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Abstract 

Purpose To evaluate objective and subjective refraction differences in healthy young adults.

Methods Data concerning candidates for the Israeli Air Force Flight Academy, as well as active air force pilots in all 
stages of service who underwent a routine health checkup between the years 2018 and 2019 were retrospectively 
analyzed. Objective refraction measured using a single autorefractometer was compared with subjective refraction 
measured by an experienced military optometrist during the same visit. The results were converted to power vectors 
(spherical equivalent [SE], J0, and J45). To interpret astigmatism using power vector values, the cylinder power (Cp) 
was determined.

Results This study included 1,395 young adult participants. The average age was 22.17 years (range, 17–39, 84.8% 
males). The average SE was − 0.65 ± 1.19 diopter (D) compared with − 0.71 ± 0.91D in the auto‑ and subjective refrac‑
tion, respectively (p = 0.001). Cp was 0.91 ± 0.52D and 0.67 ± 0.40D, respectively (p < 0.001). This difference was more 
common in older participants (p < 0.001). J0 and J45 value differences were not significant. The absolute SE value 
of subjective refraction was lower in the myopic (p < 0.001) and hyperopic (p < 0.001) patients.

Conclusions Young hyperopic participants tended to prefer “less plus” in subjective refraction compared with autore‑
fraction. Young myopic participants tended to prefer “less minus” in subjective refraction compared with autorefrac‑
tion. All participants, but mainly older participants, preferred slightly “less Cp” than that measured using autorefraction; 
The astigmatic axis did not differ significantly between the methods.
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Introduction
Refractive error measurement is a crucial component of 
patient management decisions made by ophthalmologists 
and optometrists. Because visual perception depends not 
only on optical factors but also on the neural force, and 
since patients are most likely to accept their preferred 
values for their spectacle prescriptions, subjective refrac-
tion is considered the gold standard for refractive error 
assessment and spectacle prescription in cooperative 
patients [1, 2].

Despite subjective refraction being considered highly 
reliable, it can be altered by the intra-examiner (same 
examiner) and the inter-examiner (different examiners) 
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and is reported to be within 0.25 to 0.50D [3]. In addi-
tion, it is necessary to decrease the examination time, 
making it more accessible to less-trained optometrists 
while ensuring quality and accuracy. Finally, in small chil-
dren and non-cooperative adults, subjective refraction 
may not be reliable.

Since the 1970s, objective refraction using autorefrac-
tometers has gained popularity for clinical, screening, 
and research purposes owing to its relatively high accu-
racy, repeatability, and ease of use by laypeople [4–7]. 
The ideal standard for diagnosing the objective refrac-
tive errors in both children and adults up to the age of 
50 involves the use of cycloplegic (“wet”) refraction [8]; 
however, in most settings, automated refractors are used 
without the use of cycloplegic drugs (“dry refraction”). 
Most autorefractors use built-in automatic fogging mech-
anisms to avoid accommodation during measurement 
[9] and noncycloplegic autorefraction has reasonable 
accuracy and repeatability. Nevertheless, in conventional 
autorefractors accommodation may not be completely 
neutralized, resulting in the measurement being more 
myopic (pseudomyopia) [10]. Therefore, inaccurate 
measurements using autorefractometers are primarily 
due to accommodation resulting from inadequate auto-
fogging mechanisms [11, 12]. This overcorrection of 
myopes and undercorrection of hyperopes is especially 
pertinent in children without cycloplegia who have high 
accommodative reserve [9, 13–15]. Moreover, objective 
methods may not appropriately consider higher-order 
aberrations that can influence visual acuity [16]. These 
aberrations are also altered by pupil size [16]. Therefore, 
autorefraction is valuable but serves only as a starting 
point for the subjective refraction procedure [3, 11].

This study endeavors to assess the reliance on autore-
fractometers within a cooperative and educated demo-
graphic of young adults, specifically Israeli Air Force 
(IAF) pilots and flight academy candidates. In this 
population, the precise evaluation of refractive error is 
not only crucial but also reflective of their occupational 
demands. By examining the disparities between subjec-
tive and objective refraction, we aim to gauge the suit-
ability of autorefraction in adults capable of reliable 
self-reporting, especially those with high stakes in the 
accuracy of their visual assessment.

In addition, the impracticality of conducting subjec-
tive refraction in non-cooperative adults underscores the 
necessity for alternative approaches. Within this distinct 
population, we extrapolate conclusions regarding the 
correct refractive correction from a cooperative young 
adult cohort, as outlined in this study. Our research 
imparts valuable insights into this clinical scenario, fur-
nishing practical guidelines derived from a substantial 
patient cohort.

Methods
This study was approved by the local ethics commit-
tee of the Israeli Defense Forces (IDF) and involved a 
retrospective database analysis. Medical data were 
extracted from the Israeli Air Force Aeromedical Cent-
er’s (IAFAC) archive. Medical records of candidates 
for the Israeli Air Force Flight Academy, including sol-
diers currently training in the academy as well as active 
military pilots who were examined between the years 
2018–2019 were included. Candidates for the Israeli 
Air Force Flight Academy underwent several medical 
tests, including meticulous eye examinations. Active 
military pilots undergo annual eye examinations. All 
examinations were performed by a well-trained mili-
tary optometrist and ophthalmologist in a room with 
standard illumination. Each examination included 
automatic autorefraction and subjective refraction. 
Noncycloplegic autorefraction and subjective refrac-
tion were performed using a Tomey RT-7000 Autore-
fractometer (Nagoya, Japan, 2017). An experienced 
military optometrist conducted Subjective Refraction 
utilizing a standard phoropter. Patients were instructed 
to focus on the Snellen Chart while a range of lenses 
was presented to them. The optometrist subsequently 
fine-tuned the power of the lenses in the trial frames, 
guided by the patients’ subjective feedback regarding 
improvements in their vision.

For statistical purposes, only the right eye (RE) was 
analyzed, and only subjects under 40 years old were 
included in the study analysis. None of the study sub-
jects had a history of ocular comorbidities.

For statistical analysis of the comparison between 
the objective and subjective refraction measurements, 
the spherical equivalent (SE) and power vectors were 
derived using the equations developed by Miller [17] 
for Fourier power vector analysis [18]. The SE was cal-
culated from the sphere (S) and the cylinder (C) using 
the following equation:

The rectangular vectors J0 and J45 were then calcu-
lated using the cylinder (C) and axis (A) in the follow-
ing equations:

J0 is the Jackson cross-cylinder power along the 90° 
and 180° axes. J45 is the Jackson cross-cylinder power 
along the 45° and 135° axes. α is the axis of the flat 
meridian. To interpret the astigmatism using power 

SE = S +
C

2

α = A X 2
π
180

J0 = −
C
2
X Cos(2 α)

J45 = −
C
2
X Sin(2 α)
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vector values, the following equation [19] was used to 
determine the cylindrical power (Cp):

For statistical analysis, using an autorefractometer 
measurement, a participant was considered to be myopic 
if his right eye (RE) SE was ≤-0.50 dpt (D). If the RE SE 
was ≥ + 0.5D, the participant was considered to be hyper-
opic. A participant with an RE SE between − 0.5D and 
+ 0.5D was considered to be emmetropic. After deriving 
the Cp from the power vectors, astigmatism was defined 
as ≥ 0.75D [20].

Data analysis
Data were analyzed using IBM SPSS Statistics software 
version 25. Descriptive statistics are presented using 
means and standard deviations for continuous variables 
and frequencies and percentages for discrete variables. 
To assess whether J0, J45, cylinder, or SE differed between 
the measurements, paired t-tests were performed.

To determine how different factors may contribute to 
a more significant difference between the measurements, 
two-sample t-tests were performed on the mean differ-
ence of each spherical cylinder or SE in relation to astig-
matism, myopia, hyperopia and age.

Chi-square and Fisher’s exact tests were used to evalu-
ate whether these factors influenced the prevalence of 
clinically significant changes between the two meas-
urements. Clinically significant measurements were 
determined as a change of at least 0.75D for the sphere, 
cylinder, or SE.

Results
A total of 1,395 young adults participated in this study. 
The average age was 22.17 (range, 17–39) years. Most 
participants were males (1,184, 84.8%), and 682 (48.8%) 
participants were classified as having myopia, with a 
median SE of -1.12D (range, -0.50–-8.38 D). Another 
145 (10.4%) were hyperopic, with a median SE of +0.75 
D (range, +0.50–+5.12D). Astigmatism was identified 
in 971 (69.6%) participants (median 1.00 D, range 1 to 
4.50D).

The mean SE using autorefraction was − 0.65 ± 1.19D 
compared to -0.71 ± 0.91D in subjective refraction 
(p = 0.001). The mean Cp using autorefraction was 
0.91 ± 0.52D compared with 0.67 ± 0.40D in subjective 
refraction (p < 0.001). However, the differences between 
J0 and J45 were not significant. Inter-measurement com-
parisons of the mean differences between auto- and sub-
jective refractions are presented in Table 1.

Subgroup analysis of clinically significant changes 
indicated that the difference in SE between both 

Cp = 2 J02 + J452

measurements in participants who were classified as 
hyperopic was significant (p < 0.001). In this group, 
subjective SE was lower than SE as measured using the 
autorefractometer. In participants with myopia, the 
subjective SE was also lower (in absolute value) than SE 
measured using the autorefractometer (p < 0.001). Sub-
group pairwise comparison for SE differences is fur-
therly presented in Table 2.

In participants classified as having astigmatism 
(≥ 0.75D), Cp was higher when measured using the 
autorefractor than when measured using subjective 
refraction (p < 0.001). Hyperopic refraction did not alter 
this result (p = 0.50), while myopic refraction had, as 
myopic subjects had higher Cp when measured using 
the autorefractor (p = 0.03). The differences between J0 
and J45 remained insignificant in all the groups.

The SE between measurements was not different 
in older (21 years or older) versus younger patients 
(p = 0.32). However, the difference in Cp values was sig-
nificant in the older group, with subjective refraction 
showing a lower Cp value (0.32D in the older group vs., 
0.19D in the younger group) than autorefractometry 
value (p < 0.001).

Table 1 An inter‑measurement comparison of mean differences 
between auto‑ and subjective refraction

SE Spherical Equivalent, Cp Cylindrical power, AR Autorefraction, SR Subjective 
refraction

Variable AR SR Mean Difference P value

SE ‑0.65 ± 1.19 ‑0.71 ± 0.91 0.05 p = 0.001
J0 0.01 ± 0.47 0.01 ± 0.35 ‑0.00 p = 0.86

J45 ‑0.04 ± 0.22 ‑0.03 ± 0.17 ‑0.00 p = 0.25

Cp 0.91 ± 0.52 0.67 ± 0.40 0.23 p < 0.001

Table 2 The influence of contributing factors on the spherical 
equivalent differences between autorefraction and subjective 
refraction

SE Spherical Equivalent, AR Autorefraction, SR Subjective refraction

Variable SE AR SE SR Mean difference P value

Myopia
 Yes ‑1.47 ± 1.15 ‑1.18 ± 1.09 ‑0.29 ± 0.58 p < 0.001
 No 0.12 ± 0.51 ‑0.25 ± 0.30 0.38 ± 0.40

Hyperopia
 Yes 0.87 ± 0.60 ‑0.04 ± 0.54 0.91 ± 0.47 p < 0.001
 No ‑0.83 ± 1.12 ‑0.78 ± 0.92 ‑0.04 ± 0.53

Age
 < 21 years ‑0.67 ± 1.27 ‑0.73 ± 0.99 0.06 ± 0.65 p = 0.32

 ≥ 21 years ‑0.63 ± 1.04 ‑0.67 ± 0.78 0.03 ± 0.52
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Discussion
In this study, we examined a large cohort of healthy 
young adults without any known ocular pathologies We 
aimed to examine and measure the differences between 
objective and subjective refractions.

Refraction is likely the most frequent measurement 
in clinical practice. However, subjective adjustment is 
necessary to determine the final refraction. Reducing 
the time spent in refraction is an appropriate method 
for increasing clinical efficacy and may allow clinicians 
to perform deeper eye examinations. It is crucial to 
consider that even a 0.25D difference in prescriptions 
is clinically significant and may impact an individual’s 
quality of life [3]. In this large study cohort, our find-
ings indicated that autorefractors were satisfactory 
for a preliminary refraction but were not sufficient as 
substitutes for conventional subjective refraction, as 
also reported by Goss et al. [3]. If glasses are to be pre-
scribed based on noncycloplegic autorefractor read-
ings, it is necessary to obtain a number close to the 
subjective refraction, especially in a noncooperative 
adult patients or in countries with a lack of qualified 
optometrists and ophthalmologists.

Our cohort comprised mainly young adults with a 
mean age of 22.17 years. The SE measured by subjective 
refraction was only slightly more myopic than that found 
using the autorefractometer. In the subgroup analyses, 
the absolute value of the subjective SE was lower in both 
myopes and hyperopes, IE less myopic in the myopic 
group and less hyperopic in the hyperopic group. This 
may be because myopes tend accommodate more during 
the autorefraction measurement compared to subjective 
refraction measurement. In contrast, in the participants 
with hyperopia, there might be lesser accommodation 
during autorefraction compared to subjective refraction 
or overestimation of hyperopia by the autorefractometer. 
An underestimation of hyperopia (or overestimation of 
myopia) due to instrument myopia has been described 
but studies included a relatively low number of partici-
pants and/or, most importantly, myopes and hyperopes 
were not discussed separately [21–23].

In hyperopes - less hyperopia was found during subjec-
tive refraction. This could be explained by an increased 
accommodation during subjective refraction -perhaps 
in order to concentrate rigorously and read the 20/20 
line without errors in front of the optometrist during 
an important eye exam. This could be especially true if 
hyperopia is not corrected, which leads to a constant 
accommodative effort in the daily life of young hyperopic 
adults, which increases even more during the exam. In 
contrast, facing an autorefractometer, where concentra-
tion is not needed, the participant, who is unaware of the 
test result, may be more relaxed.

On the other hand, a young, low myopic adult’s 
accommodation might not be that strong, particularly 
if left uncorrected. Furthermore, adults with myopia 
are more likely to have undergone multiple eye exami-
nations prior participating in our study, and/or know 
that they need optical correction for better vision and 
therefore are less stressful about the eye exam. In con-
trast, young participants with hyperopia who may not 
have had an eye examination during their adult life 
and are not aware of any refractive error may need to 
increase accommodation in a stressful environment of 
a crucial sight testing.

The astigmatic error in the subjective refraction was 
found to be lower than that in the autorefraction meas-
urement. This gap in astigmatic power was greater in 
the older and myopic participants. This result indicated 
that especially older myopic participants preferred less 
Cp. The cylindrical vector did not differ between meas-
urements, as was previously reported by Bullimore et al. 
[11]. In contrast, Jorge et al. showed that the autorefrac-
tor provided more positive values than the subjective 
refraction for the J0 vector, whereas the J45 component 
was more negative for the autorefractor [21].

Our findings may not fully represent visual perfor-
mance in the general population, as we only included 
young healthy adults without any known ocular issues 
with a very high motivation to excel in vision testing. 
In a previous study, we described this specific group as 
having a very high visual performance [20]. On the other 
hand, our large cohort of very motivated healthy partici-
pants provides high-quality and reliable results that shed 
light on subjective refraction compared with automated 
refraction in different refractive statuses and ages.

In conclusion, based on our results, the expected sub-
jective refraction based on autorefractometer results in 
young adults will be “less” hyperopic in hyperopes and 
“less myopic” in myopes. The Cp will also be reduced 
by about 0.25D in those with myopia and hyperopia, 
and mainly in older patients.
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