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Abstract
● AIM: To compare the subjective refraction data with auto-
refraction findings in high astigmatisms.
● METHODS: In a cross-sectional study, sampling was 
done from in different geographic regions in Iran using 
a multistage random cluster sampling method. All study 
participants underwent cycloplegic auto-refraction and 
subjective refraction using the red-green test.
● RESULTS: In this study, 277 eyes of 158 students aged 
8 to 15y were analyzed. According to the results, the mean 
difference between subjective refraction and autorefraction 
in measuring sphere, cylinder, spherical equivalent, J0, and 
J45 was -0.18±0.76, -0.36±0.40, -0.36±0.79, 0.15±0.20, 
and 0.05±0.21 respectively. The correlation of these two 
refraction methods in measuring the aforementioned 
indices was 0.963, 0.898, 0.960, 0.931, and 0.948 
respectively. The 95% limits of agreement of the two 
methods in measuring the above indices were -1.66 to 1.31, 
-1.14 to 0.42, -1.91 to 1.19, -0.24 to 0.54, and -0.36 to 
0.47 respectively. The agreement between the two methods 
decreased with increasing cylinder power, and the best 
agreement was found in myopic individuals.
● CONCLUSION: The measurements obtained by 

autorefractometer have a significantly higher cylinder 
average compared to subjective refraction. However, in the 
cylinder range of 4–5 diopters, the values of J0 and J45 do 
not have a high correlation. 
● KEYWORDS: subjective refraction; autorefraction; 
astigmatism
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INTRODUCTION

A stigmatism is a common refractive error in the human 
eye[1-5]. According to a Meta-analysis, the prevalence 

of astigmatism in children and adults worldwide is 15.3% and 
40.4%, respectively[4].
Studies have shown that high degrees of astigmatism during 
childhood (especially from infancy to school age) are 
associated with various disorders such as strabismus, myopia, 
and amblyopia[6-7]. Therefore, given the high prevalence 
of astigmatism, its timely diagnosis and determination 
of its characteristics and quality for timely correction are 
crucial[8-9]. Moreover, high degrees of astigmatism (2 D or 
more) are associated with important ocular diseases such as 
keratoconus[10-11].
To correct astigmatism, its severity and quality must first be 
accurately determined[12-14].
However,  both  subjec t ive  and objec t ive  methods 
(autorefractometer) are used today to investigate astigmatism 
in optometry and ophthalmology, with the autorefractometer 
providing accurate assessment of refractive error and the 
prescription of corrective glasses and contact lenses performed 
with the help of subjective refraction examinations[12-18].
In clinical settings, refractive examinations usually begin 
with objective examination and are followed by subjective 
examinations for the patient[19]. To date, studies evaluating 
the determination of axis of high astigmatism have not been 
comprehensive, and often these studies have only focused on 
a few subjective examinations. Additionally, many of these 
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studies have only compared subjective examinations with 
each other and have not examined the value of subjective tests 
compared to objective examinations[15-16,20].
Given the high dependence of visual acuity on the astigmatism 
axis in its high values, refraction requires very high accuracy, 
and the refractive error obtained will be incorrect if refraction 
is performed outside the visual axis. Since higher-order 
aberrations also affect the value and axis of astigmatism, it 
is sometimes difficult to obtain the correct refractive error in 
subjective refraction. So, practitioners rely on objective results 
in some situations. Subjective findings in corneal ectasi as 
may also be erroneous due to corneal irregularity[11]. For this 
reason, it seems important to examine the results of object and 
subjective refraction based on the severity of astigmatism. In 
view of the above, the present report aimed to evaluate the 
agreement between auto-refraction and subjective refraction in 
cases of astigmatism.
PARTICIPANTS AND METHODS
Ethical Approval  The study was conducted in accordance 
with the Helsinki Declaration. All procedures involving 
children were approved by the Ethics Committee of Shahid 
Beheshti University of Medical Sciences. We obtained written 
informed consent from all parents or students’ legal guardians 
and also oral consent from all the students.
The present report is part of a cross-sectional study conducted 
in Iran. In this study, seven cities of Iran were randomly 
selected from different geographical locations using a multi-
stage cluster sampling method. The selected cities were from 
different parts of Iran and the geographical and economic 
distribution was observed in the sampling. In each city (cluster), 
a number of boys’ and girls’ schools were randomly selected 
in equal numbers, and then all students in each school were 
selected for sampling. The major part of the sample were 
7-year-old children (grade 1), some of whose reports have 
already been published[21]. In addition to 7-year-children, other 
school grades (children aged 8 to 15y) were also sampled, and 
their data were used in this report.
A suitable space was selected on the school site one day 
before the study. In each school, examinations were started 
with first graders, and students in each class were examined in 
alphabetical order.
Examinations  After the interview, students were guided into 
the examination room to have non-cycloplegic auto-refraction 
with the Topcon RM8800 autorefractor (Topcon Corporation, 
Japan) by a single skilled technician. Then, students had their 
visual acuity tested with their present spectacles, if any, using 
a Snellen E chart distanced at 6.0 m from the examinee. For 
these students, lensometry was done with the Topcon LM 800 
lensometer (Topcon Corporation, Japan), results of which 
were recorded along with their prescription data. In the next 

step, uncorrected visual acuity (UCVA) was tested for all 
participants, and auto-readings results were refined through 
retinoscopy (HEINE BETA, Heine Optotechnik, Germany) 
and trial lenses (MSD, Italy). The lighting of the examination 
room was set according to the standard conditions. To ensure 
the accuracy of the measurements, the repeatability of visual 
acuity results was evaluated in a sample of 20 participants 
[intraclass correlation coefficient (ICC)=0.913].
The congruence between UCVA and objective refraction 
findings were used as a starting point for subjective refraction. 
The steps of subjective refraction included sphere power 
check, cylinder axis and cylinder power determination using 
Jackson cross-cylinder (JCC), and binocular balancing, 
respectively. Finally, cycloplegic refraction was tested with 
the autorefractometer and retinoscopy 35min after instilling 
cyclopentolate 1% eye drops twice in each eye with a 5-minute 
interval. If a significant difference between dry objective, 
subjective, and cycloplegic refractions was observed, 
subjective re-examination was performed the next day after 
removing the effect of cycloplegia. Schoolchildren with 
corrected visual acuity less than 20/25 and cylinder power 
better than 2 D were excluded from this study.
Statistical Analysis  The mean differences between 
autorefraction and subjective refraction of sphere, cylinder, 
spherical equivalent, J0, and J45 values were determined using 
paired t-test. Pearson correlation coefficients were used for 
showing the correlation between autorefraction and subjective 
refraction measurements of sphere, cylinder, spherical 
equivalent, J0, and J45. 
The J0 vector is the horizontal and vertical components of 
astigmatism in each eye, and the J45 vector is the oblique 
component of astigmatism. These vectors were calculated 
using the following formulas:
J0=(-C/2) cos(2α)
J45=(-C/2) sin(2α)
Where C and α represent the magnitude and direction of 
cylindrical refraction, respectively.
To demonstrate inter-device agreement, Bland and Altman 
graphs with 95% limits of agreement (LoA) was used where 
horizontal and vertical axes indicated the average of a variable 
with two refraction and the inter-refraction difference for the 
variable, respectively. 
The 95% LoA was calculated as “mean±1.96×standard 
deviation” of the inter-refraction difference.
RESULTS
In this study, 277 eyes from 158 patients were examined. Of 
this number, 97 (52.4%) were male, and the mean age of the 
participants was 12.71y with a standard deviation of 1.77y (age 
range: 8 to 15y). Table 1 preseted the mean sphere, cylinder, 
spherical equivalent, J0, and J45 values for each type of 
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refraction with their mean difference and 95% LoA. As can be 
seen, there is a significant difference between the two methods 
in all these components.
Figure 1 showed the correlation of the autorefraction and 
subjective refraction in cylinder, J0 and J45 measurement. 
As observed in Figures 1 and 2, there is a high correlation 
between the values of cylinder power, J0 and J45 based on 
autorefraction and subjective refraction. Figure 2 showed 
the Bland-Altman plot for the agreement of refraction 

measurements between the autorefraction and subjective 
refraction.
Table 2 preseted the mean sphere, cylinder, spherical 
equivalent, J0, and J45 values for each type of measurement 
with their mean difference and 95% LoA according cylinder 
power severity.
As shown in Table 2, the mean cylinder value obtained by 
autorefraction was significantly higher than that obtained by 
subjective refraction. In Table 2, it can be observed that in 

Figure 1 Scatter plot between subjective refraction and autorefraction measurements of the cylinder power (A), J0 (B), and J45 (C).

Figure 2 Agreement between subjective refraction and autorefraction measurements of the spherical error (A), cylinder power (B), spherical 

equivalent (C), J0 (D), and J45 (E)  The middle line indicates the mean difference and the two dashed side lines show the 95% limits of 

agreement.

Table 1 Comparison of autorefraction and subjective refraction in refractive error components                                                                     mean±SD

Refraction measurement Autorefraction Subjective refraction Paired differences Pa ICC LoA
Sphere (D) -0.57±2.68 -0.40±2.35 -0.18±0.76 <0.001 0.963 -1.66 to 1.31
Cylinder (D) -3.20±0.87 -2.84±0.89 -0.36±0.40 <0.001 0.898 -1.14 to 0.42
Spherical equivalent (D) -2.18±2.73 -1.82±2.41 -0.36±0.79 <0.001 0.960 -1.91 to 1.19
J0 1.43±0.54 1.28±0.51 0.15±0.20 <0.001 0.931 -0.24 to 0.54
J45 0.04±0.64 -0.02±0.56 0.05±0.21 <0.001 0.948 -0.36 to 0.47

aPaired t-test. ICC: Intraclass correlation coefficient; SD: Standard deviation; LoA: Limit of agreement.
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cylinder power severity, the values of cylinder, J0, and J45 are 
highly correlated with each other except for the cylinder range 
of 4–5 D. As seen in this table, the 95% LoA between the 
two methods become wider (less agreement) with increasing 
cylinder power. 
Table 3 showed the paired comparison between the refraction 
values obtained by autorefraction and subjective refraction 
according refractive errors. In all types of refractive errors, 

the measured values were statistically significantly correlated 
(P<0.01).
DISCUSSION
The present study is one of the few studies that have 
investigated the difference in axis of high astigmatism 
(two diopters and above) in refractive examinations using 
autorefractometer and subjective refraction. In this study, 
astigmatism was differentiated based on J0 and J45 vectors.

Table 2 Comparison of autorefraction and subjective refraction in refractive error components according severity of astigmatism                  mean±SD

Cylinder power Refraction measurement Autorefraction Subjective refraction Paired differences Pa ICC LoA
2–3 diopter Sphere (D) -0.62±2.58 -0.49±2.33 -0.14±0.66 0.024 0.969 -1.42 to 1.15

Cylinder (D) -2.47±0.21 -2.14±0.34 -0.33±0.29 <0.001 0.541 -0.89 to 0.23
Spherical equivalent (D) -1.86±2.59 -1.56±2.34 -0.30±0.67 <0.001 0.968 -1.61 to 1.02
J0 1.09±0.39 0.94±0.38 0.15±0.16 <0.001 0.915 -0.16 to 0.46
J45 0.03±0.44 -0.01±0.38 0.04±0.12 <0.001 0.968 -0.20 to 0.28

3–4 diopter Sphere (D) -0.36±2.74 -0.21±2.37 -0.16±0.84 0.067 0.956 -1.80 to 1.48
Cylinder (D) -3.34±0.30 -3.04±0.43 -0.30±0.33 <0.001 0.644 -0.95 to 0.34
Spherical equivalent (D) -2.03±2.74 -1.72±2.39 -0.31±0.86 <0.001 0.953 -2.00 to 1.38
J0 1.53±0.27 1.40±0.3.0 0.13±0.17 <0.001 0.836 -0.19 to 0.46
J45 0.04±0.63 0.00±0.55 0.04±0.17 0.024 0.965 -0.30 to 0.38

4–5 diopter Sphere (D) -0.85±3.03 -0.49±2.62 -0.36±0.76 0.005 0.974 -1.85 to 1.13
Cylinder (D) -4.27±0.27 -3.76±0.67 -0.51±0.65 <0.001 0.278 -1.79 to 0.76
Spherical equivalent (D) -2.98±2.99 -2.37±2.67 -0.61±0.86 <0.001 0.96 -2.31 to 1.08
J0 1.85±0.57 1.68±0.44 0.17±0.28 <0.001 0.879 -0.37 to 0.72
J45 0.04±0.92 -0.07±0.8 0.11±0.35 0.047 0.928 -0.57 to 0.79

>5 diopter Sphere (D) -0.77±2.39 -0.59±1.79 -0.17±0.98 0.495 0.930 -2.10 to 1.75
Cylinder (D) -5.39±0.40 -4.83±0.65 -0.56±0.55 <0.001 0.535 -1.64 to 0.52
Spherical equivalent (D) -3.46±2.42 -3.01±1.94 -0.45±0.93 0.071 0.932 -2.28 to 1.38
J0 2.43±0.46 2.22±0.36 0.21±0.35 0.027 0.667 -0.47 to 0.90
J45 0.00±1.13 -0.08±0.96 0.08±0.42 0.448 0.930 -0.74 to 0.91

aPaired t-test. ICC: Intraclass correlation coefficient; SD: Standard deviation; LoA: Limit of agreement.

Table 3 Comparison of autorefraction and subjective refraction in refractive error components according refractive errors                   mean±SD

Refractive errors Refraction measurement Autorefraction Subjective refraction Paired differences Pa ICC LoA
Emmetropia Sphere (D) 1.43±0.61 1.08±0.59 0.36±0.38 <0.001 0.805 -0.38 to 1.09

Cylinder (D) -3.14±1.01 -2.68±0.84 -0.46±0.39 <0.001 0.925 -1.23 to 0.31

Spherical equivalent (D) -0.14±0.35 -0.26±0.42 0.13±0.29 0.078 0.730 -0.45 to 0.70

J0 1.41±0.44 1.24±0.40 0.16±0.27 0.018 0.803 -0.37 to 0.69

J45 -0.09±0.76 -0.07±0.53 -0.03±0.3 0.695 0.956 -0.61 to 0.55
Myopia Sphere (D) -1.32±2.03 -1.03±1.79 -0.29±0.76 <0.001 0.930 -1.78 to 1.19

Cylinder (D) -3.22±0.88 -2.87±0.91 -0.35±0.41 <0.001 0.895 -1.16 to 0.45

Spherical equivalent (D) -2.93±2.08 -2.46±1.85 -0.47±0.8 <0.001 0.923 -2.04 to 1.10

J0 1.44±0.53 1.29±0.52 0.15±0.20 <0.001 0.931 -0.24 to 0.53

J45 0.04±0.66 -0.01±0.58 0.06±0.21 <0.001 0.950 -0.35 to 0.47
Hyperopia Sphere (D) 4.41±2.45 3.96±2.33 0.44±0.48 <0.001 0.981 -0.49 to 1.38

Cylinder (D) -3.08±0.76 -2.74±0.68 -0.34±0.25 <0.001 0.945 -0.84 to 0.15

Spherical equivalent (D) 2.87±2.46 2.59±2.32 0.27±0.44 0.003 0.985 -0.58 to 1.13

J0 1.42±0.64 1.26±0.56 0.16±0.15 <0.001 0.977 -0.13 to 0.45

J45 0.05±0.33 -0.02±0.31 0.07±0.12 0.006 0.934 -0.17 to 0.30
aPaired t-test. ICC: Intraclass correlation coefficient; SD: Standard deviation; LoA: Limit of agreement.
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Comparison of auto-refraction with subjective refraction 
shows that auto-refraction estimates astigmatism by an average 
0.36 D higher than subjective refraction. Although this value 
is not clinically significant, given that the average is affected 
by extreme small and large data values, the standard deviation 
of this average and the LoA of the two methods should be 
considered. As seen, the wide LoA (from -1.14 to 0.42) 
suggests that the agreement between the two methods is low in 
cylinder measurement.
In a study by Kozlov et al[16], there was a significant statistical 
difference in spherical equivalent and cylindrical power values 
between the two methods. Like us, they showed that the auto-
refractometer measures astigmatism about 0.23 D higher than 
the subjective refraction. Hashemi et al[15] also found that the 
measurement of astigmatism with auto-refraction is estimated 
to be at least 0.21 D higher than the subjective refraction 
in normal and cataractous individuals. Since our study 
participants had high astigmatism, the difference between the 
two refraction methods in our study is slightly higher than in 
other studies.
According to our findings, the best agreement between the two 
methods was obtained in individuals with myopic refractive 
errors, which may be attributed to the active matching 
involvement in hyperopes.
As seen in the Bland-Altman plots, there was a proportion bias 
in the sphere agreement between the two methods of auto-
refraction and subjective refraction, so that in myopes, auto-
refraction yielded more negative values. In children, although 
gold standard is standard cycloplegic refraction[22-23], there 
is a possibility of accommodation even under cycloplegia 
which is caused by stimulation of convergence. The basis for 
subjective refraction is to achieve maximum visual acuity 
with a minimum minus lens (maximum plus lens). Therefore, 
despite the fact that less myopia (more hyperopia) is expected 
in the cycloplegic refraction, the cyclorefraction values were 
more negative as a constant bias.
We examined the difference between the two methods in 
astigmatism values in different refractive error groups and 
found that in different refractive error ranges, the values 
of cylinder and J0 and J45 in all ranges except for 4–5 D 
of cylinder, astigmatism values have high correlation. The 
difference between the two methods was above 4 D, which 
could be due to higher error rates in myopes and hyperopes 
in autorefractometer due to lack of active matching control. 
According to a cohort study conducted by Vesely et al[19] in 
2019, all subjective and objective methods are statistically 
sufficient for detecting astigmatism above 2 D; however, in our 
study, there was a significant difference between autorefraction 
and subjective refraction in cases of astigmatism above 4–5 D. 
Therefore, our results were not consistent with their findings. 

This may be due to differences in sample size or age group, 
as our sample size was much larger and our age range was 
broader.
Since the two methods have a statistically significant difference 
but clinically insignificant and have a high correlation and 
good agreement, they can be used interchangeably. However, 
in cases of astigmatism above 4 D, caution is needed and the 
subjective method is more important and has a significant 
difference with autorefraction.
In addition to comparing the spherical values, the spherical 
equivalent values were also compared and it was found that 
there is a statistically significant difference but not a clinically 
significant difference. In a similar study[16], the equivalent 
values of autorefractometer and subjective refraction had 
differences which may be due to the different types of methods 
used and the level of patient cooperation.
In addition to the spherical and spherical equivalent values, 
the cylindrical values were compared in terms of J0 and J45 
vectors. As seen in the results, the vertical and horizontal 
astigmatism components showed statistically significant 
differences between the two measurement devices. The 
greatest difference was found in J0 for astigmatisms that are in 
line with the rule.
In conclusion, based on the findings of this study, there is 
no significant correlation between autorefractometer and 
subjective methods in astigmatism values of 4–5 D. Therefore, 
optometrists and ophthalmologists should exercise caution 
when using autorefractometer in studies and screenings 
within this diopter range, as well as in cases where individuals 
with disabilities, children, and those who do not have good 
cooperation with the device.
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