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Purpose: Angle-closure glaucoma is more common among Asians, including Japanese individuals, and iris curvature (I-Curv) is
reportedly useful for its diagnosis. To investigate age-related changes in iris configuration and their associated factors in Japanese
participants using [-Curv measured using anterior segment optical coherence tomography (AS-OCT).

Patients and Methods: A total of 480 healthy Japanese individuals aged 20-99 years were enrolled. The anterior segment
parameters of the anterior chamber, angle, and iris were measured using AS-OCT (CASIA2). The relationships between [-Curv and
other parameters were assessed using Spearman’s rank correlation coefficient. Differences in the I-Curv among age groups were
analyzed using the Kruskal-Wallis test, followed by pairwise comparisons with Bonferroni correction. Multiple regression analysis
was performed with I-Curv as the dependent variable and age, refractive error, sex, axial length, and anterior segment parameters as
the independent variables. Further, eyes were classified into concave and convex groups based on the sign of I-Curv, and clinical
characteristics were compared between these groups.

Results: [-Curv tended to increase (become more anteriorly convex) with age, showing significant differences among age groups (P <
0.001). However, no significant differences were observed between the adjacent age groups. Spearman correlation revealed significant
negative correlations between [-Curv and angle/anterior chamber parameters such as AOD500 and ACD, and positive correlations
with LV, age, and refractive error. Multiple regression analysis identified AOD500, ARAS00, LV, refractive error, age, and pupil
diameter as significant factors influencing the I-Curv (R? = 0.824, P = 0.043). Compared with the convex group, the concave group
was significantly younger, had greater myopia, wider anterior chambers and angles, and tended to include more males (P < 0.05).
Conclusion: The iris tended to become more anteriorly convex with increasing age, and these changes appeared to be strongly
influenced by angle configuration.
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Introduction

Iris configuration, which is similar to the angle structure, is important in glaucoma management. Several studies have
investigated iris configuration across various glaucoma subtypes.'® Among Asians, including Japanese individuals, a
higher prevalence of angle-closure has been reported.” Therefore, understanding the characteristics and age-related
changes in the iris and angle structures in Asians, including Japanese populations, is important. One study comparing
eyes with acute primary angle-closure (APAC) and their fellow eyes found a more linear iris configuration in the affected
eyes.' Another study comparing iris shapes among eyes with primary angle-closure suspect (PACS), primary angle-
closure (PAC), and APAC reported that the iris becomes progressively more linear as the degree of angle closure
advances.” Conversely, other studies comparing iris configuration in eyes with open and closed angles reported a more
convex iris shape in angle-closure eyes.>> Furthermore, iris configuration reportedly changes to a more convex shape

following pupillary block onset.® In contrast, a concave iris configuration has been observed in eyes with pigmentary
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Figure | Location of I-Curv. |-Curv is defined as the maximum perpendicular distance (white arrow) from a straight line connecting the iris root to the point of contact with
the lens measured at the posterior surface of the iris pigment epithelium. SS represents the position of the scleral spur.

glaucoma.”® In addition, some studies have reported age-related changes in iris configuration.'®'? Therefore, under-
standing these age-related changes may be useful for the subtype diagnosis of glaucoma. In addition to glaucoma, it has
been reported that the structure of the anterior chamber angle changes after implantation of phakic intraocular lenses used
for myopia correction.'® Thus, clarifying the age-related changes in these structures may also help determine the optimal
lens size and have potential applications in other clinical fields.

Although slit-lamp examination and gonioscopy are useful for assessing iris configuration, quantitative evaluation

using these methods is challenging. In contrast, ultrasound biomicroscopy'®!!

and anterior segment optical coherence
tomography (AS-OCT)'*!* have proven to be effective for evaluating iris configuration, with AS-OCT being particularly
advantageous because of its noninvasive nature.

One parameter used to assess iris configuration with AS-OCT is iris curvature (I-Curv; Figure 1), which quantifies the
degree of iris bowing. I-Curv is defined as the maximum perpendicular distance from a straight line connecting the iris
root to the point of lens contact measured at the posterior surface of the iris pigment epithelium. I-Curv can be calculated
automatically based on the AS-OCT device. Several studies have demonstrated the usefulness of the I-curve in evaluating
iris morphology and assessing the risk of angle closure.' Therefore, I-Curv may be helpful for classifying glaucoma
subtypes. However, understanding age-related changes in iris configuration is essential for effective clinical application.

Although a previous study'” examined iris curvature, the data were obtained from a non-Japanese population and data
specific to the Japanese population are currently unavailable. In that study, the I-Curv was manually calculated from
images acquired using an AS-OCT device (3D OCT-200, Topcon, Japan). Therefore, no studies in Japan have examined
age-related trends in iris configuration using automatically measured I-Curv via CASIA2 (TOMEY, Japan), nor have they
investigated the factors influencing iris configuration in a Japanese population. Thus, this study aimed to evaluate age-
related changes in iris configuration among Japanese participants and explore the influence of refractive error, age, sex,
and anterior segment parameters measured by AS-OCT.

Materials and Methods

Participants

Participants included Japanese individuals aged 20-99 years with no history of refractive surgery, intraocular surgery,
retinal detachment repair, or corneal shape abnormalities, such as keratoconus, and who had undergone AS-OCT
imaging. For each decade of age, data from 60 cases were retrospectively extracted from medical records. The right
eye was primarily selected for analysis; however, if the right eye met any exclusion criteria, the left eye was used instead.
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Figure 2 This image illustrates the parameters of the anterior chamber, angle, and iris. IR: iris root; AR: angle recess; SS: scleral spur, Angle open distance (AOD) 500:
Distance from the scleral spur to the point where a perpendicular line drawn from the corneal endothelium at 500 um intersects the iris, Angle recess area (ARA) 500: The
cross-sectional area formed by the perpendicular line from the corneal endothelium 500 pm from SS to the iris and the anterior surface of the iris, Trabecular iris space area
(TISA) 500: defined as the area of ARA500 minus the area bordered by a line from the scleral spur (SS) to the iris, the anterior iris surface, and the corneal endothelium,
Trabecular iris angle (TIA500): the angle formed by two lines drawn from the AR to the two points on the corneal endothelium and the anterior iris surface defined by
AODS500, Anterior chamber depth (ACD): the distance from the corneal endothelium to the anterior surface of the lens, Lens vault (LV): the perpendicular distance from
the line connecting both SS points to the anterior surface of the lens, |-Area: the cross-sectional area of the iris. Iris thickness (IT500/2000): the thickness of the iris
measured at the points where perpendicular lines drawn from the corneal endothelium at 500 pm and 2000 pm from the SS intersect the iris.

AS-OCT imaging using CASIA2 was performed under dark-room conditions without pharmacologic dilation. The
scleral spur and iris root positions were visually inspected and manually adjusted by a single examiner for all the images.
The following parameters (Figure 2) were measured: anterior chamber parameters (anterior chamber depth [ACD],
anterior chamber area [ACA], lens vault [LV], anterior chamber width [ACW]); angle parameters (angle opening
distance at 500 um [AODS500], angle recess area at 500 um [ARAS500], trabecular—iris space area at 500 pum
[TISAS500], and trabecular—iris angle at 500 um [TIA500]); iris parameters (I-Curv, iris thickness at 750 and 2000 pm
[IT750 and IT2000], and iris area [I-Area]); and pupil diameter. All angle and iris parameters were analyzed based on the
nasal quadrant. The axial length was measured using an IOL Master 700 (Carl Zeiss Meditec, Jena, Germany).

This study was conducted as a retrospective analysis of the examination data extracted from electronic medical
records. The study protocol was approved by the Institutional Review Board of Chukyo Eye Clinic (approval number:
20240701083). Informed consent was obtained using the opt-out method and the study was conducted in accordance with
the Declaration of Helsinki.

Statistical Analysis

The normality of I-Curv and other AS-OCT parameters, as well as age, refractive error, pupil diameter, and axial length,
was assessed using the Shapiro—Wilk test. Correlations between I-Curv, representing iris configuration, and AS-OCT
parameters, age, refractive error, pupil diameter, and axial length, were assessed using Spearman’s rank correlation
coefficient. I-Curv differences across age groups were analyzed using the Kruskal-Wallis test, followed by Bonferroni-
corrected pairwise comparisons when significant differences were identified. Furthermore, multiple regression analysis
using the stepwise method was performed with [-Curv as the dependent variable and AS-OCT parameters, age, sex
(coded as 0 for females and 1 for males), refractive error, pupil diameter, and axial length as independent variables.
Participants were categorized into concave (negative [-Curv; Figure 3) and convex (positive I-Curv) groups for the
comparison of clinical characteristics. Fisher’s exact test was used for comparisons of categorical variables (sex), and the
Mann—Whitney U-test for continuous variables. Similarly, the Mann—Whitney U-test was used to compare parameters
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Figure 3 A case with negative I-Curv (concave iris configuration). In this anterior segment optical coherence tomography image obtained from the nasal quadrant (0°), the
iris is bowed posteriorly toward the posterior chamber, demonstrating a concave configuration. SS represents the location of the scleral spur.

between the male and female groups. Statistical significance was set at P < 0.05. All statistical analyses were performed
using the SPSS software (Version 29.0; IBM Corp., Armonk, NY, USA).

An a prioripower analysis was conducted using G*Power (version 3.1.9.7). Assuming an effect size of 0.20, eight
groups, a significance level (a) of 0.05, and a statistical power of 0.90, the minimum required total sample size was
calculated to be approximately 472 participants (59 per group). To satisfy this requirement, we included 60 participants
per age group, resulting in 480 participants.

Results

This study included 480 eyes of 480 Japanese participants (215 males and 265 females; 470 right eyes and 10 left eyes).
The mean age of participants was 59.1 + 22.5 years. The mean refractive error was —3.10 + 4.59 diopters (D). Among the
eyes, 306 (63.75%) were myopic (< —0.5 D), 78 (16.25%) were emmetropic (—0.5 D to +0.5 D), 89 (18.54%) were
hyperopic (> +0.5 D), and 7 (1.46%) had missing refractive data. The mean values of other ocular parameters are
presented in Table 1.

Table | Clinical Characteristics and Correlation with [-Curv

Characteristics Meant SD (95% CI) P-value Spearman Correlation P-value
(Shapiro-Wilk Test) Coefficient (p, P-value) (Kruskal-Wallis Test)
Age 59.1 £22.5 (57.1, 61.1) <0.001 0.610 (<0.001) <0.001
Sex (Female, Male, n [%]) Female: 265 (55.2) - - 0.736*
Male: 215 (44.8)
Refractive error (D) —3.10 + 4.57 (-3.51, —2.69) <0.001 0.598 (<0.001) <0.001
ACA 22.44 + 4.84 (22.00, 22.87) 0.156 —0.705 (<0.001) <0.001
ACW I1.64 + 045 (11.60, 11.68) 0.222 —0.230 (<0.001) <0.001
ACD 2.85 + 0.44 (2.81, 2.89) 0.002 —0.668 (<0.001) <0.001
Lv 0.25 + 0.39 (0.22, 0.29) <0.001 0.734 (<0.001) <0.001
AODS500 0.43 £ 0.24 (0.41, 0.45) <0.001 —0.621 (<0.001) <0.001
ARA500 0.17 £ 0.097 (0.16, 0.18) <0.001 —0.512 (<0.001) <0.001

(Continued)
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Table | (Continued).

Characteristics Meant SD (95% CI) P-value Spearman Correlation P-value
(Shapiro-Wilk Test) Coefficient (p, P-value) (Kruskal-Wallis Test)
TISA500 0.16 + 0.082 (0.15, 0.16) <0.001 —0.523 (<0.001) <0.001
TIA500 34.24 + 15.24 (32.87, 35.60) <0.001 —0.627 (<0.001) <0.001
I-Curv 0.13£0.13 (0.11, 0.14) <0.001 - <0.001
IT750 0.37 £ 0.08 (0.36, 0.38) <0.001 —0.180 (<0.001) 0.037
1T2000 0.46 + 0.08 (0.45, 0.46) 0.369 —0.233 (<0.001) <0.001
I-Area 1.40 + 0.22 (1.38, 1.42) 0.518 0.253 (<0.001) <0.001
Axial length 25.00 + 1.83 (24.80, 25.19) <0.001 —0.630 (<0.001) <0.001
Pupil diameter 4.64 £ 0.96 (4.55, 4.73) 0.061 —0.433 (<0.001) <0.001

Note: *Fisher’s exact test was used to analyze the association between sex and the relevant variables.
Abbreviations: D, diopter; ACD, anterior chamber depth; ACA, anterior chamber area; LV, lens vault; ACW, anterior chamber width; AOD, angle opening distance; ARA,
angle recess area; TISA, trabecular iris space area; TIA, trabecular iris angle; IT, Iris thickness; I-Area, Iris-Area; SD, standard deviation; Cl, confidence intervals.

In the assessment of normality, some parameters such as ACA and ACW showed normal distributions, whereas most
parameters including I-Curv were not normally distributed. The correlations between the I-Curv and various parameters
are summarized in Table 1. ARAS00, TISAS500, and pupil diameter showed moderate negative correlations with I-Curv (r
=—0.433 to —0.523, P < 0.001), whereas AOD500, TIA500, ACA, ACD, and axial length demonstrated strong negative
correlations (r = —0.621 to —0.705, P < 0.001). In contrast, age and LV exhibited strong positive correlations with [-Curv
(r=0.610 to 0.734, P < 0.001), and refractive error showed a moderate positive correlation (r = 0.598, P < 0.001).

The mean values of the I-Curv and other parameters according to age group are summarized in Table 2. Regarding
I-Curv, the mean + standard deviation for each age group was as follows: 20s, —0.01 + 0.13; 30s, 0.04 £ 0.12; 40s, 0.08 £
0.13; 50s, 0.13 + 0.09; 60s, 0.12 + 0.10; 70s, 0.19 + 0.10; 80s, 0.24 + 0.07; and 90s, 0.23 £ 0.09. A significant difference
in the I-Curv was found among the age groups using the Kruskal-Wallis test (P < 0.001) (Figure 4). No significant
differences were observed between the 20s, 30s, and 40s; 30s and 60s; 40s, 50s, and 60s; 50s and 70s; or 70s, 80s, and
90s (P > 0.05). However, all other age-group combinations showed significant differences (P < 0.05).

The results of the multiple regression analysis using the stepwise method to identify the factors influencing the I-Curv
are presented in Table 3. Significant predictors included LV, AOD500, ARAS500, refractive error, age, and pupil diameter
(R> = 0.823, P = 0.043). As the AOD500 and ARAS500 demonstrated high collinearity, we reanalyzed the multiple
regression model after excluding the ARAS500. The results are presented in Table 4 (R? = 0.603, P < 0.001).

In the comparative analysis based on iris configuration, 87 eyes were classified as concave and 393 eyes as convex.
The mean age and sex distribution were 37.3 + 15.0 years (49 males, 38 females) in the concave group and 63.9 + 20.9
years (166 males, 227 females) in the convex group, with significant differences observed (P < 0.001 and P = 0.017,
respectively). The mean refractive errors were —6.47 = 3.42 and —2.34 + 4.48 D in the concave and convex groups,
respectively, which also showed a significant difference (P < 0.001). Significant between-group differences were
observed in angle parameters such as AOD500, as well as in ACA, ACD, ACW, axial length, and pupil diameter (P <
0.001). However, no significant differences were observed between IT750 and IT2000 (P = 0.261 and P = 0.150,
respectively) (Table 5).

The results of sex-based comparisons are presented in Table 6. This study included 215 male and 265 female eyes. No
significant differences were found in mean age (59.1 + 21.7 years, males; 59.1 + 23.1 years, females; P = 0.985) and
mean refractive error (—2.83 £ 4.30 D, males; —3.31 + 4.80 D, females; P = 0.345). I-Curv was 0.11 + 0.14 in males and
0.14 £ 0.13 in females (P = 0.039), showing a significant tendency toward a more convex iris in females. Significant sex-
based differences were also observed in ACA, ACD, ACW, AOD500, ARA500, TISA500, TIA500, IT750, I-Area, and
axial length (P < 0.05). No significant differences were found in LV, IT2000, or pupil diameter (P > 0.05).
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Table 2 Comparison of Clinical Characteristics Across Age Groups

Characteristics

20s mean + SD (95% CI)

30s mean  SD (95% CI)

40s mean * SD (95% ClI)

50s mean £ SD (95% CI)

60s mean + SD (95% CI)

70s mean * SD (95% CI)

80s mean £ SD (95% CI)

90s mean  SD (95% Cl)

Age

Sex (Female, Male, n)

Refractive error (D)
ACA

ACW

ACD

v

AOD500

ARA500

TISA500

TIA500

I-Curv

Iris shape of Concave (n, %)
IT750

1T2000

I-Area

Axial length

Pupil diameter

24.5 + 2.6 (23.8,25.2)
Female: 38

Male: 22

—5.20 + 2.55 (—5.86, —4.54)
27.43 + 2.85 (26.70, 28.17)
11.84 + 0.38 (11.74, 11.94)
3.30 £ 0.23 (3.24, 3.36)
—0.18 £ 0.16 (—0.22, —0.14)
0.60 + 0.24 (0.54, 0.66)
0.23 £0.10 (0.20, 0.25)

0.21 £0.090 (0.19, 0.23)
47.52 + 12.97 (44.17, 50.87)
—0.0068 * 0.13 (—0.04, 0.03)
32 (41.1)

0.37 + 0.08 (0.35, 0.39)

0.51 +0.08 (0.48, 0.53)

127 £0.23 (1.21, 1.33)
25.94 £ 1.31 (25.58, 26.31)
5.65 + 0.69 (5.49, 5.83)

33.7 £ 2.8 (329, 344)
Female: 31

Male: 29

—5.37 £ 3.70 (-6.32, —4.41)
26.38 + 2.75 (25.67, 27.09)
11.82 £0.36 (11.73, 11.91)
322025 (3.12,3.29)
—0.11 £ 0.20 (-0.16, —0.06)
0.57 + 0.22 (0.52, 0.63)
0.22 £ 0.10 (0.19, 0.25)
0.20 + 0.080 (0.18, 0.22)
45.09 + 12.44 (41.88, 48.30)
0.037 + 0.12 (0.01, 0.06)
25 (35.6)

0.39 + 0.10 (0.36, 0.42)
0.48 + 0.09 (0.46, 0.50)
1.34 £ 021 (1.29, 1.39)
25.76 + 1.31 (25.18, 26.34)
5.29 + 0.86 (5.05, 5.52)

45.1 + 2.6 (44.5, 45.8)
Female: 30

Male: 30

—5.23 + 3.82 (—6.22, —4.41)
24.78 + 3.76 (23.81, 25.75)
11.83 043 (11.72, 11.94)
3.03 £ 0.34 (2.95, 3.12)
0.11 £0.28 (0.03, 0.18)
0.49 £ 0.31 (0.42, 0.57)
0.19 £0.13 (0.16, 0.23)
0.17 £ 0.10 (0.14, 0.19)
38.86 + 14.27 (35.18, 42.55)
0.080 + 0.13 (0.05, 0.11)

16 (26.8)

0.37 + 0.08 (0.35, 0.39)
0.48 + 0.08 (0.46, 0.50)
1.35 £ 0.18 (1.30, 1.39)
26.86 £ 1.73 (26.03, 27.70)
4.92 + 0.87 (4.67, 5.16)

55.5 + 2.8 (54.8, 56.3)
Female: 35

Male: 25

—5.06 + 5.92 (—6.60, —3.52)
22.27 + 432 (21.16, 23.39)
11.72 + 0.53 (11.58, 11.85)
2.79 + 0.36 (2.70, 2.88)
0.29 + 0.29 (0.22, 0.37)
0.40 + 0.31 (0.34, 0.45)
0.16 £ 0.09 (0.14, 0.18)
0.14 £ 0.07 (0.12, 0.16)
30.92 + 13.23 (27.50, 34.33)
0.13 £0.09 (0.11, 0.16)
5(83)

0.37 + 0.08 (0.35, 0.39)
0.46 + 0.08 (0.44, 0.48)
1.38 £ 0.20 (1.33, 1.43)
26.32 £ 2.28 (25.55, 27.08)
4.70 + 0.82 (4.48, 4.92)

64.0 + 2.8 (633, 64.7)
Female: 30

Male: 30

—4.44 £ 461 (-5.67, -3.22)
22.15 + 3.37 (21.28, 23.02)
11.62 + 042 (11.51, 11.73)
2.84 + 031 (2.76, 2.92)
0.25 + 0.27 (0.18, 0.32)
0.42 + 0.20 (0.37, 0.47)
0.17 £ 0.08 (0.15, 0.19)
0.15 £ 0.08 (0.13, 0.17)
32.58 + 12.75 (29.29, 35.88)
0.12 +0.10 (0.09, 0.14)

6 (10.0)

0.38 + 0.07 (0.36, 0.40)
0.45 + 0.07 (0.43, 0.47)
1.44 £ 0.23 (1.38, 1.50)
25.63 £ 1.69 (25.19, 26.08)
4.52 + 0.65 (4.35, 4.70)

75.0 £ 2.7 (74.3,75.7)
Female: 31

Male: 29

—1.37 £ 3.34 (-2.23, -0.51)
19.71 + 3.76 (18.74, 20.69)
11.48 + 0.44 (11.37, 11.60)
263 + 035 (254, 2.72)
0.36, 0.53)
0.28, 0.38)
0.14 £0.08 (0.12, 0.16)
0.13 £0.07 (0.11, 0.14)
26.65 + 12.84 (23.33, 29.96)
0.19 +0.10 (0.16, 0.21)
2(33)

0.37 + 0.08 (0.35, 0.39)
0.45 + 0.07 (0.43, 0.46)
1.49 £ 0.20 (1.43, 1.54)
2421 £ 1.16 (23.92, 24.51)
4.26 + 0.79 (4.06, 4.40)

0.45 +0.32

(
(
033 0.19 (
(

83.3 + 2.7 (82.6, 84.0)
Female: 34

Male: 26

0.60 + 2.51 (—0.45, 1.25)
18.74 + 3.71 (17.78, 19.69)
11.45 + 0.38 (11.35, 11.55)
2.55 + 0.39 (2.45, 2.65)
0.58 + 0.31 (0.50, 0.66)
0.31 £0.19 (0.26, 0.36)
0.14 £ 0.08 (0.12, 0.16)
0.12 £ 0.07 (0.10, 0.14)
25.17 £ 13.89 (21.59, 28.76)
0.24 + 0.07 (0.22, 0.25)
0(0)

0.35 £ 0.080 (0.33, 0.37)
0.42 + 0.07 (0.41, 0.44)
1.47 £ 0.18 (1.43, 1.52)
23.75 £ 1.10 (23.44, 24.07)
4.05 + 0.69 (3.87, 4.24)

91.7 £ 1.6 (91.3,92.1)
Female: 36

Male: 24

1.24 + 2.56 (0.57, 1.90)
18.06 + 3.81 (17.07, 19.04)
11.36 +0.36 (11.27, 12.32)
245 + 0.36 (2.81, 2.89)
0.66 + 0.30 (0.58, 0.74)
0.33 £ 0.15 (0.29, 0.37)
0.14 £ 0.06 (0.13, 0.16)
0.13 £ 0.06 (0.11, 0.14)
27.10 £ 11.60 (24.11, 30.10)
0.23 + 0.09 (0.20, 0.25)
1(1.7)

0.33 £0.11 (0.32, 0.36)
0.40 + 0.06 (0.39, 0.42)
1.44 £ 022 (1.39, 1.42)
23.36 £ 0.87 (23.10, 23.61)
3.86  0.82 (3.65, 4.08)

Abbreviations: D, diopter; ACD, anterior chamber depth; ACA, anterior chamber area; LV, lens vault; ACW, anterior chamber width; AOD, angle opening distance; ARA, angle recess area; TISA, trabecular iris space area; TIA,

trabecular iris angle; IT, Iris thickness; |-Area, Iris-Area; SD, standard deviation; Cl, confidence intervals.
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Figure 4 Age-related changes in I-Curv. |-Curv tends to increase with age, indicating progressive anterior bowing of the iris in older age groups.

Discussion

In this study, we investigated age-related changes in the I-Curv and its influencing factors in a Japanese population.

[-Curv, which reflects anterior bowing of the iris, showed a significant tendency to increase with age, as indicated by the

Kruskal-Wallis test. Pairwise comparisons between age groups revealed no significant differences among adjacent age

Table 3 Multiple Regression Analysis for Factors Associated with I-Curv

Unstandardized Standardized P value Collinearity
Coefficient (B), (95% CI) Coefficient (f) Diagnostics (Tolerance, VIF)
Lv 0.077 (0.029, 0.107) 0.218 0.025 0.286, 3.496
AODS500 —0.389 (-0.522, —0.307) —0.683 <0.001 0.098, 10.176
Refractive error 0.005 (0.003, 0.007) 0.184 <0.001 0.711, 1.407
Age 0.001 (0.001, 0.002) 0.201 <0.001 0.356, 2.806
Pupil diameter —0.012 (-0.023, 0.00) —0.081 0.043 0.622, 1.607
ARA500 0.554 (0.378, 0.913) 0.368 <0.001 0.111, 8.988

Abbreviations: AOD, angle opening distance; ARA, angle recess area; LV, lens vault; VIF, variance inflation factor; Cl, confidence intervals.

Table 4 Multiple Regression Analysis of Factors Associated with |-Curv After the Exclusion of ARA500

Unstandardized Standardized P value Collinearity
Coefficient (B) (95% CI) Coefficient () Diagnostics (Tolerance, VIF)
Lv 0.066 (0.028, 0.104) 0.193 <0.001 0.278, 2.926
AODS500 —0.196 (—0.243, —0.148) —0.353 <0.001 0.472, 2.117
Refractive error 0.005 (0.003, 0.007) 0.163 <0.001 0.701, 1.427
Age 0.001 (0.001, 0.002) 0.199 <0.001 0.342, 2.926
Pupil diameter —0.009 (—0.20, 0.001) —0.066 0.079 0.630, 1.588

Abbreviations: AOD, angle opening distance; ARA, angle recess area; LV, lens vault; VIF, variance inflation factor; Cl, confidence intervals.
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Table 5 Comparison Between Concave and Convex Iris Configuration Groups

Characteristics Concave Convex P-value Calculated
Mean  SD (95% CI) Mean £ SD (95% CI) Using the Mann-Whitney U-test
N 87 393
Age 37.3 £ 15.0 (34.1, 40.5) 63.9 £ 20.9 (61.8, 66.0) <0.001
Sex (Female, Male, n (%)) | Female: 38 (43.7) Female: 227 (57.8) 0.017
Male: 49 (56.3) Male: 166 (42.2)
Refractive error (D) —6.47+ 3.42 (-7.20, —5.74) —2.34+ 4.48 (-2.79, —1.90) <0.001
ACA 27.44 £ 3.26 (26.74, 28.13) 21.33 £ 4.42 (20.90, 21.77) <0.001
ACW 11.84 £ 0.44 (11.75, 11.94) 11.60 + 0.44 (11.55, 11.64) <0.001
ACD 3.27 £ 0.28 (3.20, 3.33) 2.76 £ 0.41 (2.72, 2.80) <0.001
Lv —0.12 £ 0.26 (-0.17, —0.06) | 0.34 £ 0.37 (0.30, 0.37) <0.001
AOD500 0.71 £ 0.27 (0.65, 0.77) 0.37 £ 0.18 (0.35, 0.39) <0.001
ARA500 0.28 £ 0.12 (0.25, 0.30) 0.15 £ 0.07 (0.14, 0.16) <0.001
TISA500 0.24 £+ 0.09 (0.22, 0.26) 0.14 £ 0.07 (0.13, 0.14) <0.001
TIA500 51.21 £ 12.55 (48.53, 53.88) | 30.48 + 13.08 (29.18, 31.78) | <0.00I
I-Curv —0.10£0.05 (—0.11, —0.09) 0.18+0.08 (0.17, 0.18) <0.001
IT750 0.37 £ 0.12 (0.35, 0.39) 0.37 £+ 0.08 (0.36, 0.37) 0.261
1T2000 0.47 £ 0.09 (0.45, 0.49) 0.45 + 0.08 (0.45, 0.46) 0.150
I-Area 1.35+ 0.22 (1.30, 1.40) 141+ 0.21 (1.39, 1.43) 0.038
Axial length 26.37 £ 1.60 (25.96, 26.78) 24.70 £ 1.75 (24.50, 24.91) <0.001
Pupil diameter 5.25+0.84 (5.07, 5.43) 4.50+0.93 (4.4, 4.59) <0.001

Abbreviations: D, diopter; ACD, anterior chamber depth; ACA, anterior chamber area; LV, lens vault; ACW, anterior chamber width; AOD, angle
opening distance; ARA, angle recess area; TISA, trabecular iris space area; TIA, trabecular iris angle; IT, Iris thickness; I-Area, Iris-Area; SD, standard

deviation; Cl, confidence intervals.

Table 6 Comparison Between Sex Groups

Characteristics Female Male P-value Calculated
Mean £ SD (95% CI) Mean * SD (95% CI) Using the Mann-Whitney U-test

N 265 215

Age 59.1 +23.1 (56.3, 61.9) 59.1+ 21.7 (56.2, 62.0) 0.985

Refractive error (D) —3.31% 4.80 (—3.89, —2.73) —2.83% 4.30 (—3.42, —2.24) 0.345

ACA 21.88+ 4.96 (21.28, 22.48) 23.13+ 4.61 (22.51, 23.75) 0.003

ACW 11.58 £ 0.45 (11.52, 11.63) 11.72 £ 0.44 (11.66, 11.78) <0.001

ACD 2.80+ 0.44 (2.75, 2.86) 291+ 0.42 (2.85, 2.97) 0.007

Lv 0.28 + 0.40 (0.23, 0.32) 0.23+ 0.39 (0.18, 0.28) 0.204

AODS500 0.41 + 0.24 (0.38, 0.44) 0.46 £ 0.23 (0.43, 0.49) 0.008

ARA500 0.16 £ 0.09 (0.15, 0.17) 0.19 £ 0.10 (0.17, 0.20) 0.006

TISA500 0.15 £ 0.08 (0.14, 0.16) 0.17 £ 0.08 (0.15. 0.18) 0.017

TIA500 33.04 + 1543 (31.18, 34.91) 35.71+ 1491 (33.70, 37.71) 0.049

I-Curv 0.14 £0.13 (0.12, 0.15) 0.11 £0.14 (0.09, 0.13) 0.039

IT750 0.36+ 0.08 (0.35, 0.36) 0.38 £ 0.10 (0.37, 0.39) 0.001

1T2000 0.46+ 0.08 (0.45, 0.47) 0.45 + 0.09 (0.44, 0.47) 0.090

I-Area 1.36% 0.20 (1.33, 1.38) 1.45 + 0.22 (1.42, 1.48) <0.001

Axial length 24.80 + 1.91 (24.52, 25.07) 25.24 £1.71 (24.97, 25.50) 0.014

Pupil diameter 4.69+0.95 (4.57, 4.81) 4.58+0.97 (4.45, 4.72) 0.328

Abbreviations: D, diopter; ACD, anterior chamber depth; ACA, anterior chamber area; LV, lens vault; ACW, anterior chamber width; AOD, angle
opening distance; ARA, angle recess area; TISA, trabecular iris space area; TIA, trabecular iris angle; IT, Iris thickness; I-Area, Iris-Area; SD, standard
deviation; Cl, confidence intervals.
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groups, including 20s—40s, 40s—60s, and 70s—90s. However, significant differences tended to emerge between more
widely separated age groups, such as between the 20s and 50s, probably because of the relatively small absolute values
and gradual changes in I-Curv compared to other anterior chamber or angle parameters, which may have reduced the
statistical power to detect differences between closely spaced age groups.

A study'® conducted in Korea examining age-related changes in anterior chamber parameters such as ACD and iris
parameters, including I-Curv, in individuals aged 30-89 years, also reported that I-Curv tended to increase with age
(indicating greater anterior bowing), which is consistent with our findings. This finding suggests that anterior bowing of
the iris tends to increase with age, at least in individuals of Asian descent.

It is well established that the anterior chamber and angle narrow with age.'>'® In our study, significant age-related
differences were also observed in angle parameters such as AODS500 and anterior chamber parameters, such as ACD,

demonstrated a similar trend of progressive narrowing. Notably, previous studies'>'®

included relatively few participants
under the age of 40 and mainly focused on comparisons among older age groups. This differs from our study, which
included a larger number of younger participants; however, the results were consistent. These findings suggest that even
among younger individuals, the anterior chamber and angle gradually narrow with age, and the iris tends to bow
anteriorly (becoming more convex), consistent with previous studies.

Based on the results of Spearman’s rank correlation analysis between the I-Curv and various parameters, eyes with a
wider anterior chamber and angle, longer axial length, greater myopia, and younger age exhibited a more concave iris
configuration. Consistent with our findings, a previous study'? also reported that age and refractive error influenced the
iris configuration.

In the multiple regression analysis, AOD500, ARAS500, LV, age, refractive error, and pupil diameter were identified as
significant variables, with AODS500 showing the strongest influence on the I-Curv. However, the AOD500 and ARA500
showed high collinearity. As both parameters represent the configuration of the anterior chamber angle, this finding was
considered reasonable. Therefore, we reanalyzed the data after excluding the ARAS500. After exclusion, multicollinearity
markedly improved (all VIF < 5), while the overall significance of the model was maintained. Even in the revised model,
AOD500 remained a strong influencing factor for I-Curv, suggesting that I-Curv is highly affected by the angle structure.
Although the statistical significance of pupil diameter was lost in the revised model, we retained it as a variable because
previous studies have reported its association with the I-Curv.>!”

Conversely, axial length and sex were not selected as significant factors, in contrast to a previous study,'? which
reported an association between sex and the iris curvature. Moreover, anterior chamber and angle structures are

reportedly influenced by sex'*'®

and axial length.> Therefore, although sex and axial length may considerably influence
anterior segment structures, such as ACD and AODS500, their direct impact on I-Curv itself may be limited. Furthermore,
unlike previous studies, most cases in this study were myopic, regardless of sex, which may have influenced the results.
Further studies including a larger number of emmetropic individuals will be necessary in future studies.

The pupil diameter was also selected as a significant factor and showed a negative association with iris curvature,
indicating that larger pupil diameters are associated with a more concave iris. However, this finding contrasts with those
of previous studies,®'” which reported a positive correlation between pupil diameter and iris curvature, suggesting that
larger pupils are associated with greater anterior bowing of the iris. These discrepancies may be attributed to differences
in the study populations, including a smaller proportion of younger subjects, a higher proportion of female participants,
and comparisons between eyes with angle closure and those with open angles in previous studies. Nevertheless, from the
perspective of Poiseuille’s law, a smaller pupil diameter reduces the cross-sectional area available for aqueous humor to
flow from the posterior to the anterior chamber, which could increase the resistance to aqueous flow, potentially elevating
the pressure in the posterior chamber and leading to anterior bowing of the iris. Therefore, this mechanism may explain
the more convex iris configuration observed in eyes with smaller pupils in our study.

In the comparison between the concave and convex groups, no significant differences were observed in IT750 and
IT2000; however, all the other parameters differed significantly. The concave group was comprised of significantly
younger male participants with longer axial lengths, greater degrees of myopia, and wider anterior chambers and angles.
These findings are consistent with those of a previous study,'* which also reported correlations between iris configuration
and age, refractive error, and sex. Although our study included a predominantly myopic population, in contrast to a
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previous study,'” the concave group exhibited significantly greater myopia, suggesting that greater degrees of myopia
may be associated with a more concave iris configuration.

In the sex-based comparison, a significant difference in the I-Curv was observed, with female participants showing a
tendency toward a more convex iris configuration. Although no significant differences were observed in age, refractive
error, and LV, other anterior chamber and angle parameters showed significant differences. Male participants tended to
have wider anterior chambers and angles as well as longer axial lengths. These findings are consistent with those of

1418 which demonstrated that women have significantly narrower anterior chamber and angle para-

previous reports,
meters, such as ACD and AODS500, than men. Given that the multiple regression analysis identified the angle structure as
a strong determinant of I-Curv, the narrower angle structure in females may contribute to their more convex iris
configuration, despite the lack of significance in some parameters.

This study had some limitations. First, most of the included cases were myopic, which may have influenced our
results. Consequently, the trends in iris configuration among emmetropic and hyperopic individuals in the Japanese
population remain unclear. Future studies should include a greater number of emmetropic and hyperopic eyes for
reevaluation to enable broader generalizability. Second, only nasal quadrant data were used to assess the angle
parameters. In contrast, a previous study'' used temporal data, indicating methodological differences. Future investiga-
tions should include analyses that use data from all quadrants to provide a more comprehensive evaluation. Finally, this
study was cross-sectional, and age-related changes were estimated by comparing the data among different age groups.
However, to observe the actual changes, a longitudinal study in the same cohort would be necessary.

Conclusion

The iris tended to become increasingly anteriorly convex with increasing age, a change that appeared to be strongly
influenced by alterations in angle configuration. Conversely, in younger participants with wider anterior chambers and
angles, and greater degrees of myopia, the iris was more likely to exhibit a concave shape. The results of this study may
serve as an indicator for the subtype diagnosis of glaucoma based on iris morphology. Furthermore, future studies
involving multiple ethnic groups are warranted to clarify racial differences.

Abbreviations

APAC, Acute primary angle-closure; PACS, Primary angle-closure suspect; PAC, Primary angle-closure; ACD, Anterior
chamber depth; ACA, Anterior chamber area; LV, Lens vault; ACW, Anterior chamber width; AOD, Angle opening
distance; ARA, Angle recess area; TISA, Trabecular—iris space area; TIA, Trabecular—iris angle; I-Curv, Iris curvature;
1V, Iris area.
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