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Background: High myopia and cataracts are major causes of blindness in East and Southeast Asia. Corneal
astigmatism is a major contributor to uncorrected poor vision after cataract surgery in patients with high
myopia. The purpose of the present study was to evaluate the demographic characteristics and distribution of
preoperative corneal astigmatism in Chinese cataract surgery candidates with high myopia.

Methods: Swept-source optical coherence tomography-based optical biometry was performed
preoperatively in consecutive cataract surgery candidates who were classified by axial length (AL) into a high
myopia group (defined as AL >26.0 mm) and a control group (normal ALs). The demographics, ALs, and
keratometry values were recorded.

Results: Among 15,063 cataract surgery candidates (15,063 eyes), 1,921 patients (12.8%, 1,921 eyes) in the
high myopia group and 11,880 patients (11,880 eyes) in the control group were enrolled. In the high myopia
group, the mean age was 59.8+12.6 (standard deviation) years, which was younger than that in the control
group (69.1x11.0 years, P<0.001). In the high myopia group, the mean corneal astigmatism was 1.20+0.83
dioptre (D), which was greater than that in the control group (0.93£0.69 D, P<0.001). In the high myopia
group, 82.2% had corneal astigmatism >0.50 D, 51.4% >1.00 D, 27.4% >1.50 D and 14.4% >2.00 D, all of
which were higher than the respective proportions in the control group (P<0.001 for all). In the high myopia
group, 66.8% had moderate to high corneal astigmatism, and 42.8% had “with-the-rule” astigmatism, and
both of these proportions were higher than the respective proportions in the control group (P<0.001 for
both). In the high myopia group, corneal astigmatism tended to increase with increasing age (r =0.134,
P<0.001) after the age of 50, which was consistent with the tendency in the control group.

Conclusions: A significant burden of preoperative corneal astigmatism was observed in Chinese cataract
surgery candidates with high myopia. Moderate to high corneal astigmatism was more common in highly
myopic eyes than in normal AL eyes.
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Introduction

High myopia, which is characterized by axial elongation
and typically defined as an axial length (AL) >26.0 mm (1,2),
is a common risk factor for cataracts; for each millimeter
increase in AL, there is a 3.8-fold increase in the likelihood
of developing nuclear cataracts (3) and a 1.29-fold increase
in the likelihood of developing posterior subcapsular
cataracts (PSCs) (4). High myopia and cataracts are major
causes of blindness in East and Southeast Asia, especially
in China (5,6). The prevalence of high myopia in cataract
patients has shown an upward trend accompanied by a
significant increase in the number of high myopia patients
globally (7). Due to advances in phacoemulsification
techniques, intraocular lens (IOL) power calculations and
IOL design, cataract surgery is routinely performed in
patients with high myopia (6,8). In particular, those who
suffer from both cataracts and corneal astigmatism can now
undergo implantation of a toric IOL, which corrects corneal
astigmatism to improve postoperative visual acuity and
increase spectacle independence (9-11). Findings in several
studies (11-14) have suggested that corneal astigmatism is a
major contributor to uncorrected poor vision after cataract
surgery and that correcting residual astigmatism can greatly
improve visual acuity both at a distance and up close.

The distribution of preoperative corneal astigmatism
in patients with age-related cataracts (ARCs) who are
undergoing routine cataract surgery has been reported by
teams from China, Thailand, and the United Kingdom
(UK), and the proportions of eyes with corneal astigmatism
>1.00 dioptre (D) were 41.3% (15), 37.8% (16), and
42% (17), respectively. A recent study conducted by Jing
et al. (18) found that posterior corneal astigmatism
decreased with age and remained as “against-the-rule”
(ATR) astigmatism in most cataract patients with high
myopia; there was no significant difference in posterior
corneal astigmatism between patients with high myopia
and those without high myopia. In myopia patients
without cataracts, two previous studies (19,20) on total
astigmatism (including corneal astigmatism and internal
astigmatism) found that there was a negative correlation
between myopic severity and cylinder power; younger age
(<16 years) was associated with higher cylinder power,
but the clinical significant astigmatism (>1.00 D) was not
associated with myopia progression. However, to the best
of our knowledge, few reports have systematically evaluated
anterior corneal astigmatism (referred to as “corneal
astigmatism” in previous studies) (15-17) in cataract
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patients with high myopia, and until now, the prevalence
and distribution of corneal astigmatism in patients with
high myopia before cataract surgery have remained unclear.
Therefore, we analysed the distribution of preoperative
corneal astigmatism in cataract surgery candidates with
high myopia and compared it with that in individuals with
normal ALs.

A newly available swept-source optical coherence
tomography (SS-OCT)-based optical biometry device,
named the IOLMaster 700 (Carl Zeiss Meditec AG,
Jena, Germany), enables OCT imaging and visualization
across the entire length of the eye. For keratometry and
astigmatism measurements, the IOLMaster 700 has shown
excellent repeatability and has been shown to agree with
Scheimpflug-based topography (Pentacam; Oculus, Wetzlar,
Germany) (21-23). Moreover, the IOLMaster 700 has been
shown to be more effective than the IOLMaster 500 (Carl
Zeiss Meditec AG, Jena, Germany) in measuring AL in
eyes with nuclear cataracts and PSCs (24), and it is easier to
perform AL measurements in longer eyes (AL >30.0 mm)
with the IOLMaster 700 than with the Lenstar 900 (Haag-
Streit AG, Koeniz, Switzerland) (25).

In this study, we prospectively collected AL and
keratometry data measured by the IOLMaster 700 and
demographic data before cataract surgery to evaluate the
demographic characteristics and distribution of preoperative
corneal astigmatism in Chinese cataract surgery candidates
with high myopia. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-6757).

Methods
Study design

In this prospective study, Chinese patients aged 18 years or
older scheduled to undergo cataract surgery between August
2018 and January 2020 at the Zhongshan Ophthalmic
Center, Sun Yat-sen University (Guangzhou, China), were
consecutively enrolled. Patients were classified into two
groups according to AL: the high myopia group included
cataract patients with high myopia (defined as AL >26.0 mm)
(1,2), and the control group included cataract patients
with normal ALs (22.0< AL <25.0 mm) (6,26). Patients
with a history of ocular surgeries or ocular trauma, corneal
or ocular surface diseases, uveitis, glaucoma, or wearing
contact lenses within the previous two weeks were excluded.
Ethics approval was obtained from the Human Ethics
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Committee of the Zhongshan Ophthalmic Center (No.
2019KYPJ124), and informed consent was obtained from
all participants. All procedures in the study were performed
in adherence with the tenets of the Declaration of Helsinki
(as revised in 2013).

Opbtbalmic examinations and definitions

After collecting relevant past medical history data,
all cataract patients had a standard ophthalmological
examination including visual acuity, intraocular pressure,
slit-lamp biomicroscopy and a fundus examination through
dilated pupils. Biometric parameters in both eyes of each
patient were measured preoperatively using a new SS-OCT-
based biometry tool (IOLMaster 700, version 1.50, Carl
Zeiss Meditec AG, Jena, Germany). The keratometric values
provided by the IOLMaster 700 in the central 2.5 mm
zone were measured in two meridians: flat keratometry
(K1) and steep keratometry (K2). Corneal astigmatism
was calculated as the absolute difference between K2 and
K1 and was divided into three subgroups according to
astigmatism severity as follows: low (<0.75 D), moderate
(0.75-2.50 D) and high corneal astigmatism (>2.50 D)
(14,27). We classified corneal astigmatism by axis as “with-
the-rule” (WTR) when the axis of the correcting minus
cylinder was within 180£30 degrees (the steep corneal
meridian being within 90+30 degrees in this case), as
ATR when the correcting minus cylinder axis was within
90+30 degrees, and as oblique when it was other degree
values (17,28). Additionally, we divided the highly myopic
eyes into three subgroups according to AL (indicating
myopic severity) as follows: mild (26.0< AL <28.0 mm),
moderate (28.0< AL <30.0 mm) and extremely high myopia
(=30.0 mm) (1).

The biometric parameters of all patients were
measured routinely by two experienced technicians.
Three measurements or more were performed for each
parameter, and the values were averaged. The demographic,
AL, keratometry (K1 and K2), and corneal astigmatism
(including the cylinder and axis of astigmatism) data were
recorded for analysis.

Statistical analysis

Data analyses were performed using Excel 2010 (Microsoft
Corp., Redmond, WA, USA) and SPSS 23.0 (IBM
Corp., Armonk, NY, USA). For patients with both eyes
eligible, the right eye was used for analysis. The absolute
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frequency (n) and relative frequency (%) were computed
for qualitative variables, and the mean + standard deviation
(SD) was computed for quantitative variables. The
normality of the variable distributions was checked with
the Kolmogorov-Smirnov test. Differences between groups
were compared using an unpaired t test or one-way analysis
of variance (ANOVA) for normally distributed variables
and a Wilcoxon or Kruskal-Wallis test for nonnormally
distributed variables. Trend analysis was performed to
detect statistically significant trend changes with age
and myopic severity. The y’ test was used to determine
differences in categorical variables between groups. Possible
correlations between variables were assessed using the
Pearson or Spearman correlation coefficients depending
on the parameter distributions. Propensity score matching
(PSM) was used to remove the interference of confounding
factors. All P values were two-sided, and a P value <0.05 was
considered statistically significant.

Results
Demographic characteristics of the study participants

In all, among 15,063 cataract surgery candidates (15,063
eyes), 1,921 patients (12.8%, 1,921 eyes) with high myopia
(high myopia group) and 11,880 patients (11,880 eyes) with
normal ALs (control group) were included in this analysis.
Table 1 shows the demographic characteristics of the study
participants. The AL distribution for the highly myopic
eyes, which indicates the distribution of myopic severity,
is shown in Figure 1. There were 621 eyes (32.3%) with
extremely high myopia (AL >30.0 mm).

Figure 2 shows the distribution of patients in the high
myopia and control groups according to age group. In the
high myopia group, 900 patients (46.9%) were younger than
60 years, which was significantly higher than the proportion
in the control group (15.7%; P<0.001).

Distribution of corneal astigmatism in the bigh myopia
and control groups

Double-angle plots were used to visualize the astigmatism
(cylinder and axis) distribution in the high myopia and
control groups, as shown in Figure 3A4. The bar graph shows
the frequencies (%) of astigmatism cylinders in 0.50 D steps
in the two groups (Figure 3B).

In the high myopia group, 1580 eyes (82.2%) had
corneal astigmatism >0.50 D, 987 eyes (51.4%) had
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Table 1 Demographics of the study participants
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Parameter High myopia group Control group P value

Patients/eyes (n) 1,921/1,921 11,880/11,880

Age (years)
Mean + SD 59.8+12.6 69.1+11.0 <0.001
Median (range) 61 (20 to 95) 70 (18 to 99)

Sex, n (%)
Male 902 (47.0) 4,935 (41.5) <0.001
Female 1,019 (563.0) 6,945 (58.5)

Corneal astigmatism (D)
Mean + SD 1.20+0.83 0.93+0.69 <0.001
Median (range) 1.02 (0 to 7.48) 0.78 (0 to 7.01)

K1 (D)
Mean + SD 43.18+1.61 43.72+1.44 <0.001
Median (range) 43.15 (35.08 to 48.82) 43.73 (35.90 to 49.41)

K2 (D)
Mean + SD 44.38+1.76 44.66+1.47 <0.001
Median (range) 44.32 (35.43 to 52.78) 44.62 (39.99 to 54.65)

Axial length (mm)
Mean + SD 29.09+2.53 23.46+0.72 <0.001

Median (range)

28.48 (26.00 to 37.34)

283.45 (22.00 to 25.00)

SD, standard deviation; D, dioptres; K1, flat keratometry; K2, steep keratometry.
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Figure 1 Axial length frequency (%) in 2.00 mm steps in highly
myopic eyes (N=1,921) indicating the distribution of myopic

severity.

corneal astigmatism >1.00 D, and 526 eyes (27.4%) had
corneal astigmatism >1.50 D, and all of these proportions
were significantly higher than the respective proportions
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observed in the control group (72.1%, 36.0% and 16.3%,
respectively; P<0.001 for all), as shown in Figure 4A4. In
the high myopia group, 1,150 eyes (59.9%) had moderate
corneal astigmatism, and 133 eyes (6.9%) had high corneal
astigmatism, and both proportions were higher than the
respective proportions in the control group (P<0.001 for
both) (Figure 4B). The mean corneal astigmatism in the
high myopia group was greater than that in the control
group in each of the 5 age subgroups after the age of 40
(P<0.001 for all), as shown in Figure 4C. A significantly
higher proportion of WTR astigmatism was found in the
high myopia group (822 eyes, 42.8%) than in the control
group (28.1%; P<0.001), as shown in Figure 4D.

Corneal astigmatism was not statistically correlated with
AL in either the high myopia group (r =0.044, P=0.054) or
the control group (r =0.015, P=0.102). In the high myopia
group, corneal astigmatism was negatively correlated with
age before the age of 50 (r =-0.129, P=0.006); however,
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Figure 2 Frequency distributions of the samples in the high myopia and control groups according to age group. High myopia: the high

myopia group, defined as AL >26.0 mm, N=1,921; control: the control group, N=11,880.

after the age of 50, corneal astigmatism was positively
correlated with age (r =0.134, P<0.001), consistent with
the correlation between corneal astigmatism and age in
the control group (r =-0.299, and r =0.286, respectively;
P<0.001 for both).

Table 2 shows the astigmatism cylinder distributions
according to astigmatism type in the two groups. The
mean astigmatism cylinder in the high myopia group was
significantly greater than that in the control group in each
of the three astigmatism type subgroups (P<0.001 for all).
In the two groups, eyes with oblique astigmatism had a
smaller mean astigmatism cylinder than eyes with WTR or
ATR astigmatism.

Corneal astigmatism distribution in bigh myopia patients
by sex, age and myopic severity

The distribution of corneal astigmatism in the patients
with high myopia according to sex, age and myopic
severity is summarized in 7able 3. Among the high myopia
patients, the mean corneal astigmatism and mean AL were
statistically greater in women than in men (P<0.05 for
both). However, in the normal AL patients, men had greater
mean corneal astigmatism and mean AL than women (0.95
D versus 0.92 D and 23.72 versus 23.28 mm, respectively;
P<0.05 for both). The proportion of WTR astigmatism
decreased significantly with age, and the proportion of ATR
astigmatism increased significantly with age (P<0.001 for
both). The proportion of oblique astigmatism was higher
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in women than in men (P=0.012), and the proportion
of oblique astigmatism increased with myopic severity

(P=0.026).

Characteristics of corneal astigmatism in the two groups by
astigmatism type

The distributions of astigmatism cylinder levels across the
three astigmatism types are shown in Figure 5A (the high
myopia group) and Figure 5B (the control group). In the two
groups, there were lower proportions of eyes with corneal
astigmatism >0.50 D, >1.00 D, >1.50 D and >2.00 D
in the eyes with oblique astigmatism than in the eyes with
WTR or ATR astigmatism. Moreover, corneal astigmatism
shifted with age from WTR to ATR astigmatism in both
the high myopia group (Figure 5C) and the control group
(Figure 5D).

Distribution of corneal astigmatism in the two groups after
adjustment for age and sex by PSM

PSM was applied to adjust for the confounding factors of
age and sex in the two groups, as shown in Table 4. After
matching, the mean corneal astigmatism in the high myopia
group was also greater than that in the control group (1.20 D
versus 0.88 D, P<0.001), and 66.8% of the highly myopic
eyes had moderate to high corneal astigmatism, which
was significantly higher than the proportion in the control
group (48.2%; P<0.001).
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cumulative percentages of eyes in 0.50 D steps in the high myopia group (N=1,921) and the control group (N=11,880). (B) Comparisons of

three categories according to astigmatism severity in the two groups. (C) The astigmatism cylinder values in the two groups according to age

group. (D) The proportions of WIR, ATR and oblique astigmatism in the two groups. D, dioptres; WTR, with-the-rule; ATR, against-the-

rule; ***P<0.001.

Table 2 Corneal astigmatism cylinder (D) for the high myopia and control groups according to astigmatism type

Astigmatism High myopia group b value* Control group

types N Mean+SD  Median IQR Mean+SD  Median IQR
WTR 822 1.26+0.86 1.1 0.65-1.63 <0.001 3,335 0.82+0.71 0.66 0.37-1.06
ATR 758 1.28+0.82 1.1 0.69-1.70 <0.001 6,693 1.06+0.68 0.92 0.58-1.38
Oblique 341 0.85+0.67 0.72 0.45-1.07 <0.001 1,852 0.68+0.53 0.54 0.35-0.84
All astigmatism 1,921 1.20+0.83 1.02 0.61-1.57 <0.001 11,880 0.93+0.69 0.78 0.46-1.22

*High myopia group versus control group on the mean astigmatism cylinder. D, dioptres; SD, standard deviation; IQR, interquartile range;

WTR, with-the-rule; ATR, against-the-rule.
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Table 3 Comparisons of variables among different sexes, age groups, and myopic severity groups of the patients with high myopia (N=1,921)

Groups N CA (D) K1 (D) K2 (D) AL (mm) Astigmatism type
(mean + SD) (mean + SD) (mean = SD) (mean + SD) WTR (%) ATR (%) Oblique (%)
Sex
Male 902 1.15+0.80 42.71+1.50 43.86+1.62 28.97+2.66 44.3 40.2 15.4
Female 1,019 1.24+0.86 43.60+1.58 44.84+1.75 29.19+2.40 41.4 38.8 19.8
P value 0.014 <0.001 <0.001 0.001 0.196 0.513 0.012
Age (years)
<39 99 1.43+0.93 42.37+1.68 43.80+1.96 29.08+2.77 80.8 11.1 8.1
40-49 348 1.11£0.78 42.65+1.54 43.76+1.71 29.18+2.74 69.5 13.2 17.2
50-59 453 1.08+0.73 43.21+1.46 44.28+1.60 29.72+2.69 54.3 26.3 19.4
60-69 560 1.14+0.77 43.51+1.62 44.66+1.76 29.09+2.39 30.5 49.6 19.8
70-79 357 1.32+0.91 43.37+1.63 44.68+1.75 28.58+2.09 18.8 63.6 17.6
>80 104 1.66+1.06 43.24+1.57 44.91+1.62 27.75+2.02 15.4 74.0 10.6
P value <0.001* <0.001* <0.001* <0.001* <0.001* <0.001** 0.659**
Myopic severity
Mild 830 1.16+0.84 43.09+1.58 44.25+1.77 26.85+0.57 43.4 40.7 15.9
Moderate 470 1.26+0.86 43.27+1.67 44.53+1.85 28.93+0.57 41.9 40.6 17.4
Extremely 621 1.20+0.79 43.24+1.59 44.43+1.67 32.19+1.66 42.7 36.9 20.5
P value 0.093* 0.109* 0.039* <0.001* 0.799** 0.151** 0.026**

*Trend analysis between different variables and age groups, myopic severity groups was performed using the Jonckheere-Terpstra test. It
showed a trend toward increasing mean CA, mean K1, and mean K2 with age, a trend toward decreasing mean AL with age, and a trend
toward increasing mean K2, and mean AL with myopic severity. **Trend analysis between the percentages of three astigmatism types and
age groups, myopic severity groups was performed by linear regression models. It showed a trend toward decreasing WTR astigmatism
with age, a trend toward increasing ATR astigmatism with age, and a trend toward increasing oblique astigmatism with myopic severity.
CA, corneal astigmatism; D, dioptres; SD, standard deviation; K1, flat keratometry; K2, steep keratometry; AL, axial length; WTR, with-the-

rule; ATR, against-the-rule.

Discussion

The distribution of corneal astigmatism in patients with
ARC:s before cataract surgery has been reported by several
studies, and corneal astigmatism >1.00 D (as a general
indication for toric IOL implantation) (11,28) was observed
in 37.8-42% of eyes (15-17). However, the distribution
of preoperative corneal astigmatism in cataract surgery
candidates with high myopia has remained unclear. In
this large, prospective, comparative study, we provided
normative data on the distribution of preoperative corneal
astigmatism in Chinese cataract surgery candidates with
high myopia using a new SS-OCT-based optical biometry
tool (IOLMaster 700). In the highly myopic eyes, the

mean corneal astigmatism was 1.20 D, 51.4% had corneal
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astigmatism >1.00 D and 27.4% had corneal astigmatism
>1.50 D. Compared with normal AL patients, high myopia
patients demonstrated a higher proportion of moderate to
high corneal astigmatism (66.8% versus 52.6%, P<0.001).
In current clinical practice, corneal astigmatism
correction during cataract surgery has been identified as
an important factor in improving postoperative vision (11).
Although limbal relaxing incisions, excimer lasers,
femtosecond lasers and other similar procedures could
address corneal astigmatism at the time of cataract
surgery, toric IOLs are still the preferred approach to
correct astigmatism (11,29); they have been shown to
be safe and efficacious in highly myopic eyes (9,30),
and increasing numbers of surgeons are practising this
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Figure 5 Characteristics of corneal astigmatism in the two groups according to astigmatism type. Line chart showing the distribution of
astigmatism cylinder levels across three astigmatism types in the high myopia group (A) and in the control group (B). Stacked histogram

showing the percentages of three astigmatism types in the high myopia group (C) and in the control group (D), according to age group. D,

dioptres; WTR, with-the-rule; ATR, against-the-rule.

approach. Because patients with high myopia tend to
suffer cataracts at a younger age than those without high
myopia and have a high incidence of anxiety and depression
(>20%), high myopia patients have higher expectations
for postoperative visual function (1,31,32). With the
increasing demand for better postoperative visual acuity
and spectacle independence, it is crucial to evaluate the
distribution of preoperative corneal astigmatism in cataract
surgery candidates with high myopia to provide valuable
information for the design and manufacture of suitable
astigmatism-correcting IOLs and to enable surgeons to
select therapeutic strategies.

With the myopia boom that has occurred over the past
few decades, the prevalence of myopia in teenagers and
young adults has increased to 80-90% in East and Southeast

© Annals of Translational Medicine. All rights reserved.

Asia, accompanied by a high prevalence of high myopia
(10-20%) (5). It is widely considered that the increasing
prevalence of myopia is driven by environmental and
genetic factors, both of which promote progression from
mild myopia to high myopia, and the major environmental
risk factors that have been identified are less time spent
outdoors and higher educational pressures (7,33).

In our study, a high ratio of high myopia (12.8%),
comparable to that reported in young adults (10-20%) (5),
was observed in Chinese cataract surgery candidates.
Moreover, almost 1/3 of eyes (32.3%) had extreme high
myopia, which agrees with clinical observations. The high
ratio of high myopia in Chinese cataract surgery candidates
may be largely due to genetic susceptibility in this racial
group, and may not be due to limited time spent outdoors
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Table 4 Demographic characteristics and corneal astigmatism distributions in the two groups after adjustment for age and sex by propensity score

matching

Parameter High myopia group Control group P value

Patients/eyes (n) 1,921/1,921 1,921/1,921

Age (years)
Mean + SD 59.8+12.6 59.8+12.6 0.992
Median (range) 61 (20 to 95) 61 (20 to 95)

Sex, n (%)
Male 902 (47.0) 895 (46.6) 0.846
Female 1,019 (53.0) 1,026 (53.4)

Corneal astigmatism (D)
Mean + SD 1.20+0.83 0.88+0.66 <0.001
Median (range) 1.02 (0 to 7.48) 0.72 (0 to 5.80)

K1 (D)
Mean + SD 43.18+1.61 43.68+1.43 <0.001
Median (range) 43.15 (35.08 to 48.82) 43.66 (39.68 to 48.05)

K2 (D)
Mean + SD 44.38+1.76 44.56+1.50 0.001
Median (range) 44.32 (35.43 to0 52.78) 44.51 (40.14 to 52.16)

Axial length (mm)
Mean + SD 29.09+2.53 23.54 £ 0.75 <0.001
Median (range) 28.48 (26.00 to 37.34) 23.52 (22.00 to 25.00)

Astigmatism severity
Low (%) 33.2 51.8 <0.001
Moderate (%) 59.9 45.2 <0.001
High (%) 6.9 3.0 <0.001

Astigmatism type
WTR (%) 42.8 42.7 1.000
ATR (%) 39.5 42.5 0.057
Oblique (%) 17.8 14.7 0.013

SD, standard deviation; D, dioptres; K1, flat keratometry; K2, steep keratometry; WTR, with-the-rule; ATR, against-the-rule.

or high educational pressures because the older generation
in China were not subjected to the same high educational
pressures during their childhood as the present generation
of young adults (33,34). The mean age of the high myopia
patients was 59.8 years, which was much younger than that
of the patients with normal ALs (69.1 years, P<0.001) as
well as those of ARC patients in China (70.56 years) (15),
Thailand (68.21 years) (16), and the UK (79 years) (17);

© Annals of Translational Medicine. All rights reserved.

this result is consistent with several other studies that have
suggested that patients with high myopia develop cataracts,
particularly nuclear cataracts, more rapidly (3,8,35).
Moreover, almost half of the high myopia patients (46.9%)
were relatively younger patients (<60 years of age), and most
(63.1%) had WTR astigmatism, which can change into
ATR astigmatism with increasing age, even after sutureless
cataract surgery (36). Based on the current data, we suggest
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that for these relatively younger patients, strategies for
correcting preoperative WTR astigmatism should be
conservative and should take into consideration the patient’s
current age and the potential age-related changes that may
occur in 5 and 10 years.

The mean corneal astigmatism of the high myopia
patients was 1.20 D, which was significantly greater than
that of the normal AL patients (0.93 D, P<0.001), and it
was also greater than those reported in patients with ARCs
in China (1.01 D) (15), Thailand (1.05 D) (16), and the UK
(1.06 D) (17). Moreover, the vast majority of the highly
myopic eyes (82.2%) had at least minimal clinically relevant
corneal astigmatism of 0.50 D, and a substantial proportion
of the eyes had more severe corneal astigmatism of at least
1.00 D (51.4%) and 1.50 D (27.4%); all of these proportions
were higher than the respective proportions observed in
normal AL eyes (72.1%, 36.0% and 16.3%, respectively) as
well as the proportions reported in eyes with ARCs in the
UK (78%, 42% and 21%, respectively) (17). In addition,
oblique astigmatism, which is more difficult to correct and
causes more severe visual symptoms than WTR and ATR
astigmatism (37,38), is more common in highly myopic eyes
than in normal AL eyes and increases with myopic severity.

Among the patients with high myopia, women had
steeper corneas than men, consistent with the findings in
the normal AL patients in our study and ARC patients
in previous studies (15,39). However, in the high myopia
patients, women had greater corneal astigmatism than
men, which was inconsistent with the findings in normal
AL patients in this study or in ARC patients in a previous
study (39) and may be ascribed to the reduced corneal
stromal thickness and corneal stiffness in high myopia and
negatively associated with myopic severity (40,41). In the
high myopia patients, women had longer ALs than men,
which may also partly explain this inconsistency. Corneal
astigmatism showed a gradually increasing tendency with
increasing age after the age of 50 (r =0.134, P<0.001), and
ATR astigmatism increased with age in the high myopia
patients, which was consistent with the tendencies in normal
AL patients and ARC patients (15).

Because of the significantly different distributions of both
age and sex in the patients with high myopia and those with
normal ALs, comparisons of corneal astigmatism between
the two cohorts were made by PSM. After matching, high
myopia patients demonstrated significantly greater corneal
astigmatism, a higher proportion of moderate to high
corneal astigmatism, and a higher proportion of oblique
astigmatism than normal AL patients, which was consistent
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with the results before matching in our study. However,
after matching, the proportions of WTR astigmatism and
ATR astigmatism demonstrated no significant difference
(P>0.05 for both) between the two cohorts, which was
consistent with the result that corneal astigmatism shifted
with age from WTR to ATR astigmatism in our study and
in a previous study on ARCs (15). These findings suggest
that ageing plays a key role in the change in astigmatism
type in high myopia patients and may be related to the
impact of ageing on the cornea and eyelid position (42,43).

The main limitation of the current study was that it was
a clinic-based survey and that the patients came from one
centre (the Zhongshan Ophthalmic Center) and may not
completely represent the prevalence of preoperative corneal
astigmatism in the Chinese cataract population with high
myopia as a whole; only a community-based epidemiologic
survey could provide conclusive evidence.

Conclusions

The present study analysed the pattern of corneal
astigmatism in patients with high myopia before cataract
surgery and compared it with that in normal AL patients. A
significant burden of preoperative corneal astigmatism was
observed in Chinese cataract surgery candidates with high
myopia, who exhibited significantly greater astigmatism
cylinders and a markedly higher proportion of moderate to
high astigmatism than individuals with normal ALs. These
results indicated that the majority of high myopia patients
need simultaneous correction of astigmatism during cataract
surgery, which may help surgeons make appropriate incision
and IOL choices and may assist IOL manufacturers in the
design of new IOLs for astigmatism correction in the high
myopia population.
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