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Purpose: To determine the prevalence of ametropia and astigmatism in a clinic population and to estimate the
coverage of frequent replacement soft toric lenses.
Methods: A review of patient ﬁles was conducted at three clinical sites. Prescription data collected between
January 2014 and March 2017 in a patient cohort 14 to 70 years of age inclusive were analyzed to determine
prevalence of ametropia and astigmatism. The percent coverage of frequent replacement soft toric contact lenses
has further been estimated using diﬀerent ranges for sphere, cylinder and axis availability.
Results: In total 101,973 patients were included in the analysis of which 69.5% were considered myopic, 26.9%
hyperopic and 3.5% emmetropic as determined by the eye with the larger absolute value of the spherical
equivalent refraction. Astigmatism in at least one eye was found in 87.2% of the population, with 37.0% of the
patients exhibiting astigmatism of at least −1.00DC in at least one eye. With-the-rule astigmatism was most
prevalent in the 14 to 20 year-olds (53.0%), while against-the-rule astigmatism was most prevalent in the 41 to
70 year-olds (50.7%). For astigmatic eyes with a cylinder of at least −0.75DC (n = 83,540; 41% of all eyes), the
coverage with toric soft lenses varied greatly depending on parameter availability and ranged between 30.7%
(sphere: Plano to −3.00D, cylinder: up to −1.75DC, axes: 90 ± 10° and 180 ± 10°) and 96.4%
(sphere: + 6.00D to −10.00D, cylinders: up to −2.75DC, 18 axes).
Conclusion: Currently available frequent replacement soft toric contact lenses provide coverage for up to 96.4%
of potential patients.

1. Introduction
Astigmatism is a common form of ametropia and early descriptions
date back at least 150 years: “Astigmatism may occur either alone or in
connection with any of the refractive or accommodative anomalies; it
may exist in one eye only, or in both eyes; and it may be symmetrical or
unsymmetrical, equal or unequal, in the two eyes.” [1] Small levels of
uncorrected astigmatism may not always result in a signiﬁcant reduction in visual acuity, however, it has been linked to both ocular discomfort and eye strain with digital device use [2,3]. Some degree of
astigmatism is found in more than 73% of the population [4,5], while a
cylinder of at least -0.75DC has been reported in up to 45% of people,
but the incidence varies greatly with age, race, gender and ametropia
[6–9]. Nemeth et al. [4] investigated the magnitude of astigmatism in
Hungarian eyes and reported at least -0.50 DC in 74%, at least -1.00DC
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in 33%, and at least -2.00DC in 7% of their study population. Their
ﬁndings diﬀer from an Australian population [5], who reported at least
-0.75DC in 81%, at least -1.00DC in 19% and at least -3.00DC in 1% of
their study population. Young et al. reported that the prevalence of
astigmatism of at least -0.75DC in a practice-based population is signiﬁcantly higher in myopes compared to hyperopes (31.7% vs. 15.7%)
[9]. They further reported that the prevalence of with the rule (WTR)
and against the rule (ATR) astigmatism is similar (32.9% vs. 29.1%)
[9].
Soft toric contact lenses were approved by the FDA in 1976 and are
frequently ﬁtted to astigmatic patients, accounting for approximately
26% of all contemporary contact lens ﬁts [10]. Frequent replacement
lenses in either hydrogel or silicone hydrogel materials primarily cover
the most prevalent astigmatic prescriptions and the available prescriptions vary widely between manufacturers and lens types. In order
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The cylinder axis was rounded to the nearest 10 ° step and axes
midway between steps (e.g. 15 or 105 degrees) were rounded to the
horizontal or vertical meridian, whichever was closer. Oblique axes of
45 and 135 degrees were moved clockwise in the left eye and anticlockwise in the right eye, as suggested by Young et al [9]. The distribution of astigmatism among all astigmatic patients with a cylinder
in at least one eye, and for all toric eyes, has been calculated for a
cylinder range -0.25DC up to larger than -3.50DC in 0.25DC steps
(Table 4).
To determine patient coverage with commercially available frequent replacement soft toric lenses all patient eyes with a vertex corrected cylinder of at least -0.75DC were included. Manufacturer’s ﬁtting
guides were reviewed and applied, as described in Table 1. Commonly,
toric soft lenses available up to -1.75DC are recommended for spectacle
cylinders up to -2.50DC, contact lens cylinders of -2.25DC are recommended to cover spectacle cylinders up to -3.00DC and contact lens
cylinders of -2.75DC cover spectacle cylinders up to -3.50DC [12,13].
Soft toric contact lens prescriptions with diﬀerent spherical ranges
up to +6.00D and -10.00D, cylinder ranges from -0.75DC to -2.75DC
and axis steps for horizontal and vertical meridians including ± 10,
± 20, ± 30 degrees and all axes in 10 ° steps (18 axes) have been
chosen for the analysis (Figs. 3–5 ).
Manufacturers typically suggest the range of spectacle cylinder
powers that can be ﬁtted with each contact lens cylinder power. These
ranges were used to determine the percentage of eyes that can be ﬁtted
with toric lens cylinders of up to -1.75DC, up to -2.25DC and up to
-2.75DC respectively (Table 5) [12,13]. All eyes with a spectacle cylinder of at least -0.75DC after vertex correction were included. As an
example, all eyes with a spectacle cylinder ranging from -0.75DC to
-2.50DC were included to determine the percent coverage with toric
lenses up to -1.75DC.
Counts and percentages were used to describe the study data. Since
the purpose of the study was to present an overview of the prevalence of
astigmatic population, statements on comparisons between groups are
intended to allow for easier interpretation of the data and are not based
on inferential statistical analysis.

to manage a cost-eﬀective stock of toric lenses, prescriptions for moderate to high hyperopia, high myopia, oblique axes or higher cylinder
prescriptions are sometimes omitted. This is particularly true for daily
disposable toric lenses. Apart from custom order lenses, soft toric lenses
replaced on a bi-weekly or monthly schedule currently provide the
broadest prescription spectrum. To cover a spherical prescription range
between +6.00D to -9.00D (assuming 0.50D steps above ± 6.00D) only
55 diﬀerent lens prescriptions, known as stock-keeping units (SKUs),
are needed. In contrast, an astigmatic correction over the same spherical range with four cylinder options from -0.75DC to -2.25DC in 10 °
axis steps (18 axes) requires a total of 3960 SKUs.
Apart from one manuscript [9], there are currently no other peerreviewed publications on the percent coverage of soft contact lenses in
a practice-based population. Prevalence studies typically focus on the
level of ametropia and astigmatism in general, but these data are not
detailed enough to determine the combinations of sphere, cylinder and
axis, in order to predict how many patients can be ﬁtted with a certain
contact lens prescription range [7,11]. Young et al. [9] estimated the
current coverage for potential contact lens patients with toric prescriptions by analyzing clinic data from a UK optical retail chain
(11,624 patients). They estimated 90% coverage in a power range from
+6.00D to -9.00D using three cylinders and 18 axes. However, more
recently a number of lens manufacturers have broadened their ranges
by adding a higher cylinder correction of -2.25DC, and for some lens
types -2.75DC, but how this would impact the coverage of potential
contact lens wearers is unclear. Therefore, the purpose of this manuscript was to ﬁrstly determine the prevalence of astigmatism and subsequently the potential coverage of contemporary soft toric contact
lenses, in a large practice-based population.
2. Methods
Ethics clearance was obtained for this data review from the research
ethics committee at the University of Waterloo, Canada. Three eye care
institutions provided de-identiﬁed spectacle prescription data from
their clinic population for analysis: Eye Care Center with multiple locations in Alabama (United States), a large Optometry oﬃce in
Hereford (United Kingdom), and the School of Optometry & Vision
Science in Waterloo (Canada). All available patient prescription records
within the practice database collected between January 2014 and
March 2017 in a patient population 14 to 70 years of age inclusive were
analyzed. For patients who had multiple records during this time
period, only the most current spectacle prescription information was
considered. Overall prevalence data are presented using the patient’s
spectacle prescription by dividing the patient pool into three diﬀerent
age groups: 14–20 years, 21–40 years and 41–70 years (Table 2). The
eye with the larger absolute value of measured spherical equivalent
refraction was used to categorize each patient’s refractive state
(myopic, hyperopic, and emmetropic). For emmetropic patients, both
eyes had a spherical equivalent of 0.00D. The distribution of ametropia
has further been calculated for patients with a low, medium, and high
cylinder and is presented as an overall count and in percent (Fig. 1A, B,
Table 3).
For the toric lens coverage calculation, vertex-corrected contact lens
prescriptions (each meridian was converted independently) were calculated for a 12 mm back vertex distance and rounded to the nearest
0.25D step. Patients or eyes were categorized to be myopic, hyperopic
or emmetropic according to the spherical component of their prescription, rather than the spherical equivalent. This method was chosen
to accommodate contact lens prescription availability. This is highly
relevant, as is seen with the example of an eye with a prescription of
+0.50/–2.50DC x180. The spherical equivalent would be -0.75D and
the eye could be considered myopic. However, a hyperopic contact lens
(+0.50D) with a negative cylinder (-2.25DC x180) would be ﬁtted
clinically. Thus, this eye was treated in this manuscript as being hyperopic.

3. Results
3.1. Study population
The study population consisted of 101,973 eligible patients, including 59,631 female (58%) and 42,342 (42%) male patients. The
majority of patients came from the US (93%), followed by the UK (6%)
and Canada (1%). Patients were grouped according to their age
(Table 2) and further divided with respect to their prescription
(myopes, hyperopes, emmetropes and astigmats). The percentage of
astigmatic patients with a spectacle cylinder in both eyes of up to
-2.50DC was very similar for the data from North America (US and
Canada) and the UK, indicating 94.8% and 94.6% respectively. The
data are therefore presented for the combined patient pool. In all age
groups, more than 50% of patients were found to be myopic, with the
largest proportion of myopes (84%) found in the 21–40 year group.
Emmetropes accounted for no more than 4% in each age group. The
overall proportion of astigmatic patients was 87.2%, with a slight increase seen with age (Table 2).
3.2. Ametropia and astigmatism
The distribution of ametropia and astigmatism is shown in Fig. 1A,
1B and Table 3. The eye with the higher astigmatism was used to categorize the patient in one of three cylinder groups (cylinder up to
-0.75DC, cylinder -1.00DC to -2.50DC and cylinder -2.75DC or higher).
The majority of patients (63%) had a low cylinder of up to -0.75DC,
(range 54.7%–92.6%) across the diﬀerent age groups and ametropia. A
cylinder of -2.75DC or higher was found in less than 6% of each group.
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Fig. 1. A, B: Distribution of ametropia and astigmatism shown as patient count (A) and in percent (B).

In the cylinder range -1.00 to -2.50DC, a slightly higher percentage of
myopes were found compared to hyperopes in all age groups (Fig. 1A
and 1B and Table 3). The hyperopic patients had a slightly higher
percentage of low astigmats with cylinders up to -0.75DC in all age
groups.

Table 1
Contact lens ﬁtting guide recommendation for coverage of spectacle cylinders
with contact lens cylinders.
Contact lens cylinder (DC)

Patient spectacle cylinders (DC)
- corrected for back vertex distance 12mm

−0.75
−1.25
−1.75
−2.25
−2.75

−0.75,
−1.25,
−1.75,
−2.75,
−3.25,

-1.00
-1.50
-2.00, -2.25, -2.50
-3.00
-3.50

3.3. Distribution of astigmatic prescriptions in potential contact lens wearers
The level of astigmatism in the patient population was converted to
contact lens prescription by taking into consideration the back vertex
distance (Table 4). 88,678 (87%) of the 101,973 patients had a cylinder

Table 2
Patient population, distribution of ametropia and age (total count, %).
Age

All patients

Myopesa

Hyperopesa

Emmetropesa

Astigmatsb

Age 14-20 years
Age 21-40 years
Age 41-70 years
Total

13,418 (100)
35,474 (100)
53,081 (100)
101,973 (100)

9588 (72)
29,778 (84)
31,541 (59)
70,907 (69.5)

3264 (24)
4706 (13)
19,481 (37)
27,451 (26.9)

566 (4)
990 (3)
2059 (4)
3615 (3.5)

10,572 (78.8)
30,568 (86.2)
47,758 (90.0)
88,898 (87.2)

a
The eye with the larger absolute value of the spherical equivalent refraction (SER) was used to categorize each patient’s refractive state. If both eyes had an SER
of 0.00D, the patient was considered emmetropic.
b
Astigmatic prescription of at least -0.25DC in at least one eye. The percentage is calculated from the entire age group.
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Table 3
Distribution of ametropia and astigmatism for total patient count and percent.
Age group

14-20 years

21-40 years

41-70 years

Ametropia

Hyperopes
(%)

Myopes
(%)

Emmetr.
(%)

Hyperopes
(%)

Myopes
(%)

Emmetr.
(%)

Hyperopes
(%)

Myopes
(%)

Emmetr.
(%)

Total
(%)

Cylinder
0 to -0.75DC
Cylinder
−1.00 to -2.50DC
Cylinder
−2.75DC or higher
Total

2,493
(76.4)
601
(18.4)
170
(5.2)
3264

6517
(68.0)
2606
(27.2)
465
(4.8)
9588

524
(92.6)
39
(6.9)
3
(0.5)
566

3387
(72.0)
1074
(22.8)
245
(5.2)
4706

18,264
(61.3)
9999
(33.6)
1515
(5.1)
29,778

893
(90.2)
86
(8.7)
11
(1.1)
990

13,139
(67.4)
5933
(30.5)
409
(2.1)
19,481

17,251
(54.7)
12,456
(39.5)
1834
(5.8)
31,541

1806
(87.7)
231
(11.2)
22
(1.1)
2,059

64,274
(63.0)
33,025
(32.4)
4674
(4.6)
101,973 (100)

If the contact lens cylinder is available up to -2.25DC (Fig. 4) or up
to -2.75DC (Fig. 5), the coverage increases on average by 2.0%
(1.1%–2.8%) and 3.2% (1.7%–4.4%) respectively, when compared to a
cylinder up to -1.75DC. When additional cylinder powers are made
available a more signiﬁcant increase in percentage is seen for lenses
that start with a larger sphere range and greater axis coverage. For a
spherical range between +6.00D and -10.00D and all 18 axes, the
maximum coverage for a astigmatic soft lens with a cylinder up to
-2.25DC is 94.7% and for a cylinder up to -2.75 is 96.4%. With a cylinder of up to -2.25DC at least 90% coverage is achieved with a
minimum spherical range of +3.00 to -9.00D (or +4.00 to -8.00D) and
all 18 axes, which requires a minimum of 3096 SKUs. If a cylinder up to
-2.75DC is provided, at least 90% of eyes are covered for spheres between +6.00 to -9.00D and axes 90 & 180 ± 30 (n = 3850 SKUs) or
sphere between +3.00 to -6.00D in all 18 axes (n = 3330 SKUs).
In the high myopic prescription range, a diﬀerence in coverage of no
more than 0.3% was found between a spherical range of +6.00 to
-9.00D compared to +6.00 to -10.00D, independent of the axis or cylinder availability.
The percentage coverage of a patient population with a spectacle
cylinder up to -3.50DC is shown in Table 5 (note that spectacle prescription has been converted to contact lens prescription). For a contact
lens cylinder of up to -1.75DC (-2.50DC spectacle cylinder), the lowest
coverage of 33.1% was found for the smallest spherical power range
(0.00 to -3.00D) and axis availability 90&180 ± 10, while the largest
coverage of 99% was found for the lens with the biggest range (spherical power +6.00 to -10.00D in 18 axes). The coverage in the higher
spectacle cylinders of up to -3.00DC and up to -3.50DC showed very
similar results compared to the group up to -2.50DC, suggesting a similar distribution of spherical lens prescriptions irrespective of the level
of astigmatism.

of at least -0.25DC in at least one eye. A cylinder of at least -0.75DC in
at least one eye was found in 52,453 patients, which corresponds to
51.4% of all patients and to 59.1% of all astigmatic patients. The
number of patients with a cylinder of more than -3.50DC was low,
accounting for only 1.5% of all patients (1.8% of all astigmatic patients).
In total, 157,724 eyes had a cylinder of at least -0.25DC, which
accounted for 77.3% of all eyes. A cylinder of at least -0.75DC was
found in 41.0% of all eyes (53.0% of all astigmatic eyes). For the astigmatic eyes in the myopic, hyperopic and emmetropic sub-groups a
similar percentage was found, with a cylinder of at least -0.75DC occurring in 52.1%, 55.1% and 50.9% respectively. In the group of
myopic eyes, 0.8% had a high cylinder of more than -3.50DC, while this
percentage was slightly higher in the hyperopic group with 2.3%.
Against the rule astigmatism (ATR 90 ± 20) was found slightly more
frequently compared to with the rule astigmatism (WTR 180 ± 20)
when including all astigmatic eyes (42% vs 37%). An oblique axis was
found in 21% of all astigmatic eyes. With higher cylinders of at least
-0.75DC the percentage of WTR, ATR and oblique axes reduced to
21.3%, 23.3% and 8.4% respectively. For astigmatic eyes with a high
cylinder of more than -3.50DC, the percentage of WTR was slightly
higher compared to ATR within each group (2.5% vs 0.6%).
The distribution of cylinder axes for the three diﬀerent age groups is
shown in Fig. 2. The young age group (14–20 years) was found to have
a higher percentage of WTR astigmatism of 53.0% compared to the
older age group (41–70 years) with 27.2%. The opposite was noted for
ATR astigmatism, which was higher in the older age group (50.7% vs
30.3%). Patients 21–40 years of age had an axis distribution fairly similar to the young age group, for most axes except for WTR axes (0°,
10° and 170°).
3.4. Contact lens coverage

4. Discussion
The percent coverage for all vertex-corrected eyes with a spectacle
cylinder of at least -0.75DC (n = 83,540) is shown for contact lens
prescriptions with cylinder ranges from -0.75DC to -1.75DC (Fig. 3),
-0.75DC to -2.25DC (Fig. 4) and -0.75DC to -2.75DC (Fig. 5).
Toric lenses with a cylinder power up to -1.75DC cover between
30.7% and 92.0% of all astigmatic eyes, depending on the spherical
range and axis availability (Fig. 3). If the available axis is only ± 10 °s
from the horizontal and vertical meridians, up to 62.4% of eyes are
covered, assuming the lenses are available in a spherical range from
+6.00D to -10.00D. If the available spherical range is shifted from
Plano to -9.00D to +3.00D to -6.00D the overall coverage increases by
18–25%, depending on the axis availability. The percentage of hyperopes requiring astigmatic prescriptions between +3.25D and +6.00D
is relatively low; the diﬀerence in coverage for lenses +3.00D to -9.00D
compared to +6.00D to -9.00D, was 2.5% (89.2% vs 91.7%). With a
cylinder of up to -1.75DC, at least 90% coverage is achieved with a
minimum spherical range of +4.00D to -8.00D and all 18 axes. This
would require a minimum of 2322 SKUs (Fig. 3).

This analysis reports the level of ametropia and astigmatism in a
large optometric practice-based population of 101,973 patients, from
the US, the UK and Canada. Since 93% of the data sets came from
diﬀerent locations in Alabama, the results are primarily representative
of the practice-based population in this region. According to data from
the US census, the population (Race) in Alabama consists primarily of
White (69%) and Black/African American (27%) people [14]. In the
UK, 87% of people are considered White, and the remaining 13% belong to minority ethnic group of Asians, Black/ African and others [15].
In Ontario, Canada, approximately 71% of the population is considered
White, while Asians account for approximately 18% of the population
[16].
The majority of patients in the current study were either myopic (at
least -0.25D; 69.5%) or hyperopic (at least +0.25; 26.9%), with only
3.5% of patients being truly emmetropic. This high number of ametropic patients was not surprising, given that the deﬁnition of ametropia was set to ± 0.25D, compared to other publications which
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ATR
(90 ± 20)
Oblique
(45 ± 15,
135 ± 15)

WTR (180 ± 20)

Emmetropic eyesb

Hyperopic eyesb

Myopic eyesb

Eye count (%)

41-70 years

21-40 years

14-20 years

Patient count (%)

ATR
(90 ± 20)
Oblique
(45 ± 15,
135 ± 15)

WTR (180 ± 20)

Emmetropic eyesb

Hyperopic eyesb

Myopic eyesb

Eye count (%)

41-70 years

21-40 years

14-20 years

Patient count (%)

7492
(7.3 / 8.4)
950
(1.1 / 9.0)
2749
(3.1 / 9.0)
3793
(4.3 / 8.0)
10,842
(5.3 / 6.9)
5581
(3.5 / 6.2)
4354
(2.8 / 8.3)
907
(0.6 / 6.0)
6388
(4.1 / 11.0)
3234
(2.1 / 4.9)
1220
(0.8 / 3.7)

≥2.25DC (%)

88,678
(87.0 / 100)
10,542
(11.9 / 100)
30,436
(34.3 / 100)
47,700
(53.8 / 100)
157,724
(77.3 / 100)
89,963
(57.0 / 100)
52,579
(33.3 / 100)
15,182
(9.6 / 100)
58,308
(37.0 / 100)
66,195
(42.0 / 100)
33,221
(21.1 / 100)

5605
(5.5 /
759
(0.9 /
2046
(2.3 /
2800
(3.2 /
8043
(3.9 /
3912
(2.5 /
3478
(2.2 /
653
(0.4 /
4968
(3.1 /
2148
(1.4 /
927
(0.6 /
2.8)

3.2)

8.5)

4.3)

6.6)

4.3)

5.1)

5.9)

6.7)

7.2)

6.3)

≥2.50DC (%)

52,453
(51.4 / 59.1)
5452
(6.1 / 51.7)
17,253
(19.5 / 56.7)
29,748
(33.5 / 62.4)
83,540
(41.0 / 53.0)
46,866
(29.7 / 52.1)
28,948
(18.4 / 55.1)
7726
(4.9 / 50.9)
33,617
(21.3 / 57.7)
36,729
(23.3 / 55.5)
13,194
(8.4 / 39.7)

≥0.75DC (%)

4194
(4.1 /
595
(0.7 /
1528
(1.7 /
2071
(2.3 /
5943
(2.9 /
2797
(1.8 /
2689
(1.7 /
457
(0.3 /
3811
(2.4 /
1426
(0.9 /
706
(0.4 /
2.1)

2.2)

6.5)

3.0)

5.1)

3.1)

3.8)

4.3)

5.0)

5.6)

4.7)

≥2.75DC (%)

36,574
(35.9 / 41.2)
3746
(4.2 / 35.5)
12,402
(14.0 / 40.7)
20,426
(23.0 / 42.8)
56,458
(27.7 / 35.8)
31,831
(20.2 / 35.4)
19,659
(12.5 / 37.4)
4968
(3.1 / 32.7)
24,568
(15.6 / 42.1)
24,073
(15.3 / 36.4)
7817
(5.0 / 23.5)

≥1.00DC (%)

3301
(3.2 /
501
(0.6 /
1196
(1.3 /
1604
(1.8 /
4622
(2.3 /
2042
(1.3 /
2223
(1.4 /
357
(0.2 /
3016
(1.9 /
1046
(0.7 /
560
(0.4 /

1.7)

1.6)

5.2)

2.4)

4.2)

2.3)

2.9)

3.4)

3.9)

4.8)

3.7)

≥3.00DC (%)

25,773
(25.3 / 29.1)
2679
(3.0 / 25.4)
9065
(10.2 / 29.8)
14,029
(15.8 / 29.4)
38,918
(19.1 / 24.7)
22,049
(14.0 / 24.5)
13,524
(8.6 / 25.7)
3345
(2.1 / 22.0)
18,350
(11.6 / 31.5)
15,694
(10.0 / 23.7)
4874
(3.1 / 14.7)

≥1.25DC (%)

2582
(2.5 /
404
(0.5 /
930
(1.0 /
1248
(1.4 /
3553
(1.7 /
1479
(0.9 /
1804
(1.1 /
270
(0.2 /
2366
(1.5 /
750
(0.5 /
437
(0.3 /

1.3)

1.1)

4.1)

1.8)

3.4)

1.6)

2.3)

2.6)

3.1)

3.8)

2.9)

≥3.25DC (%)

18,127
(17.8 / 20.4)
1998
(2.3 / 19.0)
6500
(7.3 / 21.4)
9629
(10.9 / 20.2)
26,972
(13.2 / 17.1)
15,178
(9.6 / 16.9)
9525
(6.0 / 18.1)
2269
(1.4 / 14.9)
13,753
(8.7 / 23.6)
10,041
(6.4 / 15.2)
3178
(2.0 / 9.6)

≥1.50DC (%)

2017
(2.0 /
323
(0.4 /
742
(0.8 /
952
(1.1 /
2730
(1.3 /
1049
(0.7 /
1461
(0.9 /
220
(0.1 /
1866
(1.2 /
524
(0.3 /
340
(0.2 /

1.0)

0.8)

3.2)

1.4)

2.8)

1.2)

1.7)

2.0)

2.4)

3.1)

2.3)

≥3. 50DC (%)

13,370
(13.1 / 15.1)
1527
(1.7 / 14.5)
4906
(5.5 / 16.1)
6937
(7.8 / 14.5)
19,695
(9.7 / 12.5)
10,914
(6.9 / 12.1)
7152
(4.5 / 13.6)
1629
(1.0 / 10.7)
10,656
(6.8 / 18.3)
6789
(4.3 / 10.3)
2250
(1.4 / 6.8)

≥1.75DC (%)

1556
(1.5 / 1.8)
240
(0.3 / 2.3)
579
(0.7 / 1.9)
737
(0.8 / 1.5)
2109
(1.0 / 1.3)
758
(0.5 /0.8)
1190
(0.8 / 2.3)
161
(0.1 / 1.1)
1449
(0.9 / 2.5)
387
(0.2 / 0.6)
273
(0.2 / 0.8)

> 3.50DC (%)

9918
(9.7 / 11.2)
1198
(1.4 / 11.4)
3656
(4.1 / 12.0)
5064
(5.7 / 10.6)
14,544
(7.1 / 9.2)
7823
(5.0 / 8.7)
5501
(3.5 / 10.5)
1220
(0.8 / 8.0)
8279
(5.2 / 14.2)
4642
(2.9 / 7.0)
1623
(1.0 / 4.9)

≥2.00DC (%)

a
Percentage (%) calculations (A / B): A is the % of the entire patient or eye count with a cylinder of at least -0.25DC and B the % of the respective sub-group (age or ametropia). Example: Cylinder ≥0.75DC, age
group > 40 years: 29,748 (33.5 / 62.4): The ﬁrst number (29,748) is the total count of all patients > 40 years with this level of cyl in at least one eye. The second number (33.5) is the percentage relative to all astigmatic
patients (88,678 = 100%). The third number (62.4) is the percentage relative to all astigmatic patients in the age group > 40 (47,700 = 100%).
b
The categories for myopic, hyperopic, emmetropic eyes are based on the spherical component rather than the spherical equivalent.

Toric eyes only

Cyl in at least one eye

Toric eyes only

Cyl in at least one eye

≥0.25DC (%)

Table 4
Distribution of cylinders among all astigmatic patients (n = 88,678) after conversion to contact lens prescriptiona.
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Fig. 2. Proportion and distribution of cylinder axis for diﬀerent age groups (%).

at least -0.75DC, while 34.8% had a cylinder of -1.00DC (although it
was not reported whether both eyes had to ﬁt the criteria or one eye.)
The current ﬁndings can further be compared to Young, who reported a
slightly lower prevalence of 47.4% and 31.8% respectively. Interestingly, Young also reported that the prevalence of astigmatism of at least
-0.75 DC was almost double in myopes compared with hyperopes:
31.7% vs. 15.7% [9]. In contrast, the astigmatic population in the
current study did not show such a big diﬀerence in prevalence between
myopic and hyperopic eyes, presenting with 29.7% for myopic eyes and
18.4% for hyperopic eyes. The diﬀerence in prevalence in the current
study could be explained by the fact that Young included all patients,
while the current analysis included all eyes with an astigmatic prescription.
It has been reported previously that the orientation of the axis of
astigmatism is not a ﬁxed variable and changes throughout life
[19–21]. While WTR astigmatism seems to be predominant in children
up to 6 years of age [19], this trend shifts in favour of ATR astigmatism
in 12-year olds, but varies signiﬁcantly between ethnic groups [20], A
23-year study of Finnish myopes reported that a higher prevalence of
ATR was found in 10-year olds, while the prevalence of WTR was
higher at the age of 33 years [21]. Results from a study conducted in

considered thresholds of ± 0.50, ± 0.75 or ± 1.00D [7]. In addition,
the data were sourced from optometric practice databases and thus
these data are not fully representative of the general population, which
is a limitation of the study. However, the sample represents a patient
population that an eyecare practitioner may encounter, with slight
diﬀerences expected depending on the location of the oﬃce. In comparison, a population-based report on the prevalence of myopia in the
US (with a deﬁnition of at least -0.50D) estimated the prevalence to be
33.1% [7]. The prevalence of astigmatism for patients with a spectacle
cylinder of at least -0.25DC in at least one eye was 87.2% in this population. If the threshold was set to at least −1.00DC, the percentage of
astigmatic patients dropped to 37.0% (Table 3). These ﬁndings are in
strong agreement with a population-based prevalence study conducted
by Vitale, who reported 36.2% [7].
Astigmatic corrections in contact lens wearers are typically considered if a vertex-corrected cylinder of at least -0.75DC is detected
[17]. In the current study, 51.4% of the patient population were found
to have this level of astigmatism in at least one eye, while a cylinder of
at least -1.00DC was found in 35.9% of patients (Table 4). These results
are very similar to a ﬁle review of 179 clinic patients in Australia in
1975 [18]. Holden determined that 45.4% of patients had a cylinder of

Fig. 3. Percent (%) coverage of astigmatic eyes using contact lens cylinders: −0.75DC to −1.75DC.
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Fig. 4. Percent (%) coverage of astigmatic eyes using contact lens cylinders: −0.75DC to −2.25DC.

where a higher cylinder is not available. This may suggest that higher
cylinder powers may not be ﬁtted very frequently, however, the eye
care practitioner may prefer to ﬁt a lens of a diﬀerent brand that is
available in a higher cylinder to such a patient to optimize visual acuity.
This would change the “true” coverage of lenses with lower cylinder
ranges and future studies should conduct practitioner surveys to better
understand practitioners’ ﬁtting habits. From this data set, if astigmatic
soft lenses were also available in -2.25DC, or up to -2.75DC, the coverage increases to a maximum of 94.7% and 96.4%, respectively. Low
hyperopes up to +3.00D account for a signiﬁcant proportion of patients. If a spherical power range from 0.00D to -9.00D is provided with
a cylinder of up to -2.75DC in 18 axes the coverage would be 64.1%.
However, shifting the range from +3.00D to -6.00D with the same
cylinder and axis availability increases the coverage to 90.3%, which
requires only a relatively small increase of SKUs (2170 vs 2590; Fig. 5).
Extending the hyperopic prescription range up to +6.00D and the
myopic range up to -9.00D, increases the coverage by a further 5.8% to
96.1%.

Iceland reported that at the age of 50, WTR astigmatism was more
common, which decreased in favour of ATR and oblique axes at the age
of 70 [22]. Our study ﬁndings are in agreement with the literature and
showed a higher proportion of WTR astigmatism (53.0%) in the young
age group (14 to 21 years), while ATR was most common in the older
age group of 41–70 years (50.7%) (Fig. 2). Oblique astigmatism in the
current study accounted for 21.1% of all toric eyes, which was slightly
higher than that previously reported [5,21].
The contact lens coverage for potential lens wearers with astigmatism varies, depending on the availability of the spherical and cylindrical power range and axis. To determine coverage of toric contact
lenses, all eyes that had at least -0.75DC of astigmatism were included
(83,540 eyes). Coverage analysis within this group suggests that astigmatic soft lenses with a cylinder from -0.75DC to -1.75DC cover up to
92% of all astigmatic eyes, assuming a spherical range +6.00D to
-10.00D and 18 axes is provided (Fig. 3). This analysis is based on
contact lens ﬁtting guides, which recommend spectacle cylinders of up
to -2.50DC to be ﬁtted with a lens with a cyl power of -1.75D in cases

Fig. 5. Percent (%) coverage of astigmatic eyes using contact lens cylinders: −0.75DC to −2.75DC.
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33.2
42.3
44.2
63.5
65.4
66.0
67.3
67.4

41.1
52.6
55.0
78.3
80.7
81.4
83.1
83.3

45.8
58.8
61.6
87.3
90.0
90.9
92.8
93.0

48.8
62.7
65.8
92.6
95.6
96.6
98.6
98.9

A limitation of the analysis relates to the contact lens coverage
being presented for the combined data set that includes all age groups.
However, one could speculate that the age group that is most interested
in lens wear would be the pre-presbyopic age group. This could slightly
increase the percent coverage for the lenses with smaller prescription
coverage, due to a slight increase in the level of astigmatism in the older
age group and change in axis orientation over time (Fig. 1A,B, and 2).
As mentioned previously, astigmatic lens ﬁts account for approximately 26% of all contact lens ﬁts worldwide (32% being reported for
the US) [10]. However, considering the percentage of astigmatic patients in a practice-based population in the non-presbyopic age groups
up to 40 years, this could theoretically be as high as 46.4% if a cylinder
of at least -0.75DC in at least one eye is considered. This would suggest
that toric lenses are under-utilised and are being used by approximately
50% of the patients who would beneﬁt from an astigmatic lens, likely
leaving them with some uncorrected astigmatism and possibly leaving
them with unsatisfactory vision and the chance of dropping out from
lens wear. It is also possible that fewer patients with astigmatism may
consider lens wear, because they may not be aware that lenses would be
available in their prescription or they may not consider toric lenses for
cost reasons. Future studies are required to identify the magnitude of
these potential reasons, to improve patient care and patient education.
Studies typically agree that low astigmats have improved visual
acuity with toric correction, as shown by Richdale [23], who ﬁtted
diﬀerent brands of spherical and toric soft contact lenses on patients
with -0.75DC to -2.00DC of astigmatism. They found that both low (up
to -1.00DC) and moderate (-1.25DC to -2.00DC) astigmatic eyes showed
improvements in acuity with toric contact lenses, with slight variations
between lens brands [23]. In a study by Dabkowski [24], the success of
ﬁtting low astigmatic myopes (-0.75DC to -1.25DC) with spherical and
toric lenses showed that visual acuity was also better with astigmatic
prescriptions. They further reported that 71% of the patients preferred
the astigmatic lens over the spherical lens for overall performance and
95% of patients preferred the astigmatic lens for better visual performance [24]. Thus, practitioners should be encouraged to ﬁt patients
with toric lenses even where the magnitude of the cylinder is low.
5. Conclusion

45.9
58.9
61.7
87.4
90.2
91.0
92.8
93.0
41.1
52.6
55.0
78.4
80.7
81.5
83.0
83.3
48.9
62.9
65.9
93.1
96.0
96.9
98.7
99.0
45.9
58.9
61.6
87.6
90.3
91.1
92.8
93.1

33.2
42.3
44.2
63.5
65.4
66.0
67.2
67.3

90&180 ± 30
90&180 ± 20

48.8
62.9
65.9
92.8
95.8
96.7
98.7
98.9

90&180 ± 10
90&180 ± 10
All axes
90&180 ± 30

The overall prevalence of astigmatism of at least -0.25DC in at least
one eye in this practice-based population of 101,973 patients was 87%.
Previously, the maximum available astigmatic correction in frequently
replaced soft contact lenses was typically up to -1.75DC. More recently,
this range has extended by adding -2.25DC and -2.75DC lenses, which
changes the maximum coverage of eyes with astigmatism of at least
-0.75DC from 92.0% to 96.4%.
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