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Abstract

Purpose: To investigate ocular dimensions in African-Americans with the long anterior
zonule (LAZ) trait. Methods: Sixty-one African-American LAZ subjects and 61 age, race,
and gender-matched controls were compared relative to central corneal thickness (CCT),
central corneal curvature (CCC), axial length (AL), and subjective refraction (SR). Results:
LAZ right eyes had a mean SR =+1.75D + 1.82 D and were 1.58 D (95% CI=0.83t0 2.31 D,
P<0.0001) more hyperopic on average than control right eyes. LAZ right eyes also had an
AL that was 0.69 mm (95% CI=0.34 to 1.04 mm, P<0.001) shorter on average than control
right eyes. Similar results were found for left eyes. No differences were found relative to
CCC and CCT (P>0.05). Conclusions: LAZ eyes in this dataset tended to be more
hyperopic and had axial lengths that were shorter than control eyes, characteristics that are

consistent with elevated risk for angle-closure glaucoma.



Introduction

Long anterior zonules (LAZ) are characterized by the presence of crystalline lens zonules
central to the normal insertion zone on the anterior capsule (Fig. 1),*"*® sometimes resulting
in a very reduced zonule-free zone (Fig. 2). Although LAZ may occur with late-onset retinal
degeneration (L-ORD),%® another variety occurs apart from L-ORD, most commonly in
older, hyperopic women.?3% | A7 often become pigmented due to contact with the
posterior iris, and other pigment dispersion signs are also common (Fig. 3) that can be
confused with “classic” pigment dispersion syndrome. 48111419 pqssiply, there is elevated
risk for glaucoma in LAZ eyes, but definitive association is unknown. In addition to open-
angle mechanisms, narrow-angle mechanisms might also increase the likelihood of glaucoma
in LAZ eyes (Fig. 4).® Observations of hyperopia with LAZ are consistent with increased
risk of angle-closure but no information currently exists about other ocular parameters.

Therefore, we began study of ocular dimensions in LAZ eyes.

Methods

Subjects were recruited from a single, urban, eye care facility in Chicago, lllinois, USA,
and those selected for analysis presented as part of a larger investigation exploring the LAZ
phenotype, co-morbidity associations, and potential heredity. The vast majority of the LAZ
subjects were identified from a database developed over a 10-12 year period through the
provision of routine eye care in the facility’s primary eye care service. Four of the LAZ
inclusion subjects, with diagnoses including diabetic retinopathy, retinoschisis, macular
degeneration, and central retinal vein occlusion, were initially identified and referred to the
study from the Retina Service, but no other subjects were referred from any specialty service.

LAZ participants responded to a mailed invitation, and only African-Americans (self-report)



were studied due to institutional patient demographics. The criterion for LAZ was zonule
fibers present >1.0 mm central to the normal zonule termination zone on the anterior lens
surface (Fig. 1), and we excluded eyes with <5 LAZ to ensure definitive cases. Eyes with
prior trauma or surgery were excluded, except for those having laser iridotomy for narrow
angles.

Controls were frequency-matched to cases on race, gender, and age (5-year increments),
and were derived from a database of more than 5,500 consecutive patients examined by five
practitioners who screened for LAZ from 1999 to 2001 during provision of primary eye care.
Potential controls were excluded if there was history of trauma, ocular surgery, or other
significant eye disease. Possible inclusions were sent mailed invitations.

Testing included ocular/medical history, extraocular muscle testing, Randot™ stereopsis,
Ishihara’s Test for Color Deficiency, pupil testing, auto-refraction/keratometry, subjective
refraction, Goldmann tonometry, four-mirror gonioscopy, dilated fundus exam, stereo fundus
photography, corneal pachymetry, A-scan ultrasonography, optic nerve confocal scanning
laser tomography (HRT 1), and Humphrey Field Analyzer II-Series central threshold testing.

Ocular parameters compared included non-dilated subjective refraction (SR), central
corneal curvature (CCC), central corneal thickness (CCT), and axial length (AL). CCC was
measured with the Humphrey Instruments Automatic Refractor/Keratometer, Model 599.
CCT and AL were measured with the Palmscan™ AP2000 (MicroMedical Devices, Inc.,
Calabasas, CA). Spherical-equivalent values were used for SR comparisons, and the mean
of the horizontal and vertical meridians were used for CCC. The mean of four consecutive
automated readings were used for CCT, and the mean of six consecutive automated

readings were used for AL. For CCC and AL measures, which could vary with probe



position, the eye tested first was selected via randomization, and to assess repeatability,
duplicate measures were obtained on a large number of consecutive subjects. Repeat
measures were taken immediately after the first set of measures in the same right/left eye
sequence. A single tester (DKR) took all CCC and AL measures.

To prevent diminution of subjects, imputations were carried out for missing data values by
using the mean values of existing data for each subject group. There were only two
instances in which either eye of a case/control group had more than two missing values. This
included 9-10 missing CCC values for both eyes of LAZ subjects and four missing AL values
for LAZ subject right eyes.

To examine variables, distributions were checked, and simple group comparisons were
made using the Student’s t test. Right and left eyes were evaluated separately due to lack of
independence and to provide experimental check for consistency. Multiple logistic regression
was used to check for residual age confounding and to explore variable combinations for
predictive relationships with LAZ presence. Explanatory variables were checked for
correlation and interaction, and the likelihood ratio test was used to help select final models.
Analyses were carried out using SAS® Statistical Program, Version 9.2 for Microsoft

Windows® (Cary, NC). Institutional Review Board approval was obtained for this research.

Results

There were 191 LAZ subjects in the existing dataset at time of analysis, and 72 (mean
age + SD=70.5 + 9.6 years; range=51-92 years) participated in the larger LAZ study. Eleven
(mean age=81.0 + 6.7 years, 69-88 years, 9 females) of these 72 were excluded from the

current analysis, four because they had cataract surgery, and seven due to no matched



control. Therefore, 61 proband LAZ subjects (55 females) were included, with 130 (112
females) from the database not used. Gender was similar (90.2% vs. 86.2% female;
P=0.44), but the inclusions were younger than those not included (69.0 + 8.9 years, 51-91
years vs. 76.7 + 10.8 years, 37-101 years; P<0.0001). Mean age of the 61 LAZ inclusions
was similar to controls (68.4 + 8.3 years, 51-93 years; P=0.73). Mean age of the female LAZ
cases was 68.4 + 9.1 years (51-91 years) and 74.0 + 5.4 years (68-81 years) for the males.
Among the 61 LAZ cases, 7 subjects (5 females, mean age=71.2 years, 60-76 years; 2
males, 76 and 79 years) had previous laser iridotomy (all bilateral but one). Four of the LAZ
subjects had definitive glaucoma, defined by characteristic optic nerve cupping and
consistent visual field loss. All four were taking chronic topical intraocular pressure lowering
medication, and they also had a history of intraocular pressure > 22 mm Hg in the presence
of open-angles. Two of the subjects with chronic open-angle glaucoma were also subjects
who had undergone laser iridotomy procedures for concern of angle narrowing at some point
in time.

Significant differences existed between the LAZ and control eyes relative to SR and AL,
but not CCC and CCT (Table 1). LAZ right eyes had a mean SR =+1.75D + 1.82 D and on
average they were 1.58 D (95% CI=0.83 to 2.31 D, P<0.0001) more hyperopic than control
right eyes. On average, LAZ right eyes were also 0.69 mm (95% CI=0.34 to 1.04 mm,
P<0.001) shorter than control right eyes. Left eye comparisons were similar. Results were
stable with the exclusion of subjects with missing data, subjects who had laser iridotomy, and
males. “Difference vs. mean plots” for the CCT and AL repeat measures showed similar
means and random distributions for the first vs. second trial differences.*” Mean difference +

95% limits of agreement for CCT measurements were 4.1 p + 20.5 p for right eyes and -2.6 p



+ 20.4 pu for left eyes. For AL they were -0.02 mm + 0.28 mm for right eyes and 0.00 mm +
0.47 mm for left eyes. None of the mean differences were statistically significant (P>0.05).
Logistic regression confirmed good age-matching since results remained stable with
simultaneous control for age. It also showed that other variables, and their combinations,
were not superior to SR alone or AL alone as prediction variables for the case vs. control
status (Table 2). Comparing regression equations with SR vs. AL as sole prediction variables
for the case/control status, i.e., “LAZ (Y) = Intercept + SR (X1)” vs. “LAZ (Y) = Intercept + AL
(X1)”, neither logistic model was superior to the other (P>0.05). In addition to SR and AL as
sole predictor variables of the case/control status, analysis also showed that CCC and AL
together in a regression equation could predict subject type. Here, for right and left eyes,
while controlling for AL, the odds of being a LAZ case were higher (OR=1.5; 95% CI=1.1 to

2.1; P=0.017) with a flatter CCC.

Discussion

In addition to a relationship with hyperopia,'® this study also finds a LAZ association with
shorter axial length. The finding that LAZ eyes tend to be shorter is not surprising, but
requires formal study nonetheless. Significance of hyperopia and shorter axial length is
related to known association with angle-closure glaucoma,*®?? as are older age and female
gender, “? which have consistently been found with LAZ in our clinic population.”® Thus,
based on observations to date, at least certain characteristics of African-American LAZ
subjects, i.e., older age, female gender, hyperopia, and shorter axial lengths, are similar to

classic descriptions of people who develop primary angle-closure glaucoma.®®



Although steeper anterior surface CCC has been reported with angle-closure glaucoma
in some subject groups,®:?* our LAZ subjects did not exhibit this tendency. Alternatively,
while controlling for AL, we found CCC was significantly more likely to be flatter among LAZ
cases than controls, an observation that may be consistent with higher hyperopic refractive
error. The contribution of other ocular components will be needed to fully understand this. In
our current study, the ability to accurately measure other ocular parameters, such as anterior
chamber depth and lens thickness, was constrained by our measurement method.

Angle-closure glaucoma is a complex disease with clinical variation from one population
to another, and its incidence varies among ethnic groups.®>?” Acute angle-closure is less
common in blacks, who may tend to develop chronic angle-closure when it does occur.®"%®)
We did not classify our subjects in terms of acute or chronic angle-closure among those who
had it because the histories were not always clear. Although it is a goal to determine the
level of open-angle and narrow-angle glaucoma risk among LAZ eyes, this information
cannot be inferred from our type of data.

In addition to shorter axial lengths, angle-closure risk may be further increased if plateau
iris configuration is truly more likely to occur in LAZ eyes."® Plateau iris, which can cause
angle-closure stemming from abnormally positioned ciliary processes,**3? might be likely in
LAZ eyes if certain structural changes inherent with LAZ create anomalous traction on the
ciliary processes, causing their forward rotation with change in peripheral iris configuration.

The inclusion of only African-Americans in this study reflected study site demographics,
and it is not the intent to suggest that LAZ or related features are limited to this group. This is
because study at the same facility has suggested similar LAZ prevalence among other

groups as well, i.e., about 2.0%.®



This study further adds to the body of literature that a basic clinical picture is emerging of
a common patient phenotype characterized by older age, female gender, hyperopia, shorter
axial length, intraocular pigment dispersion, and LAZ. In contrast to the younger age, male
gender, myopia, and longer axial length that may characterize classic pigment dispersion
syndrome,®® LAZ subjects usually have characteristics opposite these and could be more

likely to develop angle-closure glaucoma, with possible contribution from plateau iris.

Conclusions
LAZ eyes in this African-American dataset tended to be more hyperopic and have axial
lengths shorter than control eyes, characteristics that are consistent with elevated risk for

angle-closure glaucoma.
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Figure Legends

Figure 1. Termination of normal anterior zonules along a well-demarcated zone (top) vs.
irregular termination points of LAZ (bottom).

Figure 2. Reduced zonule-free zone in subject with cataract and LAZ.

Figure 3. LAZ-associated pigment dispersion resulting in densely pigmented long zonules
(top, middle) and heavy pigmentation of the trabecular meshwork (bottom).

Figure 4. Plateau iris configuration in subjects with the LAZ trait (top, middle) compared

with a normal iris configuration (bottom).
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TABLE 1

OCULAR PARAMETERS OF LAZ CASES AND MATCHED CONTROLS

LAZ? Cases Controls
N=61 N=61
Mean+SD Mean+SD
(range) (range)

Variable Right Eye Left Eye Right Eye Left Eye
Corneal 535+31 526+29 535+36 529+36
Thickness (u) (475 to 615) (470 to 595) (446 to 617) (434 t0 618)
Corneal 43.35+1.36 43.37+1.41 43.50+1.31 43.58+1.41
Curvature (D) (39.50 t0 46.00)  (39.50 t0 46.00)  (41.1310 46.63)  (40.75 to 46.50)
Axial Length (mm) 723.10+0.92 723.10+0.90 23.79+1.01 23.78+1.00

(21.36t0 25.29)  (20.93t0 25.30) (21.821028.05) (22.06 to 28.12)
Subjective "+1.75+1.82 "+1.58+1.74 0.17+2.29 -0.02+ 2.24
Refraction (D) (-250t0 +7.25)  (-2.38t0 +7.38)  (-8.75t0 +3.25)  (-8.38 to +3.25)

@Abbreviations: D, diopters; mm, millimeters; i, microns; SD, standard deviation

“Significantly different from control eyes, P<0.001
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TABLE 2

LOGISTIC REGRESSION MODELS SHOWING RELATIONSHIP BETWEEN LAZ AND
SIGNIFICANT PREDICTOR VARIABLES (61 CASES, 61 CONTROLS; 50-94 YEARS OLD)

LAZ (Y) = Intercept + refractive error (Xy)

Variable Coefficient SE Wald x° P-value OR 95% CI
(B)
Right Intercept -0.46 0.24 - - - -
Eye Refractive Error (D) 0.45 0.13 12.54 0.0004 157 1.22t02.01
Left Intercept -0.41 0.23 - - - -
Eye Refractive Error (D) 0.47 0.13 13.74 0.0002 1.60 1.25102.06

LAZ (Y) = Intercept + axial length (Xy)

Variable Coefficient SE Wald x° P-value OR 95% CI
(B)
Right Intercept -18.40 5.28 - - - -
Eye Axial Length (mm) 0.79 0.23 12.15 0.0005 219 141t03.41
Left Intercept -18.95 5.44 - - - -
Eye Axial Length (mm) 0.81 0.23 1213  0.0005 2.25 1.42t03.54

LAZ (Y) = Intercept + corneal curvature (X;) + axial length (Xy)

Variable Coefficient SE Wald x° P-value OR 95% ClI
(B)
Right Intercept -43.73 12.51 - - - -
Eye Corneal Curvature (D) 0.42 0.17 5.67 0.017 152 1.08to2.14
Axial Length (mm) 1.10 0.28 14.79 0.0001 299 1.71t05.23
Left Intercept -47.74 12.69 - - - -
Eye Corneal Curvature (D) 0.46 0.17 7.22 0.007 158 1.13t02.21
Axial Length (mm) 1.19 0.30 15.94 <0.0001 3.29 1.831t05.89

#Abbreviations: Cl, confidence interval; D, diopters; mm, millimeters; OR, odds ratio; SE,
standard error




