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Abstract
Background To investigate the prevalence and risk factors for astigmatism in 7-19-year-old students in Xinjiang, 
China.

Methods A school-based, cross-sectional study was conducted on students who underwent refraction examination 
in Xinjiang, China, between May and December 2019. The prevalence of astigmatism was determined. Astigmatism 
was defined as cylinder power (C) ≤-0.75 D, undefined astigmatism as ≤-1.50 D, and high astigmatism as C ≤-3.00 D. 
Astigmatism types were: against-the-rule astigmatism (maximum refraction of the main meridian in 180° ± 30°), with-
the-rule astigmatism (maximum refraction of the main meridian at 90°±30°), and oblique astigmatism (all other cases).

Results Of the 71,838 students examined (51.0% boys, 7 − 19 years old), 25,945 (36.1%, 95%CI: 35.52−36.68%) had 
astigmatism and 1267 (1.8%, 95%CI: 1.07−2.53%) had high astigmatism. The prevalence of astigmatism was greater 
in Han individuals (39.6%) compared with the Hui (34.0%), Kazakh (34.0%), Kyrgyz (32.1%), and Uyghur (26.4%) 
populations. Among the 25,945 students with astigmatism, 19,947 had with-the-rule astigmatism (76.9%), 3405 had 
against-the-rule astigmatism (13.1%), and 2593 had oblique astigmatism (10.0%). Multivariable logistic regression 
analysis showed that ethnicity (Han individuals more susceptible), male gender, age, and refractive errors (myopia and 
hyperopia) were independently associated with astigmatism, high astigmatism, and with-the-rule astigmatism (all 
P < 0.05).

Conclusions The prevalence of astigmatism among children and adolescents in Xinjiang was 36.1%, including 1.8% 
of high astigmatism. In this population, astigmatism was mainly of the with-the-rule astigmatism type (76.9%). Han 
ethnicity, male gender, and myopia or hyperopia were independently associated with a high risk of astigmatism.
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Background
Astigmatism is a refractive state in which the refractive 
power of the eye differs at different meridians, creating 
two focal lines and a minimal diffuse spot [1, 2]. In recent 
years, the rising annual global prevalence of astigmatism 
in children and adolescents has become an important 
clinical and public health concern. Uncorrected astigma-
tism significantly reduces visual function [1] and can sig-
nificantly affect visual development in childhood, leading 
to amblyopia [2]. Previous studies reported a significant 
correlation between astigmatism and myopia develop-
ment based on animal models and observations in lon-
gitudinal trials involving children [3, 4]. Therefore, early 
detection and treatment of astigmatism in children and 
adolescents is particularly important.

Currently, the pathogenesis of astigmatism in children 
and adolescents is unclear, and genetics, extraocular 
muscle tone, eyelid pressure, visual feedback, and envi-
ronmental pollution have been implicated [5]. In addi-
tion, studies identified young age, severe refractive error 
(myopia or hyperopia), maternal smoking during preg-
nancy [6], eyelid flaps [7], early screen exposure [8, nys-
tagmus [9], and environmental pollution [10] as factors 
associated with an increased risk of astigmatism.

Comprehensive analyses of astigmatism were never 
performed before in Xinjiang, China. Therefore, this 
study aimed to analyze the prevalence of, types of, and 
risk factors for astigmatism in children and adolescents 
living in Xinjiang, China.

Methods
Study design and participants
This cross-sectional study enrolled all students who 
underwent refraction examination by ophthalmolo-
gists from the Affiliated Hospital of Traditional Chinese 
Medicine of Xinjiang Medical University and the Xinji-
ang Uyghur Autonomous Region Academy of Traditional 
Chinese Medicine between May and December 2019. All 
refraction examinations were completed in the schools. 
A stratified cluster sampling method was designed based 
on schools in relevant geographical locations. These 
schools included Ürümqi, Tacheng, and Ili, located in 
Northern Xinjiang, and Kashi and Kizilsu, located in 
Southern Xinjiang.

The participant’s parents or guardians provided the 
signed informed consent form. The study followed 
the principles of the Declaration of Helsinki and was 
approved by the Ethics Committee of the Hospital of 
Traditional Chinese Medicine affiliated with Xinjiang 
Medical University. Students with significant ocular or 
systemic disease (e.g., cataract, glaucoma, ocular trauma, 
or trisomy 21), wearing orthokeratology lenses in the 
past three months before enrolment, or with incomplete 
information were excluded.

Data collection and definitions
The data from 41 schools in the Xinjiang Region (China) 
were collected. The school provided detailed demo-
graphic and clinical data for each student, including 
name, gender, ethnicity, place of birth, date of birth, 
school name, grade level, and past medical history. All 
participants underwent an ophthalmic examination 
based on a standard protocol for common eye diseases 
by trained ophthalmic professionals (optometrists or 
ophthalmologists),, and refractive error measurement 
with a table-mounted TOPCON KR-8800 non-cyclople-
gic autorefractor, according to the “The specification for 
screening of refractive error in primary and secondary 
school students (WS/T 663–2020)”. Refractive error mea-
surement was performed three times for each eye and 
averaged. If the difference between different readings of 
the same eye was greater than 0.5 D, the measurements 
were taken again. Ophthalmic examiners (ophthalmolo-
gists and optometrists, etc.) had been trained profes-
sionally. For quality control, the automatic optometer 
was calibrated daily before data collection, and about 
5% of the examined students were randomly selected for 
repeated measurements.

Astigmatism was defined as cylinder power (C) ≤-
0.75 D, undefined astigmatism as ≤-1.50 D, and high 
astigmatism as C ≤-3.00 D. The astigmatism types were 
against-the-rule astigmatism (maximum refraction of the 
main meridian in 180° ± 30°), with-the-rule astigmatism 
(maximum refraction of the main meridian at 90° ± 30°), 
and oblique astigmatism (all other cases). The average of 
three measurements was used for the angle. If the angle 
measurements were very different, the measurements 
were taken again. Spherical equivalent (SE) refraction 
was derived as SE = spherical power + 1/2 cylinder power. 
Myopia was classified as SE <-0.50 D and divided into low 
(-3.00 D to ≤-0.05 D), medium (-6.00 D to ≤-3.00 D), and 
high (≤-6.00 D) types. Hyperopia and emmetropia were 
defined as SE > + 0.50 D and − 0.50 D to ≤ + 0.50 D, respec-
tively. After Pearson correlation analysis, there is a strong 
correlation between the binocular astigmatism of all sub-
jects, with a correlation coefficient of 0.654 (r = 0.654, 
p < 0.001;95% CI: 0.650–0.658). Therefore, the data were 
obtained for the right eye.

Statistical analysis
The sample size was estimated using the formula 
n = uα

2p(1−p)
δ2 , considering myopia average annual inci-

dence of p = 8%, α = 0.05, β = 0.20, δ = 0.1, p = 0.008, 
n = 1.962 × 0.08 × 0.9 ÷ 0.0082 ≈ 4418. The loss to follow-up 
rate was estimated as 10%, and the stratified cluster sam-
pling efficiency was 1.5, n = 4418 ÷ 0.9 × 1.5 = 7362 people. 
The investigation was divided into primary and middle 
schools, and five ethnic groups were included. Therefore 
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n = N × 2 × 5 ≈ 73,620 people, as shown in Supplemental 
Table 1.

SPSS 22.0 (SPSS, USA) was used for data analysis. The 
continuous data (e.g., age) were described as mean ± stan-
dard deviation and compared by analysis of variance 
(ANOVA). The categorical indicators (e.g., gender and 
ethnicity) were described as absolute logarithms and 
composition ratios and compared using the chi-square 
test (the corrected chi-square or Fisher’s exact probability 
test was used for R×C failure). Univariable analysis was 
performed to determine factors associated with astigma-
tism based on a logistic regression model, and param-
eters with P < 0.05 were included in the multivariable 

logistic regression model by the backward selection 
method. Odds ratios (ORs) and 95% confidence intervals 
(95%CIs) were determined. Two-sided P < 0.05 was con-
sidered statistically significant.

Results
Twenty primary and 21 middle schools provided a list of 
72,383 students; 547 students (0.75%) were excluded, of 
which 416 were beyond the age range of 7–19 years old, 
34 could not cooperate with the examination or were 
absent during the examination, 32 had eye diseases, 35 
had a history of eye surgery or eye trauma, and 30 had 
incomplete information. Finally, 71,838 children and 
adolescents aged 7–19 years (mean age, 11.59 ± 3.176) 
in Xinjiang, China, were analyzed. Table  1 presents 
the characteristics of the children and adolescents. 
Among them, 44.9% (n = 32,244) had − 0.50 D to < 0.50 D 
(Table 1).

Of the 71,838 assessed students, 25,945 (36.1%, 95%CI: 
35.52−36.68%, P < 0.001) had astigmatism ≤-0.75 D; 
6465 (9.0%, 95%CI: 8.30−9.70%) and 1267 (1.8%, 95%CI: 
1.07−2.53%, P < 0.001) had astigmatism ≤-1.50 D and 
≤-3.00 D, respectively. There were statistically signifi-
cant differences in astigmatism (≤-0.75 D) prevalence 
rates among different ages, genders, education levels, 
and ethnic groups (all P < 0.001). Astigmatism preva-
lence increased from 7 to 15 years, peaking at 15 years 
old. There was a decreasing trend from 15 to 19 years old 
(Fig. 1). SE refraction was also associated with astigma-
tism (≤-0.75 D, ≤-1.50 D, and ≤-3.00 D) (Table 2; Fig. 2). 
Astigmatism prevalence was significantly lower in pri-
mary school students (33.3%) compared with junior high 
(40.9%) and high (41.7%) school students (P < 0.05). 
Astigmatism prevalence was also higher in boys (37.8%) 
than in girls (34.3%) (P < 0.05). In addition, the astig-
matism prevalence was higher in Han students (39.6%) 
compared with Uyghur (26.4%), Kazakh (34.0%), Kyrgyz 
(32.1%), and Hui (34.0%) students (P < 0.05).

There were statistically significant differences in prev-
alence for astigmatism with ≤-1.50 D among different 
ages, genders, education levels, and ethnic groups (all 
P < 0.001) (Table 2). The prevalence rates of high astigma-
tism (C ≤-3.00 D) were significantly different among dif-
ferent ages, genders, education levels, and ethnic groups 
(all P < 0.05). The prevalence of high astigmatism tended 
to be stable in 7-13-year-old students, peaking at 2.5% at 
15 and 16 years of age and showing a downward trend 
from 17 to 19 years (2.3%−1.6%). The prevalence of high 
astigmatism was significantly lower in primary school 
students (1.5%) than in junior high school students (2.1%) 
and high school students (2.2%). The prevalence of high 
astigmatism was higher in boys (1.9%) compared with 
girls (1.6%). The prevalence of high astigmatism was also 
higher in Han students (2.0%) compared with Uyghur 

Table 1 Characteristics of the study participants (N = 71,838)
Characteristics n Male n (%) Female n 

(%)
Age (years) 7 6761 3386 (50.1) 3375 (49.9)

8 7621 3987 (52.3) 3634 (47.7)
9 7678 4002 (52.1) 3676 (47.9)
10 7645 3963 (51.8) 3683 (48.2)
11 8366 4347 (52.0) 4019 (48.0)
12 7780 4115 (52.9) 3665 (47.1)
13 5965 3107 (52.1) 2858 (47.9)
14 5419 2824 (52.1) 2595 (47.9)
15 4573 2404 (52.6) 2169 (47.4)
16 3345 1562 (46.7) 1783 (53.3)
17 3340 1423 (42.6) 1917 (57.4)
18 2467 1115 (45.2) 1352 (54.8)
19 878 372 (42.4) 506 (57.6)

Nationality Han 45,021 23,571 (52.4) 21,450 
(47.6)

Uyghur 12,763 5914 (46.3) 6849 (53.7)
Kazakh 1495 769 (51.4) 726 (48.6)
Kyrgyz 5277 2639 (50.0) 2638 (50.0)
Hui 5298 2735 (51.6) 2563 (48.4)
Others 1984 979 (49.3) 1005 (50.7)

Education 
stage

Primary school 45,982 24,035 (52.3) 21,947 
(47.7)

Junior high school 16,068 8318 (51.8) 7750 (48.2)
High school 9788 4254 (43.5) 5534 (56.5)

Spherical 
Equivalent 
(SE)

SE≤-6.00 D 1128 547 (48.5) 581 (51.5)

-6.00 D < SE≤-5.00 D 1658 764 (46.1) 894 (53.9)
-5.00 D < SE≤-4.00 D 2830 1313 (46.4) 1517 (53.6)
-4.00 D < SE≤-3.00 D 3958 1887 (47.7) 2071 (52.3)
-3.00 D < SE≤-2.00 D 5995 2828 (47.2) 3167 (52.8)
-2.00 D < SE≤-0.50 D 19,937 9855 (49.4) 10,082 

(50.6)
-0.50 D < SE < 0.50 D 32,244 17,159 (53.2) 15,085 

(46.8)
0.50 D ≤ SE < 1.00 D 2715 1532 (56.4) 1183 (43.6)
1.00 D ≤ SE 1373 722 (52.6) 651 (47.4)
Total 71,838 36,605 (51.0) 35,231 

(49.0)
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(1.1%), Kazakh (1.7%), Kyrgyz (1.8%), and Hui (1.8%) 
counterparts. Taken together, these data suggested the 
prevalence of astigmatism (≤-0.75 D, ≤-1.50 D, and ≤-
3.00 D) was correlated with age, male gender, and ethnic-
ity (Table 2; Fig. 1).

Among students with astigmatism ≤-1.50 D, astigma-
tism prevalence rates were the highest in students with 
high myopia (≤-6.00 D 50.0%) and hyperopia ( > + 0.5 D, 
21.5%) and the lowest in those with emmetropia (-3.00 
D to <-0.50 D, 4.9%). Among students with astigmatism 
≤-3.00 D, the astigmatism prevalence rates were the high-
est in students with high myopia (SE ≤-6.00 D, 15.6%) and 
hyperopia ( > + 0.5 D, 7.2%) and the lowest in those with 
emmetropia (-0.50 D to ≤ + 0.50 D, 0.8%) (Table  2). The 
trends of astigmatism prevalence (≤-0.75 D, ≤-1.50 D, 
and ≤-3.00 D) are shown in Fig. 1.

Among students with astigmatism ≤-0.75 D, those with 
high myopia (≤-6.00 D, 76.5%) and hyperopia ( > + 0.5 D, 
56.3%) had the highest prevalence of astigmatism. The 
astigmatism prevalence was the lowest among students 
with emmetropia (-0.50 D to ≤ + 0.50 D, 28.8%). Mul-
tivariable logistic regression analysis showed that the 
risk of astigmatism ≤-0.75 D was significantly higher for 
students aged 8 − 19 years (P < 0.001) than for 7 years. 
Male students (P < 0.001) were more likely to have astig-
matism than females. Compared with Uyghur students, 
Han (P < 0.001), Kazakh (P < 0.001), Hui (P < 0.001), and 
Kyrgyz (P < 0.001) students had an increased risk of astig-
matism. The presence of refractive errors was also asso-
ciated with astigmatism. Compared with emmetropia 
(-0.50 D ≤ SE ≤ + 0.50 D), hyperopia ( > + 0.5 D) and myo-
pia (<-0.5 D) significantly increased the risk of astigma-
tism for hyperopia ( > + 0.5 D) (P < 0.001), for low myopia 
(-3.00 D to <-0.50 D) (P < 0.001), for medium myopia 
(-6.00 D to ≤-3.00 D) (P < 0.001), and high myopia (≤-6.0 

D) (P < 0.001) (Table 3). Eleven or 15 − 17 years of age was 
independently associated with an increased risk of astig-
matism ≤-1.50 D compared with the 7-year-old group 
(P = 0.012) for students aged 16. Male students were more 
likely to have astigmatism than females. Compared with 
Uyghur students, Han (P < 0.001), Kazakh (P < 0.001), Hui 
(P < 0.001), and Kyrgyz (P = 0.004) students had a higher 
risk of astigmatism. Compared with emmetropia cases 
(-0.50 D to ≤ + 0.50 D), hyperopia ( > + 0.5 D) and myopia 
(<-0.5 D) cases had significantly increased risk of astig-
matism for hyperopia ( > + 0.5 D) (P < 0.001), low myopia 
(-3.00 D to <-0.50 D) (P < 0.001), medium myopia (-6.00 
D to ≤-3.00 D) (P < 0.001), and high myopia (≤-6.00 D) 
(P < 0.001) (Table 4).

Male students had an increased risk of high astigma-
tism ≤-3.00 D compared with female students (P = 0.002). 
Compared with Uyghur students, Han (P = 0.001), 
Kazakh (P = 0.027), Hui (P = 0.015), and Kyrgyz (P < 0.001) 
students had elevated risk of high astigmatism. Com-
pared with emmetropia (-0.50 D to ≤ + 0.50 D), hyperopia 
(SE > + 0.5 D) and myopia (SE <-0.5 D) had a significantly 
increased risk of high astigmatism (all P < 0.05) (Table 5).

Among the 25,945 students with astigmatism ≤-0.75 
D, 19,947 had with-the-rule astigmatism (76.9%), 3405 
had against-the-rule astigmatism (13.1%), and 2593 had 
oblique astigmatism (10.0%). There were statistically 
significant differences among ages, genders, ethnici-
ties, education levels, refractive errors, and astigmatism 
types in 7–19 years (all P < 0.001). With increasing age, 
the prevalence of with-the-rule astigmatism in 7-15-year-
old students showed an increasing trend (24.0−33.7%), 
while a decreasing trend (29.3%−18.8%) was found in 
16-19-year-old students. The prevalence of with-the-rule 
astigmatism was higher in hyperopia (39.6%) and myopia 
(33.5%) than in emmetropia (21.7%). The prevalence of 

Fig. 1 Prevalence rates of astigmatism (≥ 0.75 D and ≥ 1.5 D) and high astigmatism (≥ 3.0 D) by age from 7 to 19 years
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with-the-rule astigmatism was highest in Han students 
(32.5%), followed by Hui (27.8%), Kazakh (24.8%), Kyrgyz 
(17.0%), and Uyghur (15.6%) students (Table 6).

Multivariable logistic regression analysis of risk factors 
for with-the-rule astigmatism (n = 19,947) showed similar 
results to astigmatism. Compared with 7-year-old chil-
dren, 8-, 9- and 11-18-year-old students had elevated risk 
of with-the-rule astigmatism, with OR of 1.461 (95%CI: 
1.334 − 1.600, P < 0.05) for 15-year-old students. Male 

students (OR = 1.211, 95% CI: 1.171–1.253, P < 0.001) 
had an elevated risk of with-the-rule astigmatism com-
pared with female students. Compared to Uyghur stu-
dents, Han (OR = 2.406, 95% CI: 2.275 − 2.545, P < 0.001), 
Kazakh (OR = 1.766, 95% CI: 1.550 − 2.012, P < 0.001), Hui 
(OR = 1.923, 95% CI: 1.774 − 2.084, P < 0.001), and Kyrgyz 
(OR = 1.134, 95% CI: 1.038 − 1.240, P = 0.005) students had 
increased risk of with-the-rule astigmatism. Compared 
with emmetropia cases (-0.50 D to ≤ + 0.50 D), hyperopia 

Table 2 Prevalence rates of astigmatism by student characteristics (N = 71,838)
Characteristics n Astigmatism ≤-0.75 D, n (%) Astigmatism ≤-1.50 D, n (%) Astigmatism ≤-3.0 D, n (%)
Age (years) 7 6761 2056 (30.4) 526 (7.8) 99 (1.5)

8 7621 2457 (32.2) 610 (8.0) 113 (1.5)
9 7678 2481 (32.3) 563 (7.3) 122 (1.6)
10 7645 2500 (32.7) 592 (7.7) 112 (1.5)
11 8366 2833 (33.9) 669 (8.0) 126 (1.5)
12 7780 2889 (37.1) 699 (9.0) 143 (1.8)
13 5965 2350 (39.4) 597 (10.0) 95 (1.6)
14 5419 2198 (40.6) 568 (10.5) 119 (2.2)
15 4573 2029 (44.4) 564 (12.3) 113 (2.5)
16 3345 1456 (43.5) 388 (11.6) 85 (2.5)
17 3340 1421 (42.5) 390 (11.7) 78 (2.3)
18 2467 994 (40.3) 237 (9.6) 48 (1.9)
19 878 474 (32.0) 62 (7.1) 14 (1.6)

χ2 627.487 218.533 54.354
P-value <0.001 <0.001 <0.001
Gender Male 36,607 13,844 (37.8) 3646 (10.0) 696 (1.9)

Female 35,231 12,101 (34.3) 2819 (8.0) 571 (1.6)
χ2 93.709 84.075 8.155
P-value <0.001 <0.001 0.004
Nationality Han 45,021 17,828 (39.6) 4846 (10.8) 878 (2.0)

Uyghur 12,763 3368 (26.4) 579 (4.5) 136 (1.1)
Kazakhs 1495 509 (34.0) 102 (6.8) 26 (1.7)
Kyrgyz 5277 1695 (32.1) 306 (5.8) 98 (1.8)
Hui 5298 1802 (34.0) 462 (8.7) 95 (1.8)
Others 1984 743 (37.4) 170 (8.6) 24 (1.2)

χ2 811.136 557.162 51.008
P-value <0.001 <0.001 <0.001
Education stage Primary school 45,982 15,293 (33.3) 3672 (8.0) 707 (1.5)

Junior high school 16,068 6567 (40.9) 1732 (10.8) 344 (2.1)
High school 9788 4085 (41.7) 1061 (10.8) 216 (2.2)

χ2 454.042 160.324 37.858
P-value <0.001 <0.001 <0.001
Spherical Equivalent 
(SE)

SE≤-6.00 D 1128 852 (75.5) 538 (47.7) 170 (15.1)
-6.00 D < SE≤-5.00 D 1658 1047 (63.1) 262 (15.8) 49 (3.0)
-5.00 D < SE≤-4.00 D 2830 1528 (54.0) 477 (16.9) 52 (1.8)
-4.00 D < SE≤-3.00 D 3958 2173 (54.9) 767 (19.4) 151 (3.8)
-3.00 D < SE≤-2.00 D 5995 2834 (47.3) 729 (12.2) 148 (2.5)
-2.00 D < SE<-0.50 D 19,937 6913 (34.7) 1555 (7.8) 270 (1.4)
-0.50 D ≤ SE ≤ + 0.50 D 32,244 8347 (25.9) 1340 (4.2) 179 (0.6)
+ 0.50 D ≤ SE < + 1.00 D 2715 1471 (54.2) 364 (13.4) 64 (2.4)
+ 1.00 D ≤ SE 1373 780 (56.8) 433 (31.5) 184 (13.4)

χ2 4724.538 4837.828 2649.796
P-value <0.001 <0.001 <0.001
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Table 3 Univariable and multivariable logistic regression analyses of risk factors for astigmatism ≥ 0.75 D (N = 25,945)
Characteristics Astigmatism ≤-0.75 D (%) Univariable logistic regression 

analysis
Multivariable logistic regres-
sion analysis

OR (95%CI) P-Value OR (95%CI) P-Value
Age (year) < 0.001 < 0.001
7 2056 (30.4) Reference Reference
8 2457 (32.2) 1.089 (1.015–1.169) 0.018 1.135 (1.056–1.221) 0.001
9 2481 (32.3) 1.092 (1.018–1.172) 0.014 1.100 (1.023–1.182) 0.01
10 2500 (32.7) 1.112 (1.036–1.193) 0.003 1.074 (0.999–1.155) 0.053
11 2833 (33.9) 1.172 (1.094–1.255) < 0.001 1.067 (0.993–1.146) 0.077
12 2889 (37.1) 1.352 (1.261–1.449) < 0.001 1.202 (1.118–1.293) < 0.001
13 2350 (39.4) 1.488 (1.382–1.601) < 0.001 1.327 (1.228–1.434) < 0.001
14 2198 (40.6) 1.562 (1.449–1.683) < 0.001 1.326 (1.224–1.437) < 0.001
15 2029 (44.4) 1.825 (1.688–1.973) < 0.001 1.503 (1.383–1.634) < 0.001
16 1456 (43.5) 1.764 (1.619–1.922) < 0.001 1.585 (1.446–1.738) < 0.001
17 1421 (42.5) 1.695 (1.555–1.847) < 0.001 1.507 (1.374–1.653) < 0.001
18 994 (40.3) 1.544 (1.403–1.699) < 0.001 1.534 (1.385–1.699) < 0.001
19 474 (32.0) 1.077 (0.926–1.253) 0.335 1.208 (1.030–1.417) 0.02
Gender < 0.001
Female 12,101 (34.3) Reference Reference
Male 13,844 (37.8) 1.162 (1.128–1.198) < 0.001 1.186 (1.150–1.224) < 0.001
Nationality < 0.001
Han 17,828 (39.6) 1.829 (1.751–1.910) < 0.001 1.611 (1.536–1.690) < 0.001
Uyghur 3368 (26.4) Reference Reference
Kazakhs 509 (34.0) 1.440 (1.285–1.614) < 0.001 1.415 (1.260–1.590) < 0.001
Hui 1802 (34.0) 1.438 (1.342–1.541) < 0.001 1.332 (1.239–1.433) < 0.001
Kyrgyz 1695 (32.1) 1.320 (1.231–1.416) < 0.001 1.271 (1.184–1.365) < 0.001
Others 743 (37.4) 1.670 (1.513–1.844) < 0.001 1.564 (1.413–1.732) < 0.001
Spherical equivalent (right eye) < 0.001 < 0.001
SE≤-6.00 D 773 (76.5) 8.216 (7.091–9.520) < 0.001 6.391 (5.501–7.426) < 0.001
-6.00 D < SE≤-3.00 D 4545 (57.1) 3.359 (3.196–3.531) < 0.001 2.695 (2.551–2.848) < 0.001
-3.00 D < SE<-0.50 D 8634 (36.7) 1.460 (1.410–1.512) < 0.001 1.296 (1.248–1.346) < 0.001
-0.50 D ≤ SE ≤ + 0.50 D 10,352 (28.4) Reference Reference
SE > + 0.50 D 1641 (56.3) 3.250 (3.010–3.509) < 0.001 3.437 (3.180–3.716) < 0.001
CI: confidence interval; OR: odds ratio

Fig. 2 Prevalence rates of astigmatism (≥ 0.75 D and ≥ 1.5 D) and high astigmatism (≥ 3.0 D) by the magnitude of spherical equivalent
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( > + 0.5 D) and myopia (<-0.5 D) cases had significantly 
increased risk of with-the-rule astigmatism, with ORs 
of 3.206 (95% CI: 2.944 − 3.493, P < 0.001) for hyperopia 
(SE > + 0.5 D) and 1.516 (95% CI: 1.458 − 1.576, P < 0.001) 
for myopia (SE <-0.5 D) (Table 7).

Aged 12-19-year was independently associated with 
an increased risk of against-the-rule astigmatism com-
pared to 7-year-old students, with OR of 1.959 (95% CI: 
1.624 − 2.363, P < 0.05) for 16-year-old students. Com-
pared to the Uyghur ethnicity, Han (OR = 0.581, 95% 
CI: 0.529 − 0.638, P < 0.001) and Hui (OR = 0.512, 95% 
CI: 0.431 − 0.607, P < 0.001) were associated with lower 
risk of against-the-rule astigmatism; however, Kyrgyz 
(OR = 1.593, 95% CI: 1.422 − 1.784, P = 0.005) cases had 
a higher risk of astigmatism. Compared with emme-
tropia (-0.50 D to ≤ + 0.50 D), hyperopia ( > + 0.5 D) and 
myopia (<-0.5 D) had increased risk of against-the-rule 
astigmatism, with ORs of 4.076 (95% CI: 3.528 − 4.709, 
P < 0.001) for hyperopia (SE > + 0.5 D) and 1.714 (95% 

CI: 1.580 − 1.859, P < 0.001) for myopia (SE < -0.5 D) 
(Table 7).

Aged 12 − 19 years was also independently associ-
ated with an increased risk of oblique astigmatism 
compared to 7 years, with an OR of 3.267 (95% CI: 
2.633 − 4.054, P < 0.001) for 16-year-old students. Male 
students (OR = 1.131, 95% CI: 1.044 − 1.225, P < 0.001) 
had an increased risk of oblique astigmatism compared 
with female students. Compared with the Uyghur eth-
nicity, Han (OR = 1.185, 95% CI: 1.056 − 1.330, P < 0.001) 
had an increased risk of oblique astigmatism. Compared 
with emmetropia cases (-0.50 D to ≤ + 0.50 D), hypero-
pia ( > + 0.5 D) and myopia (<-0.5 D) had increased risk 
of oblique astigmatism, with ORs of 5.430 (95% CI: 
4.621 − 6.379, P < 0.001) for hyperopia ( > + 0.5 D) and 
1.733 (95% CI: 1.577 − 1.904, P < 0.001) for myopia (<-0.5 
D) (Table 7).

Table 4 Univariable and multivariable logistic regression analyses of risk factors for astigmatism ≤-1.5 D (N = 6465)
Characteristics Astigmatism ≤-1.5 D Univariable logistic regression analysis Multivariable logistic regression 

analysis
OR (95%CI) P-Value OR (95%CI) P-Value

Age (year) < 0.001 < 0.001
7 526 (7.8) Reference Reference
8 610 (8.0) 1.031 (0.913–1.165) 0.619 1.119 (0.988–1.268) 0.076
9 563 (7.3) 0.938 (0.829–1.061) 0.31 0.959 (0.844–1.089) 0.52
10 592 (7.7) 0.995 (0.880–1.124) 0.935 0.943 (0.830–1.070) 0.362
11 669 (8.0) 1.030 (0.915–1.160) 0.623 0.883 (0.779–1.001) 0.052
12 699 (9.0) 1.170 (1.040–1.317) 0.009 0.958 (0.845–1.086) 0.505
13 597 (10.0) 1.318 (1.166–1.490) < 0.001 1.061 (0.930–1.210) 0.38
14 568 (10.5) 1.388 (1.226–1.572) < 0.001 1.013 (0.885–1.160) 0.846
15 564 (12.3) 1.668 (1.471–1.890) < 0.001 1.169 (1.020–1.341) 0.025
16 388 (11.6) 1.555 (1.355–1.786) < 0.001 1.212 (1.042–1.409) 0.012
17 390 (11.7) 1.567 (1.365–1.799) < 0.001 1.172 (1.007–1.364) 0.04
18 237 (9.6) 1.260 (1.073–1.480) 0.005 1.096 (0.921–1.305) 0.302
19 62 (7.1) 0.901 (0.685–1.183) 0.453 0.920 (0.687–1.232) 0.575
Gender < 0.001
Female 2819 (8.0) Reference Reference
Male 3646 (10.0) 1.272 (1.208–1.339) < 0.001 1.314 (1.246–1.386) < 0.001
Nationality < 0.001
Han 4846 (10.8) 2.538 (2.323–2.773) < 0.001 1.915 (1.741–2.106) < 0.001
Uyghur 579 (4.5) Reference Reference
Kazakhs 102 (6.8) 1.541 (1.239–1.915) < 0.001 1.489 (1.193–1.859) < 0.001
Hui 462 (8.7) 2.010 (1.771–2.282) < 0.001 1.634 (1.431–1.865) < 0.001
Kyrgyz 306 (5.8) 1.295 (1.123–1.494) < 0.001 1.238 (1.071–1.431) 0.004
Others 170 (8.6) 1.972 (1.651–2.356) < 0.001 1.672 (1.392–2.007) < 0.001
Spherical equivalent (right eye) < 0.001 < 0.001
SE≤-6.00 D 505 (50.0) 19.385 (16.985–22.125) < 0.001 16.027 (13.931–18.437) < 0.001
-6.00 D < SE≤-3.00 D 1409 (17.7) 4.174 (3.874–4.497) < 0.001 3.511 (3.224–3.822) < 0.001
-3.00 D < SE<-0.50 D 2139 (9.1) 1.938 (1.816–2.068) < 0.001 1.753 (1.635–1.879) < 0.001
-0.50 D ≤ SE ≤ + 0.50 D 1787 (4.9) Reference Reference
SE > + 0.50 D 625 (21.5) 5.295 (4.789–5.855) < 0.001 5.365 (4.844–5.942) < 0.001
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Discussion
Comprehensive analyses of astigmatism were never per-
formed before in Xinjiang, China. The present study 
showed a high prevalence of astigmatism among children 
and adolescents (7 − 19 years old) in Xinjiang (36.1%), 
including 1.8% of high astigmatism. In addition, with-
the-rule astigmatism was the most abundant type in the 
examined students (76.9%). Moreover, Han ethnicity, 
male gender, age, and myopia or hyperopia were inde-
pendent risk factors for astigmatism.

Although the study was performed in Xinjiang Prov-
ince (25.9 million residents), the findings might provide a 
basis for managing astigmatism in Chinese children and 
adolescents. Although China is one of the most populous 
countries in the world, it is unsure whether the results 
could be applied to other populations (especially since 
the Han ethnicity is specific to China), and similar stud-
ies should be carried out in other countries. Neverthe-
less, the present study was mostly epidemiological and 
improved the knowledge related to astigmatism among 

Chinese children and adolescents. How such knowledge 
can translate into clinical improvements remains to be 
studied.

The current large-scale school survey found that 
the overall prevalence of astigmatism among children 
and adolescents aged 7 − 19 years in Xinjiang, China, 
was 36.1% (cylinder power ≤-0.75 D, non-cycloplegic 
autorefractor), including 9.0% individuals with cylinder 
power ≥ 1.50 D. The lack of diagnostic criteria for astig-
matism results in significant differences in astigmatism 
prevalence among the available studies, making it impos-
sible to analyze and compare the results directly. In a 
report assessing astigmatism in Yiwu, Zhejiang Province, 
China, the diagnostic criterion for astigmatism was ≥ 1.50 
D (non-cycloplegic autorefractor). Compared with the 
present study, a higher prevalence of astigmatism was 
found in Yiwu City [11] compared with Xinjiang Prov-
ince (14.2% vs. 9.0%). The discrepancy may be related to 
racial/ethnic differences. Results published by different 
studies worldwide regarding astigmatism prevalence are 

Table 5 Univariable and Multivariable logistic regression analysis of risk factors for astigmatism ≥ 3.0 D (N = 1267)
Characteristics Astigmatism ≤-3.0 D3.0 D Univariable logistic regression 

analysis
Multivariable logistic regression 
analysis

OR (95%CI) P-Value OR (95%CI) P-Value
Age (year) < 0.001 0.297
7 99 (1.5) Reference Reference
8 113 (1.5) 1.013 (0.772–1.329) 0.927 1.215 (0.922–1.602) 0.167
9 122 (1.6) 1.087 (0.832–1.419) 0.543 1.283 (0.976–1.686) 0.074
10 112 (1.5) 1.001 (0.762–1.314) 0.997 1.105 (0.835–1.463) 0.483
11 126 (1.5) 1.029 (0.789–1.341) 0.833 1.055 (0.800-1.392) 0.702
12 143 (1.8) 1.260 (0.973–1.631) 0.08 1.241 (0.945–1.630) 0.121
13 95 (1.6) 1.089 (0.820–1.446) 0.556 1.023 (0.758–1.381) 0.883
14 119 (2.2) 1.511 (1.155–1.977) 0.003 1.254 (0.938–1.675) 0.126
15 113 (2.5) 1.705 (1.298–2.239) < 0.001 1.348 (1.004–1.809) 0.047
16 85 (2.5) 1.755 (1.309–2.352) < 0.001 1.495 (1.091–2.048) 0.012
17 78 (2.3) 1.609 (1.192–2.171) 0.002 1.300 (0.941–1.796) 0.112
18 48 (1.9) 1.335 (0.943–1.891) 0.103 1.237 (0.856–1.788) 0.257
19 14 (1.6) 1.090 (0.620–1.917) 0.764 1.092 (0.608–1.960) 0.768
Gender
Female 571 (1.6) Reference Reference
Male 696 (1.9) 1.176 (1.052–1.315) 0.004 1.198 (1.069–1.342) 0.002
Nationality < 0.001 0.002
Han 878 (2.0) 1.868 (1.558–2.240) < 0.001 1.392 (1.146–1.692) 0.001
Uyghur 136 (1.1) Reference Reference
Kazakhs 26 (1.7) 1.643 (1.077–2.508) 0.021 1.621 (1.056–2.488) 0.027
Hui 95 (1.8) 1.750 (1.347–2.273) < 0.001 1.400 (1.068–1.834) 0.015
Kyrgyz 98 (1.8) 1.702 (1.307–2.216) < 0.001 1.632 (1.249–2.133) < 0.001
Others 24 (1.2) 1.137 (0.735–1.759) 0.565 0.952 (0.612–1.481) 0.827
Spherical equivalent (right eye) < 0.001 < 0.001
SE≤-6.00 D 158 (15.6) 23.685 (19.273–29.108) < 0.001 21.427 (17.048–26.930) < 0.001
-6.00 D<SE≤-3.00 D 226 (2.8) 3.736 (3.131–4.457) < 0.001 3.439 (2.824–4.187) < 0.001
-3.00 D<SE<-0.50 D 391 (1.7) 2.158 (1.850–2.517) < 0.001 2.063 (1.754–2.426) < 0.001
-0.50 D ≤ SE ≤ + 0.50 D 283 (0.8) Reference Reference
SE > + 0.50 D 209 (7.2) 9.872 (8.221–11.854) < 0.001 10.128 (8.411–12.195) < 0.001
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summarized in Table 8. Differences among studies can be 
due to several factors, including the tools used to screen 
for astigmatism, the definition used for astigmatism, the 
characteristics of the participants, the socioeconomic 
status, and the genetics of the populations. Indeed, the 
present study used the astigmatism definition commonly 
used in China: astigmatism was defined as C ≤-0.75 D, 
undefined astigmatism as ≤-1.50 D, and high astigmatism 
as C ≤-3.00 D. On the other hand, the American Acad-
emy of Ophthalmology uses the 3.00 D cutoff without 
distinctions in < 3.00 D [12]. The present study included 
individuals 7–19 years old, while other studies included 
slightly different age groups: 5–20 years old [11], 3–6 
years old [13], 12 years old [14], and 6–14 years old [15]. 
Age is related to the progression of astigmatism, and 
including different age groups will lead to differences in 
epidemiological characteristics among studies [16, 17]. 
Xinjiang Province is located in Northwest China and is 
an area with a poorer socioeconomic status than in other 
parts of China and with less developed healthcare ser-
vices. Finally, genetics are involved in the development 
of astigmatism, and loci specific to Asians and Europeans 
have been identified [18, 19]. Therefore, direct compari-
sons among studies cannot be performed because these 

factors are uncontrolled. International studies should be 
performed to examine these differences among multiple 
populations and by using the same definitions.

In all age groups included in this study, the axial type 
of astigmatism was mainly with-the-rule astigmatism 
(75.9%), consistent with studies conducted in Yiwu City, 
China (85%) [11], Nanning, Guangxi Province, China 
(82.9%) [13] Anyang, Henan Province, China (58%) [14] 
and Tunisia (63.6%) [15], which all showed that with-the-
rule astigmatism is the main type of astigmatism in chil-
dren and adolescents. However, there were also different 
findings. A study of 3144 12-year-old children in 21 Aus-
tralian schools found that against-the-rule astigmatism 
(42.2%) was the dominant type [20]. In addition, a survey 
of 5544 Iranian students also revealed against-the-rule 
astigmatism (48.14%) as the main type [21]. In a multi-
variable analysis of astigmatism type, age, gender, ethnic-
ity, and refractive error were risk factors for astigmatism 
in children and adolescents aged 7–19 years in Xinjiang, 
China, and the risk of astigmatism at 15 years of age was 
relatively higher than that of 7-year-old children. Com-
pared with girls, boys had a higher risk of astigmatism. 
Compared with Uyghur students, Han, Hui, and Kyrgyz 
students had a higher risk of astigmatism. Compared 

Table 6 Prevalence rates of different types of astigmatism (Astigmatism≤-0.75 D) (N = 71,838)
Characteristics No astigmatism With-the-rule against-the-rule Oblique χ2 P-value
Age (year) 7 4705 (69.6) 1621 (24.0) 264 (3.9) 171 (2.5) 1000.100 < 0.001

8 5164 (67.8) 2011 (26.4) 275 (3.6) 171 (2.2)
9 5197 (67.7) 1998 (26.0) 272 (3.5) 211 (2.7)
10 5145 (67.3) 1997 (26.1) 290 (3.8) 213 (2.8)
11 5533 (66.1) 2276 (27.2) 336 (4.0) 221 (2.6)
12 4891 (62.9) 2258 (29.0) 360 (4.6) 271 (3.5)
13 3615 (60.6) 1796 (30.1) 303 (5.1) 251 (4.2)
14 3221 (59.4) 1657 (30.6) 301 (5.6) 240 (4.4)
15 2544 (55.6) 1542 (33.7) 259 (5.7) 228 (5.0)
16 1889 (56.5) 981 (29.3) 255 (7.6) 220 (6.6)
17 1919 (57.5) 979 (29.3) 224 (6.7) 218 (6.5)
18 1473 (59.7) 666 (27.0) 197 (8.0) 131 (5.3)
19 597 (68.0) 165 (18.8) 69 (7.9) 47 (5.4)

Gender Male 22,763 (62.2) 10,843 (29.6) 1664 (4.5) 1337 (3.7) 132.507 < 0.001
Female 23,130 (65.7) 9104 (25.8) 1741 (4.9) 1256 (3.6)

Nationality Han 27,193 (60.4) 14,635 (32.5) 1590 (3.5) 1603 (3.6) 2308.208 < 0.001
Uyghur 9395 (73.6) 1985 (15.6) 902 (7.1) 481 (3.8)
Kazakhs 986 (66.0) 371 (24.8) 86 (5.8) 52 (3.5)
Kyrgyz 3582 (67.9) 897 (17.0) 570 (10.8) 228 (4.3)
Hui 3496 (66.0) 1474 (27.8) 175 (3.3) 153 (2.9)
Others 1241 (62.6) 585 (29.5) 82 (4.1) 76 (3.8)

Education stage Primary school 30,689 (66.7) 12,178 (26.5) 1818 (4.0) 1297 (2.8) 748.608 < 0.001
Junior high school 9501 (59.1) 5004 (31.1) 867 (5.4) 696 (4.3)
High school 5703 (58.3) 2765 (28.2) 720 (7.4) 600 (6.1)

Spherical equivalent (SE) SE<-0.50 D 18,545 (57.1) 10,894 (33.5) 1631 (5.0) 1427 (4.4) 2215.31 < 0.001
-0.50 D ≤ SE ≤ + 0.50 D 26,076 (71.6) 7898 (21.7) 1503 (4.1) 951 (2.6)
SE > + 0.50 D 1272 (43.7) 1155 (39.6) 271 (9.3) 266 (7.4)
Total 45,893 (63.9) 19,947 (27.8) 3405 (4.7) 2593 (3.6)
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with emmetropia cases, myopia, and hyperopia cases 
had higher risk of astigmatism. The present study was 
cross-sectional and offers no insights about causality or 
the mechanisms of astigmatism. Longitudinal and mech-
anistic studies will be necessary. Still, a previous study 
reported that myopia or hyperopia was independently 
associated with astigmatism in Eastern China [11].

The prevalence of astigmatism generally varies with age. 
The results of this survey revealed that astigmatism prev-
alence increased with age from 7 − 15 years (30.4−44.4%), 
reached a peak at 15 years (44.4%), and decreased slightly 
from 15 − 19 years (43.5%−32.0%). It may be related to 
the small sample size for this age group. However, there 
was an increasing trend in astigmatism prevalence with 
increasing age and education level, corroborating pre-
vious studies in which the prevalence of astigmatism in 
children and adolescents tended to increase with age [15, 
22, 23]. A survey in Yiwu City, China, also found that the 
higher the age and the school grade, the higher the preva-
lence of astigmatism [11]. However, studies performed in 
Iran [21] and Guangxi [13] showed no statistically signifi-
cant difference in astigmatism prevalence based on age 

among children and adolescents. The differences arising 
from the above studies may be due to genetic and envi-
ronmental factors related to the increased prevalence of 
astigmatism; alternatively, it may be that the higher the 
age, the higher the education level, and the more pro-
nounced the effect of longer close-eye time on refractive 
status [1] and corneal changes [24].

This study also found that the prevalence of astigma-
tism was significantly higher in male students (37.8%) 
than in female students (34.3%; P < 0.001). In addition, 
multivariable regression analysis also showed that male 
gender was a risk factor for astigmatism. It was consis-
tent with studies conducted in Yiwu City, China [11] and 
by the MEPEDS [25]. However, other reports suggested 
that astigmatism prevalence was significantly higher in 
female students than in their male counterparts [26, 27] 
or had no correlation with gender [15, 21]. In addition, 
in the above multivariable analysis, the female students 
were more likely to have astigmatism in the with-the-rule 
and oblique direction than male students, while there 
was no gender difference in against-the-rule astigmatism. 
These results indicated that the relationship between 

Table 7 Multivariable logistic regression analysis of factors associated with astigmatism type among individuals with astigmatism 
≤-0.75 D (N = 25,945)
Characteristics With-the-Rule Astigmatism Against-the-Rule Astigmatism Oblique Astigmatism

OR (95%CI) P-Value OR (95%CI) P-Value OR (95%CI) P-Value
Age (year)
7 Reference Reference Reference
8 1.155 (1.068–1.249) < 0.001 1.025 (0.860–1.222) 0.779 0.990 (0.796–1.230) 0.925
9 1.089 (1.007–1.178) 0.032 0.989 (0.829–1.180) 0.902 1.176 (0.955–1.448) 0.127
10 1.067 (0.986–1.155) 0.106 1.046 (0.879–1.246) 0.61 1.169 (0.949–1.440) 0.143
11 1.090 (1.009–1.178) 0.029 1.099 (0.927–1.303) 0.276 1.095 (0.889–1.349) 0.392
12 1.220 (1.128–1.320) < 0.001 1.310 (1.107–1.551) 0.002 1.510 (1.234–1.847) < 0.001
13 1.384 (1.272–1.505) < 0.001 1.410 (1.182–1.681) < 0.001 1.928 (1.569–2.370) < 0.001
14 1.425 (1.307–1.553) < 0.001 1.484 (1.242–1.773) < 0.001 2.017 (1.636–2.486) < 0.001
15 1.667 (1.524–1.823) < 0.001 1.553 (1.290–1.869) < 0.001 2.374 (1.919–2.936) < 0.001
16 1.635 (1.478–1.809) < 0.001 1.959 (1.624–2.363) < 0.001 3.267 (2.633–4.054) < 0.001
17 1.633 (1.477–1.807) < 0.001 1.761 (1.453–2.136) < 0.001 3.251 (2.619–4.035) < 0.001
18 1.644 (1.468–1.842) < 0.001 1.945 (1.592–2.377) < 0.001 2.685 (2.105–3.424) < 0.001
19 1.194 (0.989–1.441) 0.065 1.602 (1.205–2.130) 0.001 2.495 (1.773–3.511) < 0.001
Gender
Female Reference Reference Reference
Male 1.211 (1.171–1.253) < 0.001 1.030 (0.960–1.106) 0.411 1.131 (1.044–1.225) 0.003
Nationality
Han 2.406 (2.275–2.545) < 0.001 0.581 (0.529–0.638) < 0.001 1.185 (1.056–1.330) 0.004
Uyghur Reference Reference Reference
Kazakhs 1.766 (1.550–2.012) < 0.001 0.919 (0.728–1.160) 0.478 1.052 (0.782–1.415) 0.738
Hui 1.923 (1.774–2.084) < 0.001 0.512 (0.431–0.607) < 0.001 0.913 (0.753–1.106) 0.352
Kyrgyz 1.134 (1.038–1.240) 0.005 1.593 (1.422–1.784) < 0.001 1.172 (0.995–1.381) 0.057
Others 2.159 (1.931–2.413) < 0.001 0.669 (0.529–0.847) 0.001 1.216 (0.944–1.564) 0.13
Spherical equivalent (right eye)
SE<-0.50 D 1.516 (1.458–1.576) < 0.001 1.714 (1.580–1.859) < 0.001 1.733 (1.577–1.904) < 0.001
-0.50 D ≤ SE ≤ + 0.50 D Reference Reference Reference
SE > + 0.50 D 3.206 (2.944–3.493) < 0.001 4.076 (3.528–4.709) < 0.001 5.430 (4.621–6.379) < 0.001
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astigmatism prevalence and gender needs to be further 
explored by multicenter longitudinal studies.

The current study assessed differences in astigmatism 
prevalence among ethnic groups in the multi-ethnic 
Xinjiang region of China and found that ethnicity also 
played an important role. As shown above, astigmatism 
prevalence was significantly higher in the Han ethnicity 
(39.6%) compared with other ethnic minorities (26.4% of 
Uyghurs, 34.0% of Kazakhs, 32.1% of Kyrgyz, and 34.0% 
of Hui). In addition, multivariable analysis showed higher 
astigmatism risk in Han, Kazakh, Kyrgyz, and Hui stu-
dents compared with Uyghur students. The conclusions 
of this study were consistent with those of other multi-
ethnic areas in China, in which astigmatism prevalence 
in Yunnan, China, was higher in Han individuals than 
in the Yi population (60.07% vs. 50.67%) [28]. It was also 
found that astigmatism prevalence was higher in Han 
individuals than in the Tibetan ethnicity (72.14% vs. 
64.94%) in the multi-ethnic area of Qinghai, China [29]. 
Scholars have found elevated astigmatism prevalence in 
Asians compared with other races [30, 31]. The MEPEDS 
et al. also found that Hispanics had higher astigmatism 
rates than African Americans and Caucasians [5, 25, 30]. 
These results suggest that the astigmatism detection rate 
may be related to genetic differences in diagnostic crite-
ria, measurement method, region, education level, life-
style, and race.

This study also found that refractive error was strongly 
associated with astigmatism prevalence and type. Stu-
dents with hyperopia ( > + 0.5 D) were 3.437 times 
more likely to develop astigmatism than those with 

emmetropia (-0.50 D to ≤ + 0.50 D), while individuals with 
low myopia (-3.00 D to <-0.50 D), medium myopia (-6.00 
D to ≤-3.00 D) and high myopia (SE ≤-6.00 D) were 1.296 
times, 2.695 times and 6.391 times more likely to develop 
astigmatism, respectively, compared with emmetropia 
cases. This corroborated previous studies conducted 
in Yiwu, China [32] and Anyang, China [14], as well as 
a study conducted by the MEPEDS [25] and the US VIP 
multicenter study [6]. We can conclude that children 
with refractive errors are more likely to develop astig-
matism than those without refractive errors. However, 
because our and most previous studies had a cross-sec-
tional design, we could not determine the causal relation-
ship, and further longitudinal studies would better assess 
the association between refractive status and astigmatism 
prevalence. The present investigation also found that the 
type of astigmatism was correlated with the degree of 
refractive error, with hyperopia ( > + 0.5 D) cases being 
3.206 times more likely to have with-the-rule astigma-
tism than emmetropia (-0.50 D to ≤ + 0.50 D) cases, while 
myopic students (SE < -0.5 D) were 1.516 times more 
likely to have with-the-rule astigmatism than emmetro-
pia students. It was consistent with findings by the US 
VIP multicenter study [6]. Not only was refractive error 
associated with with-the-rule astigmatism, but spherical 
and cylinder powers were also shown to have significant 
and independent effects. A survey of 90,884 individu-
als aged 21 − 40 years in northern England found that an 
increase in spherical or cylinder power in astigmatic indi-
viduals increases their odds of developing with-the-rule 
astigmatism and also detected more significant oblique 

Table 8 Prevalence rates of astigmatism in different studies around the world
References Country n Age (year) Defini-

tion (D)
Refraction type Prevalence (%)

In this study China, Xinjiang 71,838 7–19 C≤-0.75 Non-cycloplegic autorefraction 36.10
C≤-1.50 Non-cycloplegic autorefraction 9.00

Wang,2020 [11] China, Yiwu 4801 5–20 C≤-1.50 Non-cycloplegic autorefraction 14.20
Li, 2019 [35] China, Shanghai 7166 4–6 C≤-1.00 Non-cycloplegic autorefraction 12.70
Wang, 2014 [36] China, Xuzhou 2255 2–6 C<-1.00 Cycloplegic autorefraction 8.80
Fan, 2011 [37] China,HongKong 823 2–6 C≤-2.00 Cycloplegic autorefraction 5.70
SHIH, 2004 [22] China, Taiwan Year 1995, 11,175; 7–18 C≤-0.50 Non-cycloplegic autorefraction Year 1995, 42.50

Year 2000, 10,878 Year 2000, 51
C≤-1.00 Non-cycloplegic autorefraction Year 1995, 27.90;

Year 2000, 32.60
Harrington, 2019 [38] Ireland 1626 6–13 C≤-1.00 Non-cycloplegic autorefraction 19.20
Mayro, 2018 [39] America, Philadelphia 18,974 Kindergarten 

to fifth grade
C<-1.00 Non-cycloplegic autorefraction 7.80

Hashemi, 2021 [23] Iran, Shahroud 5528 6–12 C≤-0.75 Cycloplegic autorefraction 16.70
Norouzirad, 2015 [40] Iran, Dezful 1375 6–15 C≤-0.50 Cycloplegic autorefraction 45.3
Fotouhi, 2011 [21] Iran, Dezful 5544 14–18 C≤-0.75 Cycloplegic autorefraction 13.47
Chebil, 2015 [15] Tunisian 6192 6–14 C≤-0.75 Non-cycloplegic autorefraction 6.67
Wajuihian, 2017 [41] South African 1589 13–18 C≤-0.75 Non-cycloplegic autorefraction 3.10
Soler, 2015 [42] Equatorial Guinea 425 6–16 C≤-0.75 Cycloplegic autorefraction 32.50
D: Diopter; NA: not available
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astigmatism in myopic individuals [33]. Other studies 
have also found correlations between high spherical pow-
ers and with-the-rule astigmatism, with against-the-rule 
astigmatism increasing with decreasing spherical power 
[34]. Studies in Taiwan and Iran [22, 23] also confirmed 
the relationship between astigmatic axis position and 
spherical refractive error. In the above multivariable anal-
ysis, we also found that myopic or hyperopic individuals 
were more likely to develop astigmatism in the against-
the-rule and oblique astigmatism than in emmetropia. 
Further longitudinal studies are needed to evaluate the 
causal relationship between the variation of the astig-
matic axis and the degree of refractive error.

The strengths of this study are as follows. First, the 
sample size was large, including many regions and rep-
resentative ethnicities. Secondly, there are relatively few 
reports on astigmatism prevalence, especially in Western 
China, a gap closed by this study. In addition, data for sev-
eral diagnostic criteria were provided in this study, which 
could be compared with other investigations. However, 
there were also some limitations in this study. First, non-
cycloplegic autorefraction reduces the accuracy of the 
diopter number. Secondly, it was a cross-sectional study, 
which cannot determine the causal relationships, e.g., 
between age and refractive state and between astigma-
tism prevalence and astigmatic axis, in children and ado-
lescents. Further longitudinal cohort studies are required 
to accurately and scientifically analyze astigmatism data 
and provide an effective scientific basis for the prevention 
and control of astigmatism.

Conclusions
The above large-scale school survey showed that astig-
matism was relatively high among children and adoles-
cents in Xinjiang, China, with astigmatism mainly being 
with-the-rule astigmatism, which increased with age and 
education level. The risk of astigmatism, high astigma-
tism, and with-the-rule astigmatism was increased in the 
Han ethnicity, males, and myopia or hyperopia cases. The 
possible causal relationships of refractive error (myopia 
or hyperopia), ethnicity, astigmatism, and the astigmatic 
axis must be further confirmed by multicenter longitudi-
nal studies with large sample sizes.

Abbreviations
SE  Spherical equivalent refraction
C  Cylinder power
D  Diopter
NA  Not available
MEPEDS  Multi-Ethnic Pediatric Eye Disease Study
CI  Confidence Interval
VIP  Vision in Preschoolers

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12886-024-03382-0 .

Supplementary Material 1

Acknowledgements
We thank the Xinjiang Uyghur Autonomous Region Primary and Secondary 
School Health Care Guidance Center for personnel support. We thank 
International Science Editing (http://www.internationalscienceediting.com) 
for editing this manuscript.

Author contributions
Yan Wang and Jingyu Mu contributed to the design and conduct of the 
study, data collection and management, and data interpretation, and 
wrote the whole paper. Yunxian Gao and Yong Zhao contributed to data 
interpretation and critically revised the manuscript. Zhen Wang performed 
the statistical analysis and critically revised the manuscript. Wei Gong guided 
and participated in data statistical analysis and interpretation. Yining Yang 
contributed to the design and conduct of the study, and data collection, 
and critically revised the manuscript. Xiaolong Li, Han Qin, Batima·Mulati 
contributed to the design and conduct of the study, data collection, and 
critically revised the manuscript. All authors have read and approved the 
manuscript.

Funding
This research received no specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors.

Data availability
All data generated or analyzed during this study are included in this published 
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
This study passed the ethical review of the Traditional Chinese Medicine 
Hospital of Xinjiang Uyghur Autonomous Region (Ethics approval No 
2019XE0151). All participants and their parents or guardians provided signed 
informed consent. All methods were performed in accordance with the 
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 March 2023 / Accepted: 6 March 2024

References
1. Read SA, Vincent SJ, Collins MJ. The visual and functional impacts of astigma-

tism and its clinical management. Ophthalmic Physiol Opt. 2014;34:267–94.
2. Harvey EM. Development and treatment of astigmatism-related amblyopia. 

Optom Vis Sci. 2009;86:634–9.
3. Gwiazda J, Grice K, Held R, McLellan J, Thorn F. Astigmatism and the develop-

ment of myopia in children. Vis Res. 2000;40:1019–26.
4. Vyas SA, Kee CS. Early Astigmatism can alter Myopia Development in chick-

ens. Invest Ophthalmol Vis Sci. 2021;62:27.
5. Read SA, Collins MJ, Carney LG. A review of astigmatism and its possible 

genesis. Clin Exp Optom. 2007;90:5–19.
6. Huang J, Maguire MG, Ciner E, Kulp MT, Cyert LA, Quinn GE, et al. Risk 

factors for astigmatism in the Vision in preschoolers Study. Optom Vis Sci. 
2014;91:514–21.

7. Zhuo D, Chen S, Ren X, Wang B, Liu L, Xiao L. The prevalence of lower eyelid 
epiblepharon and its association with refractive errors in Chinese preschool 
children: a cross-sectional study. BMC Ophthalmol. 2021;21:3.

8. Huang L, Yang GY, Schmid KL, Chen JY, Li CG, He GH et al. Screen exposure 
during early life and the increased risk of astigmatism among Preschool 

https://doi.org/10.1186/s12886-024-03382-0
https://doi.org/10.1186/s12886-024-03382-0
http://www.internationalscienceediting.com


Page 13 of 13Wang et al. BMC Ophthalmology          (2024) 24:116 

children: findings from Longhua Child Cohort Study. Int J Environ Res Public 
Health. 2020;17.

9. Fresina M, Benedetti C, Marinelli F, Versura P, Campos EC. Astigmatism in 
patients with idiopathic congenital nystagmus. Graefes Arch Clin Exp Oph-
thalmol. 2013;251:1635–9.

10. Li CG, Yang GY, Schmid KL, Huang LH, He GH, Liu L et al. Associations 
between Environmental Tobacco Smoke Exposure in Early Life and astig-
matism among Chinese Preschool Children. Int J Environ Res Public Health. 
2019;16.

11. Wang J, Cheng QE, Fu X, Zhang R, Meng J, Gu F, et al. Astigmatism in school 
students of eastern China: prevalence, type, severity and associated risk fac-
tors. BMC Ophthalmol. 2020;20:155.

12. Chuck RS, Jacobs DS, Lee JK, Afshari NA, Vitale S, Shen TT, et al. Refractive 
errors & refractive surgery Preferred Practice Pattern(R). Ophthalmology. 
2018;125:P1–104.

13. Xiao X, Liu WM, Ye YJ, Huang JZ, Luo WQ, Liu HT, et al. Prevalence of high 
astigmatism in children aged 3 to 6 years in Guangxi, China. Optom Vis Sci. 
2014;91:390–6.

14. Li H, Li SM, Liu LR, Ji YZ, Kang MT, Gan JH, et al. Astigmatism and its compo-
nents in 12-year-old Chinese children: the Anyang Childhood Eye Study. Br J 
Ophthalmol. 2019;103:768–74.

15. Chebil A, Jedidi L, Chaker N, Kort F, Limaiem R, Mghaieth F, et al. Characteris-
tics of Astigmatism in a Population of Tunisian School-Children. Middle East 
Afr J Ophthalmol. 2015;22:331–4.

16. Namba H, Sugano A, Murakami T, Utsunomiya H, Nishitsuka K, Ishizawa K, 
et al. Age-related changes in astigmatism and potential causes. Cornea. 
2020;39(Suppl 1):S34–8.

17. Yang S, Jiang Y, Cui G, Li Y. Age- and gender-related characteristics of astigma-
tism in a myopic population. Front Med (Lausanne). 2022;9:1011743.

18. Fan Q, Zhou X, Khor CC, Cheng CY, Goh LK, Sim X, et al. Genome-wide meta-
analysis of five Asian cohorts identifies PDGFRA as a susceptibility locus for 
corneal astigmatism. PLoS Genet. 2011;7:e1002402.

19. Shah RL, Li Q, Zhao W, Tedja MS, Tideman JWL, Khawaja AP, et al. A genome-
wide association study of corneal astigmatism: the CREAM Consortium. Mol 
Vis. 2018;24:127–42.

20. Huynh SC, Kifley A, Rose KA, Morgan IG, Mitchell P. Astigmatism in 12-year-old 
Australian children: comparisons with a 6-year-old population. Invest Oph-
thalmol Vis Sci. 2007;48:73–82.

21. Fotouhi A, Hashemi H, Yekta AA, Mohammad K, Khoob MK. Characteristics 
of astigmatism in a population of schoolchildren, Dezful, Iran. Optom Vis Sci. 
2011;88:1054–9.

22. Shih YF, Hsiao CK, Tung YL, Lin LL, Chen CJ, Hung PT. The prevalence of astig-
matism in Taiwan schoolchildren. Optom Vis Sci. 2004;81:94–8.

23. Hashemi H, Asharlous A, Khabazkhoob M, Yekta A, Emamian MH, Fotouhi 
A. The profile of astigmatism in 6-12-year-old children in Iran. J Optom. 
2021;14:58–68.

24. Vincent SJ, Collins MJ, Read SA, Carney LG, Yap MK. Corneal changes 
following near work in myopic anisometropia. Ophthalmic Physiol Opt. 
2013;33:15–25.

25. Fozailoff A, Tarczy-Hornoch K, Cotter S, Wen G, Lin J, Borchert M, et al. Preva-
lence of astigmatism in 6- to 72-month-old African American and hispanic 
children: the multi-ethnic Pediatric Eye Disease Study. Ophthalmology. 
2011;118:284–93.

26. Mandalos AT, Peios DK, Mavrakanas TA, Golias VA, Megalou KG, Delidou KA, 
et al. Prevalence of astigmatism among students in northern Greece. Eur J 
Ophthalmol. 2002;12:1–4.

27. He M, Zeng J, Liu Y, Xu J, Pokharel GP, Ellwein LB. Refractive error and visual 
impairment in urban children in southern China. Invest Ophthalmol Vis Sci. 
2004;45:793–9.

28. Wang M, Cui J, Shan G, Peng X, Pan L, Yan Z, et al. Prevalence and risk factors 
of refractive error: a cross-sectional study in Han and Yi adults in Yunnan, 
China. BMC Ophthalmol. 2019;19:33.

29. Wang M, Gan L, Cui J, Shan G, Chen T, Wang X, et al. Prevalence and risk 
factors of refractive error in Qinghai, China: a cross-sectional study in Han 
and Tibetan adults in Xining and surrounding areas. BMC Ophthalmol. 
2021;21:260.

30. Kleinstein RN, Jones LA, Hullett S, Kwon S, Lee RJ, Friedman NE, et al. Refrac-
tive error and ethnicity in children. Arch Ophthalmol. 2003;121:1141–7.

31. Wen G, Tarczy-Hornoch K, McKean-Cowdin R, Cotter SA, Borchert M, Lin J, et 
al. Prevalence of myopia, hyperopia, and astigmatism in non-hispanic white 
and Asian children: multi-ethnic pediatric eye disease study. Ophthalmology. 
2013;120:2109–16.

32. Xu Z, Wu Z, Wen Y, Ding M, Sun W, Wang Y, et al. Prevalence of anisometro-
pia and associated factors in Shandong school-aged children. Front Public 
Health. 2022;10:1072574.

33. Farbrother JE, Welsby JW, Guggenheim JA. Astigmatic axis is related to the 
level of spherical ametropia. Optom Vis Sci. 2004;81:18–26.

34. Sheedy JE, Truong SD, Hayes JR. What are the visual benefits of eyelid squint-
ing? Optom Vis Sci. 2003;80:740–4.

35. Li T, Zhou X, Chen X, Qi H, Gao Q. Refractive error in Chinese Preschool chil-
dren: the Shanghai Study. Eye Contact Lens. 2019;45:182–7.

36. Wang X, Liu D, Feng R, Zhao H, Wang Q. Refractive error among urban pre-
school children in Xuzhou, China. Int J Clin Exp Pathol. 2014;7:8922–8.

37. Fan DS, Lai C, Lau HH, Cheung EY, Lam DS. Change in vision disorders among 
Hong Kong preschoolers in 10 years. Clin Exp Ophthalmol. 2011;39:398–403.

38. Harrington SC, Stack J, Saunders K, O’Dwyer V. Refractive error and visual 
impairment in Ireland schoolchildren. Br J Ophthalmol. 2019;103:1112–8.

39. Mayro EL, Hark LA, Shiuey E, Pond M, Siam L, Hill-Bennett T, et al. Prevalence 
of uncorrected refractive errors among school-age children in the School 
District of Philadelphia. J AAPOS. 2018;22:214–7. e2.

40. Norouzirad R, Hashemi H, Yekta A, Nirouzad F, Ostadimoghaddam H, Yazdani 
N, et al. The prevalence of refractive errors in 6- to 15-year-old schoolchildren 
in Dezful, Iran. J Curr Ophthalmol. 2015;27:51–5.

41. Wajuihian SO. Characteristics of astigmatism in Black South African high 
school children. Afr Health Sci. 2017;17:1160–71.

42. Soler M, Anera RG, Castro JJ, Jimenez R, Jimenez JR. Prevalence of refractive 
errors in children in Equatorial Guinea. Optom Vis Sci. 2015;92:53–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Prevalence and risk factors for astigmatism in 7 to 19-year-old students in Xinjiang, China: a cross-sectional study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and participants
	﻿Data collection and definitions
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


