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PURPOSE. To assess the anterior chamber drainage angle width
in the dark and the dark-to-light change (�) between Cauca-
sians and Chinese aged 40 years and older.

METHODS. The study groups comprised four age- and sex-
matched cohorts: American Caucasians, American Chinese,
southern mainland Chinese, and northern mainland Chinese.
Anterior segment optical coherence tomography (ASOCT) im-
ages of the anterior chamber angles were obtained under both
light and dark conditions. The parameters analyzed included
angle opening distance (AOD), angle recess area (ARA), and
trabecular–iris space area (TISA).

RESULTS. Data were obtained from 121, 124, 121, and 120
participants who were American Caucasians, American Chi-
nese, and southern and northern mainland Chinese, respec-
tively. In a multiple linear regression analysis, adjusted for age,
sex, refractive status, pupil size, lens location, and anterior
chamber depth (ACD) and width (ACW), the ethnic Chinese
had significantly smaller ARAs (regression coefficient, � �
�0.06, P � 0.001) and TISAs (� � �0.01, P � 0.039), as well
as greater �AODs (� � 0.03, P � 0.009) and �TISAs (� � 0.02,
P � 0.029) than did the Caucasians. For the dark-to-light
change analysis, the independent associations between angle
width and iris thickness (IT) and iris curvature (ICurv) were
identified only in the Chinese.

CONCLUSIONS. Compared with the Caucasians, the ethnic Chi-
nese had smaller ARA and TISA, but greater dark-to-light
changes in AOD and TISA, independent of refractive status and
overall ocular anterior segment dimensions. (Invest Ophthal-
mol Vis Sci. 2011;52:9404–9410) DOI:10.1167/iovs.11-8470

Population-based studies have suggested a substantially
higher prevalence of primary angle closure (PAC) in East

Asians than in Europeans and Africans,1 which provides an
opportunity to explore the etiology of this disease through
comparing possible risk factors for angle closure across racial
groups. Drainage angle width is the anatomic characteristic

most relevant to the risk of angle closure. A dose-effect rela-
tionship has been demonstrated between the rates of periph-
eral anterior synechiae (PAS) and gonioscopic narrowness of
the drainage angle in prior population-based studies.2,3 How-
ever, previous studies did not identify an interethnic difference
of gonioscopic angle width between Caucasians, African Amer-
icans, and Asians.4,5

Anterior segment optical coherence tomography (ASOCT)
is a fast, noncontact method of imaging the anterior ocular
segment. It provides high-resolution imaging of the angle struc-
tures such as the iris surface and the scleral spur (SS). With the
aid of customized software, quantitative and repeatable angle
structure measurement has been possible with this technol-
ogy.6 Similarly, a prior study using ASOCT did not identify
differences in angle parameters between Caucasians and Chi-
nese.7 It is noteworthy that potential confounders for angle
width such as age, sex, refractive status, and overall anterior
segment dimensions, such as anterior chamber depth (ACD),
were not adjusted for in the interethnic comparison. It remains
unknown whether ethnicity affects the angle width indepen-
dently or via the impact of the aforementioned confounders.

Iris dimensions such as plateau iris have been reported to
account for ethnic variation in angle width, independent of
ACD.8 Recent studies have reported that the dynamic behavior
of the iris may also be associated with angle closure risk.9,10

However, it is unclear whether and how the change in the iris
affects the change of the angle width dynamically, such as
during a dark-to-light transition. In this study, we sought to
evaluate the difference in the drainage angle width and its
predictors, as measured by ASOCT, between American Cauca-
sians, American Chinese, and mainland Chinese. Both the angle
width in the dark and its dark-to-light change were assessed
between ethnicities. The results of this study may provide
insights into the understanding of narrow-angle development
mechanisms as well as helpful information for ophthalmolo-
gists in clinical prevention and treatment of angle-closure–
related diseases.

MATERIALS AND METHODS

Subjects

Institutional Review Board/Ethics Committee approval was obtained
from the University of California, San Francisco (UCSF), Zhongshan
Ophthalmic Center in Guangzhou, and Peking University Eye Center in
Beijing. The study adhered to the tenets of the Declaration of Helsinki
and the Health Insurance Portability and Accountability Act (HIPAA).
Informed consent was obtained for all individuals who participated in
the study.

Four cohorts comprised the study sample: American Caucasians
and American Chinese residing in San Francisco, southern mainland
Chinese residing in Guangzhou, and northern mainland Chinese resid-
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ing in Beijing. The subject enrollment period was from May 2008
through December 2010. Each cohort was designed to comprise 120
subjects, including 30 people (15 of each sex) in each of the fifth to
eighth decades of life. Aside from the Guangzhou site, all subjects were
consecutively recruited from general ophthalmology clinics in San
Francisco and Beijing. Participants at the Guangzhou site were drawn
from an ongoing population-based study. All the participants were
recruited with no prior assessment of their angle structures. The
inclusion criteria were (1) age between 40 and 80 years; (2) self-
reported Caucasian or Chinese ancestry for both parents (The term
“Caucasian” for purposes of this study included only European-derived
whites.); and (3) the willingness and ability to participate. The exclu-
sion criteria were (1) bilateral pseudophakia or aphakia or any prior
intraocular surgery or laser treatment with the potential to alter natural
anterior segment anatomy; (2) corneal or conjunctival abnormalities
precluding an adequate view of the anterior chamber on ASOCT
imaging; (3) the use of any glaucoma medications; (4) active ocular
infection in which contact examinations may be contraindicated; and
(5) high refractive error defined as spherical equivalent (SE) less than
�8 or greater than �4.

Image Acquisition
ASOCT imaging was performed in a standard dark room (�1 lux
illumination by digital light meter; Easy View model EA30; Extech
Instruments, Inc., Waltham, MA). Refractive correction was entered
into the program to ensure the nonaccommodative status of the tested
eye. The fixation angle was adjusted to align the temporal and nasal
quadrants of the irides on a horizontal level. The “anterior segment
single” mode was used to acquire an image centered over the pupil on
the horizontal meridian. Proper eye alignment was indicated by the
occurrence of an interference beam along the visual axis. The patients
were allowed 5 minutes for dark adaptation before image acquisition.
Images in light were acquired at the 15th second after the room lights
were turned on (350–400 lux). After imaging was complete, one
picture of the best-quality judged by the optimal visibility of both SSs
was selected and saved.

Image Analysis
Custom software was used for image analysis.6 After the left and right
SSs were manually identified in the image, the algorithm automatically

delineated the surfaces of the cornea, irides, and lens. AOD (angle
opening distance) was defined as the length of a line drawn from the
anterior iris to the corneal endothelium perpendicular to a line along
the trabecular meshwork at 500 �m from the SS (Fig. 1, length from A
to D). The ARA (angle recess area) was a measurement of the area
bordered by the anterior iris surface, corneal endothelium, and a line
perpendicular to the corneal endothelium drawn to the iris surface 750
�m from the SS (Fig. 1, hashed area). TISA was calculated by removing
the area posterior to the SS from ARA (Fig. 1, grid area), which
represents the functional filtration area of the trabecular meshwork.
Both ARA and TISA have been studied in previous related studies. We
therefore analyzed both parameters to assess their potential contribu-
tions. The IT was measured at 750 �m anterior to the SS (IT750) as the
shortest distance between the anterior and posterior iris surfaces
(length from E to F). The iris curvature (ICurv) was determined by
creating a line from the most peripheral to the pupillary edge of the iris
and then measuring the perpendicular distance from this line to the
greatest convexity point along the posterior iris surface (length from G
to H). The iris area (IArea) lies within the iris contour bordered by a
line through the SS and perpendicular to the meshwork line (Fig. 1,
shaded area). An average of the temporal and nasal iris parameters was
determined for each eye. Pupillary diameter (PD) was calculated as
the distance between the pupillary tips of the irides on both sides on
the cross-sectional image. ACW was calculated as the distance between
the left and right SSs.

Images from all study sites were analyzed by a single grader (DW)
who was masked with regard to the subjects’ demographic and clinical
data. As multiple image acquisitions were required by the study pro-
tocol to account for the dynamic behavior of anterior ocular structures,
in the rare cases when the SSs were not completely discernable,
alternative images were evaluated to aid SS location. Images of 15
subjects randomized from each cohort were collected for intraob-
server measurement repeatability testing. All these images were ana-
lyzed once again 2 weeks after the initial measurement by the same
observer. The test–retest intraclass correlation coefficients (ICC) for
AOD, ARA, TISA, and ACW were 92%, 96%, 95%, and 93%, respectively.

An autorefractor (Automatic Refractor/Keratometer, model 599;
Carl Zeiss Meditec, Dublin, CA) was used to measure noncycloplegic
refraction. All raw refractive data were converted to spherical equiva-
lent (SE, sphere � 1⁄2 of cylinder) for analysis. Axial length (AL),

FIGURE 1. Definition of angle- and iris-
related parameters. AOD is measured on
a line perpendicular to the plane of the
trabecular surface 500 �m anterior to
the SS and extends to meet the surface of
the iris (length from A to D). ARA is a
measurement of the area bordered by
the anterior iris surface, corneal endothe-
lium, and a line (length from B to C)
perpendicular to the corneal endothe-
lium drawn to the iris surface from a
point 750 �m anterior to the SS. TISA is
a modification of this parameter that re-
moves the space posterior to the SS from
the ARA (grid area). The IT was mea-
sured at 750 �m anterior to the SS
(IT750) as the shortest distance between
the anterior and posterior iris surfaces
(length from E to F). ICurv was deter-
mined by creating a line from the most
peripheral to the pupillary edge of the
iris and then measuring the perpendicu-
lar distance from this line to the greatest
convexity point along posterior iris sur-
face (length from G to H). IArea is the
area within the iris contour bordered by
a line through the SS and perpendicular
to the meshwork line (shaded area).
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anterior chamber depth (ACD), and lens thickness (LT) were measured
by A-scan biometry (E-Z Scan A/B 5500�; Sonomed, Inc., Lake Success,
NY). Five sets of measurements were obtained, and average values
were calculated for purposes of data analysis. Lens location (LL) was
calculated as (ACD � LT/2)/AL.

Statistical Analysis

Data from the right eye were used for analysis. The left eye’s data were
used when the right eye did not meet the eligibility criteria. For
comparisons across cohorts, analyses of covariance were applied for
continuous data, and �2 was used for proportional data. Participants
diagnosed with PAC or PAC glaucoma (PACG) after the study exami-
nations were excluded from data analysis because PAS can lead to
incorrect assessments of static and dynamic behavior of IT750 and
IArea. Multiple linear regression models were constructed to assess the
independent risk factors of the dark-to-light change (light values minus
dark values) of the angle width parameters. To avoid an inflated type I
error rate, the Bonferroni-adjusted approach was used for multiple
linear regressions in the study. P � 0.05 was considered statistically
significant (data analyses: Stata 10.0; Stata Corp., College Station, TX).

RESULTS

In the American Caucasian, American Chinese, and southern
and northern Mainland Chinese cohorts, there were 121, 124,
121, and 120 subjects enrolled, with a mean age of 59.8 �
11.7, 59.6 � 12.0, 59.9 � 11.7, and 58.5 � 10.7 years (P for
ANOVA � 0.782), respectively. None of the participants was
found to have PAC or PACG in all four groups. The refractive
errors were �0.5 � 1.8, �0.8 � 1.7, 0.1 � 1.4, and 0.2 � 1.4
D (P for ANOVA � 0.516), respectively. Data were collected
from the right eye in all, except for nine (7.4%), five (4.0%),
seven (5.8%), and six (5%) participants in each group, respec-
tively, in whom the data were collected in the eligible left eye
because the right eye was ineligible. The age distribution of
angle parameters in the dark and the dark-to-light changes in
the parameters in the four groups are summarized in Table 1.
AOD was found to decrease with age in all the groups. On
average, with each decade of increased age, there was a 30%,
20%, 30%, and 40% decrease in AOD in the Caucasians, Amer-
ican Chinese, and southern and northern Chinese, respec-
tively. TISA decreased with advanced age in all the Chinese
groups. No significant association was found between dark-to-
light angle change and age or sex for all the parameters in each
of the four groups (P � 0.05).

When the angle parameters were compared across the three
Chinese cohorts, none of the parameters was found to differ
between the three groups (P for ANOVA � 0.089, 0.212, and
0.147 for AOD, ARA, and TISA, respectively). In subsequent linear
regression analysis, we pooled the data from the three Chinese
groups to compare with data from the Caucasians.

Under dark conditions, after adjustment for the confound-
ers age, sex, refractive status, and pupil size, Chinese tended to
have smaller ARA (� � �0.06; P � 0.001) and smaller TISA
(� � �0.01, P � 0.039) than the Caucasians (Table 2). All the
angle parameters were positively associated with ACD and
negatively related to IT and ICurv. For the dark-to-light change
of angle parameters, we found that the Chinese were more
likely to have greater change in the AOD (� � 0.03, P � 0.009)
and TISA (� � 0.02, P � 0.029) than Caucasians. The change
in IT was found to be an independent predictor of angle
change for all three parameters, after adjustment for age, sex,
ethnicity, ACD, ACW, refractive status, and dark-to-light
change in the pupil.

We found that the predictors of angle parameters varied
between ethnicities when analyzed in the Caucasians and Chi-
nese separately (Table 3). In the Caucasians, the change in T
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pupil size was the only independent and significant predictor
of angle change (� � 0.05, P � 0.003 for AOD; � � 0.04, P �
0.014 for ARA; and � � 0.04, P � 0.022 for TISA). However, in
the Chinese, aside from change in pupil size, both the change
in IT and ICurv were identified to be positively associated with
the dark-to-light change in the angle.

DISCUSSION

In this prospective multicenter study, American Caucasians
residing in San Francisco were compared with their age- and
sex-matched Chinese counterparts from San Francisco, Guang-
zhou in Southern China, and Beijing in Northern China, in

TABLE 2. Comparisons of Associated Factors of Angle Parameters in the Whole Sample

Dark Dark-to-Light Change (�)*

� P 95% CI � P 95% CI

AOD500 �AOD500

Age �0.001 0.653 �0.002 to 0.001 0.001 0.059 �0.001 to 0.001
Sex 0.002 0.871 �0.02 to 0.02 �0.001 0.839 �0.01 to 0.01
Ethnicity �0.02 0.650 �0.04 to 0.01 0.03 0.009 0.008 to 0.05
IT750, mm �0.49 <0.001 �0.67 to �0.32 0.16 0.045 �0.02 to 0.34
ICurv, mm �0.40 <0.001 �0.49 to �0.30 0.15 0.026 0.02 to 0.28
IArea, mm2 0.02 0.622 �0.05 to 0.08 �0.07 0.127 �0.16 to 0.02
ACD, mm 0.23 <0.001 0.20 to 0.27 0.09 <0.001 0.06 to 0.15
ACW, mm �0.04 0.083 �0.06 to �0.01 �0.003 0.850 �0.03 to 0.02
LL 0.02 0.943 �0.57 to 0.61 �0.38 0.08 �0.82 to 0.05
PD, mm �0.01 0.964 �0.02 to 0.02 0.05 <0.001 0.03 to 0.07
SE, D �0.003 0.193 �0.008 to 0.002 �0.001 0.825 �0.003 to 0.003
AOD in dark N/A �0.18 <0.001 �0.26 to �0.10

Dark Dark-to-Light Change (�)*

� P 95% CI � P 95% CI

ARA �ARA

Age �0.001 0.584 �0.002 to 0.002 0.001 0.069 �0.001 to 0.001
Sex �0.002 0.848 �0.02 to 0.02 �0.003 0.593 �0.02 to 0.01
Ethnicity �0.06 <0.001 �0.09 to �0.03 0.01 0.413 �0.01 to 0.03
IT750, mm �0.30 0.028 �0.50 to �0.11 0.16 0.004 0.05 to 0.28
ICurv, mm �0.32 <0.001 �0.30 to 0.10 1.72 0.087 �0.02 to 0.22
IArea, mm2 �0.04 0.485 �0.08 to 0.07 �0.09 0.078 �0.17 to �0.001
ACD, mm 0.22 <0.001 0.15 to 0.23 0.05 0.009 0.01 to 0.08
ACW, mm �0.01 0.636 �0.04 to 0.02 0.02 0.145 �0.003 to 0.04
LL 0.14 0.680 �0.52 to 0.80 �0.06 0.759 �0.46 to 0.34
PD, mm �0.02 0.157 �0.03 to 0.01 0.04 <0.001 0.03 to 0.05
SE, D �0.001 0.760 �0.01 to �0.001 �0.001 0.758 �0.003 to 0.002
ARA in dark N/A �0.15 <0.001 �0.22 to �0.08

Dark Dark-to-Light Change (�)*

� P 95% CI � P 95% CI

TISA �TISA

Age �0.001 0.521 �0.002 to 0.001 0.001 0.451 0.0001 to 0.001
Sex �0.003 0.749 �0.02 to 0.01 0.001 0.792 �0.007 to 0.01
Ethnicity �0.01 0.039 �0.03 to 0.001 0.02 0.029 0.002 to 0.03
IT750, mm �0.27 0.001 �0.38 to �0.15 0.15 0.008 0.05 to 0.20
ICurv, mm �0.33 <0.001 �0.29 to �0.17 0.09 0.098 0.004 to 0.10
IArea, mm2 �0.01 0.676 �0.04 to 0.05 �0.06 0.065 �0.11 to 0.004
ACD, mm 0.17 <0.001 0.13 to 0.18 0.05 <0.001 0.02 to 0.08
ACW, mm �0.02 0.185 �0.04 to �0.001 0.01 0.382 �0.001 to 0.02
LL 0.01 0.949 �0.39 to 0.42 �0.24 0.083 �0.51 to 0.03
PD, mm �0.008 0.345 �0.01 to 0.01 0.03 <0.001 0.01 to 0.04
SE, D �0.001 0.478 �0.005 to �0.001 �0.002 0.900 �0.002 to 0.002
TISA in dark N/A �0.18 <0.001 �0.26 to �0.11

�, regression coefficient; 95% CI, 95% confidence interval of �.
* In the regressions of angle dark-to-light change, the dark-to-light change of iris parameters and pupil diameter were among the independent

variables. Statistically significant P values are highlighted in bold (P � 0.05).
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regard to their ASOCT-derived angle parameters both in the
dark and their dark-to-light changes. Having the ability to pro-
vide quantitative and repeatable angle width measurements,
ASOCT imaging is a fast, noncontact method of assessing angle
closure with high sensitivity compared with conventional go-
nioscopy.11,12 When we assessed parameters under dark am-
bient lighting, we confirmed findings from previous studies
that angle width is positively associated with ACD13 but neg-
atively related to IT.14 After adjustment for the confounders
age, sex, refractive status, pupil size, ACD, lens location, IT,
and ICurv, the Chinese still have smaller ARA and TISA than the
Caucasians. We postulate that the relative location of the iris

insertion on the ciliary body as well as the spatial relationship
of the iris insertion and SS could be reasons for this interethnic
angle width difference. In terms of clinical relevance, these
features may contribute to the different spectrums of ACG
identified between the Chinese and the Caucasians. Specifi-
cally, chronic asymptomatic “creeping” angle closure is more
common in the Chinese than is the acute attack of angle
closure caused by pupillary block that is often observed in
Caucasians.15 It has also been reported that ciliary body mor-
phology is involved in the creeping angle formation.16 Future
studies comparing interethnic differences in iris insertion loca-
tion and ciliary body morphology—such as size and degree of

TABLE 3. Comparison of Associated Factors of Dark-to-Light Change of Angle Width Parameters between the Caucasians and the Chinese

Caucasians Chinese

� P 95% CI � P 95% CI

AOD
500

Age �0.001 0.838 �0.001 to 0.001 �0.001 0.205 0 to 0.002
Sex 0.01 0.426 �0.02 to 0.04 �0.005 0.614 �0.03 to 0.02
�IT750, mm 0.12 0.343 �0.13 to 0.37 0.21 0.01 0.05 to 0.36
�ICurv, mm 0.12 0.211 �0.07 to 0.31 0.11 0.026 0.01 to 0.21
�IArea, mm2 0.07 0.323 �0.07 to 0.2 �0.09 0.214 �0.15 to �0.02
�PD, mm 0.05 0.003 0.02 to 0.08 0.04 <0.001 0.03 to 0.06
ACD, mm 0.02 0.427 �0.03 to 0.08 0.03 0.022 0.004 to 0.06
ACW, mm 0.03 0.131 �0.01 to 0.08 0.01 0.405 �0.01 to 0.03
LL 0.05 0.902 �0.80 to 0.91 0.03 0.953 �0.92 to 0.97
SE, D �0.001 0.768 �0.004 to 0.006 �0.003 0.092 �0.005 to 0.001

Caucasians Chinese

� P 95% CI � P 95% CI

�ARA

Age �0.001 0.207 0 to 0.002 �0.001 0.635 �0.001 to 0.001
Sex �0.002 0.874 �0.03 to 0.03 �0.004 0.669 �0.02 to 0.01
�IT750, mm 0.16 0.214 �0.09 to 0.40 0.17 0.015 0.03 to 0.31
�ICurv, mm 0.09 0.349 �0.10 to 0.40 0.06 0.032 0.005 to 0.12
�IArea, mm2 �0.02 0.735 �0.16 to 0.11 �0.05 0.129 �0.11 to 0.01
�PD, mm 0.04 0.014 0.01 to 0.07 0.04 <0.001 0.02 to 0.05
ACD, mm 0.01 0.692 �0.04 to 0.07 0.01 0.348 �0.01 to 0.04
ACW, mm �0.01 0.604 �0.04 to 0.02 0.01 0.194 �0.01 to 0.03
LL �0.34 0.427 �1.18 to 0.50 �0.001 0.996 �0.49 to 0.48
SE, D �0.003 0.293 �0.008 to 0.002 �0.001 0.513 �0.003 to 0.002

Caucasians Chinese

� P 95% CI � P 95% CI

�TISA

Age �0.001 0.973 �0.001 to 0.001 �0.001 0.548 0 to 0.001
Sex 0.007 0.473 �0.01 to 0.03 �0.001 0.992 �0.01 to 0.01
�IT750, mm 0.16 0.067 �0.01 to 0.33 0.11 0.016 0.02 to 0.21
�ICurv, mm 0.05 0.488 �0.08 to 0.17 0.06 0.032 0.005 to 0.12
�IArea, mm2 0.01 0.882 �0.08 to 0.10 �0.03 0.095 �0.07 to 0.01
�PD, mm 0.04 0.022 0.007 to 0.06 0.03 <0.001 0.02 to 0.04
ACD, mm �0.001 0.991 �0.04 to 0.04 0.01 0.159 �0.005 to 0.03
ACW, mm 0.02 0.216 �0.01 to 0.05 0.01 0.075 �0.001 to 0.02
LL �0.30 0.307 �0.87 to 0.28 �0.25 0.128 �0.58 to 0.07
SE, D �0.001 0.481 �0.005 to 0.002 �0.001 0.241 �0.003 to 0.001

�, regression coefficient; 95% CI, 95% confidence interval of �; �, dark-to light change, calculated as the value in light minus the value in dark;
AOD500, angle opening distance at 500 �m from sclera spur; SE, spherical equivalent; LL, lens location. Coding: sex (male 1, female 2), ethnicity
(Caucasians 1, Chinese 2). Statistically significant P values are highlighted in bold (P � 0.05).
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anterior rotation based on ultrasound biomicroscopy (UBM)
imaging—will help test this hypothesis. For those in clinical
practice, our findings suggest that aside from the angle open-
ing degree observed by gonioscopy, the assessment of iris
insertion location, IT, and ICurv may be clinically important for
thorough evaluation of angle configuration.

The gonioscopic occludable angle has been used to define
people at risk of developing PAC.2 However, longitudinal stud-
ies have shown that only 16% to 22% of people with occlud-
able angles develop PAC damage.17–19 These findings suggest
that there are other predictors of PAC risk and related damage
aside from the static ocular anatomy.20 Using UBM, investiga-
tors found that fellow eyes of patients with acute angle closure
had greater angle narrowing in response to darkness than did
normal control eyes, and the angles of these subjects opened
less in response to pilocarpine, indicating that the physiologi-
cal response of eyes may contribute to angle closure in addi-
tion to anatomic characteristics.21 Our study is the first pub-
lished in the peer-reviewed literature to assess the dark-to-light
change in the drainage angle as well as its predictors across
different racial groups. We found that the Chinese tended to
have greater dark-to-light changes in AOD and TISA than did
the Caucasians, after adjustment for the potential confounders
age, sex, refractive status, ACD, ACW, lens location, and
change in pupil size and iris measurements, and even the
baseline (dark) angle parameters. It is not entirely clear why an
ethnic difference was not identified for ARA. TISA represents
the actual filtration area within the ARA. The difference be-
tween them relies on the distance between SS and the angle
recess apex—in other words, the ciliary body band width.
Factors that can influence the width of the ciliary band such as
myopia and iris insertion are possible reasons accounting for
the different findings between ARA and TISA. East Asians have
been reported to have more anteriorly located iris insertion
than whites.5 This may also explain why the apparent age
pattern was found to be different between ARA and TISA
between most of the groups. Our findings also suggested that
TISA is a more sensitive parameter to iris profile change than
ARA.

When analyzing the dynamic angle change in each ethnicity
separately, we found that the predictors of angle dark-to-light
change varied across racial groups. In the Caucasians, the angle
change was related only to the pupil change, whereas in the
Chinese, changes in IT and ICurv were positively associated
with the angle change even after adjustment for pupil change.
These results suggest that the interethnic differences in dark-
to-light angle change were mainly attributable to the differ-
ences in dynamic behavior of the iris between the two racial
groups. The dynamic behavior of the iris has been suggested to
be associated with ocular autonomic nerve function22 and the
histologic texture of the iris.23 It has been reported that the
Chinese tend to have more elastic irides5 than the Caucasians.
Also, Asian irides have been suggested to have a higher stroma/
cell ratio than that of similar dark-colored irides of Caucasians
and African Americans,24 which may be a reason for the ethnic
variation in the dark-to-light change in the angle width.

In the present study, we found that IT and ICurv were
independent predictors of angle width in the dark. Further-
more, the association was present between the dark-to-light
change in these iris parameters and angle change. Previous
studies have focused on the relationship of IArea or volume
measured by ASOCT with risk for PAC or PACG, with incon-
sistent results. A study hypothesized that the lesser IArea loss
observed in ACG eyes compared with that of normal eyes
during physiological pupil dilation could be a predictor of
angle closure.25 However, because some of the narrow-angle
eyes in this study had undergone laser peripheral iridotomy
(LPI) or trabeculectomy, it remains unknown whether the

results were somewhat subject to these glaucoma treatments.
By assessing the iris volume change after pharmacologic my-
driasis, another study reported an increase in the entire iris
volume among the fellow eyes of patients with an acute PAC
history, whereas in normal patients, the volume decreased.9

We did not detect any correlation between IArea and angle
width in this study. A possible explanation is that we had no
PAC or PACG patients in the cohorts, which may decrease the
ability to identify the characteristics associated with a history
of these diseases. The association of �IT and �ICurv with
�angle width independent of �PD also indicated that the
disproportionate alteration of IT and ICurv with pupil change
during light-to-dark transition in the Chinese could be a reason
for the higher risk of PAC in the Chinese. Based on these
findings, ophthalmologists should be more cautious when eval-
uating patients with narrow angles and thick irides for the need
for peripheral iridotomy (PI). Also, these patients should be
followed up regularly for angle assessment, even after PI. In
addition, the interethnic difference in iris behavior with light
illumination emphasized the need to have dark conditions and
minimal light through the pupil when performing gonioscopy
to assess the angle profile, particularly among the Chinese.

The findings and implications of this study should be inter-
preted with caution in light of some limitations. First, the
subjects enrolled from San Francisco and Beijing were clinic
based. Although efforts were made to rule out patients with
ocular abnormalities by comprehensive exclusion criteria, se-
lection bias may still be inevitable with our study design.
Second, due to the difficulty in recruiting American-born Chi-
nese, especially those who are elderly, approximately half of
the American Chinese in this study were first-generation immi-
grants born in China. These immigrants have, of course, lived
in the United States for less time than similarly aged U.S.-born
Chinese, thus limiting our ability to adequately study the im-
pact of environmental versus genetic factors. Third, ASOCT
images of vertical quadrants were not collected due to difficul-
ties in limbal exposure. Regarding the sector variation on
anterior chamber structure, data from lateral quadrants may
not represent the whole circle. However, this may have less
impact on the iris dynamics assessment as well as the associ-
ated factors assessment. Finally, most of the eyes in this study
had open angles. The results and conclusions should be vali-
dated in future studies in eyes with narrow or closed angles.

In summary, compared with the Caucasians, the Chinese in
this study tended to have smaller ARA and TISA under dark
conditions and greater dark-to-light changes in AOD and TISA.
The independent predictors of angle width IT and ICurv were
identified only in the Chinese, in both static and dynamic
conditions. Interethnic differences in angle width and iris mor-
phologic and dynamic characteristics may in part explain the
increased risk of angle closure in the Chinese. Future studies
focusing on the variation of ciliary body–iris structural features
across ethnicities will help elaborate these hypotheses.
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