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Background. The prevalence of corneal astigmatism in patients with cataract has not been 
well documented in both rural and urban areas of Indian population.
Purpose. The aim of this study was to assess prevalence of corneal astigmatism before cataract 
surgery in adult age group population of rural Andhra Pradesh.
Materials and methods. A Prospective, cross-sectional, and observational study was carried 
out from March 2019 to December 2019 in patients presenting for cataract surgery. Axial 
length, and intraocular lens power were measured, Keratometric values were measured with 
an auto refractokeratometer, and astigmatism was calculated. Data was analysed using SPSS 
software.
Results. This study included 1000 eyes of 1000 patients with a mean age of 61.81 ± 8.94 years. 
The mean astigmatism was 0.80 ± 0.72 D and the mean keratometry was 44.12D ± 1.71 D.  A 
total of less than 1D astigmatism is seen in 67.5% eyes, 23.3% eyes had astigmatism between 
1.00 and 1.99 D, 4.6% eyes had 2-2.99D, and ≥3D in 0.8% eyes and no astigmatism in 3.8% 
eyes. Against the rule astigmatism was seen in 49.8% cases, with the rule astigmatism is found 
in 31.8% of eyes and oblique astigmatism in 14.9% of eyes. With the increasing age, the WTR 
percentage decreased while the ATR percentage increased.
Conclusion. Our study showed that significant numbers of patients have preoperative corneal 
astigmatism, affecting the quality of vision after cataract surgery. Majority of patients have 
corneal astigmatism < 1.00D, which can be corrected by low-cost procedures like steep axis 
phaco, limbal relaxing incisions, and opposite clear corneal incisions, especially in developing 
countries like India, and less percentage of candidates require expensive toric IOLs.
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Introduction. Cataract is the most common cause of 
reversible blindness, and cataract surgery is the most com-
mon ocular surgery performed globally with a high rate 
of success and rapid anatomical and functional visual re-
covery [1]. With technological advancements and newer 
intraocular lenses, patients are expecting the best visual 
outcome even without glasses. To achieve this, both spher-
ical refractive error and astigmatism must be corrected 
during surgery. With the advanced IOL power calculators, 
the incidence of spherical refractive errors is significantly 
reduced [2, 3]. The remaining cause of postoperative blur-
ring of vision is astigmatism, which should be dealt with 
to achieve the best visual outcome.

Astigmatism may be due to cornea or lens. As the lens 
is removed during cataract surgery, the remaining corneal 
astigmatism should be addressed. Corneal astigmatism 
includes pre-existing corneal astigmatism and surgical 
induced astigmatism, which depends on the incision size 
and location. With the advent of surgeries with small inci-
sions like phaco and MICS, surgical-induced astigmatism 
has been overcome successfully [4]. Pre-existing corneal 
astigmatism is an important limiting factor for optimal re-
sults of cataract surgery in a significant number of patients.

Pre-existing corneal astigmatism is corrected by lim-
bal relaxing incisions (LRI’s) [5] or opposite clear corneal 
incisions (astigmatic keratotomy) [6] or excimer laser 
refractive procedures [7] or femtosecond laser-assisted 
astigmatic keratotomy [8] or by implanting toric IOLS 

during surgery [9-13]. For this to be done, a preoperative 
assessment of corneal astigmatism is essential. 

Data of prevalence of astigmatism in rural and urban 
population of Andhra Pradesh are lacking who are present-
ing for cataract surgery. Hence, this present study was de-
signed to determine the prevalence of corneal astigmatism 
in populations of adult age groups presented for cataract 
surgery, which helps the surgeon in planning the surgery 
and IOL manufacturers to predict patient requirements.

Materials and methods
It is a prospective, cross-sectional, and observational 

study performed for 10 months duration from March 2019 
to December 2019 in tertiary care centre (Narayana medi-
cal college hospital, Nellore) serving rural population in 
Andhra Pradesh, India. Informed consent was obtained 
from all patients, and the ethical committee of the hospital 
approved the study.

Inclusion criteria is the patients between the age of            
30-90 yrs. posted for cataract surgery. 

Exclusion criteria was patients with history of contact 
lens usage, corneal opacities and degenerations, pterygium 
encroaching the cornea, inflammatory diseases of the eye, 
history of traumatic cataract, any lid abnormalities or pto-
sis, and past history of ocular surgeries.
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In our study, we included 1000 eyes of 1000 patients. 
All the patients underwent complete ocular examination, 
which included best-corrected visual acuity assessment, 
slit lamp examination, tonometry, and fundoscopy.

Keratometry readings were taken using the PRK-1000 
auto ref-keratometer by a single investigator as a part of 
the preoperative biometric assessment. The measurements 
were carried out at least three times for each eye, and av-
erage k1 and k2 were taken. Astigmatism was calculated 
from the dioptric difference of vertical and horizontal 
readings. Corneal astigmatism was characterized as with 
the rule (WTR) when meridian of maximum curvature 
was within 30 degree of vertical 90 degree [90 degree±30 
degree]  or against the rule (ATR) when meridian of maxi-
mum curvature was within 30 degree of horizontal 180 de-
gree [180 degree±30 degree] and oblique if it was neither 
WRT nor ATR astigmatism. 

Analysis: Data collected include the age, sex of the 
patient, type of cataract, keratometry readings in diopters, 
and astigmatism in diopters. Chi-square test and t test were 
used for categorical and continuous variables, respectively. 
Values are expressed as (mean ± standard deviation) and 
% if appropriate. The data is analysed with SPSS Statistics 
version 25 (SPSS Inc, Chicago, IL). A P value <0.05 was 
considered statistically significant. 

Results
Patient demographics: A total of 1000 eyes of 1000 pa-

tients were examined, of which 473 were male, and 527 
were female with a sex ratio of 1 : 1.11 (473 : 527). The 
mean age of the subjects was 61.81±8.64 years (range is 
30-88 years). Patients were divided into six groups de-
pending upon their age. Majority of patients were in the 
seventh decade, followed by the sixth and eighth decade 
(Table 1). 

Nuclear sclerosis was present in 41.4% of eyes, mixed 
cataract in 36.9%, mature/hyper mature cataract in 14.9%, 
posterior subcapsular cataract in 3.2%, cortical in 2.6%, 
and posterior polar cataract in 1% of eyes (Figure 1).

There was no astigmatism in 3.8% of eyes. With the 
rule, astigmatism was found in 318 (31.8%) eyes against 
the rule astigmatism was found in 498(49.8%) eyes and 
oblique astigmatism in 149(14.9%) eyes. With the increas-
ing age, the WTR percentage decreased while the ATR 
percentage increased. The Mean keratometry was 44.12 ± 
1.71D with 38.8 – 52 D range. The mean astigmatism was 
0.80D ± 0.72 (mean±SD) ranging from 0 -6.25D. Patients 
were classified depending upon the magnitude of astigma-
tism.

Mean astigmatism in relation to age was calculated by 
totalling the amount of astigmatism in each group and di-
viding the sum by the number of patients in that group. 
It is revealed that astigmatism less than 1D is the most 
common astigmatism in all age groups. However, the per-
centage of higher astigmatism was higher in extreme age 
groups. (Table 3).   

Table 1. Age groups of the sample

Age group 
(years)

Number of 
patients Percentage 

30-39 7 0.7%

40-49 69 6.9%

50-59 234 23.4%

60-69 488 48.8%

70-79 177 17.7%

80-89 25 2.5%

Figure 1. Distribution of type of Cataract

Table 2. Magnitude of astigmatism

Astigmatism(D) Number of eyes Percentage 

No astigmatism 38 3.8%

<1 D 675 67.5%

1-1.99 D 233 23.3%

2-2.99 D 46 4.6%

>/=3 D 8 0.8%

Table 3. Mean astigmatism in relation to age

  Age group (years) Mean astigmatism (D)

30-39 0.721.±0.57SD

40-49 0.711.±0.68SD

50-59 0.651.±0.59SD

60-69 0.851.±0.76SD

70-79 0.881.±0.64SD

80-89 1.111.±0.68SD
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Discussion
This study was made to determine the prevalence of 

corneal astigmatism in patients posted for cataract surgery 
and to study the distribution and type of corneal astigma-
tism.

There was scarcity of studies in India on preoperative 
corneal astigmatism except few [14, 15, 16], of which 
some have less sample size, and some are done in other 
parts of India.

The mean age of our study was 60.8+8.64 years, 
which is similar to studies by Isyaku M. et al. (60.8+12.7) 
[17], Prasher et al. (59.54+10.96) [14] and Moulick et al. 
(60.10+10.46) [16]. The mean age is higher in studies by 
Xiayong Yuan et al. (69.80) [18], Khan et al. (75.54) [19], 
De Bernado et al. (71.89) [20].

Most of the patients in the study were in the 7th de-
cade (48%), followed by the 6th decade (23%), similar to 
Venkateshwara Rao et al. Study [15]. It was different from 
Xiayong Yuan et al. study in which most of the patients 
were in the 8th decade (36%) followed by the 7th decade 
(26%) [18].

Our study had more female patients (527) than male 
patients (473) like in studies by Venkateshwara Rao et al. 
[15], Chaudary M et al. [21], and Xiayong Yuan et al. [18], 
whereas studies by Moulick et al. [16] and Isyaku M et al. 
[17] had more male patients.

Regarding the type of astigmatism, ATR (49.5%) is 
found to be more prevalent than the WTR (31.8%), which 
is similar to other studies by Venkateshwara Rao et al. 
[15], Moulick et al. [16], Pascher et al. [14], and Xiayong 
Yuan et al. [18]. In contrast, WTR was more common in 
the study by Chaudary et al. [21] In our study, the percent-
age of ATR increased with age, as found in all other studies 
[14-21].

Analysis of our study data showed that mean corneal 
astigmatism was 0.80+0.72D(0-6.25D), which similar 
to Moulick et al., 0.80+0.61) [16] and Chaudary et al 
(0.84+0.80) [21] studies. It was higher in studies by Isyaku 
M et al. (1.16) [17], Xiayong Yuan et al. (1.15) [18], and 
Khan et al. (1.03) [19]. This may be due to the differences 
in the ethnicities and races, and these studies had more el-
derly population. The study by Prasher et al. done in North 
India also had higher values [14]. It may be due to the 
racial differences between South India and North India.

In this study, mean astigmatism decreased up to the 
6th decade and then increased, which concludes that mean 
astigmatism is higher in extreme age groups. This is simi-
lar to the Moulick et al. Study [16]. Mean age is higher is 
due to late presentation of patients for cataract surgery and 
Socioeconomic status within the rural population.

In our study in most patients (67.5%) astigmatism 
was <1D, in 23.3% between 1-1.99D, 4.6% had between 
2-2.99D, 0.8% had >3D and 3.8% had no astigmatism. It is 
similar to studies by Moulick et al (<1.25D- 63.5%,>1.25D 
– 18.8%, 0 – 0.25D – 17.8%) and Chaudary et al (<0.25D 
-17%, 0.25- 1.5D - 65%,>1.5D - 18%) [16,21]. Where-
as, study by Rajesh Subhash and Sonali Arun found that 
17.9% eyes had astigmatism from 1.0 - 1.49 D, 3.4% had 
astigmatism between 2.00 - 2.5 D, and 20 eyes had astig-
matism >3 D, overall 32.5%eyes had astigmatism >1.00 
D.[22] In Isyaku M study most patients (45.92%) had 
astigmatism between 1-1.99D [17]. Percentage of patients 
with astigmatism <1D was less in studies by Xiayong 
Yuan et al (53.30), Prasher et al (59.37%) and Venkatesh-
wara Rao et al(58.15%) [14,15,18].

Current study limitations include we measured only 
the anterior corneal astigmatism and leaving posterior cor-
neal astigmatism. This underestimates total astigmatism 
by 0.25-0.50D. We used an automated ref-keratometer for 
keratometry readings. Using computerized topography 
would have been better as it is the gold standard. 

Conclusion
Significant numbers of patients have preoperative 

corneal astigmatism, affecting the quality of vision after 
cataract surgery. The percentage of WTR astigmatism de-
creases with age, and ATR astigmatism increases with age. 
There is a need to correct corneal astigmatism for best vi-
sual results and patient satisfaction after cataract surgery. 
Majority of patients have corneal astigmatism < 1.00D, 
which can be corrected by low-cost procedures like steep 
axis phaco, limbal relaxing incisions, and opposite clear 
corneal incisions and a lower percentage of candidates re-
quire expensive toric IOLs. So in developing countries like 
India, surgeons can plan for these surgical steps than going 
for toric IOLs. Hence, study provides information about 
the characteristics of corneal astigmatism in the Indian 
population, which will help improve surgical techniques 
and visual outcomes and design toric IOLS.

Table 4. Age and magnitude of astigmatism

Age (years) No astigmatism <1D 1.00-1.99D 2.00-2.99D >/=3D

30-39   0     4 (57.14%)     3 (42.86%)   0 0

40-49   3 (4.34%)   51 (73.91%)   12 (17.39%)   3 (4.34%) 0

50-59 17 (7.26%) 175 (74.78%)   37 (15.81%)   4 (1.705%) 1 (0.42%)

60-69 14 (2.86%) 328 (67.21%) 115 (23.57%) 27 (5.53%) 4 (0.825%)

70-79   4 (2.26%) 100 (56.50%)   61 (34.46%)   9 (5.08%) 3 (1.69%)

80-89   0   17 (68%)     5 (20%)   3 (12%) 0
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