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Purpose: Autorefraction without subjective refinement is being increasingly 
employed by opticians in Pakistan for prescribing glasses. The purpose of this 
study is to compare the refractive correction obtained by autorefraction alone 
and manifest refraction at a tertiary care hospital in Pakistan and to determine 
the relationship of this difference with age. 

Material and Methods: Two hundred and sixty nine patients visiting the 
ophthalmology clinic of a large tertiary-care hospital in Karachi, Pakistan were 
studied. Autorefraction alone using a Canon R-10 Autorefractor and manifest 
refraction were performed at the same visit. A clinically significant difference 
between autorefraction and manifest refraction was defined as a difference of 
>0.50 D in sphere, cylinder, spherical equivalent or weighted axis, or >10° in axis. 

Results: In 266 right eyes, the median difference between autorefraction and 
manifest refraction in spherical corrections was +0.01 D (p=0.85), -0.33 D in 
cylindrical corrections (p<0.01), 10° in axes (p<0.01), and –0.16 D in spherical 
equivalent (p=0.02). Children 10 years of age or younger were 2.23 times more 
likely to have a clinically significant difference in spherical corrections (OR: 2.23, 
95% CI: 1.12-4.47).Comparable results were observed for the left eye. 

Conclusions: There is a significant difference between the corrections obtained 
by autorefraction alone and manifest refraction, particularly in children. 
Autorefraction alone without subjective refinement cannot be substituted for 
manifest refraction, especially in children 10 years of age or younger. 

 
t is widely accepted that autorefraction is not 
sufficiently accurate to substitute for subjective 
refraction for the purposes of prescribing 

spectacles1,2. Autorefraction without subjective 
refinement is being used by opticians in Pakistan as 
the sole method of prescribing glasses. We attempted 
to highlight this problem by comparing the corrective 
refractive error obtained by autorefraction with 
manifest refraction and to determine the relationship 
of this difference with age. 
 

MATERIAL AND METHODS 
A cross-sectional study based on hospital records at 
the Aga Khan University Hospital was performed. 
Patients having both autorefraction and manifest 
refraction performed on the same visit were included, 
while individuals with an ocular pathology causing 
opacity in the media were excluded from analysis. A 
convenience sample of 269 persons was performed 
and age, sex, sphere, cylinder and axis corrections 
obtained by automated and manifest refraction 
recorded. Spherical equivalents were calculated and 
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two tailed paired t-tests applied to compare 
corrections obtained by both methods in each 
individual. A clinically significant difference between 
autorefraction and manifest refraction was defined as 
a difference of >0.50 D in sphere, cylinder, or spherical 
equivalent or >10° in axis. Chi-square tests were 
performed after establishing cut-offs for age and 
clinically significant difference in refractive error. 
RESULTS 
In the 266 right eyes for which complete data were 
available, the median difference between auto-
refraction and manifest refraction in spherical 
corrections was +0.01 D (p=0.85), -0.33 D in cylindrical 
corrections (p<0.01), 10° in axes (p<0.01), and -0.16 D 
in spherical equivalent (p=0.02) (Table 1a). For 
cylinder corrections, the median difference between 
the two methods varied from -0.20 D to -0.53 D, a 
finding that was statistically different across all age 
groups (Table 2a). Children 10 years of age or younger 
were 2.23 times more likely to have a clinically 
significant difference in spherical corrections [Odds 
Ratio (OR): 2.23, 95% Confidence interval (CI): 1.12-
4.47] (Table 3a). Comparable results were observed for 
the 269 left eyes analyzed (Tables 1b-3b). 
 
DISCUSSION 
Automated infrared refractors, or autorefractors, are 
microcomputers that employ the optometer principle 
and infrared waves to objectively determine the 
refractive error of subjects in a clinical setting. The first 
modern autorefractors were developed in 1937. 
However, it was not until the early 1970s that 
necessary advances in electronics were made to allow 
for routine use of the instrument in clinical practice. 
During the 1980s, Coherent Medical’s instrument, 
Dioptron (1974) was largely replaced by the more 
compact and reliable Canon Autoref F-1 and Nidek 
AR-2000. So much so, in fact, that at the present 
moment, their genre is almost invariably used from 
solo office practices to the outpatient departments of 
large tertiary care hospitals in Pakistan and 
throughout the world. The main reason behind this 
trend is thought to be the speed and relative 
consistency with which these devices detect and 
quantify refractive errors, and their ability to provide a 
reliable starting point from which to measure 
subjective refraction1,2. 
 
Table 1a: Mean Difference between auto refraction 
and subjective. Refraction, Right eye 

 Mean 
difference 

Standard 
deviation 

P-value 

Sphere 0.01 1.06 0.85 
Cylinder -0.33 0.89 <0.01 
Axis 9 34 <0.01 
Spherical 
Equivalent 

-0.16 1.04 0.02 

Table 1b: Mean Difference between auto refraction 
and subjective. Refraction, Left eye 

 
 Mean 

difference 
Standard 
deviation 

P-value 

Sphere 0.10 0.81 0.04 

Cylinder -0.37 0.99 <0.01 

Axis 7 38 <0.01 

Spherical 
Equivalent 

-0.09 0.74 0.06 

 
Table 2a: Mean Difference between auto refraction 

and subjective.  Refraction by age, Right eye 
 

Age (Y) No Sph Cye Axis S E 

1-10 48 0.32 -0.53 5 0.06 

11-20 47 -0.18 -0.38 9 -0.37 

21-30 55 -0.12 -0.30 10 -.27 

31-40 53 0.11 -0.29 15 -0.04 

>40 59 -0.03 -0.20 7 -0.13 

P=0.05, p=0.01 -0.049,  p<0.01; n=262 

 
Table 2b: Mean Difference between auto refraction 

and subjective.  Refraction by age, Left eye 

Age (Y) No Sph Cye Axis S E 

1-10 51 0.52 -0.53 13 0.26 

11-20 48 -0.11 -0.28 3 -0.25 

21-30 56 -0.01 -0.44 5 -0.23 

31-40 52 0.01 -0.28 14 -0.13 

>40 58 -0.09 -0.34 2 -0.07 
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P=0.05, p=0.01 -0.049,  p<0.01; n=265 

 
Numerous independent studies have evaluated 

the performance of automated refractors in clinical 
settings3-7. This research has generally highlighted the 
fact that there is a significant difference between the 
refractive errors determined by the objective 
autorefractors and the manifest refraction assessed by 
conventional subjective means. This difference is such 
 

that the autorefractor alone without subjective testing 
refinements cannot be substituted for conventional 
complete refraction with subjective refinement8-12. The 
discrepancy has also been shown to vary significantly 
with age13,14. All the evidence notwithstanding, the 
practice observed in Pakistan is quite different. 
Although no studies have been conducted to date, it is 
generally believed that the use of autorefractors has 
mushroomed to such an extent that many opticians 
use these devices as the sole means of prescribing 
lenses to patients with decreased visual acuity. This 
could lead to inappropriate and inaccurate 
prescriptions, leading in turn to suboptimal visual 
acuity, asthenopia, and even loss of vision if a more 
sinister reason lies behind the blurred vision and 
remains undetected. This is especially important in 
children as inadequately corrected refractive errors 
may result in irreversible long-term sequelae in later 
life15,16. 

We found that significant differences occurred in 
the refractions obtained by automated and manifest 
refraction in cylinders, axes, and spherical equivalent. 
A statistically significant difference in the cylindrical 
corrections attained by both methods was present in 
all age groups analyzed, but differences in sphere 
were significant only in children and adolescents. This 
additional discrepancy in younger individuals is 
consistent with previously published data, and may be 
secondary to the difficulties in fixation and repeated 
blinking during autorefraction that are more frequent 
in this age group10,14  

Of particular concern is the finding that children 
ten years of age or younger were at a higher risk of 
having a clinically significant difference in the spheres 
obtained by both methods, being 2.23 to 3.47 times 
more likely to have such a difference when compared 
with patients above the age of 10. A substantial 
number of these patients had a difference greater that 
the minimum cutoffs of 0.5 D or 10° in axes used for 
the purposes of this study. Inadequately corrected 
refractive error is a major risk factor for the 

development of amblyopia15. The deleterious effects of 
amblyopia can be serious and wide ranging, including 
strabismus, loss of binocularity, restricted future 
employment opportunities, and increased risk for 
psychosocial problems16,17. It is also a widely held 
clinical belief that the risk of developing amblyopia 
and strabismus can be effectively reduced if abnormal 
refractive errors can be identified and adequately 
corrected at a young age18,19. 
Table 3a: Odd Ratios of a clinically significant 

difference between auto refraction and 
subjective refractiona in patients <10 years of 
ageb, Right eye 

 

 Age Patients 
n (%) 

OR 95%CI 

Sphere 
<10 
>10 

29 (60) 
87 (41) 

2.23 1.12-4.47 

Cylinder 
<10 
>10 

29 (60) 
106 (50) 

1.56 0.78-3.11 

Axis 
<10 
>10 

18 (38) 
100 (47) 

0.68 0.43-1.37 

Spherical <10 23 (48) 1.22 0.62-2.41 

Equivalent >10 92 (43)   

aClinical significance for diopteric powers: -.5< x <.5 
and 10o x <170o for axes 
bTotal no of patients <10 years: 48 (18.3%); >10 years: 
214 (81.7%); n=262 
OR: Odds ratio, 95% CI: 95% Confidence Interval 

 
Table 3b: Odd Ratios of a clinically significant 

difference between auto refraction and 
subjective refractiona in patients <10 years of 
ageb, Left eye 

 Age Patients 
n (%) 

OR 95%CI 

Sphere 
<10 
>10 

33 (65) 
74 (35) 

3.47 1.74-6.96 

Cylinder 
<10 
>10 

36 (71) 
111 (52) 

2.23 1.09-4.58 

Axis 
<10 
>10 

29 (57) 
93 (44) 

1.72 1.27-4.90 
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Spherical <10 29 (57) 2.49 0.88-3.35 

Equivalent >10 74 (35)   
 

aClinical significance for diopteric powers: -.5< x <.5 
and 10o x <170o for axes 
bTotal no of patients <10 years: 51 (19.2%); >10 years: 
214 (80.8%); n=265 
OR: Odds ratio, 95% CI: 95% Confidence Interval 
CONCLUSION 
In conclusion, there is both a statistically and clinically 
significant difference between autorefraction and 
manifest refraction when used in the Pakistani 
population. The magnitude of this difference is greater 
in children 10 years of age or younger. Autorefraction 
alone cannot be used to determine an individual’s 
refractive error, especially in children. 
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