.51)
0.71 (0.70-1.70)
1.05 (0.69-1.61)

0.77 (0.48-1.26)

0.96 (0.50-1.87)
0.87 (0.45-1.69)
0.94 (0.48-1.83)
0.89 (0.46-1.72)
1.10 (0.56-2.16)
0.74 (0.34-1.62)
0.93 (0.48-1.80)

0.75 (0.33-1.67)

* Adjusted for gender and socio-economic status.

T The base model was adjusted for possible factors on the pathway one at a time.

tDepressive symptoms were measured using the Center for Epidemiologic Studies Depression Scale (CES-D)

§ Injurious accidents were added into the model as the time-dependent variable assuming that the effect of an injurious accident would last for six
months.

Note: HR = Hazard Ratio; CI = Confidence Interval
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7  DISCUSSION

The aim of this study was to investigate whether reduced visual acuity in old
age is associated with balance and lower extremity impairments, functional
limitations, disability and disability-related outcomes i.e. falls and mortality.
Additionally, the effect of co-existing sensory deficits in relation to falling inci-
dence was studied. Three population-based datasets were used in this study.
The present findings suggest that visual impairment has a profound effect on
multiple health outcomes, functional limitations and disability. Further, the re-
sults showed that the burden of co-existing sensory impairments seems to be
greater than the sum of the single impairments involved.

7.1 Prevalence of visual impairment in study populations

Among the 63 to 76-year-old women the prevalence of visual impairment (VA <
0.3) was marginal, only 6%. However, even lower rates (0.6-3%) of VI have been
reported in a comparable community-dwelling populations (Klaver et al. 1998,
Munoz et al. 2000, van der Pols et al. 2000, Congdon et al. 2004). Typically, stu-
dies suggest that VI affects about 10% of people aged 65-75, and 20% of those
aged 75 or older (Evans & Rowlands 2004). In this study, conducted among
women aged 63-76, the proportion of persons with good visual acuity (VA =1.0)
was 66%. This finding seems to be consistent with Iwano et al. (2004), who
found that the prevalence of VA of 1.0 or better is about 70% in community-
dwelling women aged 60-69 (Iwano et al. 2004). A previous study by Buch et al.
(2001) found that the prevalence of best corrected visual acuity of 1.0 in persons
aged 60-65 is almost 90%, but it declines significantly with age, falling to 40% in
persons aged 75-80 (Buch et al. 2001). However, previous studies using this
standard definition of good vision in relation to adverse health outcomes, espe-
cially among older people, are scarce. Therefore our results contribute knowl-
edge on the role of slightly decreased visual acuity, which in many cases re-
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mains undetected, in relation to the progression of disablement process among
older people.

Among the 75- and 80-year-old men and women, the prevalence of per-
sons with VA of < 0.5 was 46%. Although population-based studies on the
prevalence of visual impairment are potentially limited in their generalizability,
the prevalence rates found in this study seem to be consistent with those re-
ported previously, where the prevalence of presenting visual acuity of less than
0.5 ranged from 4 to 35% in a 65- to 84-year-old community-dwelling older
people (Munoz et al. 2000, Congdon et al. 2004). The prevalence of visual im-
pairment (VA < 0.3) of 16 % in the present 75- and 80-year-old population was
similar to that obtained in previous studies, where the prevalence has ranged
between 4 and 26 % (Alemayehu et al. 1995, Munoz et al. 2000, Hyman et al.
2001, Lord & Dayhew 2001).

7.2 Consequences of decreased visual acuity for functional capacity

In this study, the effect of decreased visual acuity on functional capacity was
studied in relatively healthy, 63-76-year-old community-dwelling women. The
study revealed that decreased VA was associated with muscle impairments,
poor balance and lower walking speed. Cross-sectionally each quintile reduc-
tion in maximal walking speed, lower extremity muscle strength and standing
balance were associated with increased odds (1.14-1.34) of having VI. Cross-
sectionally visual impairment was also associated with IADL disability among
women aged 63-76. Visually impaired women reported more difficulties in
every IADL task compared to older women with good visual acuity. However,
in our study population, the subsequent changes in balance or lower extremity
function over the three-year follow-up did not differ according to the presence
of VI at baseline.

Adequate visual function has been recognized as an important factor for
functional independence in adults aged 55 and older. Previous studies of older
people have reported a strong association between VI and in self-reported func-
tional status, especially in ADLs and IADLs (West et al. 1997, Keller et al. 1999,
Reuben et al. 1999, Haymes et al. 2002, Laitinen et al. 2007) and self-reported
mobility (Bibby et al. 2007, Laitinen et al. 2007). According to previous studies
binocular visual acuity worse than 0.5 appears to have an impact on all the self-
reported measures of functional status (West et al. 1997). Also self-report of vis-
ual impairment is associated with difficulties in ADLs and IADLs (Reuben et al.
1999), although it should be conceded that self-report is considered a less relia-
ble indicator of visual impairment. Our findings are in line with previous stu-
dies, as the 63- to 76-year-old women with visual impairment in our sample
reported more difficulties in every IADL task compared to those with good vis-
ual acuity. It should be noted that in the present study, visual acuity of < 1.0
was defined as visual impairment. Therefore our results show that a lower level
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of visual loss than reported previously is associated with functional limitations
and disability in older people.

A few studies have investigated the cross-sectional association between
vision and performance-based physical functions, such as balance, walking abil-
ity, the chair stand test and stair climbing among people aged 55 and above (Sa-
live et al. 1994, West et al. 2002, Laitinen et al. 2007). These studies have shown
a somewhat stronger association between poor vision and functional limitations
than observed in the present study. However, our findings about vision and
lower extremity impairment are not directly comparable with those of earlier
studies because of the use of different indicators of functional capacity and a
well-functioning study population.

The association between visual loss and lower extremity and balance im-
pairments may have several explanations. It is possible that persons with poor-
er vision become physically inactive, which has been shown to result in loss of
muscle strength (Rantanen et al. 1997, Rantanen et al. 1999). It is also known
that poor vision causes deterioration in the control of standing balance due to
lack of visual feedback about body posture (Brooke-Wavell et al. 2002). Similar-
ly, slower walking speed among persons with difficulties in seeing is most like-
ly a consequence of uncertainty about the environment. It is also possible that
vision and lower extremity impairments develop at the same time while the
processes underlying them are independent, or they may share common risk
factors or both may be biologic aging markers. Common background factors,
such as diseases, may explain the association between poor vision and lower
extremity impairment. For example, it is known that diabetes is associated with
gait abnormalities, such as lower walking speed (Allet et al. 2008) as well as
visual deficits. However, in the present study we do not know the time of onset
of visual loss or of the decrease in balance or lower extremity function and
therefore causal interpretations cannot be made; even if known, the possibility
of common underlying factors cannot be ruled out.

In older adults, deterioration of normal vision is caused by normal age-
related physiological as well as pathological changes (Elliott et al. 1995, McKen-
drick et al. 2007). It is possible that poor vision is one marker of frailty in old
age. Frailty refers to decline in multiple physiological systems causing increased
risk of falls, morbidity and hospitalization (Fried et al. 2001, Lang et al. 2009).
The standardized definition of frailty in community-dwelling older adults, in-
troduced by Fried et al. (2001), includes the presence of three or more of the fol-
lowing: unintentional weight loss (4-5 kg in past year), self-reported exhaustion,
weakness (muscle strength), slow walking speed and low physical activity level
(Fried et al. 2001). The present results showed that visual impairment correlated
with poorer muscle strength and slower walking speed. Poor vision was also
associated with increased risk of injurious accidents and falls as well as higher
mortality, which are considered as consequences of frailty (Lang et al. 2009).
Therefore visual impairment should be included in frailty assessment. This is
suggested also by Klein et al. (2003), who found that decreased vision correlates
strongly with standard measures of frailty, such as slower walking speed and
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the lowest quartile of handgrip strength among persons aged 43-86 (Klein et al.
2003).

In the three-year follow-up, changes in balance or lower extremity func-
tion did not differ between the groups formed according to baseline visual im-
pairment. Vision has previously been reported to be a predictor of, in particular,
self-reported functional decline among older persons (Rudberg et al. 1993, Reu-
ben et al. 1999, Lin et al. 2004). On the basis of our prospective analyses we
would not rule out that visual impairment plays an important role in the devel-
opment of lower extremity impairment, as our follow-up period was relatively
short and only a few persons in our study population had severe visual im-
pairment. Our cross-sectional results and previous studies on the association
between vision and incidence of falls (Lord & Dayhew 2001) and perceived dif-
ficulties in functional capacity (Rudberg et al. 1993, Reuben et al. 1999, Lin et al.
2004) indicate that visual acuity as a predictor of adverse health outcomes and
functional decline cannot be ignored.

7.3 Vision and co-existing sensory impairments in relation to
falls and injurious accidents

In the high-functioning 63- to 76-year-old women, a little less than half of the
subjects reported at least one fall during the one-year follow-up. Falling inci-
dence in this study is in line with earlier findings among community-dwelling
older women (Tinetti et al. 1988, Talbot et al. 2005). On average 6% of the popu-
lation aged 75- and 80-years at baseline had an injurious accident that needed
medical attention, per year. It has been reported earlier that about 5-11% of falls
in old age lead to an injury, which requires medical care (Lilley et al. 1995, Kan-
nus et al. 1999b). The results of this study agree with those estimates.

In this study lowered vision, i.e. visual acuity of > 0.3 but < 0.5, was pre-
dictive of injurious accidents during the 10-year follow-up among the 75- and
80-year-old persons. Visual acuity below 0.3 did not predict accidents in this
study population. The results of these analyses suggest that moderate loss of
visual acuity is one of the risk factors predicting injurious accidents among
community-dwelling older people. Also among the healthy women aged 63-76-
years at baseline, visual acuity below 1.0 slightly increased the risk of falls dur-
ing the one-year follow-up (IRR 1.5, 95% CI 0.6-4.2), although in this study
population the risk was not statistically significant.

Several previous studies have reported that visual impairment is associ-
ated with falls and fractures (Ivers et al. 1998, Lord & Dayhew 2001, Ivers et al.
2003), but the definition of visual impairment has varied. The study by Ivers et
al. (1998) suggested that visual acuity below 0.65 increases the risk for falls by
two-fold (Ivers et al. 1998). Some other studies, in which visual impairment has
usually been defined as 0.4 or lower, have reported that visual impairment is
not associated with falls (Arfken et al. 1994, Cesari et al. 2002). These findings
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strengthen our results, which suggest that older people with minor visual loss
are more likely to sustain an injurious accident than those with severe visual
impairment or normal visual acuity. There might be several explanations for
this finding, for example decreased mobility, fear of falling or other strategies
adapted to compensate for visual loss among those with visual impairment. In
an attempt to discover the mechanism underlying the association between low-
ered vision and injurious accidents, we examined the role of walking speed and
physical activity because of their known linkage to vision and falls (Tromp et al.
2001, Bootsma-van der Wiel et al. 2003). However, in this study neither walking
speed nor physical activity level had a mediating role in the association be-
tween visual loss and injurious accidents among the 75- and 80-year-old per-
sons.

Previous studies have reported that severe visual loss is related to fear of
falling (Arfken et al. 1994, Murphy et al. 2003). Fear of falling may increase fall
risk (Hill et al. 1999, Friedman et al. 2002, Lajoie & Gallagher 2004), but on the
other hand it may also lead to avoidance of certain activities and reduced social
participation and therefore protect from injuries. The increased use of assistive
devices in performing activities of daily living (Dahlin-Ivanoff & Sonn 2004)
may also protect against injuries among those with severe visual impairment.
However, among the 75- and 80-year-old persons in this study, 20% of those
with normal VA, 28% with lowered vision and 25% with visual impairment
used a walking aid (e.g. cane or walker) and the differences were not statisti-
cally significant.

Among women aged 63-76, poor vision increased the risk for falls particu-
larly when it was accompanied with loss of hearing or balance and, even fur-
ther, when accompanied with loss of both hearing and balance. We are not
aware of other prospective studies on the effects of objectively measured coex-
isting sensory impairments on fall risk, although the predictive value of single
sensory impairments as a risk factor for falls has been shown. Previously, Tinet-
ti et al. (1995) found falling incidence to increase significantly along with the
number of predisposing factors, such as slow timed chair stands, decreased arm
strength, decreased vision and hearing and a high score for anxiety or depres-
sion (Tinetti et al. 1995¢). In an earlier retrospective study among persons aged
70 or older, those with coexisting self-reported vision and hearing impairment
were 3.0 times more likely to have fallen during the previous 12 months than
persons without vision or hearing problems (Crews & Campbell 2004).

It is known that vision plays an important role in balance control. Previous
studies have shown that when people with normal vision stand with their eyes
closed, postural sway increases markedly, indicating difficulty in balance con-
trol in the absence of visual feedback (Brooke-Wavell et al. 2002). In addition,
people with vision impairment have impaired functional balance more often
than those with better vision (Lee & Scudds 2003). However, in addition to vi-
sion, the ability to maintain an upright position depends on the interaction of
multiple physiological systems, including the vestibular system and propri-
oception. These balance control systems send signals to the central nervous sys-
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tem about head and body movements. The complex structure of sensory input
involved in maintaining an upright position and the interaction between vision
and other sensory systems makes it possible for people with only one sensory
impairment to compensate for the lack of information from that channel by us-
ing other sensory information available. This is supported by previous studies
among people with blindness or deafness, where changes have been observed
in the processing of information by the remaining sensory modalities (Proksch
& Bavelier 2002, Dye et al. 2007). Therefore in the presence of co-existing sen-
sory loss, the lack of compensatory information about body posture and the
environment from other sensory sources may predispose older people to func-
tional limitations and falls.

In the present study, the processes that lead to loss of function in multiple
sensory modalities remain unresolved. First of all, poor vision may cause dete-
rioration in the control of standing balance due to lack of visual feedback about
body posture (Brooke-Wavell et al. 2002). Hearing impairment may also be cau-
sally linked to poor postural control through lack of acoustic information about
the environment or through its correlation with vestibular function (Gerson et
al. 1989). It is also possible that vision and hearing impairments may develop at
the same time, but the mechanisms underlying them are independent, or they
may share common risk factors. The latter is suggested by an earlier study
where older persons with vision impairment were likely to have hearing im-
pairment as well (Chia et al. 2006).

Falling in older people is a multifactorial phenomenon which is caused by
intrinsic (person-related) or extrinsic (environmental) factors or the interaction
of both (Tinetti et al. 1995b). Often, older persons have multiple risk factors
predisposing them to falls. Observational fall-risk studies have underlined the
importance of regular ophthalmic examination and timely treatment for eye
diseases, as visual loss in older people is frequently correctable. In addition,
audiometric screening followed by appropriate treatment and rehabilitation
could help prevent falls. Earlier, interventions aiming at improve balance have
been found effective in preventing falls in older persons (Sihvonen et al. 2004b,
Madureira et al. 2007). While these studies have not specifically comprised in-
dividuals with vision and hearing impairment, it is conceinable that training
focused on improving awareness of postural control could be useful for them as
well in terms of fall prevention. Also functional limitations have been reported
as mediators between vision and falls in older people (de Boer et al. 2004).
Therefore interventions targeted at improving functional capacity may have the
potential to prevent falls and other injuries, also in the case of older adults with
visual loss. In addition, the study by Campbell et al. (2005) reported that a home
safety program, which identified hazards which could lead to falls, reduced
falls in older people with visual impairment (Campbell et al. 2005). The results
of an earlier study on the present data underline the value of such interventions
as it was shown that the majority of injurious falls among the 75- and 80-year-
old people took place indoors (Saari et al. 2007). Therefore it is important to pay
attention to ensuring a safe home environment. Furthermore, attention should
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also be paid to the prevention and treatment of diseases, such as diabetes and
cardiovascular diseases, which affect sensory systems negatively (Hausdorff et
al. 2003, Menz et al. 2004). In the light of the fact that the injurious accidents
which were included in our analyses needed medical examination (Study II),
our results provide evidence that minor visual loss is associated with most se-
vere falls and other serious injuries in older people. Therefore early intervention
strategies may have potential in preventing these serious injuries in older peo-

ple.

7.4 Visual acuity and mortality

The results of our analyses showed that visual loss predicted mortality among
75-year-old people. In addition, we found several factors which lie on the
pathway connecting poorer vision with mortality. An association between vis-
ual loss and higher mortality has been found in previous studies (Klein et al.
1995, Reuben et al. 1999, Lee et al. 2002, Cacciatore et al. 2004, Freeman et al.
2005, Jacobs et al. 2005, Pedula et al. 2006), but the factors on the pathway iden-
tified in our study are new. Further, the interaction term involving vision and
age in the Cox model showed that vision-related mortality risk differed accord-
ing to age at the study baseline. Among persons aged 80 years at baseline, poor
vision did not correlate with mortality.

The findings of the present study suggest that different processes may un-
derlie the role of vision and deterioration in health at different ages. Some exist-
ing studies have produced findings in line with our observations. For example,
in the study by Thiagarajan et al. (2005) visually impaired participants with a
mean age of 81 years did not have increased risk for mortality after adjusting
the model for a wide range of markers of frailty (Thiagarajan et al. 2005). Knud-
sen et al. (2006) found that visual acuity of 0.5 or lower decreased survival more
in younger age group (persons aged 43-65) than among persons aged 65-84
(Knudtson et al. 2006). It has been suggested that the predictors of mortality
may change over time (Ben-Ezra & Shmotkin 2006). In our study, visual acuity
was measured either at the age of 75 or 80 years. Despite the overlap in mortal-
ity surveillance at ages 80-85, the situation is not necessarily comparable as the
age of the baseline assessment differed. Previous studies have found that low
vision becomes increasingly common after 80 years of age (Hirveld & Laati-
kainen 1995, Buch et al. 2001). Therefore it is possible that among those who
already have lowered vision or visual impairment at age 75, underlying serious
systemic factors, such as disease processes, are causing the higher mortality. In
this study, among the 75-year-old participants cardiovascular diseases were
more prevalent among those with lowered vision or visual impairment. In
comparison, among the participants aged 80 at baseline, the prevalence of dis-
eases did not correlate with VA. In our analyses cardiovascular diseases ex-
plained almost the third of the increased mortality risk among the participants
aged 75. Further, we found that among the 80-year-olds in our study, including
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those with normal vision, the mortality rate was very high. As low vision be-
comes more common with increasing age, with the decline accelerating around
age 80, it is possible that vision correlates with health differently at different
ages.

Although an association between visual loss and mortality has also been
found in previous studies, only a few studies have differentiated between levels
of visual loss and their association with mortality. In most analyses, severe vis-
ual impairment (VA 0.3 or lower) has been studied (Krumpaszky et al. 1999,
Taylor et al. 2000, Lee et al. 2002, Thiagarajan et al. 2005). The results obtained
by McCarty et al. (2001) are consistent with our results. They found that mortal-
ity risk was highest among those with visual acuity between 0.5 and 0.3; how-
ever, the participants ranged widely in age (McCarty et al. 2001).

To discover the factors behind the association between lower vision and
mortality, we examined the role of BMI, diabetes, cardiovascular diseases,
walking speed, physical inactivity, depressed mood and injurious accidents
because of their known correlation with poor vision and survival. We found
that lower walking speed, physical inactivity, and higher prevalence of cardio-
vascular diseases explained part of this association among those with either LV
or VI. We also found that injurious accidents, diabetes and depressed mood
each markedly attenuated the increased risk. In previous studies the factors ex-
plaining the association between vision and higher mortality have not been
widely studied. Freeman et al. (2005) investigated the mediating effect of de-
pression behind the association between visual impairment and mortality, but
in their study depression did not explain the increased risk for death among
participants with visual loss (Freeman et al. 2005). Thiagarajan et al. (2005) re-
ported that after adjusting for depression, body mass index, number of falls and
physical activity, the association between vision and higher mortality was
markedly attenuated. They did not, however, investigate the extent to which
each variable separately attenuated this association (Thiagarajan et al. 2005).

In all likelihood there are also other intervening factors behind the associa-
tion between loss of vision and poorer survival than those studied here. Be-
cause we measured visual acuity with the participants wearing their own spec-
tacles, best corrected VA could in some cases have been better than the values
obtained in this study. The use of health care services may therefore also be one
factor on the pathway from poor vision to mortality in our study population. It
is possible that persons with inappropriate correction of refractive errors do not
seek the care they may need for other health issues either and therefore their
risk for mortality is increased. Lowered vision, due to inappropriate correction
of refractive errors, may lead to several other difficulties in daily activities,
which increase the risk for death. A previous study by Lupsakko et al. (2003)
reported that deterioration in cognitive function was strongly associated with
the lack of eye examination for visual impairment among persons aged 75 and
over (Lupsakko et al. 2003). Therefore cognitive capacity or dementia could also
explain some of the association between visual loss and mortality.
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Changes in vision could for example be a marker of physiological or bio-
logical age. A biomarker of aging, which is a biological parameter of an organ-
ism, will predict functional capacity in old age better than chronological age
(Baker & Sprott 1988). In older adults, deterioration of normal vision is caused
by normal age-related physiologic as well as pathologic changes (Elliott et al.
1995, McKendrick et al. 2007). It has also been suggested that age-related cata-
ract, which in some cases may have caused vision loss, may be one of the dis-
eases that is due to common biological processes such as oxidative stress and
therefore correlates with high mortality (Thiagarajan et al. 2005). As discussed
earlier, it is possible that poor vision is one marker of frailty in old age. In our
analyses, lower walking speed, one marker of frailty, explained part of the asso-
ciation between poor vision and mortality. In this study, the major part of the
association between poor vision and higher mortality in 75-year-old commu-
nity-dwelling persons remained unclear. This indicates that the relationship
between visual loss and mortality could be direct. This is also suggested by
Freeman et al. (2005), who reported that persons aged 65 and older who gained
in visual acuity (owing to cataract surgery or proper correction of refractive er-
rors) over a 2-year follow-up period had a lower risk for death compared to
those whose acuity worsened or did not change (Freeman et al. 2005).

Visual acuity is most likely associated with higher mortality via numerous
pathways. Visual loss may be a marker of other underlying serious systemic
factors or the aging process. Factors on the pathway from poor vision to higher
mortality may also be behavioural or economic, for example inadequate use of
health care services. It is important to be aware of even slight vision problems
and pay more attention to early signs progressive onset of disability in old age.
If being one marker of frailty, decline in visual acuity may also be one indicator
of general functional decline in older adults. Therefore screening for vision
problems should be taken into consideration in order to prevent functional de-
cline in multiple domains in old age.

7.5 Methodological considerations

This study is based on two prospective observational studies with follow-up
periods of up to 10 years. The major concern in population studies is nonparti-
cipation, which may cause nonresponse bias. Participants in the Evergreen pro-
ject, all the people born in 1910 and 1914, were recruited using the population
register database. This kind of selection method reduces selection bias due to
socioeconomic background or health. However, it should be noted that com-
plete data on visual acuity were available for only 61% of the Evergreen study
target population. Although statistically significant differences were not found
between persons with and without visual acuity measurement (as shown in the
Methods section), it is still possible that people with poorer health dropped out
of the study. This may have resulted in underestimation of the effect of visual
impairment at the population level.
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The FITSA data is equally population-based and thus representative of
older women aged 63-76-years of age. However, the FITSA data consisted of
older women only and the age range was quite narrow. Some previous studies
have reported higher prevalence of visual impairment among women (Con-
gdon et al. 2004), while other studies, including our results from the Evergreen
study, have found no differences between the sexes (Munoz et al. 2000). It is
also known that women are more prone to falls. In the FITSA study, the re-
quirement that both individuals of the twin pair had to participate may also
have resulted in the exclusion of persons with poorer vision or functional ca-
pacity. It is also likely that 63- to 76-year-old women, whose lower extremity
function or balance ability declined during the three-year follow-up, dropped
out of the study. Therefore, selective drop-out may have resulted in the unex-
pected lack of differences between the vision groups in the longitudinal analys-
es. In addition, a three-year follow-up is considered a relatively short time for
changes related to aging to take place. Therefore additional prospective studies
with more heterogeneous study populations and longer follow-up periods for
functional capacity are warranted in order to fully explore the relationship be-
tween visual impairment and functional performance in old age.

The measurement used in the present study to evaluate visual acuity
(Landolt rings) is widely accepted as the standard of reference in measuring
distance visual acuity (Sloan et al. 1952). The International Council of Ophthal-
mology considers the Landolt ring the purest research standard and requires all
other research approaches to be calibrated against the Landolt ring (Interna-
tional Council of Ophthalmology 1984). However, it should be noted that in the
FITSA data, all participants with a VA of < 1.0, in accordance with standard
definition of normal VA, were classified as having visual impairment. In this
study the participants were relatively healthy, and the proportion of persons
with severe vision impairment was very small. Therefore the present study may
not capture the impact of more severe vision loss on falls or functional status.
The results of the visual acuity measurements may also have been affected by
purely coincidental factors (mood, tiredness). Moreover, visual acuity is not a
static state. No data in either study were available about possible cataract sur-
gery or other eye-related events, which could have improved vision and conse-
quently for example the level of physical activity and lower extremity function
among women with visual impairment at baseline. Change in visual acuity dur-
ing the follow-up may have also affected susceptibility to falls or mortality.

Valid and reliable measures of health and functional capacity were used in
this study. All the measurements were conducted under standardized circum-
stances in the laboratory. Performance-based measures provide data that differ
from data assessed by self-report. Self-reported data on functional capacity is
affected, for example, by the person’s expectations of his or her ability to per-
form the task and also of the person’s understanding of the task difficulty. Per-
formance-based measurements require the test to be conducted in a proper and
acceptable way. In addition, persons with cognitive impairment may be able to
perform a given task, yet when asked, report difficulties in performing the same
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task. Performance-based tests, which provide a continuous measure of function
may also be more sensitive compared with categorical self-reported data (West
et al. 2002). However, the performance-based tests of balance and lower extrem-
ity function used in this study only capture people able to do them, with the
result that persons with severe functional limitation drop out of the study.

The three data sets used in this study include detailed 1-year follow-up
data on falls and 10-year register-based follow-up data on injurious accidents.
Compared to self-reported data on falls and accidents, which may be affected
by memory bias, the results from the present study can be considered a rather
realistic estimate of the effect of sensory deficits on falls in well-functioning
older women in and injurious accidents in older population. Further, the bino-
mial regression model, which was used in the fall-risk study (III), takes into
consideration that fall events are nonindependent observations, in other words
falls tend to be recurring events and the occurrence of a fall makes a subsequent
fall more likely. With this approach, it is possible to enter the Poisson-
distributed count variable for number of falls in the models. This method also
allows for the analysis of incomplete data, that is inclusion of the relatively few
women who withdrew before the end of the surveillance period. However, we
did not separate indoor and outdoor falls or accidents, which may be caused by
different risk factors. Also, the time of day when the fall or the accident oc-
curred was not evaluated. Night-time falls may happen when distance glasses
are removed, which means that a person may have been visually impaired at
the time of the fall or accident, instead of having normal vision as classified in
the analyses.

This study showed that poor visual acuity predicted mortality in the 75-
year-old population. We also discovered several factors which explained the
increase in mortality. Although our potential factors on the pathway attenuated
the risk for mortality, it is unclear whether loss of vision precedes or follows the
factors included in the model. The available data are not sufficient to identify
the causal relationships, with the exception of injurious accidents. For example
diabetes and cardiovascular diseases may have occurred earlier and therefore
they may be factors leading to visual loss. On the other hand, visual loss may
have preceded physical inactivity and depressed mood and therefore these fac-
tors could be mediators between visual loss and higher mortality. Ideally, the
potential factors on the pathway from poor vision to mortality should be meas-
ured as events occurring after incident visual loss.

The disablement model by Nagi (1976) and Verbrugge and Jette (1994) is
well suited to investigate the role of visual acuity on different aspects of func-
tioning, disability and mortality. The model outlines the relationships between
visual impairment and proximal (i.e. other impairments) as well as distal (dis-
ability) factors on this pathway. In the present study, we showed that visual
impairment, which is often caused by pathology on an organ level, was con-
nected with other impairments, such as balance and lower extremity deficits.
Visual impairment also correlated with functional limitations (measured here as
slower walking speed). Furthermore, poor vision was shown to be associated
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with IADL disability. In addition, visual impairment was a strong predictor of
disability-related outcomes, such as falls and other injuries, which most likely
accelerate the progression of the disablement process. Finally, visual impair-
ment was associated with higher mortality independently and via numerous
pathways. The disablement model framework enables the identification of
older persons without disability, but who have functional limitations, and also
persons without functional limitations, but who have, for example, visual im-
pairment. This allows for appropriate interventions to be targeted to different
points in this pathway (Guralnik & Ferrucci 2009).

The present study was observational and therefore it provides preliminary
evidence about the role of visual impairment in relation to falls and the pro-
gression of the disablement process. These results can be used as hypotheses,
which should be tested in experimental studies.

7.6 Future directions

Vision impairment is highly prevalent, but often remains undetected in the
older population. Without screening and early detection, age-related vision loss
can lead to multiple adverse health outcomes and functional disability. When
aiming to prevent vision-related adverse health events, the first step is to iden-
tify older persons whose visual acuity has decreased. Health care practitioners
must be aware of the importance of adequate vision and they should be able to
identify persons with visual deficits. Older population should be screened to
detect gradual and slow deterioration of vision. Simple screening, for example
with eye charts, ought to be included as a part of older persons” routine physi-
cal examinations at their own homes as well as in primary care in health care
centres. Similarly, in institutionalised care, health care practitioners should be
aware of patients’ sensory functions. In addition to visual acuity, attention
should also be paid to other aspects of visual functioning, such as contrast sen-
sitivity, visual field and poor depth perception, which correlate, in particular,
with falls. Attention should be also paid to co-existing sensory impairments,
since they further increase the risk for functional dependency.

When visual impairment is detected, primary care providers should refer
older person for further ophthalmic evaluation. Visual deficits are often correct-
able and therefore proper correction of refractive errors and timely treatment
for eye diseases is essential. In addition to proper correction of visual impair-
ment, optometrists and ophthalmologists should pay attention to accurate
guidance of eye care and the use of new spectacles. Attention should also be
paid to prevention and good treatment of the underlying diseases, such as dia-
betes and cardiovascular diseases, which negatively affect the visual system.
Additionally older persons” socioeconomic status should be evaluated, since it
may act as a barrier to the purchase of new spectacles or seeking appropriate
eye care.
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Well-designed randomized controlled trials are needed to examine to
what extent, for example, educating older persons and their families about vi-
sion problems and providing information about eye care and/or proper correc-
tion of refractive errors improve vision in old age. The effects of these interven-
tions on adverse health events should then be investigated using functional ca-
pacity, falls or injuries and even death as an outcome. Although in previous
literature recommendations for annual eye examinations have been given, em-
pirical proof that eye examinations actually improve functional capacity or de-
crease fall-rates among older people is lacking. For example, Cumming et al.
(2007) found that in frail older people, comprehensive vision and eye assess-
ment, with appropriate treatment, resulted in a significant increase in both the
rate and risk of falling (Cumming et al. 2007). However, contrary results have
been reported by Sloan et al. (2005), who found that regular eye examinations
reduced decline in vision and improved functional status, especially IADSs
(Sloan et al. 2005b). Since the results from the previous studies are inconsistent,
additional evidence is needed. Data that support the effectiveness of specific
programs is essential to increase the targeting of resources to these services.

It is also possible that visual acuity cannot be corrected to the normal level,
for example, due to diseases that have permanently affected vision negatively.
However, there are very few randomised controlled studies on interventions
aimed at preventing disability or falls among older persons whose visual acuity
cannot be corrected. In a previous study, a home safety intervention appeared
to be effective in reducing risk of falling among older people with visual im-
pairment (Campbell et al. 2005). However, the effectiveness of other interven-
tions aiming at disability prevention among older people with visual loss is un-
certain. Interventions such as balance and strength training as well as optimis-
ing medication have been found effective in preventing falls in older persons
(Madureira 2007, Gillespie et al. 2009). Studies of this kind should also be tar-
geted to older persons with sensory loss, as interventions focused on improving
awareness of postural control as well as improving mobility could be useful
contribute to fall and disability prevention. Further work is required to estab-
lish this.

More research needs to be undertaken before the association between vi-
sion and the progression of the disablement process in old age is more clearly
understood. In order to prevent disability in older people, effective treatment
for chronic diseases and visual impairment should be delivered to those with
these conditions. Better yet, effective strategies that prevent diseases and visual
loss should be sought and implemented to delay or prevent the onset of visual
impairment in older people. The most important target for preventing the onset
of disability are older people with minor impairments and functional limita-
tions, the main goal being to promote the functional independence of older per-
sons. Because older people with visual impairment frequently experience nu-
merous additional disabilities, which impede their independent functioning, a
multi-disciplinary approach is needed in order to improve the quality of life
and well-being of older people with sensory deficits.



8 MAIN FINDINGS AND CONCLUSIONS

The main findings and conclusions can be summarized as follows:

1. Visual impairment is associated with lower extremity impairment and poor
balance among relatively healthy older women. It is possible that decreased
visual acuity is a marker of underlying systemic factors or of the aging
process, which lead to poorer functional capacity, or there may be shared
background factors, which lead to decreased vision and lower extremity
impairment.

2. Lowered visual acuity, in particular, is an independent risk factor for injuri-
ous accidents in older persons. Severe visual impairment, however, did not
increase the risk. This may be due to decreased mobility, fear of falling or
other strategies adopted to compensate for visual loss among those with
visual impairment.

3. The impact of vision impairment on fall risk is higher when accompanied
with other sensory and balance impairments. It is likely that the presence of
other impairments prevents the reception of compensatory information
about body posture and environment being received from other sensory
sources.

4. A significant and independent relation exists between both lowered vision
and visual impairment and mortality in 75-year-old persons. Further, higher
prevalence of cardiovascular diseases, lower maximum walking speed, self-
reported physical inactivity, depressed mood, diabetes and injurious acci-
dents attenuated the risk estimates. However, visual acuity is most likely as-
sociated with higher mortality via numerous pathways. Visual loss may be a
marker of other underlying serious systemic factors or of the aging process.
Factors on the pathway from poor vision to higher mortality may also be
behavioural or economic, for example inadequate use of health care services.
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YHTEENVETO (FINNISH SUMMARY)

Heikentyneen nidontarkkuuden vaikutus toimintakykyyn, kaatumisiin ja
kuolleisuuteen idkkdilld henkiloilld

Normaalit nékojdrjestelmén ikddantymismuutokset sekd monet silma- ja yleissai-
raudet vaikuttavat ikddntyneen ihmisen ndkokykyyn heikentavésti. Aikaisem-
missa tutkimuksissa on todettu, ettd heikentynyt ndko vaikuttaa oleellisesti
ikdantyneen henkilon itsendiseen selviytymiseen. Heikentynyt ndko on usein
yhteydessd myos yleiseen toimintakyvyn heikentymiseen sekd kaatumisiin,
jotka edelleen lisddvét vaikeiden toiminnanvajavuuksien riskid. Vaikka heiken-
tyneen ndon vaikutuksia esimerkiksi kaatumisiin jo tunnetaan, ovat tulokset
aikaisemmista tutkimuksista ristiriitaisia. Lisdksi aikaisemmassa kirjallisuudes-
sa on vain vdhan tietoa siitd, miten heikentynyt ndko yhdessd heikentyneen
kuulon tai tasapainon kanssa vaikuttaa ikddntyneiden ihmisten kaatumistapa-
turmiin. My6s tietoa heikentyneen ndon merkityksestd ikddntyneiden toimin-
nanvajauksien syntyprosessissa tarvitaan lisdd. Vaikka aiemmissa tutkimuksis-
sa on todettu heikentyneen ndon olevan yhteydessa jopa suurentuneeseen kuol-
leisuuteen idkkadssad vaestossd, ilmiotd selittdvid mekanismeja ei juurikaan ole
tutkittu. Tamén tutkimuksen tarkoituksena oli selvittdd heikentyneen naon-
tarkkuuden vaikutusta ikddntyneiden henkildiden fyysiseen toimintakykyyn,
kaatumisiin ja muihin vammoja aiheuttaneisiin tapaturmiin sekd kuolleisuuteen.
Lisadksi tutkittiin, miten samanaikaiset useiden aistitoimintojen vajavuudet en-
nustavat kaatumisriskia.

Tutkimuksen aineistona kaytettiin kahta Jyvaskyldan yliopistossa aikai-
semmin kerattya Ikivihredt- ja FITSA - pitkittdisaineistoa. Naontarkkuus mitat-
tiin kayttamalld valaistua Landoltin C - taulua. FITSA aineisto sisilsi 428 toi-
mintakyvyltddn hyvéakuntoisen 63-76-vuotiaan naisen laboratoriossa mitattuja
fyysisen toimintakyvyn muuttujia, yhden vuoden kaatumisseurannan seki
kolmen vuoden seurantamittausaineiston fyysisen toimintakyvyn muuttujista.
Kaksosaineistosta huolimatta FITSA tutkimuksen henkil6itd kasiteltiin taman
tutkimuksen analyyseissd yksiloind. Ikivihreét -aineisto koostui alkumittauksis-
sa 75- ja 80-vuotiaiden henkildiden laboratoriomittauksista sekd 10 vuoden ta-
paturma- ja kuolleisuusseurannasta.

Tutkimuksen tulokset osoittavat, ettd ikdantyneiden heikentynyt ndko on
yhteydessd moniin terveyden ja toimintakyvyn indikaattoreihin. Poikkileik-
kausasetelmassa 63-76-vuotiailla naisilla heikentynyt niko oli yhteydessd hei-
kentyneeseen alaraajojen voimaan sekd hidastuneeseen kavelynopeuteen.
Heikkondkoisilld my6s vartalon huojunta voimalevylld suoritetussa tasapaino-
testissd oli normaalinédkoisid suurempaa, mikd kertoo heikkonékoisten normaa-
lindkoisid suuremmista vaikeuksista tasapainonhallinnassa. Poikkileikkausase-
telman lisdksi tutkimuksessa pyrittiin selvittimé&dn heikentyneen ndon vaiku-
tusta toimintakyvyn laskuun kolmen vuoden seurannassa. Kuitenkaan suhteel-
lisen terveilld, fyysisesti hyvéakuntoisilla naisilla heikentynyt ndko ei ennustanut
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toimintakyvyn laskua. Tdssd tutkimuksessa yhteyden puuttumista saattaa selit-
tdd se, ettd henkildt, joilla toimintakyky laski merkittdvéasti seurannan aikana,
jdivédt pois seurantamittauksista. On my6s mahdollista, ettd tdlld aineistolla
kolmen vuoden seuranta-aika on liian lyhyt tutkittaessa ikddntymisen vuoksi
tapahtuvaa toimintakyvyn laskua.

Tutkimus osoitti myos sen, ettd heikentynyt ndko yhdessd heikentyneen
kuulon ja tasapainon kanssa lisdsi merkittavasti kaatumisriskid vuoden seuran-
nassa toimintakyvyltdaan hyviakuntoisilla 63-76-vuotiailla naisilla. Myos niilld
naisilla, joilla vain ndko oli heikentynyt, oli kaatumisriski normaalindkoisid
suurempi, tosin riski ei ollut tilastollisesti merkitseva. Tutkimuksen perusteella
nayttadkin siltd, ettd heikentyneen ndon aiheuttamaa haittaa voidaan ainakin
joiltakin osin kompensoida muiden jiljelld olevien aistien avulla. Mikéli taas
aistitoiminnoissa on tapahtunut samanaikaista heikentymistd, nima kompen-
sointimenetelmdt menetetddn ja kaatumisriski lisddntyy voimakkaasti.

75- ja 80-vuotiailla henkil6illd heikentynyt ndko lisdsi hoitoa vaatineiden
tapaturmien riskid kymmenen vuoden seurannassa. Nayttddkin siltd, ettd naon
merkitys erityisesti vakavien tapaturmien ehkdisyssd on tdrked. Lisdksi 75-
vuotiailla heikkondkoisilld kuolleisuus kymmenen vuoden seurannassa oli
normaalindkoisid merkittdvasti suurempi. Suurentunutta kuolleisuusriskid se-
littivét osittain heikentynyt kdvelynopeus, fyysinen inaktiivisuus, syddn- ja ve-
risuonisairaudet, diabetes, masennusoireet ja tapaturmat. N4ill4 tekijoilld ei kui-
tenkaan pystytty kokonaan selittimdidn heikentyneen nion ja suurentuneen
kuolleisuusriskin vélistd yhteyttd. Onkin mahdollista, ettd heikentynyt niko
idkkailla henkiloilldi on merkki niin sanotusta hauraus-raihnaisuus -
oireyhtymaéstd (engl. frailty), jolla tarkoitetaan useiden samanaikaisten elinjdr-
jestelmien heikentymistd ilman, ettd taustalla olisi selvédd diagnosoitua sairautta.
Tatd olettamusta vahvistaa se, ettd tdssd tutkimuksessa heikentyneen ndon ha-
vaittiin olevan yhteydessd myos heikentyneeseen lihasvoimaan ja kidvelynopeu-
teen, jotka on aikaisemmassa kirjallisuudessa havaittu hauraus-raihnaisuus -
oireyhtymén tyypillisiksi piirteiksi. Lisdksi hauraus-raihnaisuus -oireyhtymaan
liittyy lisddantynyt kaatumis- ja kuolleisuusriski. Aistitoimintojen heikentyminen
ei perinteisesti ole kuulunut osaksi hauraus-raihnaisuus -oireyhtyméan maééri-
telmadad, mutta timén tutkimuksen tulokset antavat aiheen tutkia asiaa tarkem-
min. Toisaalta on my6s hyvin todennikoists, ettd heikentyneen nédon ja kuollei-
suuden vilistd yhteyttd selittdd ainakin osittain jokin muu kuin tédssd tutkimuk-
sessa huomioitu asia, esimerkiksi terveyspalveluiden kaytto.

Henkiloilld, jotka olivat alkumittauksissa 80-vuotiaita, heikentynyt nako ei
ollut yhteydessd suurentuneeseen kuolleisuusriskiin kymmenen vuoden seu-
rannassa. Tdtd saattaa selittdd se, ettd heikkondkoisyys yleistyy huomattavasti
yli 80-vuotiailla henkilsillda. Mikéli jo 75-vuoden idssd ndko on heikentynyt,
taustalla saattaa olla sairauksia, jotka ovat ennenaikaisesti heikentdneet ndkod ja
jotka ovat my06s yhteydessd suurentuneeseen kuolleisuusriskiin. Esimerkiksi
syddn- ja verisuonisairauksia todettiin 75-vuotiailla heikkon&kaisillda enemméan
kuin niilld, joilla ndko oli sdilynyt hyvéana. 80-vuotiaiden ikdryhmaéssa tallaista
eroa ei loydetty. On lisdksi huomattava, ettd myos niilld 80-vuotiaille, joilla n&-
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kokyky oli sdilynyt hyvand, kuolleisuus kymmenen vuoden seurannassa oli
hyvin suuri. Tami viittaa siihen, ettd ndin korkeassa idssi muut terveyden
heikkenemisen osa-alueet tulevat ndkokykya merkittavimmiksi kuolleisuuden
ennustajiksi.

Téamén tutkimuksen avulla saatiin uutta tietoa ndkokyvyn vaikutuksesta
toiminnanvajauksien syntymiseen idkkdilld henkilsillda. Nakokyvyn heikkene-
minen aiheuttaa monia terveydelle ja toimintakyvylle haitallisia seurauksia.
Ikdantyneiden heikkondkoisyyteen tuleekin kiinnittdd huomiota, jotta toimin-
nanvajauksien syntyprosessia voitaisiin hidastaa. Lisdksi ndon sekd usean sa-
manaikaisen aistitoiminnan heikentymiseen tulisi kiinnittdd huomiota, kun py-
ritddn vihentdmaidn ikdantyneiden henkiloiden kaatumistapaturmia. Heikenty-
nyt ndko on usein korjattavissa optimaalisilla silmélaseilla tai hoitotoimenpiteil-
14, joten sdannolliset silmaladkari- ja optikkokdynnit ovat ensisijaisen tarkeita.
Lisaksi kuulon ja tasapainon parantamiseen tdhtddvit toimenpiteet voivat en-
naltaehkdistd kaatumisia myds heikkonédkoisilld ikdantyneilla.
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regard to skeletal muscle, connective tissue,
and functional aging. 40 p. 1978.

ViTasaLo, Jukka, Neuromuscular performance
in voluntary and reflex contraction with
special reference to muscle structure and
fatigue. 59 p. 1980.

LunTANEN, PEKKA, On the mechanics of human
movement with special reference to walking,
running and jumping. 58 p. 1980.

Laakso, Laury, Lapsuuden ja nuoruuden
kasvuympiéristo aikuisian liikuntaharrastus-
ten selittdjana: retrospektiivinen tutkimus. -
Socialization environment in childhood and
youth as determinant of adult-age sport
involvement: a retrospective study. 295 p.
1981.

Bosco, CARMELO, Stretch-schortening cycle
inskeletal muscle function with special
reference to elastic energy and potentiation of
myoelectrical activity. 64 p. 1982.

OLIN, KaLEvl, Padtoksentekijoiden viiteryhméit
kaupunkien liikuntapolitiikassa. - Reference
groups of decision-makers in the sport
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20

21

22

23

24

25

26

27

28

29

politics of cities. 155 p. 1982.

Kannas, Lassg, Tupakointia koskeva terveys-
kasvatus peruskoulussa. - Health education
on smoking in the Finnish comprehensive
school. 251 p. 1983.

Contribution of sociology to the study of sport.
Festschrift Book in Honour of Professor Kalevi
Heinila. Ed. by OLi, K. 243 p. 1984.

ALEN, MARKKU, Effects of self-administered,
high-dose testosterone and anabolic steroids
on serum hormones, lipids, enzymes and on
spermatogenesis in power athletes. 75 p. 1985.
HAKKINEN, KEyjo, Training and detraining
adaptations in electromyographic, muscle
fibre and force production characteristics of
human leg extensor muscles with special
reference to prolonged heavy resistance and
explosive type strength training. 106 p. 1986.
LaHTINEN, ULLA, Begdvningshandikappad
ungdom i utveckling. En uppféljningstudie av
funktionsférmaga och fysisk aktivitet hos
begavningshandikappade ungdomar i olika
livsmiljcer. 300 p. 1986.

SILVENNOINEN, MARTTI, Koululainen liikun-
nanharrastajana: litkkuntaharrastusten ja
liikuntamotiivien sekd ndiden yhteyksien
muuttuminen i&n mukana peruskoululaisilla
ja lukiolaisilla. - Schoolchildren and
physically active interests: The changes in
interests in and motives for physical exercise
related to age in Finnish comprehensive and
upper secondary schools. 226 p. 1987.
PonjoLAINEN, PerTTI, Toimintakykyisyys,
terveydentila ja elaméntyyli 71-75-vuotiailla
miehilld. - Functional capacity, health status
and life-style among 71-75 year-old men.

249 p. Summary 13 p. 1987.

MEro, AnTTl, Electromyographic acticity, force
and anaerobic energy production in sprint
running; with special reference to different
constant speeds ranging from submaximal to
supramaximal. 112 p. Tiivistelma 5 p. 1987.
PArkaATTI, TERTTU, Self-rated and clinically
measured functional capacity among women
and men in two age groups in metal industry.
131 p. Tiivistelmé 2 p. 1990.

HovroraiNeN, SINIkkA, Koululaisten liikunta-
taidot. - The motor skills of schoolboys and
girls. 217 p. Summary 6 p. 1990.

NumMmINEN, Pirkko, The role of imagery in
physical education. 131 p. Tiivistelma 10 p.
1991.

Tarvitig, ULLa, Aktiivisuuden ja omatoimi-
vuuden kehittiminen fysioterapian tavoittee-
na. Kehittavan tyontutkimuksen sovellus
laakintdvoimistelijan tyohon. - The
development of activity and self-motivation as
the aim of physiotherapy. The application of
developmental work research in physio-
therapy. 212 p. Summary 8 p. 1991.

KaHILA, SINIKKA, Opetusmenetelmén merkitys
prososiaalisessa oppimisessa - auttamis-
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kayttaytymisen edistaminen
yhteistyoskentelyn avulla koululiikunnassa. -
The role of teaching method in prosocial
learning - developing helping behavior by
means of the cooperative teaching method in
physical education. 132 p. Summary 2 p. 1993.
LiMATAINEN-LAMBERG, ANNA-ESTER, Changes in
student smoking habits at the vocational
institutions and senior secondary schools and
health education. 195 p. Yhteenveto 5 p. 1993.
KEskINEN, Kart Lassk, Stroking characteristics
of front crawl swimming. 77 p. Yhteenveto 2 p.
1993.

RANTANEN, TAINA, Maximal isometric strength
in older adults. Cross-national comparisons,
background factors and association with
Mobility. 87 p. Yhteenveto 4 p. 1994.

Lusa, SirpA, Job demands and assessment of
the physical work capacity of fire fighters.

91 p. Yhteenveto 4 p. 1994.

CHENG, SULIN, Bone mineral density and
quality in older people. A study in relation to
exercise and fracture occurrence, and the
assessment of mechanical properties. 81 p.
Tiivistelma 1 p. 1994.

Koski, Past, Litkuntaseura toimintaympaéristos-
sdan. - Sports club in its organizational
environment. 220 p. Summary 6 p. 1994.

Juppy, JoeL, Suomen julkinen litkuntapolitiikka
valtionhallinnon nékokulmasta vuosina 1917-
1994. - Public sport policy in Finland from the
viewpoint of state administration in 1917-
1994. 358 p. Summary 7 p. 1995.

KyrROLAINEN, HEIKkT, Neuromuscular
performance among power- and endurance-
trained athletes. 82 p. Tiivistelma 3 p. 1995.
NyaNDINDI, URSULINE S., Evaluation of a school
oral health education programme in
Tanzania: An ecological perspective. 88 p.
Tiivistelma 2 p. 1995.

HEIKINARO-JOHANSSON, PILvIKKI, Including
students with special needs in physical
education. 81 p. Yhteenveto 4 p. 1995.

SARLIN, EEva-Lisa, Mindkokemuksen merkitys
litkkuntamotivaatiotekijana. - The significance
of self perception in the motivational
orientation of physical education. 157 p.
Summary 4 p. 1995.

LINTUNEN, TARU, Self-perceptions, fitness, and
exercise in early adolescence: a four-year
follow-up study. 87 p. Yhteenveto 5 p.1995.
SIPILA, SARIANNA, Physical training and skeletal
muscle in elderly women. A study

of muscle mass, composition, fiber
characteristics and isometric strength. 62 p.
Tiivistelm& 3 p. 1996.

ILmANEN, KaLErRVO, Kunnat liikkeelld. Kunnalli-
nen liikuntahallinto suomalaisen yhteiskun-
nan muutoksessa 1919-1994. - Municipalities
in motion. Municipal sport administration in
the changing Finnish society 1919-1994.

285 p. Summary 3 p. 1996.
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NUMMELA, AR, A new laboratory test method
for estimating anaerobic performance
characteristics with special reference to sprint
running. 80 p. Yhteenveto 4 p. 1996.
VARSTALA, VAINO, Opettajan toiminta ja oppilai-
den litkunta-aktiivisuus koulun litkunta-
tunnilla. - Teacher behaviour and students’
motor engagement time in school physical
education classes. 138 p. Summary 4 p. 1996.
PoskipARTA, MARITA, Terveysneuvonta, oppi-
maan oppimista. Videotallenteet hoitajien
terveysneuvonnan ilmentéjiné ja vuoro-
vaikutustaitojen kehittimismenetelména. -
Health counselling, learning to learn. Video-
tapes expressing and developing nurses”
communication skills. 159 p. Summary 6 p.
1997.

SIMONEN, Rurta, Determinants of adult
psychomotor speed. A study of monozygotic
twins. - Psykomotorisen nopeuden
determinantit identtisilla kaksosilla. 49 p.
Yhteenveto 2 p. 1997.

NEvALA-PURANEN, NINA, Physical work and
ergonomics in dairy farming. Effects of occu-
pationally oriented medical rehabilitaton and
environmental measures. 80 p. (132 p.) 1997.
HEemoNEN, Ar, Exercise as an Osteogenic
Stimulus. 69 p. (160 p.) Tiivistelma 1 p. 1997.
VuoLLg, PauLl (Ed.) Sport in social context by
Kalevi Heinild. Commemorative book in
Honour of Professor Kalevi Heinila. 200 p.
1997.

Tuowmt, Jount, Suomalainen hoitotiede-
keskustelu. - The genesis of nursing and
caring science in Finland. 218 p. Summary 7 p.
1997.

ToLvaNeN, Kapa, Terveyttd edistdvéan organi-
saation kehittdminen oppivaksi organisaati-
oksi. Kehitysnaytokset ja kehittamistehtavit
terveyskeskuksen muutoksen virittdjana. -
Application of a learning organisation model
to improve services in a community health
centre. Development examples and
development tasks are the key to converting a
health care. 197 p. Summary 3 p. 1998.

Oksa, JuHa, Cooling and neuromuscular
performance in man. 61 p. (121 p.) Yhteenveto
2 p. 1998.

GiBBoNs, LAURA, Back function testing and
paraspinal muscle magnetic resonance image
parameters: their associations and determi-
nants. A study on male, monozygotic twins.
67 p (128 p.) Yhteenveto 1p. 1998.

NIEMINEN, Pirsa, Four dances subcultures. A
study of non-professional dancers” sociali-
zation, participation motives, attitudes and
stereotypes. - Neljd tanssin alakulttuuria.
Tutkimus tanssinharrastajien tanssiin
sosiaalistumisesta, osallistumismotiiveista,
asenteista ja stereotypioista. 165 p. Yhteenveto
4 p.1998.

LAUKKANEN, P14, Idkkdiden henkiloiden selviy-
tyminen péivittdisistd toiminnoista. - Carrying
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out the activities of daily living among elderly
people. 130 p. (189 p.). Summary 3 p. 1998.
AVELA, JANNE, Stretch-reflex adaptation in man.
Interaction between load, fatigue and muscle
stiffness. 87 p. Yhteenveto 3 p. 1998.

Suomt, Kimmo, Litkunnan yhteissuunnittelu-
metodi. Metodin toimivuuden arviointi
Jyviskyldn Huhtasuon lahigssa. - Collabo-
rative planning method of sports culture.
Evaluation of the method in the Huhtasuo
suburb of the city of Jyvéaskyla. 190 p.
Summary 8 p. 1998.

PotsoNEN, Rikka, Naiseksi, mieheksi, tietoisek-
si. Koululaisten seksuaalinen kokeneisuus,
HIV/ AIDS-tiedot, -asenteet ja tiedonlédhteet. -
Growing as a woman, growing as a man,
growing as a conscious citizen. 93 p. (171 p.).
Summary 3 p. 1998.

HAKKINEN, ARja, Resistance training in patients
with early inflammatory rheumatic diseases.
Special reference to neuromuscular function,
bone mineral density and disease activity. -
Dynaamisen voimaharjoittelun vaikutukset
nivelreumaa sairastavien potilaiden lihas-
voimaan, luutiheyteen ja taudin aktiivisuu-
teen. 62 p. (119 p.) Yhteenveto 1 p. 1999.
TYNJALA, JorMA, Sleep habits, perceived sleep
quality and tiredness among adolescents. A
health behavioural approach. - Nuorten
nukkumistottumukset, koettu unen laatu ja
véasyneisyys. 104 p. (167 p.) Yhteenveto 3 p.
1999.

PONKKO, ANNELI, Vanhemmat ja lastentarhan-
opettajat paivakotilasten mindkasityksen
tukena. - Parents” and teachers” role in self-
perception of children in kindergartens. 138 p.
Summary 4 p. 1999.

PaavoLAINEN, LEENA, Neuromuscular charac-
teristics and muscle power as determinants of
running performance in endurance athletes
with special reference to explosive-strength
training. - Hermolihasjérjestelméan toiminta-
kapasiteetti kestdvyyssuorituskykya rajoitta-
vana tekijand. 88 p. (138 p.) Yhteenveto 4 p.
1999.

VIRTANEN, PAuLA, Effects of physical activity
and experimental diabetes on carbonic an-
hydrace IIT and markers of collagen synthesis
in skeletal muscle and serum. 77 p. (123 p.)
Yhteenveto 2 p. 1999.

KEepLER, Ka1L, Nuorten koettu terveys,
terveyskadyttaytyminen ja
sosiaalistumisymparisto Virossa. -
Adolescents’ perceived health, health
behaviour and socialisation enviroment in
Estonia. - Eesti noorte tervis, tervisekditumine
ja sotsiaalne keskkond. 203 p. Summary 4p.
Kokkuvote 4 p. 1999.

Suni, Jaana, Health-related fitness test battery
for middle-aged adults with emphasis on
musculoskeletal and motor tests. 96 p. (165 p.)
Yhteenveto 2 p. 2000.
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SyYrJA, Past, Performance-related emotions in
highly skilled soccer players. A longitudinal
study based on the IZOF model. 158 p.
Summary 3 p. 2000.

ViLivaa, RaiLy, Nuorten koettu terveys kysely-
aineistojen ja ryhméhaastattelujen valossa. -
Adolescents’ perceived health based on
surveys and focus group discussions. 208 p.
Summary 4 p. 2000.

KETTUNEN, JYRKI, Physical loading and later
lower-limb function and findings . A study
among male former elite athletes. - Fyysisen
kuormituksen yhteydet alaraajojen toimintaan
ja loydoksiin entisilla huippu-urhelijamiehil-
14. 68 p. (108 p.) Yhteenveto 2 p. 2000.
Horita, Tomok, Stiffness regulation during
stretch-shortening cycle exercise. 82 p. (170 p.)
2000.

HELIN, SaTu, ldkkididen henkildiden toiminta-
kyvyn heikkeneminen ja sen kompensaatio-
prosessi. - Functional decline and the process
of compensation in elderly people. 226 p.
Summary 10 p. 2000.

KuukkaneN, Tina, Therapeutic exercise
programs and subjects with low back pain.

A controlled study of changes in function,
activity and participation. 92 p. (154 p.)
Tiivistelma 2 p. 2000.

VIRMAVIRTA, MIKKO, Limiting factors in ski
jumping take-off. 64 p. (124 p.) Yhteenveto 2 p.
2000.

PeLTOKALLIO, Lisa, Nyt olisi pysahtymisen
paikka. Fysioterapian opettajien tyshon
liittyvid kokemuksia terveysalan ammatillises-
sa koulutuksessa. - Now it’s time to stop.
Physiotherapy teachers” work experiences in
vocational health care education. 162 p.
Summary 5 p. 2001.

KETTUNEN, TARJA, Neuvontakeskustelu. Tutki-
mus potilaan osallistumisesta ja sen tukemi-
sesta sairaalan terveysneuvonnassa.

- Health counseling conversation. A study

of patient participation and its support by
nurses during hospital counseling. 123 p. (222
p.) Summary 6 p. 2001.

PuLLINEN, TEEMU, Sympathoadrenal response
to resistance exercise in men, women and
pubescent boys. With special reference to
interaction with other hormones and
neuromuscular performance. 76 p. (141 p.)
Yhteenveto 2 p. 2001.

Bromqvist, MINNA, Game understanding

and game performance in badminton.
Development and validation of assessment
instruments and their application to games
teaching and coaching. 83 p. Yhteenveto

5 p. 2001.

Finng, Taga, Muscle mechanics during human
movement revealed by in vivo measurements
of tendon force and muscle length. 83 p. (161
p.) Yhteenveto 3 p. 2001.

KarmvAki, Ari, Sosiaalisten vaikutusten arvi-
ointi litkkuntarakentamisessa. Esimerkkina
Asnekosken uimahalli. - Social impact



80

81

82

83

84

85

86

87

88

89

90

STUDIES IN SPORT, PHYSICAL EDUCATION AND HEALTH

assessment method in sports planning. - The
case of Adnekoski leisure pool. 194 p.
Summary 3 p. 2001.

PELTONEN, JuHa, Effects of oxygen fraction in
inspired air on cardiorespiratory responses
and exercise performance. 86 p. (126 p.)
Yhteenveto 2 p. 2002.

HEeNILA, Lisa, Analysis of interaction
processes in physical education. Development
of an observation instrument, its application
to teacher training and program evaluation.
406 p. Yhteenveto 11 p. 2002.

Linnamo, VEsa, Motor unit activation and force
production during eccentric, concentric and
isometric actions. - Motoristen yksikoiden
aktivointi ja lihasten voimantuotto
eksentrisessd, konsentrisessa ja isometrisessa
lihastyossa. 77 p. (150 p.)

Yhteenveto 2 p. 2002.

PERTTUNEN, JARMO, Foot loading in normal

and pathological walking. 86 p. (213 p.)
Yhteenveto 2 p. 2002.

LEINONEN, Ra1a, Self-rated health in old age.

A follow-up study of changes and
determinants. 65 p. (122 p.) Yhteenveto 2 p.
2002.

GRrETscHEL, ANU, Kunta nuorten osallisuus-
ympéristond. Nuorten ryhmén ja kunnan
vuorovaikutussuhteen tarkastelu kolmen
lilkuntarakentamisprojektin laadunarvioinnin
keinoin. - The municipality as an involvement
environment - an examination of the
interactive relationship between youth groups
and municipalities through the quality
assessment of three sports facilities
construction projects. 236 p. Summary 11 p.
2002.

PoYHONEN, TapaNI, Neuromuscular function
during knee exercises in water. With special
reference to hydrodynamics and therapy. 77 p.
(124 p.) Yhteenveto 2 p. 2002.

HirvENsaLO, Mir]A, Liikuntaharrastus
idkkdand. Yhteys kuolleisuuteen ja avun-
tarpeeseen seka terveydenhuolto liikunnan
edistdjana. - Physical activity in old age -
significance for public health and promotion
strategies. 106 p. (196 p.) Summary 4 p. 2002.
KONTULAINEN, SAjA, Training, detraining and
bone - Effect of exercise on bone mass and
structure with special reference to
maintenance of exercise induced bone gain.
70 p. (117 p.) Yhteenveto 2 p. 2002.

PrrkANEN, HANNU, Amino acid metabolism in
athletes and non-athletes. - With Special
reference to amino acid concentrations and
protein balance in exercise, training and
aging. 78 p. (167 p.) Yhteenveto 3 p. 2002.
LimMATAINEN, LEENA, Kokemuksellisen oppimi-
sen kautta kohti terveyden edistdmisen
asiantuntijuutta. Hoitotyon ammatti-
korkeakouluopiskelijoiden terveyden edista-
misen oppiminen hoitotyon harjoittelussa.

- Towards health promotion expertise

91

92

93

94

95

96

97

98

99

through experiential learning. Student
nurses” health promotion learning during
clinical practice. 93 p. (164 p.) Summary

4 p.2002.

StAHL, Timo, Litkunnan toimintapolitiikan
arviointia terveyden edistimisen kontekstissa.
Sosiaalisen tuen, fyysisen ympariston ja
poliittisen ympériston yhteys liikunta-aktiivi-
suuteen. - Evaluation of the Finnish sport
policy in the context of health promotion.
Relationships between social support,
physical environment, policy environment
and physical activity 102 p. (152 p.) Summary
3 p. 2003.

QOaiso, Kazuyuki, Stretch Reflex Modulation
during Exercise and Fatigue. 88 p. (170 p.)
Yhteenveto 1 p. 2003.

RauHasaLo, ANNELL, Hoitoaika lyhenee - koti
kutsuu. Lyhythoitoinen kirurginen toiminta
vanhusten itsensd kokemana. - Care-time
shortens - home beckons. Short term surgical
procedures as experienced by elderly patients.
194 p. Summary 12 p. 2003.

PALOMAKI, SIRKKA-LI1sA, Suhde vanhenemiseen.
Iikkaat naiset eliménsé kertojina ja raken-
tajina. - Relation to aging. Elderly women as
narrators and constructors of their lives.

143 p. Summary 6 p. 2004.

SALMIKANGAS, ANNA-KATRIINA, Nakertamisesta
hanketoimintaan. Tapaustutkimus Nakertaja-
Hetteenméen asuinalueen kehittamistoimin-
nasta ja liikunnan osuudesta yhteissuun-
nittelussa. - From togetherness to project
activity. A case study on the development of a
neighbourhood in Kainuu and the role of
physical activity in joint planning. 269 p.
Summary 8 p. 2004.

YLONEN, MaaRriT E., Sanaton dialogi. Tanssi
ruumiillisena tietona. - Dialogue without
words. Dance as bodily knowledge. 45 p.

(135 p.) Summary 5 p. 2004.

TUMMAVUORI, MARGAREETTA, Long-term effects
of physical training on cardiac function and
structure in adolescent cross-country skiers.
A 6.5-year longitudinal echocardiographic
study. 151 p. Summary 1 p. 2004.

SiroLa, Kirsy, Porilaisten yhdeksésluokkalaisten
ja kasvattajien késityksid nuorten alkoholin-
kéytostd ja alkoholinkdyton ehkéaisysta. -
Views of ninth graders, educators and parents
in Pori, Finland on adolescent alcohol use and
on preventing alcohol use. 189 p. Summary

3 p. 2004.

LampINEN, PArvi, Fyysinen aktiivisuus, harras-
tustoiminta ja liitkkumiskyky idkkaiden ihmis-
ten psyykkisen hyvinvoinnin ennustajina. 65-
84-vuotiaidenjyvaskylaldisten 8-vuotisseuruu-
tutkimus. - Activity and mobility as associates
and predictors of mental well-being among
older adults. 94 p. (165 p.) Summary 2 p. 2004.
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RANTA, SARI, Vanhenemismuutosten etenemi-
nen. 75-vuotiaiden henkiloiden antropo-
metristen ominaisuuksien, fyysisen toiminta-
kyvynja kognitiivisen kyvykkyyden muutok-
set viiden ja kymmenen vuoden seuranta-
aikana. - The progress of aging processes. A 5-
and 10-year follow-up study of the changes in
anthropometrical characteristics and physical
and cognitive capacities among 75-year-old
persons. 186 p. Summary 2 p. 2004.

SIHVONEN, SANNA, Postural balance and aging.
Cross-sectional comparative studies and a
balance training intervention. - Ikdantyminen
ja tasapaino. Eri ikdisten tasapaino ja tasa-
painoharjoittelun vaikuttavuus ikdantyneilla
palvelukodissa asuvilla naisilla. 65 p. (106 p.)
Yhteenveto 2 p. 2004.

RissaNEN, AARO, Back muscles and intensive
rehabilitation of patients with chronic low
back pain. Effects on back muscle structure
and function and patient disability. - Selké-
lihakset ja pitkdaikaista selkékipua sairasta-
vien potilaiden intensiivinen kuntoutus.
Vaikutukset selkilihasten rakenteeseen ja
toimintaan seké potilaiden vajaakuntoisuu-
teen. 90 p. (124 p.) Yhteenveto 2 p. 2004.
KALLINEN, MAURi, Cardiovascular benefits and
potential hazards of physical exercise in
elderly people. - Liikunnan hy6dylliset ja
mahdolliset haitalliset vaikutukset ikdanty-
neiden verenkiertoelimistoon. 97 p. (135 p).
Yhteenveto 2 p. 2004.

SAAKSLAHTI, ARJA, Liikuntaintervention vaiku-
tus 3-7-vuotiaiden lasten fyysiseen aktiivi-
suuteen ja motorisiin taitoihin seké fyysisen
aktiivisuuden yhteys sydén- ja verisuonitau-
tien riskitekijoihin. - Effects of physical
activity Intervention on physical activity and
motor skills and relationships between
physical activity and coronary heart disease
risk factors in 3-7-year-old children. 153 p.
Summary 3 p. 2005.

HAMALAINEN, P11A, Oral health status as a
predictor of changes in general health among
elderly people. 76 p. (120 p.) Summary 2 p.
2005.

LiNnaMo, ArjA, Suomalaisnuorten seksuaali-
kasvatus ja seksuaaliterveystiedot oppilaan ja
koulun ndkskulmasta. Arviointia terveyden
edistamisen viitekehyksessa. - Sexual
education and sexual health knowledge
among Finnish adolescents at pupil and
school level. Evaluation from the point of view
of health promotion. 111 p. (176 p.) Summary
5 p. 2005.

IsHikawa, MasAKl, In vivo muscle mechanics
during human locomotion. Fascicle-tendinous
tissue interaction during stretch-shortening
cycle exercises. - Venytysrefleksin muutokset
liikkeessd ja vasymyksessa. 89 p. (228 p.)
Yhteenveto 1 p. 2005.
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K4Rrk1, ANNE, Physiotherapy for the functioning
of breast cancer patients. Studies of the
effectiveness of physiotherapy methods and
exercise, of the content and timing of post-
operative education and of the experienced
functioning and disability . - Rintasydpéleikat-
tujen toimintakyky ja sithen vaikuttaminen
fysioterapiassa ja harjoittelussa. 70 p. (138 p.)
Yhteenveto 3 p. 2005.

Rajaniemi, VEsa, Liikuntapaikkarakentaminen
ja maankdyton suunnittelu. Tutkimus eri
videstoryhmit tasapuolisesti huomioon
ottavasta liikuntapaikkasuunnittelusta ja sen
kytkemisestd maankaytto- ja rakennuslain
mukaiseen kaavoitukseen. - Sports area
construction and land use planning - Study of
sports area planning that considers all the
population groups even-handedly and
integrates sports area planning with land use
planning under the land use and building act.
171 p. Summary 6 p. 2005.

WaNG, QInGju, Bone growth in pubertal girls.
Cross-sectional and lingitudinal investigation
of the association of sex hormones, physical
activity, body composition and muscle
strength with bone mass and geometry. 75 p.
(117 p.) Tiivistelma 1 p. 2005.

RoPPONEN, ANNINA, The role of heredity,

other constitutional structural and behavioral
factors in back function tests.- Periméd, muut
synnynniiset rakenteelliset tekijét ja
kayttaytymistekijat selan toimintakyky-
testeissd. 78 P. (125 p.) Tiivistelma 1 p. 2006.
ARKELA-KAUTIAINEN, MARJA, Functioning and
quality of life as perspectives of health in
patients with juvenile idiopathic arthritis in
early adulthood. Measurement and long-term
outcome. - Toimintakyky ja elaménlaatu
terveyden ndkokulmina lastenreumaa
sairastaneilla nuorilla aikuisilla. Mittaaminen
ja pitkdaikaistulokset. 95 p. (134 p.)
Tiivistelma 2 p. 2006.

Rautio, NINA, Seuruu- ja vertailututkimus
sosioekonomisen aseman yhteydestd
toimintakykyyn idkkailld henkiloilla.

- A follow-up and cross-country comparison
study on socio-economic position and its
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