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Differential compensatory role of internal astigmatism in school
children and adults: The Hong Kong Children Eye Study
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BACKGROUND: To compare the prevalence of refractive (RA), corneal (CA), and internal astigmatism (IA) in Hong Kong children
and adults and evaluate the role of IA in compensating for total astigmatism and its relations to myopic traits.
METHODS: The Hong Kong Children Eye Study is a population-based cross-sectional study. Totally 3704 school children (mean age
7.5 ± 1.0 years) and 5577 adults (mean age 41.1 ± 7.5 years), who were their parents, were recruited. Cycloplegic and non-
cycloplegic refractive cylinders were obtained from children and adults, respectively. Spearman correlation was applied to detect
associations between astigmatism, ocular biometrics, refraction, and lens power. Astigmatism compensation factor (CF) was derived
from the power vector analysis J0 and J45.
RESULTS: The prevalence of RA (≤−1.0 D), CA (≥+1.0 D) and IA (≥+1.0 D) was 21.9%, 63.9%, and 9.9% in children, and 30.9%,
39.5%, and 23.7% in adults respectively. The mean RA, CA and IA values in children and adults were −0.69 ± 0.66 D, +1.14 ± 0.61 D,
+0.62 ± 0.32 D, and −0.80 ± 0.74 D, +0.97 ± 0.69 D, and +0.76 ± 0.43 D, respectively. In adults and children, IA was negatively
correlated with axial length (p < 0.0001), but positively correlated with spherical values and equivalent (p < 0.0001), suggesting an
association of astigmatism with myopic traits. A greater proportion of children exhibited compensation by IA than adults in J0
(86.6% vs. 66.0%, p < 0.0001) and J45 components (55.5% vs. 41.7%, p < 0.0001).
CONCLUSIONS: Chinese children in Hong Kong exhibit a higher prevalence of RA and CA than in other cities. Children displayed a
greater compensation by IA than adults, suggesting an age-related attenuation of IA compensation. IA is associated with myopic
traits.

Eye (2023) 37:1107–1113; https://doi.org/10.1038/s41433-022-02072-9

INTRODUCTION
Astigmatism is a common type of refractive error in which incident
light rays do not converge at a single focal point, leading to the
formation of a blurred image. Its global pooled prevalence among
subjects under 20 years of age and adults above 30 were 14.9%
and 40.4% respectively [1].
Untreated astigmatism of >1 D poses an amblyogenic risk in

children [2, 3]. Early detection is essential to guide appropriate
intervention to preserve vision [4]. Unfortunately, high astigma-
tism (more than 3 D) may result in aberrations despite spectacle
correction [5]. Contact lenses with toric design or orthokeratology
lenses may help restore visual quality but are not without
infection risks [6]. In addition, high astigmatism cannot be
corrected entirely by keratorefractive procedures alone [7].
In a 10-year prevalence study of Hong Kong preschoolers,

myopia was reported to have a threefold progression from 2.3% to
6.3% while astigmatism displayed a static trend between 5 and 6%
[8]. Since then, no further studies explored the associations
between myopia and astigmatism in Hong Kong. Different
components of astigmatism have been studied in association

with myopia development. Internal astigmatism, in particular, was
found to be associated with greater axial lengths (AL) in school
children [9]. Given the high prevalence of myopia of 26.2% in our
study population [10], we herein study and evaluate the relation-
ship between astigmatism and myopia in children and adults of
Hong Kong.
In this study, we aim to (1) determine the prevalence of

astigmatism in children and adults; and (2) evaluate the
associations of different astigmatism components: refractive
astigmatism (RA), corneal astigmatism (CA), internal astigmatism
(IA) with spherical equivalent (SE), spherical value, axial length
(AL), and lens power (LP) in children and adults.

SUBJECTS AND METHODS
The Hong Kong Children Eye Study is a territory-wide and population-
based cohort that determines the prevalence of refractive errors and
pediatric eye diseases among school children in Hong Kong. The study also
includes ophthalmic investigations of the parents for refractive errors and
ocular biometrics. The study design and protocols have been previously
published [10–14]. The study population consisted of 9281 individuals,
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including 3704 school children (mean age 7.5 ± 1.0 years) and 5577 adults
(mean age 41.1 ± 7.5 years) who were their parents. Children who failed
the cycloplegic regimen were excluded. Adults who underwent prior
keratorefractive surgery or had signs of corneal trauma or injury were also
excluded. The project conformed to the tenets of the Declaration of
Helsinki and was granted ethical approval from the Institutional Review
Board of the Chinese University of Hong Kong. Informed consent was
obtained from the parents of all children.

Ocular examination for children and adults
Cycloplegic autorefraction was performed for each child using an
autorefractor (Nidek ARK-510A, Gamagori, Japan). Details of the cycloplegic
protocol had been previously described [10].
Non-cycloplegic autorefraction was obtained from adults, along with

corneal curvatures of the steep and flat meridian. The magnitude of CA was
taken as the difference between the steepest and the flattest meridians. The
axis of CA refers to the meridian of the flattest curvature. Both measurements
of RA and CA were rounded off to the nearest 0.25 D for analyses. Axial length
(AL) was measured using the Zeiss IOL Master (Carl Zeiss Meditec Inc., Dublin,
CA), while corneal curvature (K) was measured using the auto-keratometer.
Lens power (LP) was calculated using the modified Bennett–Rabbetts
formula, by using measured values for spherical equivalent (SE), mean
keratometry value, axial length, and anterior chamber depth.
All operators received appropriate training and were assessed before

conducting examinations on study subjects. All examinations followed
standard operating procedures and were supervised by the principal
investigator (JCY).

Definitions
RA was expressed in negative cylinder notation and was defined as being
≤−1.0 D. CA was expressed in positive cylinder notation and was defined
as being ≥+1.0 D. The presence of IA was defined as being ≥+1.0 D. Paired
Wilcoxon signed-rank test was performed, demonstrating no statistically
significant difference (p > 0.05) between both eyes data for subjects in this
cohort. As such, only measurements from the subjects’ right eyes were
used for analysis.
The cylindrical axes for both RA and CA were classified as with-the-rule

(WTR) when the flat meridian was at 180° ± 30°, against-the-rule (ATR) at
90° ± 30°, and oblique (OBL) when outside the ranges for both WTR and
ATR. Both CA and RA were decomposed into their vector components J0
and J45, using the power vector approach described by Thibos and
Wheeler [15] to allow comparison and visualization of astigmatism. Only
subjects with both RA (i.e., ≤−1.0 D) or CA (i.e., ≥+1.0 D) were included in
the analysis of different astigmatism types.
RA and CA were converted into power vector components using the

equations:

J0 RAð Þ ¼ �C=2 ´ cos 2αRA; J45 RAð Þ ¼ �C=2 ´ sin 2αRA

J0 CAð Þ ¼ C=2 ´ cos 2aCA; J45 CAð Þ ¼ C=2 ´ sin 2aCA

C was the cylinder power and α was the measurement of the flat
meridian. J0 was the vector component with reference to the cylinder
power at 90° and 180°. Positive values of J0 indicate WTR astigmatism, and
negative values indicate ATR astigmatism. J45 was the vector component
at the 45° and 135° meridians and represented oblique astigmatism.
IA was given by the following formulae:

J0 IAð Þ ¼ J0 RAð Þ � J0 CAð Þ; J45 IAð Þ ¼ J45 RAð Þ � J45 CAð Þ

IA ¼ �2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

½J20 IAð Þ þ J245 IAð Þ�
q

;αIA ¼ atanðJ45 IAð Þ=J0 IAð ÞÞ; 0�αIA � 180�

The relations between CA and IA was evaluated using the compensation
factor (CF) [16], which was calculated using the equations: CF0=− J0(IA)/
J0(CA); CF45=− J45(IA)/J45(CA). The compensation types were classified
as: (1) <−0.1 same axis augmentation; (2) −0.1 to 0.1 no compensation; (3)
0.1 to 0.9 under compensation; (4) 0.9 to 1.1 full compensation; (5) 1.1 to 2
overcompensation; and (6) >2 opposite axis augmentation.

Statistical analysis
Prevalence with the corresponding 95% confidence intervals was
determined for RA, CA, and IA across gender and age groups. A p value

of less than 0.05 was considered statistically significant. All analyses were
performed using Stata Statistical Software (version 14.0; StataCorp, College
Station, Texas, USA). The Spearman correlation coefficient was used to
determine the level of correlation between different types of astigmatism,
as well as the SE, spherical value, AL, and LP. Independent samples t test
was employed to compare different types of astigmatism between
genders. Compensation for internal astigmatism will be regarded as the
compensation factor subtypes including undercompensation, full com-
pensation, and overcompensation.

RESULTS
A total of 3704 children have completed cycloplegic refraction
with astigmatism and ocular biometric data (response rate 74.1%),
including 1926 boys and 1778 girls, and 5,577 adults, comprising
2383 men and 3194 women. The mean age was 7.5 ± 1.0 years
and 41.1 ± 7.5 years in adults. There were more women (p <
0.0001) and boys (p= 0.004) in our cohort. This was compatible
with the age-specific gender ratios according to the Census
conducted in 2018 [17].

The prevalence and characteristics of astigmatisms in children
and adults
CA was notably more prevalent in children than in adults (63.9%
[95% CI: 62.4−65.5%] vs 39.5% [95% CI: 38.2–40.8%]) while RA and
IA were more prevalent in adults than in children (RA: 30.9% [95%
CI: 29.8–32.2%] vs 21.9% [95% CI: 20.6−23.3%]; IA [23.7% (95% CI:
22.6−24.8%) vs 9.9% (95% CI: 9.0−10.9%)] (Table 1 and Table 2).
The mean RA, CA, and IA values in children and adults were −0.69
± 0.66 D, +1.14 ± 0.61 D, +0.62 ± 0.32 D, and −0.80 ± 0.74 D,
+0.97 ± 0.69 D, and +0.76 ± 0.43 D, respectively. WTR-RA consti-
tuted the most common astigmatism type, occurring in 793 of 813
(97.5%) astigmatic children and 1083 of 1,727 (62.7%) adults with
RA. Similarly, WTR-CA was the most common type in 2361 of 2367
(99.7%) children and 2125 of 2202 (96.5%) adults with CA. The
distribution of astigmatism types was summarized in supplemen-
tary table 1.

The differential compensation of IA in children and adults
Figure 1 summarized the distribution for CF among children and
adults. A greater proportion of children than adults compensated
their total J0 and J45 in varying degrees (CF > 0.1 and CF < 2) with
internal J0 and J45 (J0 [86.6% vs 66.0%, p < 0.0001]; J45 [55.5% vs
41.7%, p < 0.0001]). The proportion of under compensation, full
compensation, and overcompensation of CF0 were 71.3%, 9.1%,
and 6.2% in children, and 39.2%, 9.77%, and 17.1% in adults
respectively, while that for CF45 were 32.5%, 11.4% and 11.5 in
children, and 24.8%, 8.3%, and 8.6% in adults, respectively.

IA and its relations to lens power
The mean lens power was 24.3 ± 1.9 D (range: 6.9–35.9 D) in
children and 21.9 ± 2.1 D (range: −6.1–37.9 D) in adults. Lens
power decreased with age in both populations (r=−0.3249, p <
0.0001 in children; r=−0.3436, p < 0.0001 in adults) as shown in
Fig. 2 and was lower in male gender (children: 23.7 ± 1.7 D vs
24.9 ± 1.8 D, p < 0.0001; adults 21.0 ± 1.9 D vs 22.6 ± 2.0 D, p <
0.0001). A greater lens power was associated with a higher mean
IA value in both children and adult (children: r= 0.0569, p=
0.0005; adults: r= 0.1155, p < 0.0001).

Associations of RA, CA, and IA with myopic parameters
Increasing ametropia was associated with greater magnitudes of
mean RA and CA observed in both children and adults (Fig. 3). IA
was positively associated with SE and spherical value in both
children and adults [(SE: children: r= 0.0746, p < 0.0001, adults:
r= 0.1881, p < 0.0001); spherical value: children: r= 0.0308, p=
0.0611, adults: r= 0.1981, p < 0.0001]]. In contrast, IA was
negatively associated with AL in both populations (SE: children:
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r=−0.1698, p < 0.0001, adults: r=−0.2431, p < 0.0001). In chil-
dren, CA was positively associated with SE and spherical value, but
negatively associated with AL. In contrast, CA was positively
correlated with AL, but negatively correlated with SE and spherical
values in adults (Table 2).

The change of astigmatism with age and sex
In children, all CA, RA and IA marginally decreased with age. In
adults, IA increased whereas both RA and CA decreased with age
(Table 2). In children, CA and IA were significantly correlated with
sex (CA: r= 0.0397, p= 0.0157; IA: r= 0.0789, p < 0.0001, respec-
tively), but not with RA (r= 0.0089, p= 0.5878). In adults, mean RA
and IA were correlated with sex (p < 0.0001 in RA and IA) but not

CA (p= 0.0310). Females had a more negative value of RA and
more positive CA value than males (Supplementary Table 2). Mean
IA values were significantly higher in females (p= 0.0003 in adults,
and p < 0.0001 in children).

DISCUSSION
In this population-based study of 3704 children and 5577 adults,
we have revealed several notable findings. First, there is a high
prevalence of RA and CA in school children in Hong Kong. Second,
a greater proportion of children compensated their total
astigmatism with IA than adults. Third, a linear relationship
existed between IA and SE among both children and adults.

Table 1. Prevalence of astigmatism magnitudes across age in children and adults.

Children n Boys (n= 1926) Girls (n= 1778)

Diopter magnitude (absolute value)

Age group (years) ≥0.5 D ≥1.0 D ≥2.0 D n ≥0.5 D ≥1.0 D ≥2.0 D

Corneal astigmatism

5.5≥ × <6.0 45 42 (93.3%) 27 (60.0%) 8 (17.8%) 40 38 (95.0%) 32 (80.0%) 6 (15.0%)

6.0≤ × <7.0 579 553 (95.6%) 353 (61.0%) 65 (11.2%) 550 535 (97.3%) 369 (67.1%) 53 (9.6%)

7.0≤ × <8.0 730 694 (95.1%) 462 (63.3%) 69 (9.5%) 684 656 (95.9%) 454 (66.4%) 76 (11.1%)

8.0≤ × <9.0 572 544 (95.1%) 345 (60.3%) 55 (9.6%) 504 485 (96.2%) 325 (64.5%) 42 (8.3%)

Overall (95.2%) (61.7%) (10.2%) (96.4%) (66.4%) (10.0%)

Refractive astigmatism

5.5≥ × <6.0 45 29 (64.4%) 13 (28.9%) 5 (11.1%) 40 30 (75.0%) 9 (22.5%) 3 (7.5%)

6.0≤ × <7.0 579 371 (64.1%) 147 (25.4%) 38 (6.6%) 550 326 (59.3%) 102 (18.5%) 26 (4.7%)

7.0≤ × <8.0 730 465 (63.7%) 160 (21.9%) 39 (5.3%) 684 448 (65.5%) 150 (21.9%) 52 (7.6%)

8.0≤ × <9.0 572 356 (62.2%) 130 (22.7%) 37 (6.5%) 504 330 (65.5%) 102 (20.2%) 27 (5.4%)

Overall (63.3%) (23.4%) (6.2%) (63.8%) (20.4%) (6.1%)

Internal astigmatism

5.5≥ × <6.0 45 28 (62.2%) 6 (13.3%) 1 (0.2%) 40 26 (65.0%) 7 (17.5%) 0 (0.0%)

6.0≤ × <7.0 579 340 (58.7%) 59 (10.2%) 4 (0.7%) 550 351 (63.8%) 69 (12.5%) 2 (0.4%)

7.0≤ × <8.0 730 442 (60.5%) 66 (9.0%) 1 (0.1%) 684 446 (65.2%) 74 (10.8%) 2 (0.3%)

8.0≤ × < 572 326 (57.0%) 42 (7.3%) 3 (0.5%) 504 311 (61.7%) 45 (8.9%) 2 (0.4%)

Overall (59.0%) (9.0%) (0.5%) (78.3%) (20.5%) (0.7%)

Adults Men (n= 2383) Women (n= 3194)

Corneal astigmatism

24≥ × <30 13 12 (92.3%) 7 (53.9%) 0 (0.0%) 104 78 (75.0%) 38 (36.5%) 11 (10.6%)

30≥ × <40 677 531 (78.3%) 288 (42.5%) 63 (9.3%) 1617 1278 (79.0%) 655 (40.5%) 118 (7.3%)

40≥ × <50 1367 1011 (74.0%) 526 (38.5%) 113 (8.3%) 1437 1090 (75.9%) 577 (40.2%) 86 (6.0%)

50≥ × ≤72 326 208 (63.8%) 100 (30.7%) 13 (4.0%) 36 23 (63.9%) 11 (30.6%) 4 (11.1%)

Overall (73.9%) (38.6%) (7.9%) (77.3%) (40.1%) (6.9%)

Refractive astigmatism

24≥ × <30 13 9 (69.2%) 5 (38.5%) 0 (0.0%) 104 63 (60.6%) 26 (25.0%) 8 (7.7%)

30≥ × <40 677 510 (75.3%) 253 (37.4%) 61 (9.0%) 1617 1067 (66.0%) 411 (25.4%) 105 (6.5%)

40≥ × <50 1367 1005 (73.5%) 506 (37.2%) 137 (10.2%) 1437 981 (68.5%) 380 (26.4%) 89 (6.2%)

50≥ × ≤72 326 259 (79.4%) 132 (40.5%) 30 (9.2%) 36 29 (80.6%) 14 (38.9%) 4 (11.1%)

Overall (74.8%) (37.6%) (9.6%) (65.2%) (26.0%) (6.5%)

Internal astigmatism

24≥ × <30 13 11 (84.6%) 5 (38.5%) 0 (0.0%) 104 70 (67.3%) 13 (12.5%) 1 (1.0%)

30≥ × <40 677 488 (72.1%) 126 (18.6%) 6 (8.9%) 1617 1227 (75.9%) 372 (23.0%) 10 (0.6%)

40≥ × <50 1367 947 (69.3%) 298 (21.8%) 16 (1.2%) 1437 1103 (76.8%) 399 (27.8%) 11 (0.8%)

50≥ × ≤72 326 246 (75.5%) 95 (29.1%) 3 (0.9%) 36 28 (77.8%) 12 (33.3%) 1 (2.8%)

Overall (71.0%) (22.0%) (1.1%) (76.0%) (25.0%) (0.7%)
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Myopic subjects had lower mean IA values than hyperopic
subjects, and the mean IA value was higher among females of
both age groups. Fourth, adults displayed an association between
lens power and IA that was twice as strong as that for children,Ta
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Fig. 1 Compensation by internal astigmatism in children and
adults. A The distribution of compensation factors (CF) in children
and adults. B The proportion of compensation by internal
astigmatism (IA) in CF0 and CF45 across age in children and adults.

K.W. Kam et al.

1110

Eye (2023) 37:1107 – 1113



suggesting an age-related change in the contribution of the
crystalline lens to IA.

A high prevalence of RA in parallel with a high prevalence of
myopia in Children of Hong Kong
In this study, the prevalence of RA in Hong Kong school children
was higher than in other counterparts worldwide, such as Singapore
(19.2%) [18], Taiwan (13.0%) [19], Iran (6.4%) [20], and Denmark
(4.3%) [21] using the same 1.0 D threshold (Supplementary Tables 3–
6). Compared to the meta-analysis on global estimates of the
prevalence of refractive errors, which included studies measuring
either non-cycloplegic or cycloplegic refraction and utilizing lower
thresholds to diagnose astigmatism [1], the adjusted prevalence of
RA in children and adults in our study became 37.4% and 46.7%
(with ≤−0.75 D) and 63.5% and 70.3% (with ≤−0.5 D), respectively.
Our prevalence of RA (≤−0.5 D) is the highest among all 16

included studies (0.76–59.7%) [1]. Our prevalence of astigmatism
>0.5 D in adults (70.3%) is greater than that in southwestern China
(56.8% in 1626 adults) [22]. Our prevalence of astigmatism >1.0 D
in adults is lower (30.9%) than the NHANES study from the United
States (36.2% of 12,010 adults) [23].
Astigmatism is known for its association with myopia progres-

sion [24, 25]. The high prevalence of astigmatism in our current
study may be explained by the concurrent high prevalence of
myopia in our population [10, 14]. The prevalence of CA in
children in our study was more than double that of a multi-ethnic
cohort of Australian children (25.6–27.7%) [26–28]. However, if
only the data for East Asian children were extracted, we found a
similar prevalence of CA between our study (63.7%) and theirs
(prevalence of CA: 50.0% at 12 years [27] and 67.2% at 6 years [26].
Thus CA was thought to be significantly associated with ethnicity
in childhood. A multi-center collaborative study identified that
Asian children had the greatest corneal power in the vertical
meridian among different ethnic groups [29]. Our findings among

children of Han Chinese origin supported an ethnic variation in
astigmatism.

Age-related attenuation of the degree of astigmatism
compensation from childhood to adulthood
A significantly greater proportion of children compensated their
total astigmatism with IA (86.6% in J0 and 55.5% in J45) compared
to adults (66.0% in J0 and 41.7% in J45). This suggested an age-
related attenuation of IA in compensating for the overall amount
of astigmatism.
The Nanjing Eye study found even higher degrees of compensa-

tion (91.5% in J0 and 77.2% in J45) in younger children
(48–60 months) [16], whereas Liu et al. [30] reported similar findings
(80.6% in J0 and 58.3% in J45) among children aged 6–11 in Beijing.
Nonetheless, the Nanjing Eye study used non-cycloplegic refraction
which may not be comparable to our cohort as cycloplegia is known
to influence the J0 of RA [16, 31, 32]. Despite having employed
cycloplegic refraction in Liu’s study, the analysis of astigmatism
compensation was limited to a subset of 206 children [30].
In adults, a South Korean study on 178 subjects with a younger

mean age of 27.6 years showed that 80% of J0 and 59% of J45
exhibited some degree of IA compensation [33]. Our adult data,
which included older subjects (mean 41.1 years), revealed a
smaller proportion of IA compensation in both J0 (66.0%) and J45
(41.7%). These results, altogether, were in line with our
hypothesized age-related attenuation in IA compensation.

IA as a potential biomarker for myopia incidence and
progression in childhood
Our study shows a strong association between myopic parameters
across all types of astigmatisms among both children and adults.
The mean IA power was also smaller in myopic children. Given the
relations between CA, IA, and CF, if the CA value in children is held

Fig. 2 The distribution of mean Internal Astigmatism (IA) and
mean Lens Power (LP) in children and adults. Both the mean IA
and mean LP decreased with age in children. This is in contrast to
the mean LP which decreased with age while the mean IA increased
with age in adults.

Fig. 3 The distribution of mean CA, RA, IA and spherical
equivalent in children and adults. Increasing ametropia was
associated with greater magnitudes of mean RA and CA observed
in both children and adults. IA was positively associated with SE and
spherical value in both children and adults.
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constant, a smaller degree of IA compensation (a lower CF) would
attribute to a smaller mean IA power. As IA was negatively
correlated with AL among children, it is reasonable to extrapolate
that a smaller amount of IA compensation (a lower CF) is
associated with myopia and/or myopic progression. The rate of
age-related attenuation of IA compensation may therefore be a
biomarker for predicting myopia incidence and/or progression.

The hypothesized role of the crystalline lens and vitreous
humor in IA
IA is thought to be contributed by both the lens and vitreous
humor. Active fine-tuning of crystalline lines' shape and position
were also postulated mechanisms for compensating corneal
astigmatism [34]. Our study showed that the mean LP decreased
with age in both children and adult populations. However, the
mean IA power decreased with age in children but increased with
age in adults (Fig. 2). Hence, we hypothesize that the increase in
mean IA power among adults could be a result of a progressive,
age-related change in the vitreous humor, outweighing the
decreasing lens power of an aging crystalline lens.

Strengths and limitations
The strengths of our paper include a large sample of children in a
territory-wide and population-based setting which minimizes
selection bias. The inclusion of children of a narrow age range
and adults who are parents of these children and of the same
population allows comparison of astigmatism patterns between the
two distinct age populations. We employed stringent cycloplegia
for children for more accurate refractive data. The limitations of our
study were that only the parents of children were selected to study
the prevalence of astigmatism. The use of non-cycloplegic
refraction for adults, which can overestimate myopic parameters
(SE, spherical values), may affect the consistency in the correlation
analyses with astigmatism. Only the right eyes of the subjects were
adopted for analyses, and we did not correct for the effect of ocular
dominance in ametropia and astigmatism. This study also adopted
stringent criteria in defining astigmatism of 1.0 D, instead of 0.5 D or
0.75 D, because of its clinical relevance and its potential to cause
meridional amblyopia. For better comparisons with other studies,
the prevalence of astigmatism in our cohort as defined by 0.5 D and
0.75 D was also provided. Furthermore, the autokeratometry only
analyzed the anterior cornea without accounting for posterior
corneal astigmatism. Due to the lack of an air–cornea interface at
the posterior corneal surface, the effect of posterior corneal
astigmatism in the overall refraction was much smaller. Future
studies utilizing more sophisticated tomography systems to look at
both anterior and posterior cornea separately may allow us to study
their roles in overall astigmatism.

CONCLUSION
Refractive and corneal astigmatisms are more prevalent in Hong
Kong school children and adults than in other cities. Children
displayed a greater compensation by IA than adults, suggesting an
age-related attenuation of IA compensation. A correlation existed
between IA and myopia traits for both children and adults, which
may serve as a potential biomarker for myopic development or
progression. The differential role of IA between children and
adults may explain the disparity in RA prevalence between the
two age groups. Vitreous humor may play a role in determining IA.
Supplemental material is available on Eye’s website.

Summary
What was known before

● Few epidemiological studies looked into astigmatism in Hong
Kong children and adults, as well as the astigmatism

components. No prior studies explored the associations between
myopia and astigmatism in Hong Kong children and adults.

What this study adds

● Chinese children in Hong Kong exhibit a higher prevalence of
refractive astigmatism and corneal astigmatism than in other
cities. Children displayed a greater compensation for internal
astigmatism than adults, suggesting an age-related attenua-
tion of internal astigmatism compensation. Internal astigma-
tism is associated with myopic traits.
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