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Abstract
PURPOSE:

To examine the effect of uncorrected astigmatism in older adults.

SETTING:

University Vision Clinic

METHOD:

Twenty-one healthy presbyopes, aged 58.9±2.8 years, had astigmatism of 0.0 to

-4.0 x 90DC and -3.0DC of cylinder at 90, 180 and 45 induced with spectacle lenses, with
the mean spherical equivalent compensated to plano, in random order. Visual acuity was
assessed binocularly using a computerised test chart at 95%, 50% and 10% contrast. Near
acuity and reading speed were measured using standardised reading texts. Light scatter was
quantified with the cQuant and driving reaction times with a computer simulator. Finally visual
clarity of a mobile phone and computer screen was subjectively rated.
RESULTS:

Distance visual acuity decreased with increasing uncorrected astigmatic power

(F=174.50, p<0.001) and was reduced at lower contrasts (F=170.77, p<0.001). Near visual
acuity and reading speed also decreased with increasing uncorrected astigmatism power
(p<0.001). Light scatter was not significantly affected by uncorrected astigmatism (p>0.05), but
the reliability and variability of measurements decreased with increasing uncorrected astigmatic
power (p<0.05). Driving simulator performance was also unaffected by uncorrected astigmatism
(p>0.05), but subjective rating of clarity decreased with increasing uncorrected astigmatic power
(p<0.001). Uncorrected astigmatism at 45 or 180 orientation resulted in a worse distance and
near visual acuity, and subjective rated clarity than 90 orientation (p<0.05).
CONCLUSION:

Uncorrected astigmatism, even as low as 1.0DC, causes a significant

burden on a patient’s vision. If left uncorrected, this could impact significantly on their
independence, quality of life and wellbeing.
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Corneal astigmatism, in which the window of the eye is oval in shape, cannot be fully corrected
by a spherical lens. It is a common condition, occurring in about 85% of the general population,
with 20-30% of the older population (>60 years, when cataracts are most common) having
significant severity (>1 dioptre).1,2 While it is standard practice to correct astigmatism when
prescribing glasses and about one third of prescribed contact lenses correct astigmatism,3 many
public health services considers intraocular lenses that correct astigmatism as specialist.
Therefore older astigmatic patients with cataract must pay for both the lens and the cost of
private surgery if they wish to have optimum vision. Suboptimal vision is associated with
reduced quality of life and an increase in falls in the elderly,4,5 but the impact of uncorrected
astigmatism has not previously been assessed.

Since the advent of intraocular lens correction following cataract surgery in the 1950’s, surgical
techniques and intraocular lenses have developed rapidly to keep pace with the increasing
demand created by expanding life expectancy and a corresponding more active lifestyle in
patients experiencing cataracts. Therefore this study examines the challenges of uncorrected
astigmatism in everyday life in people of the age when cataracts typically form to determine the
need for toric intraocular lenses to be implanted as the routine standard of care.
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Method
Twenty-one presbyopes, aged 50-69 years old (average ± standard deviation 58.9 ± 2.8 years,
ten female) with no ocular pathology, not on medication likely to influence the stability of
refractive error, having less than 0.75D of manifest astigmatism and who had an acuity better
than 0.0 logMAR in both eyes were recruited. The study conformed to the declaration of
Helsinki, was approved by the institutional ethics committee and subjects gave their informed
consent to take part.

Each of the subjects was made familiar with the assessments of visual function. Visual acuity
and contrast sensitivity assessed binocularly using a Thomson computerised logMAR
progression Test Chart (Thomson Software Solutions, Hatfield, UK). Subjects were asked to
read the smallest visible letters and were encouraged to guess when uncertain. Each letter was
scored as 0.02logMAR and the acuity measured with 95%, 50% and 10% contrast letters,
randomised between measures. Near acuity and reading speed at 0.2 logMAR larger than this
acuity was assessed at a 40cm working distance with a +2.50D near addition using
standardised reading performance texts of 830 ± 2 characters length.6 The chart was presented
on an LCD computer screen and the words were changed between each repetition. Light scatter
in the right eye was assessed using the cQuant (Oculus Optikgerate GmbH, Wetzlar, Germany),
recording the average of three repeated measured. Driving was simulated using a split attention
task displayed on a 14” computer monitor. Subjects responded to the car in front travelling at a
matched 60mph breaking (and increasing in visual angle) or a pedestrian initially seen at 3.6
eccentricity on the off or far side beginning to cross the path of the subject when they reached
6.5 eccentricity. Reaction times were averaged for 3 repeats of each condition over a 1.5
minute simulated drive. Finally mobile phone screen and internet computer screen clarity
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positioned at the subject’s standard working distance for that task were each subjectively rated
as a percentage.

Having practiced each of the tasks until they felt comfortable and had a consistent performance,
subjects repeated the tasks seven times wearing a trial frame with spectacle lenses fitted to
correct their refractive error together with a cylindrical addition of different powers and axes in
randomised order compensated with a sphere so the mean spherical equivalent was always
zero. The effect of power was simulated with +0.00/-0.00x90, +0.50/-1.00x90, +1.00/-2.00x90,
+1.50/-3.00x90 and +2.00/-4.00x90. This simulated the typical situation of patients with an
astigmatic corneal refractive error being implanted with a spherical intraocular lens of a power to
compensate the average refractive error for distance, i.e. based on the average corneal
curvature. To compensate for the effects of the trial lens surfaces, the minimal astigmatism
comparison was simulated with the same number of trial lenses as the other conditions. The
effects of uncorrected astigmatism power was assessed with the negative cylinder orientated
vertically (90) as this is the commonest cylindrical axis up to approximately 60 years of age.2
The effect of the axis of astigmatism was simulated with +1.50/-3.00x90, +1.50-3.00x180 and
+1.50/-3.00x45. A three dioptre cylinder was chosen as the power at which to assess the effect
of the cylinder axis as this encompasses 95% of astigmatic errors in this population.2 Subjects
had approximately 5 minutes to adapt to each set of lenses before testing, although it appears
the brain does not adapt to binocular astigmatism.7

Statistical analysis
Descriptive statistics of mean and standard deviation were plotted for each assessment. Visual
acuity, contract sensitivity, reading speed, light scatter and reaction time data were compared
5

using repeated measure analysis of variance with paired t-tests for post hoc testing. The
linearity of changes was assessed with Pearson’s correlations. Subjective ratings of clarity were
compared using Fisher non-parametric related sample comparisons with Wilcoxon signed rank
tests for post hoc testing.
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Results
Distance visual acuity decreased significantly with increasing uncorrected astigmatic power (F =
174.50, p < 0.001) and was reduced at lower contrasts as expected (F = 170.77, p < 0.001),
with no interaction between these effects (F = 1.47, p = 0.26). Each dioptre of uncorrected
astigmatism caused a significantly lower acuity than the previous power at each contrast level (p
< 0.01; Figure 1). Distance visual acuity was significantly affected by uncorrected astigmatic
axis (F = 5.19, p = 0.02) and was reduced at lower contrasts as expected (F = 129.75, p <
0.001), with no interaction between these effects (F = 0.36, p = 0.83). Uncorrected astigmatism
at 90 orientation resulted in a significantly better acuity than with the axis at 45 or 180 at each
contrast level (p < 0.05; Figure 1).

Near visual acuity decreased significantly with increasing uncorrected astigmatism power (F =
221.62, p < 0.001). Each dioptre of uncorrected astigmatism caused a significantly lower acuity
than the previous level (p < 0.001; Figure 2). Near visual acuity was significantly affected by
uncorrected astigmatic axis (F = 26.00, p < 0.001). Uncorrected astigmatism at 90 orientation
resulted in a significantly better acuity than with the axis at 45 or 180 at each contrast level (p
< 0.001; Figure 2). Reading speed decreased significantly with increasing uncorrected
astigmatism power (F = 11.97, p < 0.001), but only with -3.0DC or greater (p<0.001; Figure 3).
Reading speed was significantly affected by uncorrected astigmatic axis (F = 4.45, p = 0.026).
Uncorrected astigmatism at 180 orientation resulted in a significantly worse reading speed than
with the axis at 45 (p = 0.03; Figure 3).

Although there was no significant increase in light scatter with increasing uncorrected
astigmatism power (F = 1.11, p = 0.559) or changes in axis (F = 0.13, p = 0.878; Figure 4), the
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reliability and variability of measurements decreased with increasing uncorrected astigmatic
power (F = 2.93, p = 0.026; F = 2.44, p = 0.05). Responding to a car in front breaking (F =
0.813, p = 0.521) or a nearside (F = 1.266, p = 0.290) or offside (F = 0.200, p = 0.102)
pedestrian was not significantly affected by uncorrected astigmatic power (Figure 5).
Responding to a car in front breaking (F = 0.111, p = 0.895) or a nearside (F = 1.148, p = 0.327)
or offside (F = 1.441, p = 0.249) pedestrian was unaffected by uncorrected astigmatic axis
(Figure 5).

Subjective rating of clarity decreased significantly with increasing uncorrected astigmatic power
when viewing a mobile phone (Chi Squared = 81.29, p < 0.001) or a computer screen (ChiSquared = 79.91, p < 0.001). Each dioptre of uncorrected astigmatism caused a significantly
lower rating of clarity (p < 0.01; Figure 6). Subjective clarity was significantly affected by
uncorrected astigmatic axis when viewing a mobile phone (Chi-Squared F = 19.01, p < 0.001) or
a computer screen (Chi-Squared = 21.53, p < 0.001). Uncorrected astigmatism at 90
orientation resulted in a significantly better rating than with the axis at 180, and the 180
orientation was rated significantly better than the 45 orientation for both mobile phone and
computer viewing (p < 0.01; Figure 6).
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Discussion
This study assessed whether leaving patients with uncorrected astigmatism after cataract
surgery and implantation of an intraocular lens has a significant impact on their visual function
and visual performance. Visual acuity at high and low contrast sensitivity is critical to performing
tasks as diverse as reading road signs and navigating. After cataract surgery, few patients
report difficulties with vision for driving in daylight (5%), but almost half (43%) find night driving
difficult due to glare associated with low contrast visual acuity.8 The driving standard is usually
around 0.3logMAR with high contrast letters, which patients with more than -2.0D of uncorrected
astigmatism could not achieve. Visual acuity was further reduced by an axis of astigmatism off
the vertical axis and with low contrast. Uncorrected astigmatism caused an average loss of
visual acuity of 1.5 lines per dioptre (+0.15 ± 0.03 logMAR/DC, r = -0.76) at high contrast and a
similar effect at 50% and 10% contrast (+0.14 ± 0.03 logMAR/DC, r = -0.91; +0.14 ± 0.05
logMAR/DC, r = -0.80 respectively) which is approximately half the effect of spherical blur as
expected from the average blur circle at the retina.9 Therefore even a relatively low amount of
uncorrected astigmatism will significantly reduce visual acuity, which will further reduce ability to
perform low contrast tasks. For example worse contract sensitivity has been shown to be
associated with self restricted night driving in older adults,10 with about 20% of those in their
70’s and 55% of those in their 80’s not driving at night.11

Reading tasks are considered the most critical to quality of life by older individuals.12 Although
less systematic than distance visual acuity (r = -0.42), reading acuity decreased a similar
amount with uncorrected astigmatism power (+0.13 ± 0.07 logMAR/DC). Newspaper print
(approximately 0.4 logMAR at 40cm) was only just resolvable with 2.0DC of uncorrected
cylinder and made worse by the steepest axis not being in the vertical, as occurs with increasing
age.2 Allowing for an acuity reserve of 6 – 18 times the threshold letter size to achieve highly
9

fluent reading speed,13 even 1.0DC of uncorrected astigmatism will affect simple everyday
reading tasks. Despite reading speed being assessed with words 0.2logMAR larger than the
threshold reading acuity with each lens combination, the speed was significantly reduced with
higher levels of uncorrected astigmatism which will make reading tasks more difficult to perform,
less pleasurable, and often leading to a reduction in independence and quality of life.14

Difficulties with night driving and glare are reported by both elderly drivers with visual
impairment and those with healthy eyes.15 Trouble with driving at night is a commonly reported
symptom in the elderly, occurring in 28.2% of drivers over the age of 50 years in the Australian
Blue Mountains population study.16 Although there was no significant increase in light scatter
with increasing uncorrected astigmatism power or changes in axis, this was principally due to
the systematic reduction in quality of the measurements. It would therefore appear that
uncorrected astigmatism negatively affects glare even though this accepted test of light scatter
was unable to quantify the effect. Interestingly, while visual acuity declines with decreasing
luminance and / or blur, steering performance does not unless the visual field is restricted.17,18
Therefore the driving simulator findings were not unexpected. However, performance with
unexpected events and poorer driving conditions such as rain and on-coming traffic headlights
may still be compromised by uncorrected astigmatism.

Patients’ rating of clarity was significantly reduced by increasing uncorrected astigmatic power.
The patients were allowed to use their standard viewing conditions (kept constant between
comparisons) and were masked as to the level of uncorrected astigmatism, so this was a real
effect. Therefore as well as the effect on visual function, patients are aware of their reduced
vision, so uncorrected astigmatism is likely to negatively impact on their quality of life. Although
10

patients could choose to improve their vision by the use of spectacles or contact lenses, they
are unlikely to do this if left with just astigmatic refractive error with improvements in biometry19
or implantation of intraocular lenses that correct presbyopia.20,21

In conclusion, uncorrected astigmatism significantly compromises a patient’s vision. This is
likely in the long-term to lead to restricted independence, reduced quality of life and falls.4,5 With
modern intraocular lenses implanted after cataract surgery, astigmatism can easily be
corrected22 and the additional cost of these ‘premium’ lenses is likely to be far less than the
consequences of leaving them with uncorrected astigmatism. Hence correction of corneal
astigmatism during cataract surgery and intraocular lens implantation should be the standard of
care.

11

References
[1]

Vitale S, Ellwein L, Cotch MF, Ferris FL, Sperduto R. Prevalence of refractive error in
the United States, 1999-2004. Arch Ophthalmol 2008;126:1111-1119.

[2]

Ferrer-Blasco T, Montes-Mico R, Peixoto-de-Matos SC, Gonzalez-Meijome JM,
Cervino A. Prevalence of corneal astigmatism before cataract surgery. J Cat Ref Surg
2009;35:70-75.

[3]

Morgan PB, Efron N. Prescribing soft contact lenses for astigmatism. Contact Lens Ant
Eye 2009;32:97-98.

[4]

Black A, Wood J. Vision and falls. Clin Exp Optom 2005;88:212-222.

[5]

Lotery A, Xu X, Zlatava G, Loftus J. Burden of illness, visual impairment and health
resource utilisation of patients with neovascular age-related macular degeneration:
results from the UK cohort of a five-country cross-sectional study. Br J Ophthalmol
2007;91:1303-1307.

[6]

Hahn GA, Penka D, Gehrlich C, Messias A, Weismann M, Hyvärinen L, Leinonen M,
Freely M, Rubin G, Dauxerre C, Vital-Durand F, Featherston S, Dietz K, TrauzettelKlosinski S. New standardised texts for assessing reading performance in four
European languages. Br J Ophthalmol 2006;90:480-484.

[7]

Yehezkel O, Belkin M, Sagi D, Polat U. Adaptation to monocular astigmatic distortion
by conflicting binocular input. Invest Ophthalmol Vis Sci 2005;46:S5632.

[8]

Monestam E, Lundqvist B. Long-time results and associations between subjective
visual difficulties with car driving and objective visual function 5 years after cataract
surgery. J Cat Refract Surg 2006;32:50-55.

12

[9]

Johnson CA, Casson EJ. Effects of luminance, contrast sensitivity, and blur on visual
acuity. Optom Vis Sci 1995;72:864-869.

[10]

Freeman EE, Munoz B, Turano KA, West SK. Dynamic measures of visual function
and their relationship to self-report of visual functioning. Invest Ophthalmol Vis Sci
2006;47:4762-4766.

[11]

Klein BEK, Moss SE, Klein R, Lee KE, Cruickshanks KJ. Associations of visual function
with physical outcomes and limitations 5 years later in an older population – The
Beaver Dam eye study. Ophthalmology 2003;110:644-650.

[12]

Wolffsohn JS, Cochrane AL. The changing face of the visually impaired. The Kooyong
low vision clinic's past, present and future. Optom Vis Sci 1999;76:747-754.

[13]

Whittaker SG, Lovie-Kitchin J. Visual requirements for reading. Optom Vis Sci
1993;70:54-65.

[14]

Wolffsohn JS, Cochrane AL. Design of the low vision quality of life questionnaire
(LVQOL) and measuring the outcome of low vision rehabilitation. Am J Ophthalmol
2000;130:793-802.

[15]

McGreggor LN, Chaparro A. Visual difficulties reported by low-vision and nonimpaired
older adult drivers Human Factors 2005;47:469-478.

[16]

Ivers RQ, Mitchell P, Cumming RG. Visual function tests, eye disease and symptoms
of visual disability: a population-based assessment. Clin Exp Ophthalmol 2000;28:4147.

[17]

Owens DA, Tyrrell RA. Effects of luminance, blur, and age on nighttime visual
guidance: A test of the selective degradation hypothesis. J Exp Psychology-Applied
1999;5:115-128.
13

[18]

Brooks JO, Tyrrell RA, Frank TA. The effects of severe visual challenges on steering
performance in visually healthy young drivers. Optom Vis Sci 2005;82:689-697.

[19]

Buckhurst PJ, Wolffsohn JS, Shah S, Naroo SA, Davies LN, Berrow EJ. A new optical
low coherence reflectometry device for ocular biometry in cataract patients. Br J
Ophthalmol 2009;93:949-53.

[20]

Madrid-Costa D, Cervino A, Ferrer-Blasco T, Garcia-Lazaro S, Montes-Mico R. Visual
and optical performance with hybrid multifocal intraocular lenses. Clin Exp Optom 2010
In press.

[21]

Sheppard A, Davies L. Bashir A, Wolffsohn JS. Accommodating intraocular lenses: a
review of design concepts, usage and assessment methods. Clin Exp Optom 2010 In
press.

[22]

Buckhurst PJ, Wolffsohn JS, Davies LN, Naroo SA. Surgical correction of astigmatism
during cataract surgery. Clin Exp Optom 2010. In press.

14

Table 1:

Trial lens combinations used to simulate uncorrected astigmatism
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FIGURE LEGENDS
Figure 1:

Distance visual acuity with uncorrected astigmatism power and axis. N=21. Error
bars = 1 S.D.

Figure 2:

Near visual acuity with uncorrected astigmatism power and axis. N=21. Error bars
= 1 S.D.
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Figure 3:

Reading speed with uncorrected astigmatism power and axis. N=21. Error bars =
1 S.D.
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Figure 4:

Light scatter with uncorrected astigmatism power and axis. N=21. Error bars = 1
S.D.
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Figure 5:

Driving task performance with uncorrected astigmatism power and axis. N=21.
Error bars = 1 S.D.
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Figure 6:

Subjective rating of clarity with uncorrected astigmatism power and axis. N=21.
Error bars = 1 S.D.
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