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Abstract

:

Background: The purpose of this study was to assess the inter-examiner repeatability of subjective refraction across diverse age cohorts, an aspect not previously investigated. Methods: A cross-sectional, randomized study enrolled 86 participants (mean age: 37.0 ± 18.0 years), distributed into three groups: youth, non-presbyopic adults, and presbyopic adults. Each participant underwent three subjective refractions by three different optometrists on separate days. Repeatability analysis encompassed all refractive variables (M, J0, and J45). Results: There were no significant differences between optometrists in all refractive variables for either the overall sample or across age groups (p ≥ 0.05). Additionally, no correlation was found between participants’ age and the mean difference in refractive variables across optometrists (p ≥ 0.05). The 95% confidence interval of repeatability (r) for the total sample was ±0.70 D for M, ±0.29 for J0, and ±0.21 D for J45. Conclusions: Based on these findings and previous research, it is suggested to establish 95% limits of agreement of ±0.75 D for M, and between ±0.25 D and ±0.50 D for both J0 and J45 when validating new refraction systems compared to subjective refraction as the gold standard, regardless of the age of the subjects evaluated.
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1. Introduction


The measurement of subjective refraction is arguably the most important and frequently performed procedure in clinical optometric practice. It is considered the gold standard method for determining refractive errors of the eye, as it accounts for both the optical aspects of vision and its neurophysiological processing [1]. Objective refraction, whether by retinoscopy or autorefraction, serves as an initial reference point from which subjective refraction begins. Due to technological advancements in optics and automation, new systems for measuring ocular refraction are continually being introduced to the market. These systems, which employ a wide variety of optical principles and commercial formats, include autorefractors and new instruments for automated subjective refraction [2,3,4,5].



With the emergence of these new refraction systems, clinical validation of their efficacy is necessary. It is achieved by evaluating their degree of agreement (accuracy and precision) with subjective refraction performed by an optometrist, which is considered the gold standard method [6,7,8]. The accuracy or bias of a refraction system is determined by the mean difference compared to subjective refraction. Precision, typically expressed through the 95% limits of agreement (95% LoA), represents a measure of the variability of the mean differences between the two refraction methods (subjective refraction and the one being evaluated) [9].



The scientific literature generally reports that the different commercially available instruments exhibit high accuracy compared to subjective refraction, but their precision tends to show more variability depending on the methodology used in each study, especially for the spherical equivalent [2,3,4,5,6,7,8]. The results of some authors originally suggested that, for an instrument to be considered precise, the 95% LoA for the spherical equivalent should be ±0.50 D or lower [10,11]. However, this assertion is not fully supported by scientific evidence. When considering inter-examiner repeatability of subjective refraction as a reference for establishing these expected 95% LoA, blinded studies support that 95% LoA of ±0.75 D for the spherical equivalent are more realistic than ±0.50 D [12,13].



In this context, the aim of the current study was to evaluate the inter-examiner repeatability of subjective refraction performed by three different optometrists across various age groups (youth, non-presbyopic adults, and presbyopic adults). The results of this study would help establish reference precision values when validating new refraction systems compared with subjective refraction. Additionally, the study aims to determine if inter-examiner repeatability depends on the age of the subjects evaluated, a novel aspect that has not been previously studied.




2. Materials and Methods


2.1. Study Design


A cross-sectional, randomized study was conducted in accordance with good clinical practice guidelines, institutional review board regulations, and the Declaration of Helsinki. The study protocol was approved by the research ethics committee of Hospital Clínico San Carlos (protocol code 18/485_R_P; Madrid, Spain). All procedures were carried out at the University Clinic of Optometry at the Complutense University of Madrid. Participants were included in the study voluntarily after providing written informed consent, which explained all the procedures involved.



Each participant underwent three subjective refractions performed by three different optometrists. These refractions were conducted on three separate days, in a random order, within a maximum period of two weeks based on participant availability. To prevent bias, the optometrists were blinded to the results obtained by the others.




2.2. Participants


Eighty-six participants (37.0 ± 18.0 years) out of a total of one hundred and nine evaluated were included in the study. One eye from each participant was randomly selected (by coin toss) for statistical analysis. The 86 participants were further divided into three different age groups (youth, non-presbyopic adults, and presbyopic adults), whose demographic characteristics are detailed in Table 1.



Inclusion criteria were age between 8 and 69 years, a spherical equivalent of ±10.00 D, and understanding and signing the informed consent (by legal guardians in the case of participants under 18 years). Exclusion criteria were a clinical history of amblyopia, strabismus, or other visual dysfunction affecting binocularity; the presence of any ocular disease, surgery or trauma; and the use of systemic or ocular drugs that could affect vergence or accommodation.




2.3. Subjective Refraction Procedure


The subjective refractions were conducted by three different optometrists, each with more than 10 years of experience. All the refractions were performed in the same laboratory under photopic conditions, using a trial frame and a VX22 digital screen (Visionix; Chartres, France). The optometrists began all the refractions with retinoscopy. Starting from the retinoscopy value as a reference, the maximum positive (or minimum negative) sphere to achieve maximum visual acuity was determined using the fogging technique. Next, the cylinder was adjusted using the astigmatism chart numbered from 1 to 12 (clockwise, in steps of 30°), followed by the ±0.50 D Jackson cross-cylinder to obtain the final axis and cylinder. Finally, the maximum positive sphere was adjusted again. The right eye was evaluated first, followed by the left eye. Once the procedure was completed for both eyes, binocular balance was performed by prism dissociation, and the maximum positive sphere to achieve maximum visual acuity was adjusted binocularly.




2.4. Refractive Variables Analysis


The refractive results were analyzed in terms of spherical equivalent (M) and both vertical and oblique cylindrical components (J0 and J45), according to the method proposed by Thibos et al. [14]:


M = (sphere + cylinder)/2










J0 = −(cylinder/2) × cos (2 × axis)










J45 = −(cylinder/2) × sin (2 × axis)








where enantiomorphism associated with J45 was corrected by changing the sign for the left eye.




2.5. Visual Acuity Measurement


Corrected distance visual acuity (CDVA) was measured monocularly after completing the refraction procedure with a trial frame, using the high-contrast (100%) Early Treatment Diabetic Retinopathy Study (ETDRS) test on the VX22 digital screen.




2.6. Statistical Analysis


Sample size calculation was performed with the statistical software Granmo 7.12 (Institut Municipal d’Investigació Mèdica; Barcelona, Spain), considering the spherical equivalent (M) as the main variable. An alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test were established. Sixteen participants per group were necessary to recognize as statistically significant a minimum difference of 0.25 D between optometrists, which represents the minimum difference that can be measured in the clinic. The common standard deviation was assumed to be 0.35 D based on a pilot study performed on the first 10 participants in the study, these data being consistent with those already published in the scientific literature as a reference [12,13].



Statistical analysis was performed using SPSS Statistics 23 (IBM; Chicago, IL, USA). The inter-examiner repeatability analysis considered the following variables: repeatability (Sr) and its 95% confidence interval (r), the mean difference between optometrists (bias) and its 95% limits of agreement (95% LoA), as well as the intraclass correlation coefficient (ICC). Sr is mathematically defined as the square root of the mean square within-subject standard deviation. r is mathematically defined as 2.77 × Sr and represents the limit value within which 95% of differences between optometrists should lie [15]. The ICC represents the degree of agreement between the three repeated measurements by the optometrists and was calculated using a one-way random effects model for single measurements according to the McGraw and Wong convention [16].



Bland–Altman analyses were conducted to assess the agreement (bias and precision) between the different optometrists. In this analysis, precision (95% LoA) was mathematically defined as 1.96 × the standard deviation of the mean difference between two optometrists (bias). Additionally, the Spearman correlation coefficient between the age of participants and the mean difference between optometrists was calculated.



For regression analysis, the normality of the distributions was assessed using the Shapiro–Wilk test, which indicated non-normality for all analyzed variables. Consequently, the Friedman test was selected for repeated measures multiple comparisons between the three optometrists, while Tukey’s range test was applied for pairwise comparisons between optometrists. A statistical significance level of 95% (p < 0.05) was established for all tests.



It should be noted that the 95% confidence interval for repeatability (r), considered the main variable, represents the mean of the three 95% LoA obtained from the differences between “optometrist 1 vs. optometrist 2”, “optometrist 2 vs. optometrist 3”, and “optometrist 1 vs. optometrist 3”.





3. Results


Table 2 summarizes the measured values for all variables by the three optometrists and their intersession repeatability outcomes. The results of the intraclass correlation analysis are presented in Table 3, while mean differences between optometrists and their statistical comparisons are outlined in Table 4.



Regarding the refractive variables (M, J0, and J45), there were no statistically significant differences between the optometrists for either the total sample or across different age groups (p ≥ 0.05). Nevertheless, it is notable that the repeatability of the spherical equivalent (M) was slightly better in presbyopic adults (r = 0.64 D) compared to non-presbyopic adults (r = 0.74 D) and youth (r = 0.73 D). Additionally, the repeatability of the oblique component of astigmatism (J45) was better in youth (r = 0.12 D) compared to both non-presbyopic adults (r = 0.20 D) and presbyopic adults (r = 0.25 D). Yet, these findings were not consistent with the intraclass correlation analysis, which indicated a lower ICC for J45 in the youth group (ICC = 0.384) compared to non-presbyopic adults (ICC = 0.913) and presbyopic adults (ICC = 0.889).



The variable that showed statistically significant differences between optometrists was corrected distance visual acuity (CDVA). Specifically, the repeated measures analysis using the Friedman test revealed significant differences for the total sample (p < 0.001) and both adult groups, non-presbyopes (p < 0.001) and presbyopes (p = 0.043). The pairwise comparison with Tukey’s range test indicated that, for non-presbyopic adults, these differences were primarily associated with measurements from optometrists 1 and 3, which exhibited a bias ±95% LoA of −0.05 ± 0.16 logMAR (p = 0.019). The absence of differences between optometrists in youth (p ≥ 0.05) also translated into higher repeatability in this group (r = 0.12 logMAR) compared to non-presbyopic adults (r = 0.18 logMAR) and presbyopic adults (r = 0.20 logMAR).



On the other hand, Figure 1 shows the Bland–Altman plots assessing the individual differences between optometrists for the refractive variables (M, J0, and J45) in the total sample. The 95% limits of agreement (95% LoA) for the spherical equivalent (M) were consistent across the comparisons between “optometrist 1 vs. optometrist 2” and “optometrist 1 vs. optometrist 3” (95% LoA = 0.66 D for both). However, the 95% LoA was relatively higher between “optometrist 2 vs. optometrist 3” (95% LoA = 0.79 D). The mean of these three 95% LoA values represents the 95% confidence interval (r) of the repeatability, as summarized in Table 2 (r = 0.70 D). Conversely, the 95% LoA of the cylindrical components (J0 and J45) between “optometrist 2 vs. optometrist 3” were lower than those between “optometrist 1 vs. optometrist 2” and “optometrist 1 vs. optometrist 3”.



Finally, Figure 2 presents the scatter plots and the linear correlations between the age of participants and the mean difference between the different optometrists for the refractive variables (M, J0, and J45). The analysis of Spearman’s correlation coefficients did not show any statistically significant correlation between these parameters (p ≥ 0.05).




4. Discussion


To the best of our knowledge, this was the first study to evaluate the repeatability of subjective refraction based on the age of the participants. From a clinical perspective, the results of this study would provide a reference for the differences that can be expected as normal between the refractive prescriptions performed by different optometrists. The interest in evaluating different age groups arises from the fact that the accommodation process, which diminishes with age, can lead to spasms and fluctuations of the ciliary muscle. Both spasms and fluctuations are sources of error in refraction procedures, primarily resulting in overestimation of myopia or underestimation of hyperopia [17]. On the other hand, it is established that the difference found in subjective refraction between optometrists is the one that should be tolerated when comparing the automated refraction obtained by new instruments appearing on the market with that obtained by an optometrist through the subjective procedure as the gold standard. In this regard, no significant differences were found among the three optometrists across the different age groups for the different refractive variables analyzed (M, J0, and J45). However, some disparities were noted regarding the 95% limits of agreement (95% LoA), which are discussed below.



For the spherical equivalent (M), the 95% confidence interval for repeatability (r), which represents the mean of the three 95% LoA obtained from the differences between optometrists, was slightly better in presbyopic adults compared to youth and non-presbyopic adults (see Table 2). This could be due to the fact that both youth and non-presbyopic adults retain accommodative function, which has been shown to be a source of error in refraction procedures [18]. Nevertheless, the idea that the loss of accommodation leads to better inter-examiner repeatability of M should not be generalized, as the comparison between optometrists 1 and 3 showed contradictory results, with the 95% LoA for youth and presbyopic adults being similar (see Table 4). Furthermore, the lack of correlation between participants’ age and the differences in M between optometrists supports the notion that repeatability of M does not depend on age (see Figure 2), nor on the type of refractive error, as evidenced by the Bland–Altman plots (see Figure 1).



As mentioned earlier, no studies were found in the scientific literature analyzing the influence of the age of the subjects on the repeatability of subjective refraction. There are, however, a couple of blinded studies from the 1990s that analyzed the inter-examiner repeatability of M between two optometrists in a general population. Zadnik et al. [12] reported 95% LoA of ±0.63 D for a total of 40 non-presbyopic adults, which are slightly better than the values of the current study for the same age group (r = 0.74 D). Bullimore et al. [13] analyzed 86 subjects aged 11 to 60 years and found 95% LoA of ±0.78 D, worse than those found in the total sample of our study (r = 0.70 D). Based on the results from these authors and the current study, it could be inferred that the 95% LoA for M expected between optometrists would be around ±0.75 D, regardless of age, rather than the ±0.50 D previously proposed by older studies without a masking protocol [10,11]. Therefore, if ±0.75 D is the expected 95% LoA between optometrists, this value could also be established as a reference when validating new refraction systems compared with subjective refraction as the gold standard.



Other authors also investigated the repeatability of M measured by a single optometrist across different sessions. In non-presbyopic adults, Rosenfield and Chu [19] found 95% LoA of ±0.27 D when evaluating 12 subjects in 5 different sessions, while Raasch et al. [20] reported values of ±0.51 D after measuring 40 subjects in 2 sessions. These studies demonstrated that the repeatability of M measured by a single optometrist (intra-examiner) would be better than that between different optometrists (inter-examiner). Nevertheless, it should be noted that intra-examiner measurements present some biases that would make using their 95% LoA as a reference for validating new refraction systems questionable. Among these biases is the inability to mask the results from the examiner, as well as the fact that repeatability could improve with an increasing number of measurement sessions, as hypothesized from the results of the two aforementioned studies [19,20].



Concerning astigmatism, the 95% confidence interval values (r) for J0 and J45 seemed to indicate better repeatability in both youth and non-presbyopic adults compared to presbyopic adults (see Table 2). However, there is a significant limitation in analyzing these results segmented by age groups, as the sample had relatively low astigmatism values (the average cylinder was −0.38 ± 0.42 D, with a maximum value of −1.50 D). For example, in the smallest group, which was the youth, only 7 out of 17 participants were prescribed at least −0.25 D of cylinder by any of the three optometrists, which would also explain the anomalous ICC values described in this group for J45 (see Table 3). Thus, the analysis of repeatability based on age could be limited to the lack of correlation between participants’ age and the differences in J0 and J45 between optometrists (see Figure 2), as was the case with M.



If the total sample of this study is considered, it can be observed that the 95% LoA for J0 and J45 are close to ±0.25 D, being slightly worse for J0 (±0.29 D) compared to J45 (±0.21 D). In the only study that previously measured the inter-examiner repeatability of J0 and J45, Bullimore et al. [13] reported 95% LoA of ±0.38 D and ±0.31 D for J0 and J45, respectively. Although the number of participants and their ages were similar to those in our study, it should be noted that the astigmatism values were higher in their study, with cylinders reaching up to -4.00 D. Regarding the 95% LoA for J0 and J45 that would be expected to validate a new refraction system compared to subjective refraction, the inter-examiner repeatability results from both studies could suggest acceptable values between ±0.25 D and ±0.50 D. On the other hand, the only study that evaluated the intra-examiner repeatability of J0 and J45, conducted by Raasch et al. [20], found values of ±0.23 D and ±0.16 D for the 95% LoA of J0 and J45, respectively.



In relation to the corrected distance visual acuity (CDVA), although it was a secondary variable in this study, significant differences were observed among the optometrists, with variations of up to half a line of visual acuity (0.05 logMAR) between optometrists 1 and 3 for non-presbyopic adults (see Table 4). The repeatability results of the current study were worse than those originally published in the scientific literature in the latter half of the twentieth century using the ETDRS test [21]. Nevertheless, it should be noted that we measured visual acuity using a VX22 digital screen (Visionix; Chartres, France), with the inter-examiner repeatability results reported for the first time.



It is now necessary to point out the shortcomings of this study. One of the main limitations was the disparity in the sample sizes of the age groups, with fewer participants in the youth group compared to both adult groups. This limitation especially hindered the analysis of the repeatability of cylindrical components (J0 and J45) based on age. A larger overall sample would have also allowed for the analysis of a wider variety of refractive errors, thus the expected values for the 95% LoA proposed here are subject to future revision. Another limitation of the cohorts was the disparity in the gender of the participants, with a higher number of women than men and unequal percentages in each of the age groups analyzed. However, there seems to be no consensus in the scientific literature regarding whether accommodative function, the main factor affecting the measurement of refraction, or the prevalence of presbyopia differs between genders [22,23]. Furthermore, it should be noted that the refraction was performed by three different optometrists using a similar protocol, despite the minor variations that may arise with each patient due to the subjective nature of the procedure. This implies that the study does not reflect the repeatability that many other subjective procedures used in clinical practice may exhibit based on the individual preference of each optometrist [1]. Lastly, it remains unknown how the use of cycloplegic agents would affect the repeatability of subjective refraction [18], even though their use is not widespread globally due to limitations in some countries regarding the prescription rights of optometrists, as is the case in Spain, where the study was conducted.




5. Conclusions


This study found no significant differences among optometrists for the measured refractive variables (M, J0, and J45) and no link between the repeatability of these measurements and participants’ age. Furthermore, based on the results of the current study and previous research, it is suggested to establish 95% LoA of ±0.75 D for M, and between ±0.25 D and ±0.50 D for both J0 and J45 when validating new refraction systems against subjective refraction as the gold standard, regardless of the age of the subjects evaluated.
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Figure 1. Bland–Altman plots of the total sample in terms of spherical equivalent (M; (left column, red)), vertical cylindrical component (J0; (middle column, green)), and oblique cylindrical component (J45; (right column, blue)) to assess agreement between the three different optometrists. The middle line represents the mean difference between optometrists (bias). The two dotted lines indicate the 95% limits of agreement (precision), which represent the boundary within which 95% of the differences between optometrists are expected to lie. 
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Figure 2. Scatter plots and linear correlations between the age of participants and the mean difference between the optometrists for spherical equivalent (M) and cylindrical components (J0 and J45). The analysis of Spearman’s correlation coefficients (ρ) did not show any statistically significant correlation between these parameters (p ≥ 0.05). 
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Table 1. Demographic characteristics of the participants in the study.
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	Groups
	Sample (n)
	Mean Age (Years)
	Age Range (Years)
	Gender (f/m)





	Total
	86
	37.0 ± 18.0
	8–69
	57/29



	Youth
	17
	12.2 ± 4.0
	8–18
	10/7



	Non-presbyopic adults
	38
	31.5 ± 6.9
	22–43
	28/10



	Presbyopic adults
	31
	57.3 ± 6.5
	46–69
	19/12










 





Table 2. Inter-examiner repeatability in terms of repeatability (Sr) and its 95% confidence interval (r) for spherical equivalent (M), cylindrical vectors (J0 and J45), and corrected distance visual acuity (CDVA).
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Variable

	
Group

	
Mean ± SD

	
Repeatability

(Sr)

	
95% Confidence Interval (r)




	
Optometrist 1

	
Optometrist 2

	
Optometrist 3






	
M (D)

	
Total

	
−0.86 ± 2.56

	
−0.88 ± 2.66

	
−0.86 ± 2.62

	
0.25

	
0.70




	
Youth

	
−0.27 ± 1.41

	
−0.24 ± 1.58

	
−0.21 ± 1.44

	
0.26

	
0.73




	
Non-presbyopes

	
−2.07 ± 2.80

	
−2.19 ± 2.87

	
−2.10 ± 2.87

	
0.27

	
0.74




	
Presbyopes

	
0.31 ± 2.08

	
0.37 ± 2.13

	
0.32 ± 2.14

	
0.23

	
0.64




	
J0 (D)

	
Total

	
0.02 ± 0.25

	
0.02 ± 0.24

	
0.04 ± 0.23

	
0.10

	
0.29




	
Youth

	
0.00 ± 0.15

	
0.04 ± 0.18

	
0.01 ± 0.13

	
0.10

	
0.28




	
Non-presbyopes

	
0.07 ± 0.21

	
0.08 ± 0.20

	
0.12 ± 0.21

	
0.09

	
0.26




	
Presbyopes

	
−0.02 ± 0.33

	
−0.05 ± 0.30

	
−0.03 ± 0.28

	
0.11

	
0.32




	
J45 (D)

	
Total

	
0.00 ± 0.15

	
−0.01 ± 0.14

	
−0.01 ± 0.15

	
0.08

	
0.21




	
Youth

	
0.02 ± 0.06

	
0.00 ± 0.06

	
−0.01 ± 0.02

	
0.04

	
0.12




	
Non-presbyopes

	
−0.01 ± 0.15

	
−0.01 ± 0.15

	
0.00 ± 0.16

	
0.07

	
0.20




	
Presbyopes

	
−0.01 ± 0.18

	
−0.02 ± 0.15

	
−0.03 ± 0.18

	
0.09

	
0.25




	
CDVA

(logMAR)

	
Total

	
−0.15 ± 0.09

	
−0.13 ± 0.08

	
−0.12 ± 0.09

	
0.06

	
0.18




	
Youth

	
−0.13 ± 0.05

	
−0.10 ± 0.05

	
−0.12 ± 0.07

	
0.04

	
0.12




	
Non-presbyopes

	
−0.18 ± 0.09

	
−0.15 ± 0.07

	
−0.13 ± 0.09

	
0.06

	
0.18




	
Presbyopes

	
−0.13 ± 0.09

	
−0.11 ± 0.08

	
−0.12 ± 0.11

	
0.07

	
0.20








The groups of non-presbyopes and presbyopes refer to adult participants.













 





Table 3. Intraclass correlation coefficient (ICC) and its 95% confidence interval for spherical equivalent (M), cylindrical vectors (J0 and J45), and corrected distance visual acuity (CDVA).






Table 3. Intraclass correlation coefficient (ICC) and its 95% confidence interval for spherical equivalent (M), cylindrical vectors (J0 and J45), and corrected distance visual acuity (CDVA).





	
Groups

	
Intraclass Correlation Coefficient [95% Confidence Interval]




	
M

	
J0

	
J45

	
CDVA






	
Total

	
0.997 [0.995, 0.998]

	
0.930 [0.900, 0.952]

	
0.893 [0.847, 0.927]

	
0.734 [0.619, 0.818]




	
Youth

	
0.986 [0.976, 0.996]

	
0.811 [0.581, 0.926]

	
0.384 [−0.367, 0.758]

	
0.762 [0.472, 0.906]




	
Non-presbyopic adults

	
0.997 [0.995, 0.998]

	
0.912 [0.850, 0.951]

	
0.913 [0.852, 0.952]

	
0.703 [0.493, 0.835]




	
Presbyopic adults

	
0.996 [0.993, 0.998]

	
0.949 [0.907, 0.974]

	
0.889 [0.800, 0.943]

	
0.733 [0.517, 0.862]











 





Table 4. Mean difference between the optometrists (bias) and its 95% limits of agreement (95% LoA) for spherical equivalent (M), cylindrical vectors (J0 and J45), and corrected distance visual acuity (CDVA).






Table 4. Mean difference between the optometrists (bias) and its 95% limits of agreement (95% LoA) for spherical equivalent (M), cylindrical vectors (J0 and J45), and corrected distance visual acuity (CDVA).





	
Variable

	
Group

	

	
Optometrist 1–Optometrist 2

	
Optometrist 1–Optometrist 3

	
Optometrist 2–Optometrist 3

	
p-Value






	
M (D)

	
Total

	
Bias ± 95% LoA

	
0.02 ± 0.66

	
0.00 ± 0.66

	
−0.02 ± 0.79

	
0.866




	
p-Value

	
0.998

	
>0.999

	
0.998




	
Youth

	
Bias ± 95% LoA

	
−0.03 ± 0.78

	
−0.06 ± 0.57

	
−0.03 ± 0.86

	
0.721




	
p-Value

	
0.998

	
0.993

	
0.998




	
Non−presbyopes

	
Bias ± 95% LoA

	
0.11 ± 0.65

	
0.03 ± 0.74

	
−0.09 ± 0.80

	
0.281




	
p-Value

	
0.983

	
0.999

	
0.991




	
Presbyopes

	
Bias ± 95% LoA

	
−0.06 ± 0.57

	
−0.01 ± 0.59

	
0.06 ± 0.74

	
0.151




	
p-Value

	
0.992

	
>0.999

	
0.994




	
J0 (D)

	
Total

	
Bias ± 95% LoA

	
0.00 ± 0.29

	
−0.02 ± 0.31

	
−0.02 ± 0.25

	
0.915




	
p-Value

	
>0.999

	
0.862

	
0.873




	
Youth

	
Bias ± 95% LoA

	
−0.04 ± 0.33

	
−0.01 ± 0.20

	
0.03 ± 0.31

	
0.531




	
p-Value

	
0.756

	
0.989

	
0.835




	
Non−presbyopes

	
Bias ± 95% LoA

	
−0.01 ± 0.25

	
−0.05 ± 0.29

	
−0.04 ± 0.24

	
0.454




	
p-Value

	
0.985

	
0.582

	
0.684




	
Presbyopes

	
Bias ± 95% LoA

	
0.03 ± 0.31

	
0.01 ± 0.35

	
−0.02 ± 0.27

	
0.855




	
p-Value

	
0.930

	
0.994

	
0.964




	
J45 (D)

	
Total

	
Bias ± 95% LoA

	
0.01 ± 0.22

	
0.01 ± 0.24

	
0.00 ± 0.16

	
0.868




	
p-Value

	
0.955

	
0.949

	
>0.999




	
Youth

	
Bias ± 95% LoA

	
0.02 ± 0.14

	
0.03 ± 0.12

	
0.01 ± 0.12

	
0.101




	
p-Value

	
0.594

	
0.323

	
0.885




	
Non−presbyopes

	
Bias ± 95% LoA

	
−0.01 ± 0.24

	
−0.02 ± 0.24

	
−0.01 ± 0.12

	
0.679




	
p-Value

	
0.978

	
0.901

	
0.971




	
Presbyopes

	
Bias ± 95% LoA

	
0.02 ± 0.25

	
0.02 ± 0.29

	
0.01 ± 0.20

	
0.711




	
p-Value

	
0.918

	
0.847

	
0.987




	
CDVA

(logMAR)

	
Total

	
Bias ± 95% LoA

	
−0.03 ± 0.18

	
−0.03 ± 0.18

	
0.00 ± 0.14

	
<0.001 *




	
p-Value

	
0.069

	
0.057

	
0.996




	
Youth

	
Bias ± 95% LoA

	
−0.03 ± 0.10

	
−0.01 ± 0.12

	
0.02 ± 0.10

	
0.281




	
p-Value

	
0.352

	
0.855

	
0.668




	
Non−presbyopes

	
Bias ± 95% LoA

	
−0.03 ± 0.16

	
−0.05 ± 0.16

	
−0.02 ± 0.16

	
<0.001 *




	
p-Value

	
0.240

	
0.019 β

	
0.498




	
Presbyopes

	
Bias ± 95% LoA

	
−0.03 ± 0.22

	
−0.01 ± 0.22

	
0.01 ± 0.14

	
0.043 *




	
p-Value

	
0.515

	
0.866

	
0.825








The groups of non-presbyopes and presbyopes refer to adult participants. The statistical comparison was performed between optometrists. * p < 0.05, Friedman test (multiple comparison). β p < 0.05, Tukey’s range test (pairwise comparison).
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