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Abstract
Introduction: Falls in elderly women producing fractures are a public health
problem that could be largely preventable. The aim of this study was to
determine the effect of visual impairment on functional status, falls and
fractures in women.
Material and methods: We examined 623 women aged ≥ 55 years in order
to assess the association between visual status and functional status and
the risk of falls and fractures. Distance, near visual acuity, and depth perception were examined. Functional status was assessed using the Instrumental
Activities of Daily Living (IADL) and Timed Up and Go (TUG) tests. The history
of falls in the last 12 months and prior osteoporotic fractures were recorded.
Results: The mean age of participants was 66.01 ±7.76 years. Distance visual acuity was correlated (r = –0.13, p < 0.0001) with an increased number
of falls. The most prognostic fall factor was IADL (Z = 3.19, p < 0.05), which
showed a significant association with distance acuity (r = 0.27, p < 0.0001).
The TUG test time significantly increased with diminishing visual acuity:
10.6 ±3.1 s for good, 12.8 ±6.1 s for moderate and 15.3 ±8.8 s for poor
visual acuity (p < 0.0001, ANOVA 24.4). The IADL also differs significantly
(p < 0.0001) in subgroups divided according to visual acuity (23.6 ±1.5, 22.6
±2.9, 21.2 ±4.8 points, respectively). In multivariate logistic regression on
probability of falls including IADL, TUG and visual acuity, IADL was found
to be an independent prognostic factor (p = 0.025). The data revealed no
association of refractive correction, depth perception, or near visual acuity
with fall incidence or history of fractures.
Conclusions: Visual acuity influences functional status and number of falls
in women aged over 55 years.
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Introduction
The increasing number of elderly people in
advanced countries dramatically raises the prevalence of injuries caused by falls [1]. Bone fractures and especially hip fractures [2], the most
common injuries among older adults, dramatically raise costs of healthcare systems [3]. Especially older women are at greater risk of falls and
fractures than the general population, due to the
combination of decreased dexterity [4] and osteoporosis [5].
Although the risk of falls is usually multifactorial [6], vision disturbances such as reduced visual acuity, contrast sensitivity and visual field play
a leading cause [7]. Moreover, the prevalence of
hip fracture was significantly linked to vision impairment in older adults [8].
The aim of this study was to determine the
effect of visual impairment on functional status,
falls and fractures among women aged ≥ 55 years.

Material and methods
The current study is a part of the RAC-OSTPOL study. RAC-OST-POL concerns several points
of bone metabolism and bone status (clinical risk
factors, diet, functional status, vision, bone densitometry), and its general aim was to present an
epidemiological description in a representative
sample of women in regards to risk of osteoporosis and osteoporotic fractures. A study was performed in an epidemiological sample of a whole
population of women older than 55 years from
Raciborz district, southern Poland. Six hundred
and twenty-three women ≥ 55 years were randomly recruited from the general population of
the district. Using postal mail, women received
a letter and brochure inviting them to participate
in the study. All investigations including vision
measurements were performed in May 2010.
The baseline epidemiology data from the
RAC-OST-POL study were described previously [9],
and in other manuscripts, some aspects including
nutrition [10], functional status [11], and the role
of education, marital status, occupation or residence [12] were presented.
The study protocol was accepted by the Ethics
Committee of the Medical University of Silesia,
Katowice, Poland. Each woman before participation in the study gave written informed consent.
All procedures followed were in accordance with
the ethical standards of the responsible committee on human experimentation (institutional and
national) and with the Helsinki Declaration of
1975, as revised in 2008.
Age, weight, height and body mass index (BMI)
were recorded for each participant. Women were
asked the date of the last ophthalmic examination
in a questionnaire. Daily functioning vision acui-

ty (with correction if it was at the time of a fall)
was measured under standard illumination at
5 meters with Snellen charts. Visual acuity was
classified as good: ≥ 0.8, moderate: 0.7–0.3 and
poor: ≤ 0.2. A reading test was performed using
a Near Vision Acuity Chart. The joint performance
of both eyes was analyzed (mainly determined by
the better eye). Type of glasses, if used, was recorded for each participant. Stereopsis was measured
using a Randot Butterfly Stereotest carried out at
40 cm with constant illumination. Using clinical
judgment, the principal cause of visual impairment
or blindness for each eye was determined as described in our previous publication [13].
The diagnosed less affected eye was used for
analysis. Functional status was assessed using the
Timed Up and Go (TUG) test [14] and the Lawton
Instrumental Activities of Daily Living (IADL) test
[15]. TUG in the version modified by Podsiadlo
and Richardson is a brief assessment of gait and
balance. From a sitting position, the patient was
asked to stand, walk 3 m then turn around, walk
back to the chair, and sit. The instructions were to
walk (not run) as quickly but as safely as possible.
Every woman had one practice trial, and the second trial was timed. A result below 10 s indicates
normal mobility. Time of performance above 10 s
indicates increasing problems with gait and balance with a consequence of an increased risk of
falls [16].
The IADL test by Lawton was used to assess independence. IADL is a geriatric scale that provides
a quantitative assessment of the patient’s ability
to perform activities of daily living. There are eight
domains of function measured in this scale: ability to use a telephone, shopping, food preparation,
housekeeping, laundry, mode of transportation,
responsibility for own medications and ability to
handle finances. The test is scored from 8 points
(very low function, dependent) to 24 points (high
function, independent). A detailed IADL Questionnaire Design is attached as an appendix.
The history of falling and injuries in the previous 12 months was collected. Each participant
was questioned about falls, location of falls and
osteoporotic fractures. Osteoporotic fractures
were classified as those that occurred as a consequence of a fall from a standing height or less
after the age of 40 years.

Statistical analysis
All analyses were performed using Statistica
7.0 PL. The Shapiro-Wilk test was used to check
for normality of distribution of the analyzed factors. Because the dose distribution was mainly
not normal, non-parametric tests were applied.
Correlation was calculated with Spearman’s
test. The differences between groups with respect
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to the analyzed factors were assessed with the
Mann-Whitney and Kruskal-Wallis test. To compare the differences in the incidence rates between
groups the χ2 test was used. To estimate the probability of a dichotomous endpoint (i.e. fall, fracture)
with respect to selected variables, univariate and
multivariate logistic regression was performed. All
analyses employed a 0.05 significance level.

Results
Six hundred twenty three women who participated in the RAC-OST-POL study were recruited
for ophthalmic examinations. The mean age was
66.01 ±7.76 years (range 55 to 92). Among the
women studied, five were still pre-menopausal.
Table I presents demographics and baseline health
characteristics of the examined group. The number of women who reported one or more falls
during the last 12 months was 209. Among fallers,
10 (4.78%) reported fall-related fractures.
The mean dexterity expressed with the TUG
was 11.38 ±4.58 s.
The average IADL points scored by participants
were 23.24 ±2.22. Both tests were significantly
correlated with age (r = 0.52, p < 0.0001 and

r = –0.37, p < 0.0001, respectively). The dexterity
was also modulated by BMI – the correlation was
significant but not so strong as compared with the
age factor (for TUG r = 0.16, p < 0.0001 and for
IADL r = –0.10, p < 0.0001). TUG and IADL tests
correlated with each other (r = –0.47, p < 0.0001).
The mean visual acuity was 0.8 ±0.25.
Subgroups with good, moderate and poor visual acuity comprised 417 (67%), 186 (30%) and 20
(3%) women, respectively. Comparison of selected
parameters between visual subgroups is shown in
Table II. Distance visual acuity significantly diminished with age (r = –0.43, p < 0.0001). In the examined group, 381 (61%) women used no spectacles,
196 (31%) women used glasses with positive lenses, 43 (7%) with negative lenses, and 3 (1%) with
bifocal lenses, when the reported falls occured.
The mean near vision acuity was D 0.83 ±0.71.
Diminished depth perception was recorded in 245
(39.32%) women. The TUG test time significantly increased with the decrease in visual acuity: 10.6 ±3.1 s
for good, 12.8 ±6.1 s for moderate, and 15.3 ±8.8 s
for poor visual acuity (p < 0.0001, ANOVA 24.4).
The IADL also differed significantly (p < 0.0001)
in visual subgroups (23.6 ±1.5, 22.6 ±2.9, 21.2
±4.8 points, respectively).

Table I. Demographic and health characteristics of examined group
Participants
N = 623

Rural
44% (275)

Urban
56% (348)

Rural
65 ±8.13

Urban
66 ±7.44

Age
66 ±7.76

NS
Education
N = 623

Higher
8% (50)

Professional
activity

Active
86% (534)
White-collar
61% (326)

Most
common
health
problems

≤ Elementary
61% (380)

Secondary
31% (193)

BMI
30.54 ±5.38
kg/m2

Reproductive
history
2.59 ±1.55
births/woman

Inactive
14% (89)
Blue-collar
39% (208)

Hypertension
54% (338)

IHD
22% (138)

DM
17% (109)

Ophthalmic
exam
regularity
2.87 ±4.29
years/woman

DM – diabetes mellitus diagnosed and treated, any type, IHD – ischemic heart disease.

Table II. Comparison of selected parameters between visual subgroups
Parameter

Good VA*
≥ 0.8

Moderate VA*
0.7–0.3

Poor VA*
≤ 0.3

Participants
n = 623

417 (67%)

186 (30%)

20 (3%)

TUG

10.6 ±3.1

12.8 ±6.1

15.3 ±8.8

< 0.0001

IADL

23.6 ±1.5

22.6 ±2.9

21.1 ±4.8

< 0.0001

Reported falls

30% (124)

41% (77)

40% (8)

< 0.05

Reported contusions

18% (73)

29% (54)

20% (4)

< 0.01

P-value

*Visual acuity measured on the day of examination (with correction if used during last year and on the day of fall).

1234

Arch Med Sci 6, December / 2016

Relationship between visual status and functional status and the risk of falls in women. The RAC-OST-POL study

The most important finding of the study is the
observation that visual acuity influences the number of falls and functional status. Despite the relationship of visual acuity and number of falls and
functional status, fracture prevalence was not increased as a consequence of visual impairment.
The fracture risk was probably dependent on several other factors including bone mineral density, and
the role of visual impairment was not sufficiently
significant in order to reveal its individual influence.
The association of contrast sensitivity with risk
of falls is conflicting [17]. Visual field loss as found
by Ivers et al. [18] is not as important as visual
acuity and is an independent risk factor for falls.
Monocular depth perception and dark adaptation
were not under evaluation due to the limitation of
medical examination time.
In our study, only distance, near visual acuity
and stereopsis using standard charts were mea-
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In multivariate logistic regression on probability
of falls including IADL, TUG and visual acuity, IADL
was found to be an independent prognostic feature (p = 0.025) (Figure 1). Visual acuity correlated
(r = –0.13, p < 0.0001) with falls.
The differences between fallers and non-fallers in visual acuity were significant (χ2 = 8.23,
p < 0.05). 293 (70%) women with good, 109 (59%)
with moderate, and 12 (60%) with poor vision
reported sustaining no falls. The reported contusions also differ (χ2 = –10.3, p < 0.01) among visual subgroups. No contusions were recorded in 344
(82%) with good, 132 (71%) with moderate, and
16 (80%) with poor visual acuity.
The near vision acuity in the subgroup of fallers was D0.86 and in non-fallers D0.81. The difference was not statistically significant (p = 0.341).
We did not find any association between falls that
occurred indoors versus outdoors and visual acuity (Z = 1.71, p = 0.085). No association between
incidence of fractures and visual acuity was found
(χ2 = 2.84, p = 0.24).
The incidence of falls was not dependent on
stereopsis ability (χ2 = 1.56, p = 0.21), and stereoscopic vision did not affect the risk of outdoor versus indoor falls (χ2 = 1.79, p = 0.181).
The use and type of glasses in faller and nonfaller subgroups were similar. The mean visual
acuity in glasses-classified subgroups ranged from
0.7 to 0.9 and was the lowest in subgroup of women wearing bifocal spectacles and without correction. No type of refractive correction affected TUG
and IADL. No contact lens use was recorded.
No association between the time of last ophthalmology checkup and visual acuity was found.
Screened main anterior and posterior disturbances are detailed in Table III.

IAD

< 0.7
< 0.6
< 0.5
< 0.4
< 0.3

Figure 1. Impact of distance visual acuity and IADL
(Instrumental Activities of Daily Living test) outcome measure on risk of falls in elderly women

sured – a quick and repetitive screening test. As
pointed out by Harwood [19], overall visual function is more important than any particular ophthalmic diagnosis.
The object of our research was a woman about
65 years of age, obese, and in mental and physical
fitness allowing for self-admission to our research.
As previously reported, visual acuity in the absence of ocular pathologies remarkably worsens
at about the age of 50 [19].
To estimate the physical condition of participants we used the TUG test. Multiple studies have
confirmed the content validity, concurrent validity,
and predictive validity of that test [14].
We also used the IADL test – which is both subjective and sensitive [20] and previously strongly
Table III. The most common ocular pathologies in
the examined sample
Pathology

Prevalence

Cataract

76% (472)

Dry eye syndrome

48.96% (305)

Lens spectacles (+)

31.94% (199)

AMD

11.6% (72)

Glaucoma (treated)

8.34% (52)

Lens spectacles (–)

6.9% (43)

Pseudophakia

5.30% (33)

Glaucoma neuropathy (evident)

4.82% (30)

Pseudoexfoliation

4.17% (26)

Diabetic retinopathy

2.1% (13)

Amblyopia

2.09% (13)

Degenerative myopia

1.93% (12)
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correlated with risk of falls [21]. These two tests
were significantly dependent on age, which was
in agreement with their character. It should be
mentioned that the scores of these tests could be
modulated by a fear of fall reoccurrence [22].
The difference in TUG between fallers and
non-fallers was statistically significant. These results did not correspond with the results of Thrane
et al. (subgroup of women) [23], where TUG was
described as being of low value for clinical assessment of fall risk.
The IADL test in our multifactorial analysis presented an independent prognostic character for
risk of falls. Moreover, in our study IADL was the
main fall predictor. Corresponding results were reported in the biggest prospective study in women,
with mean age close to our participants [21]. It
should be mentioned that necessity of self-admission to our study was a very important inclusion
factor, which selected participants in good physical condition.
The dexterity tests were mainly dependent on
age, even further reducing the role of visual acuity (also correlated with age) in physical condition.
Nevertheless, in our analysis the impact of visual
impairment on dexterity is not denied but only
present in the background.
The dependence between IADL and visual function was previously reported by Owsley et al. [24]
in a group of people of similar age. Some functional skills in the IADL test are more or less dependent on vision decline. For the TUG test, vision
function is particularly important to keep balance
and, as shown in the present research, significantly correlated with the result.
As previously reported, distance visual acuity was correlated with the risk of falls [21, 25]
Nevertheless, we observed a correlation between
good and moderate vision subgroups. The trend
of frequency of falls as expected was increasing.
The limited number of participants (8 fallers and
12 non-fallers) could misrepresent decreased incidence of falls in the poor acuity subgroup.
Vision acuity in our research had no impact on
fracture incidence, which is conflicting with the
report of De Boer et al. [26].
Near vision acuity, considered the most important in older adults for exploring environmental
hazards, presented no significant correlation with
the number of falls.
Surprisingly, we found no association between depth perception disturbances and higher
risk of falls. Moreover, problems with stereoscopic vision did not increase the frequency of falls
in a potentially unpredictable outdoor environment. These data conflict with reports where
depth perception was assessed in a similar way
[18, 27]. Nevertheless, other studies have failed
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to find an association between the risk of falls
and depth perception, as assessed by the Randot Stereotest [27].
Our research used the near, not distance, stereotest. The outcome seems to be due to no relation being recorded between near acuity vision
and incidences of falls [28]. Probably the distance
stereotest is more suitable for fall prediction. The
type of spectacles, as reported [29], may modify
visual information used for body stabilization and
impact falls and fracture risk.
The proportion of subjects who used eyeglasses during a fall, between our group and the group
of Ivers et al. [30], was comparable. Nevertheless,
we recorded only 3 cases of wearing multifocal
eyeglasses, which were previously reported as
having the most increased risk of a fall [17]. The
mean visual acuity corrected by positive and negative diopter spectacles was comparable and both
were classified as good visual acuity.
The visual acuity was not significantly different between subjects who reported a fall with
and without glasses. Our data on spectacles use
showed no significant changes in visual acuity,
dexterity tests scores or moreover in fall frequency.
Several limitations of our study should be mentioned when interpreting the above results. Some
falls took place the year period to the measurements of the visual acuity when the habitual current visual function was unknown. Visual acuity
decline is a more predictable risk factor for falls
than visual acuity [27]. For this assessment a prospective study is optimal.
Contrast sensitivity was not assessed. Never
theless, visual acuity, contrast sensitivity and
depth perception are generally quite closely correlated – poor performance in one implies poor
performance in the others [31, 32].
In conclusion, visual acuity influences functional status and number of falls in women aged over
55 years.
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Appendix
The Lawton Instrumental Activities of Daily Living Scale
1. Ability to use a telephone
3 = Independently

2 = Needs some help

1 = Does not use a telephone at all

2 = Needs some help

1 = Completely unable to shop

2 = Needs some help

1 = Needs to have meals prepared and served

2 = Needs some help

1 = Does not participate in any housekeeping tasks

2 = Needs some help

1 = All laundry must be done by others

2 = Needs some help

1 = Does not travel at all

2. Shopping
3 = Independently
3. Food preparation
3 = Independently
4. Housekeeping
3 = Independently
5. Laundry
3 = Independently
6. Mode of transportation
3 = Independently

7. Responsibility for own medications
3 = Independently

2 = Needs some help

1 = Is not capable of dispensing own medication

8. Ability to handle finances
3 = Independently

2 = Needs some help

1 = Incapable of handling money

Final scoring…………/24 points
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