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Abstract

Purpose—To evaluate associations between stereoacuity and presence, type, and severity of

vision disorders in Head Start preschool children and determine testability and levels of

stereoacuity by age in children without vision disorders.

Methods—Stereoacuity of children aged 3 to 5 years (n = 2898) participating in the Vision in

Preschoolers (VIP) Study was evaluated using the Stereo Smile II test during a comprehensive

vision examination. This test uses a two-alternative forced-choice paradigm with four stereoacuity

levels (480 to 60 seconds of arc). Children were classified by the presence (n = 871) or absence (n

= 2027) of VIP Study–targeted vision disorders (amblyopia, strabismus, significant refractive

error, or unexplained reduced visual acuity), including type and severity. Median stereoacuity

between groups and among severity levels of vision disorders was compared using Wilcoxon rank

sum and Kruskal-Wallis tests. Testability and stereoacuity levels were determined for children

without VIP Study–targeted disorders overall and by age.

Results—Children with VIP Study–targeted vision disorders had significantly worse median

stereoacuity than that of children without vision disorders (120 vs. 60 seconds of arc, p < 0.001).

Children with the most severe vision disorders had worse stereoacuity than that of children with

milder disorders (median 480 vs. 120 seconds of arc, p < 0.001). Among children without vision
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disorders, testability was 99.6% overall, increasing with age to 100% for 5-year-olds (p = 0.002).

Most of the children without vision disorders (88%) had stereoacuity at the two best disparities (60

or 120 seconds of arc); the percentage increasing with age (82% for 3-, 89% for 4-, and 92% for 5-

year-olds; p < 0.001).

Conclusions—The presence of any VIP Study–targeted vision disorder was associated with

significantly worse stereoacuity in preschool children. Severe vision disorders were more likely

associated with poorer stereopsis than milder or no vision disorders. Testability was excellent at

all ages. These results support the validity of the Stereo Smile II for assessing random-dot

stereoacuity in preschool children.
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Stereopsis, or depth perception, is based on the horizontal retinal image disparity between

the two eyes. Stereoacuity, which is a threshold measure of the acuteness of this depth

perception, provides an indication of the level of sensory binocularity an individual has.

Reduced stereoacuity can be associated with vision disorders, including strabismus,

amblyopia, or significant refractive error.1–10 Stereopsis testing is, therefore, often used

clinically for detecting vision disorders and monitoring sensory binocularity. Random-dot

(global) stereotesting is more effective than contour or line (local) stereotesting for detecting

vision anomalies. There are fewer monocular cues for target detection, and perception of the

target in depth requires binocular sensory input.1,9 There are several stereopsis tests that

have been designed for younger children and are useful in pre-school settings for both

screening and/or examination.10–16 Two-alternative forced-choice paradigms using random-

dot stimuli have been found to have a high testability among younger pre-school

children.17–19 The Stereo Smile II is a portable handheld random-dot stereogram (adapted

from an earlier prototype called the Stereo Smile I) using a familiar “smiley face” as the

stimulus against a random-dot background.

The Vision in Preschoolers (VIP) Study is a multicenter, multidisciplinary, cross-sectional,

two-phased study designed to evaluate the performance of vision screening tests for

identifying preschool children with amblyopia, strabismus, significant refractive error, or

unexplained reduced visual acuity (VA) who would benefit from a comprehensive vision

examination. The results of the VIP Study provide evidence-based guidelines for preschool

vision screening.20–23

Previous VIP Study results evaluated testability18,20,22,24 for several measures of

stereoacuity in a screening setting including the Random Dot E, Randot Preschool

Stereoacuity Test (RPST), and the Stereo Smile II. These studies demonstrated higher

testability for the Stereo Smile II screening protocol, along with a higher sensitivity in

detecting strabismus amonga preschool population.18,20,22

The purpose of this study is to evaluate the association between stereoacuity and the

presence, type, and severity of vision disorders in Head Start preschool children and to
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determine testability and expected levels of stereoacuity in an examination setting to

establish normative data for preschool children without vision disorders.

METHODS

The present study is a secondary analysis of the VIP Study data. The purpose and methods

of each of the phases (I and II) of the VIP Study, including exclusion and inclusion criteria,

have been previously described.20,22

Included in this analysis are the data from the Stereo Smile II conducted in an examination

setting where the testing sequence is slightly longer and in which additional trials are

required to obtain a threshold of stereoacuity. The VIP Study provided a large cohort of

preschool children with and without vision disorders. This allows an assessment of the

association between stereoacuity and the presence, type, and severity of vision disorders in

Head Start preschool children. It also provides data on the levels of stereoacuity expected in

preschool children without vision disorders.

Subjects

A total of 2898 three- to five-year-old children attending preschool Head Start and enrolled

in the VIP Study through one of five clinical sites (Berkeley, California; Boston,

Massachusetts; Columbus, Ohio; Philadelphia, Pennsylvania; Tahlequah, Oklahoma) during

a 2-year period (2002 to 2003) were included in this study. Participants included all children

who failed and a random sample (~20%) of children of the same age and from the same

school who had passed a standard vision screening. This provided a racially and ethnically

diverse population from across the country that was enriched with children who had vision

disorders. All children were aged 3 to 5 years based on their age as of September 1 of the

academic year they were enrolled in the study.

The VIP Study adhered to the tenets of the Declaration of Helsinki and was approved by the

appropriate local institutional review boards associated with each VIP center. Parents or

legal guardians of participating children provided written informed consent after explanation

of the nature and possible consequences of the study and before testing.

Comprehensive Vision Examinations

All children underwent a comprehensive vision examination that included VA, cover testing,

and cycloplegic retinoscopy, as previously described.20,22 All examinations were completed

by licensed eye care professionals; optometrists and ophthalmologists (examiners) who had

experience in the examination of young children and who had completed VIP Study–

specific training and certification on all examination procedures including stereopsis.20,22

Comprehensive vision examinations were conducted in one of five identical mobile vision

units specifically designed for the VIP Study and outfitted with the same testing conditions

(e.g., seating, lighting, and testing equipment) across all five study centers.25 In addition to

providing uniformity in testing conditions, the mobile vision units traveled to the Head Start

Centers to enable increased accessibility for participating children and their parents.
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Results from the comprehensive vision examinations were used to classify children with

respect to the presence of any of the four VIP Study–targeted eye disorders: amblyopia,

strabismus, significant refractive error, and unexplained reduced VA. These vision disorders

were further classified into three hierarchical severity groups: Group 1 (most severe), Group

2 (moderate), and Group 3 (mild), as previously reported20,22 (Table 1).

Stereoacuity Testing

Stereoacuity testing was administered as part of the comprehensive vision examination and

was assessed with the Stereo Smile II, a two-alternative forced-choice test consisting of the

following six cards. A Demonstration or Pretest Card A (non–stereo smile face on a

background of a random-dot pattern seen without stereoacuity), a Blank card (random-dot

pattern only), and four Test cards, each displaying a random-dot stereo smile face of

successively finer levels of disparity in one-octave steps when viewed through polarized

glasses at a test distance of 40 cm. These four cards are labeled Card B, 480 seconds of arc;

Card C, 240 seconds of arc; Card D, 120 seconds of arc; Card E, 60 seconds of arc (best

stereoacuity). The child wears colorful pediatric-sized polarized glasses throughout the

testing (Fig. 1).

The examiner conducted a pretest by presenting the Demonstration Card A and asking the

child to point to the “Smile” or “Happy Face.” Card A was then paired next to the Blank

card at the 40-cm test distance from the child’s eyes. The tops of the cards were tilted

slightly back (5 to 10 degrees) toward the examiner to maximize illumination and minimize

glare on the cards. If the child passed the demonstration card by correctly pointing to the

“Smile” on four of four or four of five presentations, the examiner then presented the Blank

card paired with Card B (480 seconds of arc) and repeated the procedure. The order of

testing then proceeded from Card B (480 seconds of arc) to Card D (120 seconds of arc),

initially skipping Card C (240 seconds of arc). If the child was unable to pass Card D (120

seconds of arc), the examiner next administered Card C (240 seconds of arc), after which the

testing stopped. If the child was able to pass Card D (120 seconds of arc), the examiner next

administered Card E (60 seconds of arc), after which the testing stopped. This procedure

allowed the test to be shortened by one stereoacuity card level (with four to five

presentations), thereby reducing test time and fatigue in these young children (Fig. 2).

The examiner randomly varied the left-right position of the cards by shuffling them in a

manner that did not allow the child to follow the position of the card or to see the back of the

card with identifying information (e.g., stereoacuity level or identification of card as Blank).

The child’s stereoacuity level was the best disparity for which the child was able to obtain

four correct responses out of a maximum of five presentations at each disparity level (the

child was allowed up to one error at each level). Children who could not complete the

Pretest Card A were classified as “unable.” Children who were only able to complete Card

A were scored as being testable but having “no measurable stereopsis.”

Statistical Analysis

The distribution of stereoacuity was examined by the proportion of each stereoacuity level

(60, 120, 240, 480 seconds of arc, “no measurable stereopsis” or “unable”) and summarized
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by the median and the first and third quartiles (without considering “unables” because their

stereoacuity was unknown). The comparison of the stereoacuity between children with

versus without any VIP Study–targeted vision disorder was performed using the Fisher exact

test for comparing proportions (including “unables”) and the Wilcoxon rank sum test for

comparison of median (excluding “unables”). Similar comparisons were made for the types

of vision disorders (amblyopia, strabismus, significant refractive error, and unexplained

reduced VA) and by severity (Groups 1, 2, 3) of vision disorders. The comparison of

stereoacuity among severity groups of vision disorders was performed by the Kruskal-Wallis

test. The comparison of proportion of “unable” with increasing age groups (3-, 4-, or 5-year-

olds) was performed using the Cochran-Armitage Trend Test. All the statistical analyses

were performed in SAS version 9.3 (SAS Institute Inc., Cary, NC), and two-sided p < 0.05 is

considered to be statistically significant.

RESULTS

Of the 2898 participating children, 871 children had one or more VIP Study–targeted vision

disorders and 2027 did not have any VIP Study–targeted vision disorder. When stratified by

age, 628 (21.7%) of the children were aged 3 years, 1553 (53.6%) were aged 4 years, and

717 (24.7%) were aged 5 years. Consistent with the overall participants, about 30% of the

children in each age group were classified as having one or more vision disorders.

In the study, 29 children were unable to complete Card A (termed “unable”). Although the

percentage of “unable” was low in both groups of children, the percentage of “unable” was

higher in children with vision disorders than in children without vision disorders (2.3 vs.

0.4%, p < 0.001; Table 2). Within each group, the percentage of “unable” decreased with

age (p < 0.01 for test of trend).

Overall, 242 children were able to complete the pretest (Card A) only and were classified as

having “no measurable stereopsis.” A significantly higher percentage of children with vision

disorders than without vision disorders had “no measurable stereopsis” (212 [24.3%] of 871

vs. 30 [1.5%] of 2027, respectively, p < 0.001; Table 2). The percentage of “no measurable

stereopsis” tended to decrease with age for children with vision disorders (25.9% in 3-year-

olds, 26.2% in 4-year-olds, 18.8% in 5-year-olds, p = 0.08 for test of trend) and for children

without vision disorders (2.7% in 3-year-olds, 1.2% in 4-year-olds, 1% in 5-year-olds, p =

0.03 for test of trend).

The distribution of stereoacuity levels by presence or absence of any vision disorder overall

and by age is provided in Table 2. Children with VIP Study–targeted vision disorders had a

median stereoacuity of 120 seconds of arc, which is significantly poorer than in those

without vision disorders (60 seconds of arc, p < 0.001). A similar pattern of differences was

seen at each age group (all p < 0.001; Table 2).

The distribution of stereoacuity levels by each type of VIP Study–targeted vision disorder is

shown in Table 3. Stereoacuity was poorer in children with each type of vision disorder

compared with that in children without any of the vision disorders (all p < 0.001). Median

stereoacuity was “no measurable stereopsis” for children with strabismus, 480 seconds of
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arc for children with amblyopia, 240 seconds of arc for children with significant refractive

error, and 120 seconds of arc for children with unexplained reduced VA, whereas median

stereoacuity was 60 seconds of arc in children without any vision disorder. Furthermore,

children with severe (Group 1) vision disorders also had worse stereoacuity than that of

children with moderate or mild vision disorders (median stereoacuity of 480, 120, and 120

seconds of arc, respectively, for severe, moderate, and mild vision disorders, p < 0.001;

Table 4). Compared with children without any vision disorder, children with severe (Group

1) vision disorders were much less likely to achieve the best level (i.e., 60 seconds of arc) of

stereopsis (9.2 vs. 64%, p < 0.001) and much more likely to demonstrate “no measurable

stereopsis” (41.6 vs. 1.5%, p < 0.001).

For preschool children without any VIP Study–targeted vision disorder, 88% were able to

pass one of the two best levels of stereoacuity (60 or 120 seconds of arc) and ranged from

81.6% in 3-year-olds to 91.6% in 5-year-olds (Table 2). Increasing age was also associated

with an increasing percentage of preschool children able to obtain the best level of

stereoacuity of 60 seconds of arc (52.2% of 3-year-olds, 64.9% of 4-year-olds, and 71.4% of

5-year-olds, p < 0.001 for test of trend).

DISCUSSION

The VIP Study tested a geographically, racially, and ethnically diverse population of Head

Start preschool children whose sample population was enriched with vision disorders.26

Although the study participants may not necessarily be representative of a general

population, the higher prevalence of vision disorders in this study population allows

assessment of the comparative relationship between stereoacuity levels of preschool children

with and without these vision disorders. This association can reasonably be extended to the

general population of preschool children. Therefore, this study provides useful clinical

information for the testing of stereopsis in preschool children with and without vision

disorders.

This study demonstrated a higher testability (>99%) of the Stereo Smile II on 3- to 5-year-

old preschool children when compared with other studies that used random-dot tests of

stereopsis, with the greatest difference in the cohort of 3-year-old children.10,11,15,16,27,28

Although the Sydney Paediatric Eye Disease (SPED) Study27 showed an overall higher

testability for the Lang-Stereotest II, only children younger than 30 months were

administered the Stereo Smile II, whereas children of all ages (aged 6 to 72 months) were

administered the Lang-Stereotest II. It is also not clear whether the actual SPED test

procedure used for the Stereo Smile II included the use of the Demonstration Card (A) or a

shortened format. Furthermore, the lower testability reported in the SPED Study could be

attributable to the fact that testability was defined as an attempt to “match all corresponding

figures and completion...of the tests” rather than by an ability for the child to understand the

task and complete the demonstration card or monocularly viewed items only. The Stereo

Smile II test is an inherently more difficult task because it assesses more and finer (60

seconds of arc) levels of stereoacuity compared with the Lang II (Lang II: 600, 400, 200

seconds of arc; Stereo Smile II: 480, 240, 120, 60 seconds of arc).
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Overall, the VIP Study shows that preschool children who were “unable” to complete

stereoacuity testing were 5.75 times more likely to have a vision disorder. These findings

support an earlier analysis from the VIP Study that showed that children who were tested as

“unable” on screening tests including autorefraction and VA were two times more likely to

have a vision disorder than children who were testable.29 This suggests that, in a screening

setting, preschool children who test “unable” should be referred for a vision examination. In

an examination setting, these results also can be helpful to suggest the presence of a vision

disorder. Children who were only able to complete the Demonstration Card A and therefore

had “no measurable stereopsis” were 16.2 times more likely to have a vision disorder.

Each vision disorder was also associated with a reduced median level of stereoacuity, which

was always worse than that in the population of children without vision disorders and could

indicate poor sensory binocularity. Although the presence of strabismus is often

accompanied by a severe reduction or absence of stereopsis, the relatively poorer levels of

median stereoacuity for each VIP Study–targeted vision disorder provide support that

stereoacuity can be an indicator of the level of binocular vision a child has in the presence of

any of these disorders. In addition, the inverse relationship between the severity of vision

disorders (Groups 1, 2, and 3) and levels of stereopsis (better levels of stereopsis in less

severe vision disorders) can be a further indicator of visual function and binocularity and

supports the validity of the Stereo Smile II for assessment of stereopsis in preschool

children. Thus, there is a significantly decreased likelihood that a child with a severe vision

disorder would demonstrate 60 seconds of arc stereopsis. Children with a severe vision

disorder have a poorer median level of stereoacuity and are at a relatively high risk of

having either poor or “no measurable stereopsis.”

The SPED Study compared the diagnostic reliability and normative values of three tests of

stereopsis for the detection of amblyopia, strabismus, and anisometropia in children aged 24

to 72 months. The authors concluded that the RPST “was found to be most reliable in

detecting ocular conditions” but only performed the Stereo Smile II on a smaller subset of

less testable children (younger than 30 months or those unable to complete the RPST) with a

very low prevalence of vision disorders, whereas the RPST was only performed on older,

more cooperative children (aged 30 to 72 months).27 In contrast, the VIP Study included a

very large cohort of preschool children with vision disorders over a smaller age range (aged

36 to 59 months) that also included children with a significant refractive error.

Future investigations can determine whether stereopsis could be used to monitor and help

identify the type of intervention that might be most effective in improving binocularity and

evaluating treatment efficacy (e.g., lenses, patching, vision therapy, or surgery) once it is

provided.

This study also provides normative data on the expected levels of stereoacuity in preschool

children without any VIP Study–targeted vision disorder that are similar to levels found in

other studies with random-dot tests designed for preschoolers.6,15 Most children without

VIP Study–targeted vision disorders were able to obtain one of the two best levels of

stereoacuity, whereas only a small percentage had either “no measurable stereopsis” or the

poorest level. The reduced stereoacuity in a small percentage of children without any VIP
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Study–targeted vision disorder may be attributable to other unidentified factors, such as poor

visual attention, large accommodative lags, or mild undiagnosed cognitive, visual motor, or

visual perceptual deficits, which were beyond the scope of this study. Although the median

stereoacuity was the same for all three age groups, the percentage attaining the best levels of

stereoacuity (60 or 120 seconds of arc) increased with age (81.6% in 3-year-olds, 89.2% in

4-year-olds, and 91.6% in 5-year-olds, p < 0.001), indicating that stereoacuity either may not

be fully developed or some children’s ability to complete all disparity levels is still

improving as they enter the preschool years. When applied in a clinical setting, preschool

children with poorer levels of stereoacuity on the Stereo Smile II (e.g., “unable,” “no

measurable stereopsis,” 480 or 240 seconds of arc) should be considered to be at an elevated

risk for a vision disorder compared with children with a stereoacuity of 120 seconds of arc

or better. Future investigations that include younger and older children, along with finer

disparity levels, may provide further stratification of stereoacuity.

CONCLUSIONS

The VIP Study provided a large sample population of preschool children with and without

VIP Study–targeted vision disorders. The testability of the Stereo Smile II was 99%,

allowing for measurement of stereoacuity at all ages in this cohort. This secondary analysis

of the VIP Study data provides evidence that the presence, type, and increasing severity of

any VIP Study–targeted vision disorder are all highly associated with worse stereoacuity in

preschool children. In contrast, most preschool children without vision disorders are able to

obtain stereoacuity of 120 seconds of arc or better, with younger preschool children without

vision disorders slightly less likely to achieve stereoacuity of 60 seconds of arc compared

with older preschool children.

This study provides a framework and normative values that may be applicable to clinical

testing and management of vision disorders, including strabismus, amblyopia, and

significant refractive error, which are prevalent in a preschool population.
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FIGURE 1.
Photo of Stereo Smile II Test.
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FIGURE 2.
A flowchart of the order of testing.
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TABLE 1

Definition of VIP-targeted disorders by hierarchy

Group 1: Very important to detect and treat early

 Amblyopia

  Presumed unilateral: ≥3-line interocular difference, a unilateral amblyogenic factor, and worse eye VA ≤20/64

  Suspected bilateral: a bilateral amblyogenic factor, worse eye VA <20/50 for 3-year-olds or <20/40 for 4-year-olds, contralateral
eyeVAworsethan20/40for3-year-oldsor20/30for4-year-olds

 Strabismus: constant in primary gaze

 Refractive error

  Severe anisometropia (interocular difference >2 D hyperopia, >3 D astigmatism, or >6 D myopia)

  Hyperopia ≥5.0 D

  Astigmatism ≥2.5 D

  Myopia ≥6.0 D

Group 2: Important to detect early

 Amblyopia

  Suspected unilateral: 2-line interocular difference and a unilateral amblyogenic factor

  Presumed unilateral: ≥3-line interocular difference, a unilateral amblyogenic factor, and worse eye VA >20/64

 Strabismus: intermittent in primary gaze

 Refractive error

  Anisometropia (interocular difference >1 D hyperopia, >1.5 D astigmatism, or >3 D myopia)

  Hyperopia >3.25 D and <5.0 D and interocular difference in SE ≥0.5 D

  Astigmatism >1.5 D and <2.5 D

  Myopia ≥4.0 D and <6.0 D

Group 3: Detection clinically useful

 Unexplained reduced VA

  Bilateral: no bilateral amblyogenic factor, worse eye VA <20/50 for 3-year-olds or <20/40 for 4-year-olds, contralateral eye VA worse than
20/40 for 3-year-olds or 20/30 for 4-year-olds

  Unilateral: no unilateral amblyogenic factor, worse eye VA <20/50 for 3-year-olds or <20/40 for 4-year-olds or ≥2-line difference between eyes
(except 20/16 and 20/25)

 Refractive error

  Hyperopia >3.25 D and <5.0 D and interocular difference in SE <0.5 D

  Myopia >2.0 D and <4.0 D

Modified from Tables 2 and 3 of VIP Study Group. Comparison of preschool vision screening tests as administered by licensed eye care

professionals in the Vision in Preschoolers Study.20
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TABLE 2

Comparison of stereoacuity between preschoolers with and without VIP Study–targeted vision disorders

With vision disorders Without vision disorders p

Overall (N = 2898) Stereoacuity levels (seconds of arc) (n = 871) (n = 2027) <0.001*

Unable 20 (2.3%) 9 (0.4%)

No measurable stereopsis 212 (24.3%) 30 (1.5%)

480 86 (9.9%) 62 (3.1%)

240 116 (13.3%) 139 (6.9%)

120 220 (25.3%) 494 (24.4%)

60 217 (24.9%) 1293 (63.8%)

Median (Q1, Q3) 120 (60, 480) 60 (60, 120) <0.001†

Aged 3 years (n =
628)

Stereoacuity levels (seconds of arc) (n = 189) (n = 439) <0.001*

Unable 8 (4.2%) 6 (1.4%)

No measurable stereopsis 49 (25.9%) 12 (2.7%)

480 24 (12.7%) 19 (4.3%)

240 24 (12.7%) 44 (10.0%)

120 45 (23.8%) 129 (29.4%)

60 39 (20.6%) 229 (52.2%)

Median (Q1, Q3) 240 (120, no measureable stereopsis) 60 (60, 120) <0.001†

Aged 4 years (n =
1553)

Stereoacuity levels (seconds of arc) (n = 469) (n = 1084) <0.001*

Unable 11 (2.4%) 3 (0.3%)

No measurable stereopsis 123 (26.2%) 13 (1.2%)

480 40 (8.5%) 35 (3.2%)

240 59 (12.6%) 66 (6.1%)

120 121 (25.8%) 263 (24.3%)

60 115 (24.5%) 704 (64.9%)

Median (Q1, Q3) 120 (60, no measureable stereopsis) 60 (60, 120) <0.001†

Aged 5 years (n =
717)

Stereoacuity levels (seconds of arc) (n = 213) (n = 504) <0.001*

Unable 1 (0.5%) 0 (0.0%)

No measurable stereopsis 40 (18.8%) 5 (1.0%)

480 22 (10.3%) 8 (1.6%)

240 33 (15.5%) 29 (5.8%)

120 54 (25.4%) 102 (20.2%)

60 63 (29.6%) 360 (71.4%)

Median (Q1, Q3) 120 (60, 480) 60 (60, 120) <0.001†

*
Value of p is from Fisher exact test.

†
Value of p is from Wilcoxon rank sum test.
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Q1, first quartile; Q3, third quartile.
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