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Introduction: Our aim was to analyze the magnitude, the orientation and the age-
related changes of corneal astigmatism and its correlation with biometric parameters in
healthy eyes.

Patients and methods: Patients over 15 years were enrolled in our study. Exclusion
criteria were previous ocular surgery, corneal disease or contact lens wearing. Axial
length (AL), keratometric readings and anterior chamber depth (ACD) were assessed
using IOLMaster.

Results: In our study 1092 eyes were examined. The mean age was 69.64+15.25
years (range: 15-100 years). AL was 23.32+1.49 mm and ACD was 3.17+£2.03 mm.
Higher AL and ACD values were observed in male patients. The overall astigmatism
was 0.89+0.72 D. The magnitude of astigmatism was =0.5 D in 73.53% of the cases,
21.0Din 32.78%, 21.5 D in 13.55% and 22.0 D in 6.86%. In our population 582 eyes
(53.3%) showed with-the-rule astigmatism, 309 (28.3%) against-the-rule, 201 (18.4%)
oblique astigmatism regardless to gender. Significant against-the-rule astigmatic shift
was verified with aging. Significant correlation was found between age and ACD (r=-
0.39, p<0.001), age and AL (r=-0.15, p<0.001), AL and flat (r=-0.54, p<0.001) and
steep keratometric readings (r=-0.49, p<0.001).

Conclusions: In order to obtain adequate refraction results, at the time of the cataract
surgery a distinct attention should be drawn to ophthalmological biometric parameters
which are continuously changing even in adulthood and to astigmatism above 1.0 D
present in >32% of the population.
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Abstract

Introduction: Our aim was to analyze the magnitude, the orientation and the age-related
changes of corneal astigmatism and its correlation with biometric parameters in healthy eyes.
Patients and methods: Patients over 15 years were enrolled in our study. Exclusion criteria
were previous ocular surgery, corneal disease or contact lens wearing. Axial length (AL),
keratometric readings and anterior chamber depth (ACD) were assessed using IOLMaster.
Results: In our study 1092 eyes were examined. The mean age was 69.64+15.25 years (range:
15-100 years). AL was 23.32+1.49 mm and ACD was 3.17+2.03 mm. Higher AL and ACD
values were observed in male patients. The overall astigmatism was 0.89+0.72 D. The
magnitude of astigmatism was >0.5 D in 73.53% of the cases, >1.0 D in 32.78%, >1.5 D in
13.55% and >2.0 D in 6.86%. In our population 582 eyes (53.3%) showed with-the-rule
astigmatism, 309 (28.3%) against-the-rule, 201 (18.4%) oblique astigmatism regardless to
gender. Significant against-the-rule astigmatic shift was verified with aging. Significant
correlation was found between age and ACD (r=-0.39, p<0.001), age and AL (r=-0.15,
p<0.001), AL and flat (r=-0.54, p<0.001) and steep keratometric readings (r=-0.49, p<0.001).
Conclusions: In order to obtain adequate refraction results, at the time of the cataract surgery
a distinct attention should be drawn to ophthalmological biometric parameters which are
continuously changing even in adulthood and to astigmatism above 1.0 D present in >32% of

the population.

Keywords: astigmatism, with-the-rule, against-the-rule
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Introduction

It is commonly known, that the magnitude and orientation of astigmatism are
continuously changing from birth (1-3). Only a few studies comprising large cohort of
patients have been published on adulthood related astigmatic changes (4-8). Corneal
astigmatism plays an important role in impairing visual acuity both in phakic and
pseudophakic (9,10) eyes. In the past few years, the reduction of astigmatism during cataract
operations has been of greater importance, which has a significant role in patient satisfaction
after surgery as well. Previous publications have also reported significant pre-existing
astigmatism calling for correction (4-6,11) in a high percentage of patients waiting for
surgery, so it is not at all surprising that such surgical techniques are being emphasized
especially with the appearance of advancing sophisticated techniques.

Our goal was to examine the magnitude, the orientation, the age- and gender-related
changes of corneal astigmatism and their correlations with biometric parameters in a larger

number of healthy patients.

Patients and methods

Our examinations were performed in patients presenting for eye examination at our
clinic. An inclusion criterion was: >15 years of age, anatomically normal anterior segment of
the eye examined by slit-lamp biomicroscope; exclusion criteria were previous ocular surgery,
history of corneal disease, wearing of contact lenses and dry eye disturbing the examination.

Every eye was examined with I0LMaster (Carl Zeiss Meditec, Jena, Germany,

software version 5.4). Axial length (AL) measurement was performed minimum 5 times in
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each eye (signal/noise ratio minimum 100), then 3 keratometric data were assessed in an
automated mode and the mean calculated by the device was used for further computing.
Subsequent to keratometric measurements anterior chamber depth (ACD) was also measured
minimum 3 times.

When evaluating keratometric data, the orientation of corneal astigmatism was defined
as against-the-rule (ATR) astigmatism in case of steep corneal curvature between 0-30 and
150-180 degrees, oblique astigmatism between 30-60 and 120-150 degrees, with-the-rule
(WTR) astigmatism between 60-120 degrees.

The procedure of the examination was explained to the patients and the research
protocol adhered to the tenets of the Declaration of Helsinki. Statistical analysis was
performed with MedCalc 10.0 and Microsoft Excel softwares. Descriptive statistical results
were described as meanz standard deviation (SD) and 95% confidence interval (95% CI) for
the mean. Normality of data was tested by Kolmogorov-Smirnov test. If the normality was
rejected (p<0.05), nonparametric test was used. Accordingly, certain groups and results were
compared with Student’s t-probe or Mann-Whitney U test, in case of comparing more than
two groups ANOVA test was used. Spearman rank test was applied to explore correlations. P

value below 0.05 was considered statistically significant.

Results

In present study, 1092 eyes of 675 patients were examined. The female/male rate was
399/276. The mean age of patients was 69.64+15.25 years (range: 15-100 years, 95% CI:
68.73-70.54 years), there was no difference between genders (p=0.5). Axial length was
23.32+1.49 mm (range: 18.74-38.45 mm, 95% CI: 23.23-23.41 mm), anterior chamber depth

was 3.17+2.03 mm (range: 1.63-5.5 mm, 95% CI: 3.02-3.33 mm) in the examined population.
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Regarding all biometric data obtained in our study and also age, Kolmogorov-Smirnov test
rejects normality (p<0.001). The keratometric value of the flat meridian was 43.53+1.56 D
(range: 37.85-49.3 D, 95% CI: 43.44-43.26 D), while that of the steeper meridian was
44.43+1.59 D (range: 39.25-49.06 D, 95% CI: 44.33-44.52 D). These values were gender
dependent. Overall astigmatism was 0.89+0.72 D (range: 0-6.34 D, 95% CI: 0.85-0.94 D),
showing no significant difference between male and female patients. The differences in some
biometric parameters between males and females are shown in details by Table 1.

The magnitude of astigmatism was >0.5 D in 73.53% of the cases, >1.0 D in 32.78%,
>1.5 D in 13.55%, >2.0 D in 6.86% and >3.0 D in 2.47%, and no significant deviation was
found measured separately for men and women. The distribution of the astigmatic ranges
measured in present population is shown by Table 2. WTR was observed in 582 cases
(53.3%), ATR in 309 cases (28.3%) and oblique astigmatism in 201 cases (18.4%) of the
investigated population. This rate showed no significant gender-dependence. The rate and
orientation of astigmatism are presented by a graph in Figure 1.

A significant negative correlation was verified between age and ACD (r=-0.39,
p<0.001), age and AL (r=-0.15, p<0.001), AL and flat keratometric (r=-0.54, p<0.001) and
steep keratometric values (r=-0.49, p<0.001) in both genders. There was a weak but
statistically significant correlation between age and the magnitude of astigmatism (r=-0.08,
p=0.01).

In case we divide the examined population into age groups, significant differences
independent of gender can be observed. The WTR rate of 86.6% detected in the 15-25 age
group is continuously decreasing to 43% by the age of 80, meanwhile the rate of ATR

increases from 0% to 34% (Figure 2).
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Discussion

Astigmatism highly affects visual acuity in pseudophakic eyes as well (9,10), that is
why its correction has been highly emphasized in cataract operations recently. Our data
clearly show that almost one third of the population waiting for cataract surgery has >1.0 D
corneal astigmatism. To obtain adequate refractive results, in such cases the correction of
astigmatism seems to be reasonable.

A large number of data exist on childhood astigmatism, which shows astigmatism
exceeding 1.0D in minimum 70% of the infants (12-14), with population-dependent
prevalence (15). The literature describes far less prevalence in children (2,16,17). Other
publications report an overall 0.65 D astigmatism at the age of 55 months (3). The rate of
childhood astigmatism decreases with age (1,2,15,18,19); according to a longitudinal study,
the most outstanding changes in the rate of astigmatism occur between the first and the second
year of life," and further decrease can be detected up to 6 years (1) and after (2,3). Other
studies do not confirm such age-adjusted changes in children in various populations (13).
Regarding the orientation of astigmatism, the WTR type is the most common in children
(3,15), and in cases where astigmatism is >1.0 D it can even reach a rate of 90% in certain
populations (13). Dobson’s researches found ATR dominancy under 3.5 years and WTR
dominancy above 5.5 years (2). Several studies verified predominant ATR in infants (1), and
regarding the meridian of astigmatism found no significant changes between 1-4 years (1).

Only a few studies have been published on the investigation of astigmatic parameters
in adulthood in a large cohort of patients (4-8), though data collected in Central Europe are
still not known. Consequently, the rate of astigmatism is an average of 1.0 D (4-6,11,20),

which complies well with our data. Regarding astigmatism prevalence, our data differ from
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those of Khan’s (4), measured with IOLMaster: we observed similar values below 0.5 D;
however, we detected more astigmatic values below 1.5 D (86.45% vs. 79.5%) and fewer
above 1.0 D (32.78% vs. 40.4%). The later is distinctly high in the population waiting for
cataract surgery in our study. Other publications report even higher values on the rate of
astigmatism above 1.5 D (13.55% vs. 22%) (6). Hoffer’s first study, carried out in a large
cohort of patients, also observed <0.5 astigmatism in 40-45% of the patients (5), which is
significantly higher than values detected in his further researches and in our study, however
different measurement techniques were used. Two presently published studies (6,7) issued
basically the same data in regarding the prevalence of <1.0 D astigmatism. In addition to
significant differences observed in population-related childhood astigmatism, similar
differences have been reported on adults (21), therefore our data measured in a Central-
European population may be of an interest.

Regarding age-related changes, it is well known, that prevalence of astigmatism above
2.0 D is gradually increasing and that below 0.5 D is continuously decreasing with age (20).
The orientation of corneal astigmatism however shifts with age: WTR common in youngsters
is gradually shifting to ATR and oblique astigmatism (7,8,20-24). Thus, ATR prevalence is
higher than WTR in adults (11,20), though in case of higher rate of astigmatism there is WTR
dominance (7). Our measurements confirm these normal age-related changes, though their
reason is still not clearly known. There are publications reporting on significant ATR
astigmatism dominance above 60 years in diverse populations (25).

Only few of the studies aimed at assessing the correlation between other ocular
biometric data in a large cohort of patients (5,7,22) The mean axial length was 23.43 mm (7),
23.56 mm (22), 23.65 mm (5) and some other studies also observed a slight decrease with
aging (22,26). The overall flat keratometric data are around 43.4-43.5 D (4,6), steep

keratometric data are about 44.0-44.5 D (4,6), similarly to our data. Our findings regarding
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the age-adjusted correlations with keratometric values, axial length, lens thickness and
anterior chamber depth support the results of some previous studies (7,27,28). These changes,
considered as part of aging, can partly be explained with the reduction in the length of the
constituent collagen fibres in tissues (2). Differences in AL, ACD and keratometric values can
be observed between genders, and it is also supported by other publications (7,8,26), however
the magnitude and the orientation of corneal astigmatism is not gender dependent according to
our data.

In summary, our keratometric data obtained from an adult population with a wide
range of ages from Central Europe slightly differ from data found in the literature thus they
add to the notion of the population dependent differences of astigmatism. Ophthalmological
biometric parameters are continuously changing after birth and in childhood, and undergo
further specific, though slower changes in adulthood. Corneal astigmatism in adulthood is
above 1.0 D in one third of the population, therefore it requires a greater emphasis if adequate

refractive results are to be obtained in cataract surgeries.
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Legends for tables and figures

Table 1: Gender differences regarding biometric parameters. P values under 0.05 show
significant differences in biometric parameters between genders. AL: axial length, ACD:

anterior chamber depth, K1: flat keratometric data, K2: steep keratometric data.

Table 2. The distribution of astigmatism according to diopter zones (n=1092).

Figure 1. The distribution of astigmatism in the examined population presented in a graph
(n=1092). Each point represents one patient. The distance from zero shows the magnitude of

astigmatism and the orientation is depicted by the arrangement in degrees.

Figure 2. Distribution of with-the-rule (WTR), against-the-rule (ATR) and oblique

astigmatism in the various age groups (n=1092).
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*Summary Statement

Summary statement

In a large series of patients, the astigmatism was 0.89+0.72 D (range: 0-6.34 D, 95%

Cl: 0.85-0.94 D, >1.0 D in >32%), showing no significant difference between male and
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10 female. The magnitude of astigmatism was >0.5 D in 73.53% of the cases, >1.0 D in 32.78%

12 and >1.5 D in 13.55%.
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Table 1-2

female male p
mean+ SD  range 95% CI mean+ SD  range 95% CI
AL (mm) 23.14+1.59 18.74-38.45 23.01-23.26 23.5+1.37  18.74-32.54 23.39-23.61 <0.001

ACD (mm) 3.05+0.47  1.63-4.6 3.01-3.1 3.19+0.44  1.8-4.57 3.14-3.23 <0.001

K1 (D) 43.8+1.52  39.43-49.34 43.68-43.92 43.14+1.53 37.8-47.5  43.0-43.28 <0.001
K2 (D) 44.68+1.58 40.18-50.9 44.56-44.81 44.06+1.54 39.25-49.15 43.92-44.2 <0.001
astigmatism (D) 0.91+0.73  0-6.18 0.85-0.98  0.88+0.71 0-6.34 0.82-0.94 0.43

Table 1.



D range n %

0.0-0.49 289 26.46
0.5-0.99 445 40.75
1.0-1.49 210 19.23
1.5-1.99 73 6.69
2.0-2.49 37 3.39
2.5-2.99 11 1.01
3.0-3.49 11 1.01
>3.5 16 1.46

Table 2.



