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Abstract
Purpose—The ethnically-diverse Collaborative Longitudinal Evaluation of Ethnicity and
Refractive Error (CLEERE) Study cohort provides a unique opportunity to explore associations
among intraocular pressure (IOP), ethnicity, and refractive error while adjusting for potential
confounding variables.

Methods—Mixed linear models were used to examine the effect of age, refractive error
(cycloplegic autorefraction), ethnicity, sex, and measurement protocol on IOP (Tono-pen) in 3,777
children, aged 6-14 years at their first CLEERE visit (1995-2009). Children who became myopic
during follow-up were used to examine the relationship between time since myopia onset and IOP.
Clinically meaningful differences in IOP were preset at > 2 mm Hg.

Results—IOP differed among refractive error categories with higher IOP in children with low/
moderate myopia than those with high hyperopia (differences < 1 mm Hg). There was a
statistically significant relationship between age and IOP that depended on ethnicity (interaction
p<0.0001) and measurement protocol (interaction p<0.0001). The relationship between sex and
IOP depended on measurement protocol (interaction p=0.0004). For children who became myopic
during follow-up, the adjusted mean IOP showed a significant decline for only Asian (p=0.024)
and White children (p=0.004). As with other statistically significant results, these changes in mean
adjusted IOPs from two years before to two years after myopia onset were < 2 mm Hg.

Conclusions—Small but significant differences in IOP by refractive error category were found
in this ethnically diverse cohort of children. Relationships between IOP and age, ethnicity, sex,
and measurement protocol were complicated by significant interactions between these parameters.
Longitudinal analysis of children before and after myopia onset showed changes in IOP over time
that varied by ethnicity. Higher IOPs before and at myopia onset were not present in all ethnic
groups, with differences before and after onset too small to suggest a role for IOP in the onset of
myopia.
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An association between intraocular pressure (IOP) and refractive error has been reported for
children1-3, young adults2,4, and presbyopic adults5-7. IOP has also long been hypothesized
as a mechanism for the development of myopia1,8-10. If IOP plays a role in myopia
development, then IOP should be higher before compared to after the onset of myopia;
however, two small, longitudinal studies in young children have not provided support for
this hypothesis. Edwards and Brown11 reported on 13 children who were not myopic at age
7 years but were myopic by age 9 years and found that the IOP was significantly higher at 9
years of age than at age 7. There was no change in IOP over the same age and time period in
82 non-myopic children. Goss and Caffey12 enrolled 87 children without myopia and
followed them every 6 months for 3 years. There was no statistically significant difference
in IOP in the group of “future” myopes (n=24) at the last study visit before the child became
myopic when compared to the children who did not become myopic (n=53).

A recent study of intraocular pressure (IOP) in a subgroup of myopic children enrolled in the
Correction of Myopia Evaluation Trial (COMET) reported differences in IOP between
ethnic groups with significantly higher IOP in African-American children compared to
Hispanic and White children13. The IOP of the COMET subgroup decreased over a 5-year
follow-up period, but IOP was not associated with the amount of myopia at baseline or with
myopic progression13.

The Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE)
Study is a large, ethnically-diverse, volunteer sample of children followed annually for up to
eight years with standardized measures of cycloplegic refractive error, axial length, and IOP.
The purpose of this report is to explore the relationships among IOP, refractive error, age,
sex, and ethnicity while controlling for suspected confounding variables in this large sample.

Methods
Subjects

Potential subjects included children 6 to 16 years of age participating in the Collaborative
Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE) Study examined
between 1997 and 2009 and children participating in the Orinda Longitudinal Study of
Myopia (OLSM) after 1995 when IOP measurement was added to the protocol. OLSM, a
cohort study of ocular component development and risk factors for the onset of myopia in
children, began in 1989 in Orinda, CA. At that time, the Orinda community was
predominantly white. To improve generalizability with respect to ethnicity, four additional
sites were added to recruit African-American children (Eutaw, AL); Asian children (Irvine,
CA); Hispanic children (Houston, TX); and Native-American children (Tucson, AZ), and
OLSM became the CLEERE study. Each affiliated university's institutional review board
(The Ohio State University; University of California, Berkeley; University of Alabama at
Birmingham; Southern California College of Optometry; University of Houston; and the
University of Arizona) approved informed consent documents in accordance with the tenets
of the Declaration of Helsinki. Parents provided consent and the children verbal assent prior
to participation in the study. At each of the 5 centers, children were recruited through
cooperation with a local school and tested at school during school hours with the exception
of the 2001-2002 to 2005-2006 school years in Irvine, CA when children were tested at a
site near their school. Children were enrolled provided the principal investigator at the site
felt the child could complete the entire CLEERE study protocol. The pool of potential
subjects for all analyses was 4,506 children with IOP on at least one visit who generated
19,812 visits between 1995 and 2009.

Ethnic group designation was determined by parent report on a medical history form where
parents selected one of the following six ethnic designations (based on categories used by
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the National Institutes of Health in 1997): American Indian or Alaskan Native; Asian or
Pacific Islander; Black, not of Hispanic origin; Hispanic; White, not of Hispanic origin; or
other. When parents identified their child with more than one ethnicity, the child was
classified by the ethnic group that was most prevalent at the site provided that the site's
targeted ethnicity was one of those identified by the parent (1.7% of subjects). If more than
one ethnic designation was provided but none of the ethnicities included the site's targeted
recruitment, ethnicity was assigned to the non-white ethnicity. Any missing parent-reported
ethnicity was assessed by the investigator (5.7%) by observation, or, in some cases, by
questioning the child about their parents and/or grandparents. Agreement between parent-
reported ethnicity and investigator-determined ethnicity has been previously reported to be
excellent in this investigator group14. When parents classified their child as “other” without
additional information the child was excluded from the data set reported here (167 visits of
47 subjects). Age was determined by the child's birthdate as reported by the parent on a
medical history form. Because of the small number of children at each tail of the age
distribution, only those subjects ages 6 to 14 years at their last birthday were included in the
analysis (19,403 visits of 4,441 subjects).

Procedures
Intraocular pressure was measured in the right eye with a Tono-Pen XL (Mentor
Ophthalmic). Children with iris color darker than grade 215 were measured immediately
following one drop of 0.5% proparacaine and 1 drop each of 1% tropicamide and 1%
cyclopentolate. The IOP of children with iris color of grade 1 or 2 was measured
immediately following one drop of 0.5% proparacaine and 1 drop of 1% tropicamide. Five
minutes later these children with light irises received a second drop of 1% tropicamide to
obtain adequate cycloplegia for refractive error assessment.

The sites handled and reported abnormal IOP values differently. Some sites took and
reported only one estimate of IOP (protocol 1). Other sites repeated IOP if the first measure
was high (typically >20 mm Hg), the standard deviation of the estimate was large, and/or the
child appeared apprehensive (holding breath, resistant to lid holding) and reported IOP as
either the second estimate or the value that in his/her clinical judgment reflected the most
accurate assessment of IOP (protocol 2). These site differences in measurement protocol
were considered during the analysis.

Refractive error of the right eye was assessed by cycloplegic autorefraction, 25 to 30
minutes after initial drop instillation. Trained and certified examiners measured central
refractive error with an open field auto refractor (Canon R1 between 1995 and 2000, [Canon
USA, Lake Success, NY; no longer manufactured] or Grand Seiko autorefractor from 2001
to 2007, [WR 5100-K, Grand Seiko Co., Hiroshima, Japan]). The child fixated a row of 6/9
(20/30) letters on a near card viewed through a + 4.00 D Badal lens. The card was first
placed at optical infinity and then moved to a position of maximum clarity. At least 10
readings of the right eye were obtained according to the standard CLEERE protocol for
cycloplegic autorefraction16. Spurious readings were eliminated according to the protocol
previously described16. Axial length was measured with an Allergan-Humphrey A-scan
(model 820, San Leandro, CA) in semi-automatic mode.

Statistical Analysis
All statistical analyses were performed using SAS Version 9.2. Mixed linear models were
used to examine the effect of age, refractive error, ethnicity, sex, and measurement protocol
on IOP. Refractive error was based on the refractive error in the two principal meridians as
described in Table 1. This classification eliminated visits where small amounts of simple
hyperopic astigmatism, simple myopic astigmatism, and mixed astigmatism were present
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(7,115 visits) resulting in a sample of 3,777 children with 12,288 visits available for
analysis. This categorical classification did not eliminate those with compound myopic or
compound hyperopic astigmatism if both meridians fell within the categories specified in
Table 1 and was employed to eliminate those visits where the refractive error was primarily
astigmatic (e.g. low amounts of mixed astigmatism). One concern with using a classification
other than spherical equivalent is the possibility of eliminating a disproportionate number of
measures among the various ethnic groups. The refractive error based on each principal
meridian reduced the sample relatively uniformly across ethnicity with elimination rates
varying from 31% for African American visits up to 45% for Native Americans. A second
analysis of refractive error and IOP was conducted using the spherical equivalent refractive
error as a continuous variable that included all visits with a measurable refractive error
(19,403 visits of 4,441 subjects).

To examine any potential changes in IOP with the onset of myopia, cases of incident myopia
were identified. Incident myopia was defined as those participants with at least one study
visit with -0.75 D or more myopia in both meridians, with at least one previous non-myopic
visit. The visit at which myopia first presented (the onset visit) was identified (time=0), and
data for two years prior and two years after were used in analysis. Six hundred ninety-six
participants with 2,659 study visits were classified with incident myopia. Mixed linear
models that included protocol, sex, ethnicity, and spherical equivalent refractive error were
used to examine the relationship between time since myopia onset and IOP with the null
hypothesis being that the mean IOP was the same at each time point. Additional analyses
were also performed to compare the IOP measurements obtained from children with incident
myopia during this time period to age-, sex-, protocol-, and ethnicity-matched children with
stable emmetropia. Emmetropia was defined as refractive error in both meridians between
-0.25 D and +1.00 D (exclusive) at all study visits.

Due to the large sample size, small differences in IOP may be statistically significant but not
clinically relevant. Therefore, a priori, a clinically meaningful difference was set at 2 mm
Hg. Although this criterion is arbitrary, the selection was based on a review of the
literature17,18 and consultation with the study investigators; common methods used to base
decisions concerning clinically meaningful differences. Similarly, the alpha level for
statistical significance for post hoc pair-wise comparisons was set at a more conservative
value of 0.01 (i.e., pair-wise comparisons are statistically significant if p-value < 0.01). As
with the clinically relevant difference, there are a variety of methods to select a significant
p-value for large samples and multiple comparisons. Some of these methods (e.g. Bonferroni
correction) would require a different adjustment when the number of comparisons with a
group differ (e.g., refractive error, ethnicity). Therefore, all p values are provided in the text
to allow for other interpretations of the clinical meaningfulness and the statistical
significance of the comparisons reported.

Results
IOP and Refractive Error

There was a statistically significant relationship between refractive error category and IOP
(p=0.011). As can be seen in Table 1, individuals with high myopia had the highest IOP and
those with high hyperopia the lowest IOP.

Pair-wise comparisons indicate that significant differences only existed between those with
low/moderate myopia and those with either hyperopia (p=0.003) or high hyperopia
(p=0.005). The largest difference (0.87 mm Hg), between individuals with high myopia and
high hyperopia, fell just short of reaching statistical significance (p=0.012) due to the
smaller sample sizes in each category and was far less than the preset 2-mm Hg difference
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considered to be clinically meaningful. These small differences are more clearly visualized
in Figure 1, where box and whisker plots display the distribution of IOP values by the
refractive error categories specified in Table 1.

Treating spherical equivalent refractive error as a continuous variable in a model that
controlled for age, sex, measurement protocol, and ethnicity unveiled a weak, statistically
significant but clinically insignificant relationship between IOP and spherical equivalent
refractive error (beta = -0.059, p = 0.011). To reach a clinically meaningful difference in
IOP of 2 mm Hg would require an improbable difference of 34 D in spherical equivalent
refractive error.

Replacing spherical equivalent refractive error with axial length in a model that controlled
for age, sex, measurement protocol, and ethnicity showed a weak relationship between IOP
and axial length (beta = 0.081, p = 0.047). As with spherical equivalent refractive error, to
achieve a meaningful difference of 2 mm Hg in IOP, an unrealistic 25 mm difference in
axial length would be required.

IOP and Age
The model revealed a statistically significant relationship between age and IOP that
depended on ethnicity (interaction p<0.0001) and the measurement protocol (interaction
p<0.0001). The mean IOP values adjusted by age and ethnicity are shown in Table 2 and
Figure 2. IOP decreased significantly with age for the African-American (p=0.006), Asian
(p<0.0001), Hispanic (p<0.0001), and White (p<0.0001) children. There was no difference
with age for the Native-American children (p=0.14).

As shown in Figure 3, when a single IOP measurement was taken by Tono-Pen as in
protocol 1, IOPs were lower with younger age (p<0.0001). In contrast, when the IOP
measures were repeated, the effect of age was greatly reduced (protocol 2, p=0.012).
Significantly higher mean IOP measurements were obtained using protocol 1 compared to
protocol 2 at all ages (p<0.0001 at each age). From age 6 to 11 years, the differences
between protocol 1 and 2 would be considered clinically meaningful (i.e., greater than 2 mm
Hg).

IOP and Ethnicity
As might be anticipated from the results shown in Figure 2, ethnic differences in mean IOP
varied across age (interaction p < 0.0001); however, even the largest difference between
ethnic groups (1.87 mm Hg at age 6 years) was less than the pre-established clinically
significant difference of 2 mm Hg. As shown in Table 3, there were significant differences
among the ethnic groups in mean IOP at ages 6, 7, 10, 11, 12, and 13 years (p<0.01 at each
age). As early as age 6 years, the mean IOP among African-American children was
significantly lower than that of the Hispanic (p<0.001) and White (p=0.008) children. At age
7 years African-American children continued to have lower IOP than Hispanic children
(0=0.002) but also had lower IOP than Asian children (p=0.004); however, from ages 10 to
13 years, African-American children had significantly higher IOP values compared to White
children (p<0.001 at each age), and at age 12 years the mean IOP for African Americans
was also significantly higher than Asians (p=0.009) and Native Americans (p=0.001). There
were fewer differences between the other ethnic groups. At age 6 years Asian children had
lower IOP than Hispanic children (p=0.004), but at age 11 they had higher IOP than White
children (p<0.004). At ages 11, 12 and 13 Hispanic children had higher IOP than White
children (p<0.001 at each age). At age 13 Native-American children had lower IOP values
than White children (p=0.002).
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IOP and Sex
Interestingly, the relationship between sex and IOP depended on measurement protocol
(interaction p=0.0004). Using protocol 1, the mean IOP in boys was 18.09 mm Hg, which
was significantly lower than the mean IOP in girls (18.65 mm Hg, p<0.0001). While this
difference was statistically significant, it is quite small (0.56 mm Hg) and not considered
clinically meaningful. There was no difference in mean IOP between boys (15.92 mm Hg)
and girls (15.91 mm Hg) for protocol 2 (p=0.90).

IOP and Myopia Onset
The longitudinal aspect of this data set was leveraged to examine the association between
IOP and myopia onset by examining those children who became myopic during the
observation period. Data from 696 incident myopes were available for analysis. Nearly one-
third of the myopic children were Hispanic (n=214, 31%); 158 children (23%) were Asian;
147 children (21%) were White; 101 children (15%) were African American; and 76
children (11%) were Native American. IOP data at myopia onset were not available for eight
Asian and nine White children. The mean age at onset of myopia ranged from 10.7 years
(SD=1.8 years) among Asian children to 12.0 years (SD=2.0 years) among Native-American
children. The mean spherical equivalent refractive error at onset ranged from -1.28 D
(SD=0.40 years) in the African-American children to -1.60 D (SD=0.60 years) in the Asian
children.

The mean IOP before onset, at onset, and after the onset of myopia are shown in Table 4 and
plotted in Figure 4. These estimates are adjusted for measurement protocol and ethnicity.
Sex (p=0.67) and spherical equivalent refractive error (p=0.69) were not included in the final
models because neither was significantly related to IOP in this group of incident myopes.

Statistical analysis confirmed what was visible in Figure 4 and Table 4. There was no
significant change in the mean IOP across time for the African-American (p=0.24), the
Native-American (p=0.61), or the Hispanic children (p=0.67) who became myopic during
the course of the study. There was a significant change for both Asian (p=0.023) and White
children (p=0.006). The largest change in IOP was seen in the Asian children, who showed a
decline in the mean adjusted IOP of 1.49 mm Hg from two years prior to two years after
myopia onset. The change in White children over the same time frame was similar to that of
Asians at 1.39 mm Hg but both were less than the pre-established clinically significant
difference of 2 mm Hg (Table 4).

Ethnic differences in mean IOP were apparent at the onset of myopia (p=0.001) and at both
visits after the onset of myopia (p=0.013 and 0.009, respectively) but not at either pre-onset
time point (p>0.50 at each time point). At onset, the mean IOP for White children was
significantly lower than that observed for African-American (p=0.0004), Asian (p=0.007),
and Hispanic (p<0.001) children. At both one and two years after onset of myopia, the mean
IOP of Hispanics was significantly higher than the White children (p<0.001 and =0.001
respectively). In addition, two years after onset of myopia, Hispanics had a significantly
higher mean IOP than the Asians (p=0.007). The largest difference between the ethnic
groups occurred two years after the onset of myopia between Hispanic and White children,
1.83 mm Hg, a value that does not exceed the predetermined clinically significant difference
of 2 mm Hg.

Additional analyses were performed to compare the observed changes in IOP before and
after the onset of myopia to those of age-, sex-, protocol- and ethnicity-matched, stable
emmetropes. The mean IOP of future myopes two years before onset was significantly
greater (p<0.001) than that of emmetropes with a difference (0.57 mm Hg). No other
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significant differences were observed at subsequent visits (one year prior through two years
post onset).

Discussion
IOP has been reported to be associated with a large number of ocular factors including
refractive error1,2,4-7,19, age7,13,19-21, ethnicity13,22, sex20,21,23, and central corneal
thickness22-28 however, not all investigations have found significant associations between
IOP and refractive error12,29-31, age22,23,28,29,31 ethnicity32 sex4,13,19,22,29,31,33 or central
corneal thickness32. It is difficult to sort out these relationships reported in the literature
because of small sample sizes with limited ethnic diversity and/or age ranges. Interactions
between ocular components can also complicate the relationships reported with IOP. For
example, Shimmyo and coworkers22 found differences in IOP by ethnicity only after IOP
was adjusted for differences in central corneal thickness that were measured between
different ethnicities. Tomlinson and Phillips4 reported that IOP differed by sex, but when
axial lengths of males were matched to those of the females in the sample the sex difference
was no longer present. The role IOP may play in myopia has also been difficult to resolve
due to small sample sizes11, limited long-term follow-up12, and minimal longitudinal data
on ocular factors before and after the onset of myopia.

The data presented here from the CLEERE Study overcome a number of the limitations
outlined above. The data meeting inclusion for this investigation comprise an ethnically
diverse, large sample of children (4,441) that includes 696 incident myopes, of which 503
have data two years before myopia onset and 377 were measured two years after myopia
onset. The range of refractive errors was large (-14.09 D to +12.63 D), and the ocular factors
typically considered to influence IOP were measured and controlled for by the statistical
analysis.

In this cohort, IOP varies by refractive error, with higher IOP in low/moderate myopes
compared to low hyperopes and high hyperopes, when age, IOP measurement protocol, sex,
and ethnicity are controlled for, but the differences are small, not clinically significant, and
do not suggest a robust, meaningful association between IOP and refractive error. A weak
but statistically significant relationship between IOP and spherical equivalent refractive
error is also present when refractive error is treated as a continuous variable, but the
relationship is clinically insignificant. These results are consistent with the literature that
report small differences in IOP between refractive error categories or a correlation between
refractive error and IOP in children of similar ages to the CLEERE cohort1-3,12,19. The
relationship between IOP and age depends on both ethnicity and the measurement protocol.
Younger children with a single estimate of IOP have higher IOPs than older children,
suggesting the relationship between IOP and age is more related to the measurement
protocol (perhaps reflecting apprehension to the procedure) than age over the age span of the
cohort (6 to 14 years). IOP varies with ethnicity, but the differences depend on the age of the
child. All the ethnic differences are small with even the largest difference still less than the
pre-established clinically significant difference of 2 mm Hg. When only the myopic children
are considered (Table 4 and Figure 4), the IOP of White children is lower than the other
ethnic groups, but the differences are only statistically significant at the time of myopia
onset and not clinically meaningful. This result is similar to that reported previously in a
subgroup of the COMET cohort, a group of myopic children of similar age13. The
differences in IOP between boys and girls are less than 1 mm Hg and vary with the protocol.
The changes in IOP two years before, at, and two years after myopia onset vary with
ethnicity. There are no changes in IOP in African-American, Hispanic or Native-American
children who became myopic, but a small decrease in IOP after the onset of myopia was
found in Asian and White children. Differences in IOP by ethnic group were found only at

Manny et al. Page 7

Optom Vis Sci. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the onset of myopia. These results make it difficult to contemplate a significant role for IOP
in the development of myopia. This lack of evidence for a significant role for IOP in myopia
development is further supported by the results from a comparison of the mean changes in
IOP before and after the onset of myopia to age-, sex-, protocol- and ethnicity-matched,
stable emmetropes. A small, statistically significant, but clinically unimportant difference in
the mean IOP between future myopes and emmetropes was only found two years before
myopia onset with no other significant differences observed at any other visits (one year
prior through two years post myopia onset), suggesting that the changes in myopic children
were similar to matched emmetropes and do not support a role for IOP in myopia
development.

The limitations of the current study include the use of the Tono-Pen rather than the current
gold standard Goldmann tonometer to assess IOP and the lack of an assessment of central
corneal thickness. The Tono-Pen was selected because of its portability and ease of use in
young children. Recent studies have shown that the Tono-Pen has both reasonable
repeatability18 and high testability31 in children. It should be noted than only 0.7% of all
study visits were excluded from analysis due to an inability to obtain IOP measures. Another
limitation is that the Tono-Pen protocol differed among clinical sites with some sites taking
and recording only a single estimate of IOP while others repeated the measure if it was felt
to be artificially high. This limitation was addressed through the statistical analysis but did
demonstrate an interesting age effect and suggests that a single reading with the Tono-Pen in
young children leads to higher estimates of IOP. Taking the average of several Tono-Pen
measures may provide a better estimate of IOP, especially in young children. Although
central corneal thickness was not assessed, the Tono-Pen has been reported to be less
affected by variation in corneal thickness that the Goldmann tonometer25. Other limitations
are that the CLEERE sample was comprised of volunteers rather than a population based
study and that sites were selected to primarily target specific ethnicities creating the
opportunity for confounding. These recruitment differences create the potential for site and
ethnic interactions, so that if results differ among ethnic groups it is difficult to isolate
intraocular pressure as the cause, when the difference could, instead, be related to the site's
location (e.g. educational opportunities, socio-economic status).

Conclusions
There was a lack of clinically meaningful differences in IOP (greater than 2 mmHg) found
in this large and ethnically diverse cohort despite statistical significance. Some of the largest
differences found in this study were between the African-American and White children
older than 10 years of age with African-American children showing higher IOPs. As
African-American children are reported to have thinner corneas than White children28,32,34,
the differences in the true IOP of myopic African-American children may be greater than
reported here and thus may warrant additional study. Higher IOPs prior to and at the onset of
myopia were not present in all ethnic groups, and the differences before and after onset were
too small to suggest that IOP plays any significant role in the onset of myopia.
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Figure 1.
Box and whisker plots for IOP in mm Hg, by refractive error in the two principal meridians
as specified in Table 1. The solid dot represents the mean while the box around it represents
the 25th and 75th percentiles of the distribution. The line within the box corresponds to the
median. The stars above and below the box are the 1st and 99th percentile.
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Figure 2.
Mean IOP, by ethnic group and age at last birthday.
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Figure 3.
Mean IOP by protocol and age at last birthday.
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Figure 4.
Mean IOP in incident myopes before and after the onset of myopia, by ethnic group.
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Table 1

Adjusteda mean IOP with 95% confidence interval (CI), by refractive error category.

Refractive error category # visits Mean IOP (mm Hg) 95% CI

High Myopia (≥ -4.00 D both meridians) 324 17.46 17.03, 17.90

Low/Moderate Myopia (≥ -0.75 D, < -4.00 D both meridians) 2690 17.39 17.20, 17.57

Emerging Myopia (≥ -0.25 D, < -0.75 D both meridians) 518 17.16 16.86, 17.47

Emmetropia (< -0.25 D, < +1.00 D both meridians) 6629 17.26 17.14, 17.38

Low Hyperopia (≥ +1.00 D, <+2.50 D both meridians) 1877 17.00 16.79, 17.20

High Hyperopia (≥ +2.50 D both meridians) 250 16.59 16.07, 17.12

a
Adjusted for age, sex, protocol and ethnicity
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Table 3

Pair-wise comparisons of ethnic groups which are statistically significant (p<0.01), by age.

Comparison Difference p-value

Age 6

African American - Hispanic -1.87 <0.001

African American - White -0.96 0.008

Asian - Hispanic -1.20 0.004

Age 7

African American - Asian -1.16 0.004

African American - Hispanic -1.26 0.002

Age 10

African American - White 0.91 <0.001

Age 11

African American - White 1.25 <0.001

Asian - White 0.85 0.004

Hispanic - White 1.14 <0.001

Age 12

African American - Asian 0.81 0.009

African American - Native American 1.10 0.001

African American - White 1.54 <0.001

Hispanic - White 0.91 <0.001

Age 13

African American - White 1.35 <0.001

Hispanic - White 1.41 <0.001

Native American - White -1.08 0.002
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