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Abstract
Objective: To analyze the differences of  corneal astigmatism in different age groups.
Methods: The clinical data of  the patients from the outpatient Department of  Ophthalmology of  the Tengzhou Central 
People’s Hospital from April 2014 to June 2014 was screened and statistically analyzed. The corneal curvature was measured 
by three different instruments: Keratometer, IOL Master and Sirius corneal topography. The changes of  the corneal astig-
matism in different groups were evalutaed in the study.
Results: Corneal astigmatism of  different groups showed no statistical difference and the average corneal astigmatism of  
70~79 age group were higher than younger groups. As the age grew, the with-the-rule astigmatism gradually reduced from 
85.8% ( A Group) to 31.0% (F Group). The against-the-rule astigmatism increased from 6.7% ( A Group ) to 45.0% (F 
Group).
Conclusion: The proportion of  the with-the-rule astigmatism gradually reduced with the growth of  age. The proportion of  
the against-the-rule astigmatism increased significantly. The oblique astigmatism had no obvious change before the age of  
40. The proportion of  oblique astigmatism increased obviously at the 40~49 group and tended to be stable. After the age 
of  60, the proportion of  different types of  astigmatism tended to be stable.
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Introduction
Cornea is an important refractive stroma of  human 
eyes, which directly affects the visual function of  hu-
man eyes. Astigmatism refers to the different refractive 
power on the meridian, which makes the light hard to 
form on the retina1. The astigmatism can be divided 
into regular astigmatism, irregular astigmatism. More-
over, regular astigmatism can be divided into against-
the-rule astigmatism, with-the-rule astigmatism and 
oblique astigmatism2. According to previous studies, 
human astigmatisms consist of  corneal astigmatism 

and lens astigmatism. Therefore, the cornea is an im-
portant component of  human eye refractive intertex-
ture3,4. Modern cataract surgery has been becoming into 
refractive surgery times, and how to reduce the astigma-
tism and astigmatism produced in surgery has become 
the focus of  cataract surgery physicians5. The corneal 
refractive powr accounts for about 3/4 of  the total re-
fractive power of  the human eyes and determines the 
refractive state of  the human eyes6. It has been found 
that corneal astigmatism may be related to the occur-
rence of  myopia in human eyes7,8, corneal refractive 
surgery9~11, orthokeratology lens fitting12, IOL meas-
urement etc13~15. Therefore, the change law of  cor-
neal astigmatism is of  great guiding significance to the 
clinic.
 
The research object and methods
The research object
A total of  518 people, including 854 eyes data were 
adopted from the outpatient Department of  Ophthal-
mology of  the Tengzhou Central People’s Hospital 
from April 2014 to June 2014. The patients with in-
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formed consent and with approval of  the institutional 
ethics committee ranged from 20 to 80 years old were 
enrolled. The inclusion criteria were: the exclusion of  
conjunctivitis, nebula, glaucoma and other eye diseas-
es, previous history of  eye surgery, history of  ocular 
trauma and corneal contact lens wearing (except pick a 
mirror for three weeks), with cooperating to complete 
all the ophthalmic examination.
 
Methods of  examination
All subjects received anterior eye examination, visual 
acuity examination, intraocular pressure examination. 
The corneal curvature was measured by three different 
instruments: Keratometer, IOL Master and Sirius cor-
neal topography and repeated  for three times.
 
Experimental grouping
The subjects were assigned to six groups according to 
the age ; 20 ~ 29 years old were selected as A group, 120 
eyes; age 30 ~ 39 years old were selected as B group, 
142 eyes; age 40 ~ 49 years old were selected as C 
group, 126 eyes; age 50 ~ 59 years old were selected as 

D group, 152 eyes; age 60 ~ 69 years old were selected 
as E group, 176 eyes; age 70 ~ 79 years old were select-
ed as F group, 138 eyes.
 
Statistical analysis
The results of  corneal astigmatism recorded by dif-
ferent instruments were expressed by mean ±stand-
ard deviation. The comparison of  corneal astigmatism 
between each subgroups were analyzed by one-way 
ANOVA. The comparison of  axial astigmatism ratios 
between each subgroups were performed by chi-square 
test. A p value < 0.05 were considered statistically sig-
nificant. Statistical analysis was performed using IBM 
SPSS Statistics Version 17 software.
 
 
Results
The five different age groups (A group, B group, C 
group, D group, E group) had no significant difference 
in corneal astigmatism (p>0.05). However, the aver-
age size of  corneal astigmatism in the 70~79 years old 
group was higher than that of  the other five groups 
(Table 1).

Table 1: The comparisons of corneal astigmatism between each subgroups(*:p<0.05). 
 
Group A B C D E F 

Number 120 142 126 152 176 138 

Corneal astigmatism -0.79 + 
0.39D 

-0.75 + 
0.42D 

-0.73 + 
0.38D 

-0.75 + 
0.42D 

-0.71 + 
0.40D 

 -0.87 + 
0.49D* 

  

As the growth of  age, the with-the-rule astigmatism 
gradually reduced from 85.8% (A Group) to 31.0% 
(F Group). The against-the-rule astigmatism increased 
from 6.7%(A Group) to 45.0% (F Group). The oblique 
astigmatism had no obvious change before the age of  

40. However, the proportion of  oblique astigmatism in-
creased obvious at the C group, and tended to be stable 
after the age of  40. After the age of  60, the proportion 
of  different types of  astigmatism among all age groups 
tended to be stable(Table 2).

Table 2: The comparison of axial length of astigmatism in different age groups  
(*:p<0.05 compared to the group A). 
 
Group A B C D E F 

Number 120 142 126 152 176 138 
With-the-rule astigmatism 85.8%(103) 76.8% 

(109) 
54.8% 
(69)* 

44.0% 
(67)* 

33.0% 
(58)* 

31.0% 
(43)* 

Against-the-rule astigmatism 6.7% (8) 14.8% 
(21)* 

27.0% 
(34)* 

34.0% 
(52)* 

43.8% 
(77)* 

45.0% 
(62)* 

Oblique astigmatism 7.5% (9) 8.5% (12) 18.2% 
(23)* 

22.0% 
(33)* 

23.3% 
(41)* 

24.0% 
(33)* 
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Discussion
Corneal astigmatism is an important clinical parameter 
in ophthalmology and plays an important role in the 
diagnosis and treatment of  many eye diseases. There-
fore, it is meaningful to identify the changes of  corneal 
astigmatism among the age groups..

We found no significant association between corne-
al astigmatism and age. However, there was a trend in 
growth after age of  70 (no statistical difference). The 
proportion of  astigmatism axis changed with age. The 
proportion of  oblique astigmatism increased signifi-
cantly before age of  40~50 and remained stable later. 
The proportion of  against-the-rule astigmatism increas-
ing before age of  60, However  the axial proportion of  
various astigmatisms tended to be stable and remained 
unchanged after age of  60. In general, the human eyes 
gradually changed from with- the-rule astigmatism to 
against-the-rule astigmatism with age and this change 
was mainly in human corneal17. The opponents claimed 
that changes of  the astigmatism were main in the lens16. 
Previous studies suggested that the reason for axial 
changes in corneal astigmatism might be due to eyelid 
laxity and orbital tissue atrophy that reduced the verti-
cal compression of  the cornea18. Moreover, the corneal 
astigmatism could decrease sensitivity of  human eyes, 
resulting in human visual fatigue, and form-deprivation 
myopia7,8. In recent years, the super-transparent corneal 
tunnel incision was usually used in phacoemulsification, 
which would increase against-the- rule astigmatism19. 
Therefore, the location of  the incision should be clearly 
defined according to the axial position of  the corneal 
astigmatism preoperatively, which could reduce the rate 
of  astigmatism caused by cataract surgery and improve 
the visual quality of  patients after operation20.

With the occurrences of  astigmatism corrected intraoc-
ular lenses (IOL) and TICL, more options had been of-
fered for the correction of  astigmatism. Parikakis EA's 
study21 found that in patients with cataract surgery, cor-
neal astigmatism before operation accounted for about 
15%~25% of  all astigmatisms . Traditional intraocular 
lenses did not correct preoperative corneal astigmatism, 
while astigmatism type intraocular lenses could correct 
it. In addition, the results also showed that the axial of  
astigmatism was associated with the age growth. There-
fore, the axial deviation of  IOL might produce new 
astigmatism. In this study, it found that the proportion 
of  astigmatism axis was relatively stable after age of  60. 
Therefore, we believed that the toric IOL implantation 
in cataract patients before age of  60 should be prudent 

and the long-term effect of  TICL on myopic with astig-
matism was also uncertain.

It was considered that there was no significant dif-
ference in corneal astigmatism between different age 
groups. However, the average value of  corneal astigma-
tism in the age of  70~79 group was higher. With the age 
increasing, the proportion of  in-the -rule astigmatism 
decreased gradually and the proportion of  against-the-
rule astigmatism increased. The proportion of  oblique 
astigmatism did not change significantly before the age 
of  40. After 40 years old, the proportion of  oblique 
astigmatism increased significantly and tended to be 
stable. After 60 years old, the proportion of  different 
types of  astigmatism tended to be stable.

Our study had several limitations. The conclusion of  
this study was based on the changes of  corneal astigma-
tism in different age groups, not the follow-up study of  
the same population. Therefore, further investigations 
were needed to make a more comprehensive conclu-
sion.
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