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Abstract

Purpose

To investigate whether differences exist in lens position and other lens parameters among

major ethnic groups with cataractous eyes, which may help explain racial differences in

angle closure risk.

Methods

This retrospective, cross-sectional study included 807 adult patients who had cataract sur-

gery between years 2014 and 2016 at the University of California, San Francisco (UCSF).

Adult patients of white, Asian, Hispanic and African-American ethnicity were included. Lens

position (LP), defined as anterior chamber depth (ACD) + 1/2 lens thickness (LT), was

assessed using measurements from optical biometry. Other assessed biometric parameters

included axial length (AL), relative lens position (RLP) (defined as LP/AL), and anterior

chamber depth (ACD).

Results

A total of 807 patients and 1361 eyes were included in this study from a database of patients hav-

ing cataract surgery. Mean age was 69.2 years (age range from 18 to 101 years old), and 60.3%

of patients were women. The mean LP measurements were 5.54±0.32 mm for white, 5.38±0.32

mm for Asian, 5.32±0.30 mm for Hispanic, and 5.40±0.28 mm for African-American participants.

After adjusting for age, sex, and AL, significant differences were found when comparing LP in

paired comparisons among White cohort with Asians (P<0.001), Hispanics (P<0.001) and Afri-

can-Americans (P = 0.003). Additionally, when comparing RLP, similar significant results were

found when comparing Whites with Asians (P<0.001), Hispanics (P<0.001) and African-Ameri-

cans (P = 0.002). Lastly, pair-wise comparison of LT between ethnic groups showed significant
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differences while comparing Asians with Whites (P = 0.001) and Asians with African-Americans

(P<0.001).

Conclusion

The results of this study suggest that the LP of Hispanic, Asian, and African-American

patients are significantly smaller than that of White patients, and among all ethnic groups,

Hispanics and after Asians have the smallest LP (P<0.001) and RLP (P<0.001). These find-

ings may have implications for the relative risk of angle closure and the potential IOP

response after cataract surgery among different ethnic groups.

Introduction

Glaucoma is a major public health challenge, being the leading cause of irreversible blindness

worldwide. It has been estimated that 60.5 million people were affected by primary open-angle

glaucoma (POAG) and primary angle-closure glaucoma (PACG) globally in 2010.[1–4]

Elevated intraocular pressure (IOP) is the most important modifiable risk factor associated

with glaucoma development.[5] Many experimental studies have demonstrated sustained

intraocular pressure reduction after routine cataract extraction in eyes with or without ocular

hypertension or glaucomatous disease.[6–8] So far, the mechanism remains poorly understood

and the magnitude of this effect is highly variable and unpredictable. In patients with narrow

angles, the IOP-lowering effect appears to also be proportional to the degree of anterior cham-

ber angle deepening induced by cataract surgery.[9] However, for POAG, the mechanism is

not as clear.[10,11] Many studies have focused on the relationship between the ocular anatomy

and IOP reduction after phacoemulsification. Anterior chamber and angle parameters have

been found to be predictive factors. For example, the ratio of the preoperative IOP and anterior

chamber depth (ACD)—the pressure-to-depth ratio (PD ratio)—and changes in angle opening

distance (AOD) have been reported to be associated with IOP reduction after phacoemulsifica-

tion in non-glaucoma subjects.[9,12]

Lens position (LP)—defined as LP = ACD + 1/2 lens thickness (LT)—and relative lens posi-

tion (RLP)—defined as RLP = LP/axial length are more easily computed from measurements

obtained through optical ocular biometry, which is part of routine testing for intraocular lens

(IOL) power calculations prior to cataract surgery. They could also be used to understand how

the lens affects the IOP reduction seen in previous studies. Our former research found that the

percentage of IOP reduction after cataract surgery in non-glaucomatous eyes with open angles

is greater in patients with more anteriorly positioned lenses.[13] In addition, we have also

shown that LP is an accessible predictor with considerable predictive value for postoperative

IOP change.[14]

Another area in which LP may be helpful is the understanding of the risk factors and possi-

ble treatment for PACG. Progressive shallowing of the anterior chamber (AC) in predisposed

eyes is mostly attributable to age-related increase in lens thickness and more anterior position-

ing of the lens.[15] The restoration of a deeper angle configuration by removing a thickened

and anteriorly positioned lens may be advantageous in eyes with PACG and may lead to a sig-

nificant IOP reduction.[16,17] Furthermore, differences in ocular anatomy may contribute to

ethnic differences in glaucoma risk, particularly for PACG. Previous studies showed that a

more anterior lens is related to higher risk for angle closure.[18–20]
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In this study, we compare the LP and other lens parameters among White, Asian, Hispanic

and African-American subjects. We hypothesize that LP is significantly different among eth-

nicities that are at different risk for developing PACG and that they may respond differently in

terms of IOP change after cataract surgery.

Methods

Study design

This retrospective, cross-sectional study was approved by the University of California, San

Francisco (UCSF) Committee on Human Research, and the study adhered to the tenets of the

Declaration of Helsinki. Due to the retrospective nature of the study, and since the data were

analyzed anonymously, UCSF Committee on Human Research determined that it was not

necessary to obtain the participants’ consent. This study enrolled consecutive subjects who

met the inclusion criteria and underwent cataract surgery at the UCSF general ophthalmology

and subspecialty clinics between January 1, 2014, and January 31, 2016.

The ethnicities of study participants included were White, Asian, Hispanic and African-

American. Ethnicity was assessed by self-report. The Asian cohort included individuals of self-

reported Chinese, Japanese, Korean, Filipino, and Vietnamese descent. The White cohort

included only those of European-derived ancestry. Inclusion criteria included: 1) adult

patients (18 years or older); 2) self-reported White, Asian, African-American, or Hispanic eth-

nicity; and 3) optical biometry with the Lenstar (model LS 900, Haag-Streit AG, Koeniz, Swit-

zerland) prior to planned cataract surgery. Exclusion criteria included

1) self-reported biracial ancestry; 2) uveitis, severe retinal disease such as wet macular

degeneration, or congenital anomalies; 3) history of ocular trauma or any prior intraocular

surgery; 4) history of intraocular laser treatment; 5) use of steroid or glaucoma drops within

the 3 months prior to optical biometry; 6) contact lens use; or 7) inability to conduct the neces-

sary testing. Both eyes of the patients with cataracts were included in the study if they met the

inclusion and exclusion criteria. However, not all the eyes underwent cataract surgery after the

measurement. In reviewing the medical charts, we ensured that all eyes included in the study

were eligible based on inclusion and exclusion criteria. Mixed effects regression modeling was

used to adjust for the use of both eyes in some subjects.

Data collection

The study participants underwent ophthalmologic examinations, including visual acuity

assessment, refractometry, keratometry, intraocular pressure measurement by Goldman

applanation tonometry, slit-lamp biomicroscopy, and optical biometry which provided data

on axial length (AL), anterior chamber depth (ACD), lens thickness (LT), and central corneal

thickness (CCT). We conducted optical biometry with the Lenstar. Five readings were taken

for each eye, and after omitting the highest and lowest values, the mean of the remaining three

readings was used for analysis. All measurements were done for both eyes of all subjects. All

enrollees received an ophthalmic examination that included refraction. Trained ophthalmic

technicians (R.I.C. and D.T.B.) performed all scans.

Lens position (LP) was calculated as LP = ACD + 1/2 (LT), and relative lens position (RLP)

was defined as RLP = LP/AL.

Statistical analysis

We used descriptive analyses for the demographic data related to the ethnic cohorts. Nonpara-

metric Wilcoxon rank-sum tests were used to compare cohorts regarding LP, RLP, CCT, LT,
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and AL. We used linear mixed-effect models to compare differences in LP and RLP between

ethnic cohorts while accounting for each eye as a separate entity to maximize the effect of ran-

domization plus including both eyes for analysis. Two-tailed P value <0.05 was deemed statis-

tically significant. All statistical analyses were conducted using Stata version 14.0 (Stata Corp

LLP, College Station, TX, USA).

Results

Over the study period, there were a total of 2173 eyes assessed using Lenstar optical biometry.

Four hundred and fifty-six eyes were excluded because of missing ethnicity information, self-

reported biracial ancestry, or ethnicity other than the 4 major groups included in this study;

246 were excluded because of their history of glaucoma; and 110 were excluded because of his-

tory of surgery or other eye diseases. After these exclusions, a total of 807 patients and 1361

eyes were included in the study. There were 729 White, 386 Asian, 141 Hispanic and 105 Afri-

can-American eyes. There were 60.3% women and the mean age of the sample was 69.2 ± 12.7

years. Distribution of laterality was 49.7% right eyes.

Among the entire study group, the mean CCT was 543.81 ± 36.18μm, the mean ACD was

3.19 ± 0.43 mm, the mean LT was 4.54 ± 0.47 mm, and the mean AL was 24.16 ± 1.64 mm.

The mean IOP was 16.43 ± 3.07 mmHg.

Table 1 shows the comparison of the demographic and clinical characteristics of the ethnic

cohorts. The mean LP measurements were 5.54 ± 0.32 mm for Whites (largest), 5.38 ± 0.32

mm for Asians, 5.32 ± 0.30 mm for Hispanics (smallest) and 5.40 ± 0.28 mm for African-

Americans. The mean RLP measurements were 0.230 ± 0.010 for whites, 0.222 ± 0.010 for

Asians, 0.224 ± 0.010 for Hispanics and 0.224 ± 0.010 for African-Americans.

The univariate linear analysis showed that age, sex and AL were potential confounders with

LP. The differences between each ethnicity’s LP and RLP and those of the reference group

(White) are depicted in Tables 2 and 3, respectively. Using a multivariable linear mixed-effect

regression model with Whites as the comparator, adjusted for age, sex and AL, we found that

significant differences exist compared to the LP in the Asian group (β coefficient = -0.14, 95%

CI, -0.18 to -0.09, P<0.001), African-American group (β coefficient = -0.11, 95% CI, -0.18 to

-0.04, P = 0.003) and Hispanic group (β coefficient = -0.16, 95% CI, -0.22 to -0.10, P<0.001).

Table 1. Comparison of demographic and clinical characteristics of the ethnic cohorts.

Characteristic White Asian Hispanic African American

Participants, No. 442 223 82 60

Eyes, No. 729 386 141 105

Age, mean (SD), y 67.6 (12.4) 72.07(11.32) 67.70(15.23) 67.22(13.33)

Female sex, No. (%) 245(55.30%) 146(65.47%) 45(54.88%) 42(70.00%)

CCT, mean (SD), mm 550.61(34.86) 539.24(33.15) 539.79(36.25) 518.81(41.49)

ACD, mean (SD), mm 3.28(0.42) 3.08(0.43) 3.06(0.39) 3.16(0.43)

LT, mean (SD), mm 4.52(0.46) 4.60(0.46) 4.53(0.44) 4.48(0.54)

Al, mean (SD), mm 24.26(1.56) 24.23(1.86) 23.59(1.50) 24.05(1.30)

IOP, mean (SD),mmHg 16.32(2.99) 16.46(3.01) 16.64(3.01) 16.91(3.73)

LP mean (SD), mm

RLP mean (SD), mm

5.54(0.32)

0.23(0.01)

5.38(032)

0.222(0.01)

5.32(0.30)

0.224(0.01)

5.40(0.28)

0.224(0.01)

CCT = central corneal thickness, ACD = anterior chamber depth, LT = lens thickness. AL = axial length, IOP = intraocular pressure, LP = lens position,

RLP = relative lens position

https://doi.org/10.1371/journal.pone.0179836.t001
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Thus, all other races had smaller LP than Whites. The biggest differences were seen in Hispan-

ics and Asians compared to Whites (P<0.001).

Comparison of RLP using multivariable linear mixed-effect regression model, adjusted for

age, sex and AL, using White as the reference group, showed that a significant different of RLP

exists between ethnic cohorts. The highest negative effects (estimated difference) were seen in

Hispanics (coefficient = -0.0062, 95% CI, -0.88 x10-2 to -0.36 x10-2, P<0.01) and after that in

Asians (coefficient -0.0055, 95% CI, -0.72 x10-2 to -0.37 x10-2, P<0.01) as compared to White

and the lowest negative effect (estimated difference) was seen in African-Americans as com-

pared to White (coefficient = -0.0046, 95% CI, -0.76 x10-2 to -0.16 x10-2, P = 0.002).

Running our multivariable linear mixed-effects regression model test, comparing LP and

RLP but using Asians as the baseline, we found significant differences when comparing Asians

to African-Americans, White and Hispanic. As a result, we found the lowest values (highest

negative effect) of LP and RLP in Hispanics and after that group in Asians while comparing

the ethnic cohorts.

Furthermore, pairwise comparison of LT showed that Asians significantly differed from

both African-Americans (P<0.001) and Whites (P = 0.001) but not Hispanics (Table 4). We

also found that Asians had the thickest LT and African-Americans had the thinnest (Table 1).

Discussion

In the present study of a convenience sample of patients scheduled to have cataract surgery,

using linear mixed-effect regression models, we found Hispanics have the smallest LP and RLP

and Asians have the second smallest LP and RLP while having the greatest lens thickness (LT)

value (Table 1). The LP of Whites was greater than all other racial groups (P<0.05 for all com-

parisons) and the RLP was greater than other races as well. Our findings may help provide ana-

tomic insight into the relative risk for PACG among different ethnic groups and the potential

efficacy of cataract surgery on IOP in these different groups.

Angle-closure glaucoma is an anatomical disorder of the anterior segment of the eye char-

acterized by permanent closure of part of the filtration angle. Demographic and anatomical

factors play significant roles in the development of angle-closure glaucoma.[21–23] Ethnicity

Table 2. Comparisons of lens position (LP) between ethnic cohorts.

LP coefficient Std. Err 95% low CI High CI P value

White reference

Asian -0.14 0.02 -0.18 -0.09 <0.001

Hispanic -0.16 0.03 -0.22 -0.10 <0.001

African American -0.11 0.04 -0.18 -0.04 0.003

P values by multivariable, linear mixed-effect regression models, adjusted for age, sex, and axial length.

https://doi.org/10.1371/journal.pone.0179836.t002

Table 3. Comparisons of relative lens position between ethnic cohorts.

RLP coefficient Std. Err 95% low CI High CI P value

White reference

Asian -0.55 x10-2 0.09 x10-2 -0.72 x10-2 -0.37 x10-2 <0.001

Hispanic -0.62 x10-2 0.13 x10-2 -0.88 x10-2 -0.36 x10-2 <0.001

African American -0.46 x10-2 0.15 x10-2 -0.76 x10-2 -0.16 x10-2 0.002

P values by multivariable, linear mixed-effect regression models, adjusted for age sex and AL

https://doi.org/10.1371/journal.pone.0179836.t003
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was recognized as a major risk factor for primary angle-closure glaucoma in a comprehensive

review of the literature conducted by Congdon et al in 1992, with Asians among those with the

highest risk and Whites having substantially lower risk.[24] Previous studies have also shown

that greater lens thickness (LT), smaller anterior chamber depth (ACD), and shorter axial

length (AL) are risk factors for PACG.[25–29] Recent studies have also shown that LP, RLP,

and LT can be predictive for angle closure.[30–32] In this current study of a clinic population,

our findings suggest that the position and thickness of a lens may also be significantly different

among ethnic groups and help explain the differential risk for angle closure among these

groups. Hispanics and Asians had the smallest LP and RLP and the thickest LT among the four

major racial groups in our study.

Asians have the highest prevalence of PACG.[33–35] Furthermore, a population-based

study by Quigley et al. reported that 0.1% of their Hispanic population were affected with

PACG.[36] However, it has been speculated that angle closure might be more common among

Hispanic individuals in the Western Hemisphere because of their linked heritage to migrants

from Asia during the last Ice Age.[36] Sakata K et al. found that PACG was more common

among south Brazilians (Hispanic) than in European populations, and the adjusted prevalence

of PACG observed in the study suggested that the prevalence of this disease in non-Asian,

such as Hispanic, populations may be greater than has been traditionally believed and that

most cases are asymptomatic.[37] Interestingly, in our study, the highest LP was recorded in

the White group and the lowest measurement was recorded in the Hispanic group. In Whites,

these findings are consistent with the low rate of PACG in this group.

Recent studies investigated different biomechanical parameters such as lens vault, trabecu-

lar meshwork height and iris thickness between different racial groups.[38–41]

However, there have not been any prior studies describing the differences in LP, RLP, and

LT among the major major racial groups. Differences in lens position, thickness, and anterior

chamber depth in different racial groups and the continued growth of the lens throughout life

[42] may be partially responsible for the dissimilarity in the presenting demographic features

of patients with PACG.

In 1970, Lowe et al. found that the eyes with chronic ACG are smaller than normal eyes,

and the lens is situated relatively more anteriorly in the eye when compared with the lens posi-

tion in matched normal eyes.[15] We also found that there is a significant relationship between

LP and age (and thus, we included the age in the mixed effects regression model as con-

founder), which means the lens is closer to the cornea as age increases. This substantiates find-

ings in previous studies.[30] According to the iris-lens canal theory, the more anteriorly the

lens is positioned, the more likely it is to result in “partial pupillary block.”[43] The posterior

chamber–anterior chamber pressure gradient is inversely proportional to the height of the iris-

lens canal. When the lens is more anteriorly positioned and the height is decreased, the higher

pressure gradient will cause a situation similar to pupillary block.[44]

In our previous study, we found that LP was an accessible parameter with considerable pre-

dictive value for postoperative IOP change after cataract surgery in non-glaucomatous patients

with open angles.[14] We also found that there is a trend towards a similar effect in POAG

Table 4. Pair-wise comparison of lens thickness between ethnicities (p values are presented).

White Asian Hispanic African American

White 0.001 0.56 0.19

Asian 0.08 <0.001

Hispanic 0.13

African American

https://doi.org/10.1371/journal.pone.0179836.t004

Ethnic differences in lens parameters

PLOS ONE | https://doi.org/10.1371/journal.pone.0179836 June 27, 2017 6 / 11

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17962447
https://doi.org/10.1371/journal.pone.0179836.t004
https://doi.org/10.1371/journal.pone.0179836


eyes.[45] The results of the present study therefore suggest that Asians and Hispanics may ben-

efit more from cataract surgery in terms of IOP control.

Additionally, in our data, the highest LT—another risk factor for PACG[26,46]—was in the

Asian group. In patients with PACG, the anterior segment is more crowded because of the

presence of a thicker, more anteriorly located lens.

Fig 1. Illustrates lens parameters based on Lenstar measurements.

https://doi.org/10.1371/journal.pone.0179836.g001
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One prominent advantage of this study was the use of the Lenstar LS 900 for ocular biome-

try, a device which has been shown to have high accuracy and can measure CCT, ACD, LT

and AL, in addition to keratometric (K) readings and corneal diameter (CD). This machine

measures AL from the surface of the cornea (epithelium including the tear film) to the macular

pigmentary epithelium and ACD from the surface of the cornea to the anterior surface of the

crystalline lens (Fig 1). Shammas et al. reported that the precision of the measurements

obtained by the Lenstar was extremely high.[47]

Although the same precision cannot be applied regarding the interchangeability of mea-

surements between AS-OCT, IOLMaster and Lenstar, the reproducibility of measurements

(precision) within the Lenstar device is excellent.[48]

The primary limitation of this study is the use of retrospective data from a convenience

sample of subjects scheduled to have cataract surgery at UCSF. However, this feature should

not necessarily bias the results in any particular direction such that certain racial groups would

have greater likelihood of smaller or greater LP, RLP, and LT. Furthermore, we adjusted for

potential confounding factors such as age, gender, and axial length when appropriate. Addi-

tional limitations of this study include the relatively small sample size in some groups, investi-

gating lens parameters among cataract surgery population, and the self-reported nature for

ethnicity in our study. Moreover, each ethnic group included in this study also has substantial

intragroup differences. Self-identification within an ethnic group also does not preclude

genetic contribution from another ethnic group. To minimize intra-ethnic variation, we

excluded individuals of biracial ancestry. However, it is possible that there is still great genetic

diversity within each cohort. Furthermore, this is a retrospective study and parameters from

procedures such as gonioscopy and ASOCT were not consistently available. Although IOP is

available, we did not evaluate this factor as an outcome because it was assessed by different

technicians and devices and at various times of the day, without a fixed protocol.

In summary, we found significant differences in the lens position and relative lens position

among various ethnic groups, with Whites having the greatest LP and RLP. In addition, His-

panics followed by Asians had the smallest LP and RLP. These findings may have relevance as

to the relative risk for ACG in these groups and potentially in the IOP outcome after cataract

surgery. Our results can serve as a starting point for designing future prospective observational

studies which have larger populations and a variety of ethnicities.

Acknowledgments

The authors acknowledge this material is the result of collaboration (supported with resources)

with ophthalmic medical personnel and the use of facilities at the UCSF Medical Center, Beck-

man Vision Center, San Francisco, California.

Author Contributions

Conceptualization: DW BA SL.

Data curation: DW BA.

Formal analysis: TP ZW BA,.

Funding acquisition: SL.

Investigation: DW BA SL.

Methodology: SL.

Project administration: SL.

Ethnic differences in lens parameters

PLOS ONE | https://doi.org/10.1371/journal.pone.0179836 June 27, 2017 8 / 11

https://doi.org/10.1371/journal.pone.0179836


Resources: SL DW TP BA.

Software: TP ZW.

Supervision: SL.

Validation: BA TP ZW.

Visualization: BA DW.

Writing – original draft: DE BA SL.

Writing – review & editing: SL BA DW.

References
1. Kingman S. Glaucoma is second leading cause of blindness globally. Bull World Health Organ 2004; 82

(11):887–888. PMID: 15640929

2. Quigley HA, Broman AT. The number of people with glaucoma worldwide in 2010 and 2020. Br J

Ophthalmol 2006 Mar; 90(3):262–267. https://doi.org/10.1136/bjo.2005.081224 PMID: 16488940

3. Wong TY, Loon SC, Saw SM. The epidemiology of age related eye diseases in Asia. Br J Ophthalmol

2006 Apr; 90(4):506–511. https://doi.org/10.1136/bjo.2005.083733 PMID: 16547337

4. Tham Y, Li X, Wong TY, Quigley HA, Aung T, Cheng C. Global prevalence of glaucoma and projections

of glaucoma burden through 2040: a systematic review and meta-analysis. Ophthalmology 2014; 121

(11):2081–2090. https://doi.org/10.1016/j.ophtha.2014.05.013 PMID: 24974815

5. Leske MC, Heijl A, Hussein M, Bengtsson B, Hyman L, Komaroff E. Factors for glaucoma progression

and the effect of treatment: the early manifest glaucoma trial. Arch Ophthalmol 2003; 121(1):48–56.

PMID: 12523884

6. Hayashi K, Hayashi H, Nakao F, Hayashi F. Effect of cataract surgery on intraocular pressure control in

glaucoma patients. Journal of Cataract & Refractive Surgery 2001; 27(11):1779–1786.

7. Poley BJ, Lindstrom RL, Samuelson TW, Schulze R. Intraocular pressure reduction after phacoemulsifi-

cation with intraocular lens implantation in glaucomatous and nonglaucomatous eyes: evaluation of a

causal relationship between the natural lens and open-angle glaucoma. Journal of Cataract & Refrac-

tive Surgery 2009; 35(11):1946–1955.

8. Mierzejewski A, Eliks I, Kaluzny B, Zygulska M, Harasimowicz B, Kaluzny JJ. Cataract phacoemulsifica-

tion and intraocular pressure in glaucoma patients. Klin Oczna 2008; 110(1–3):11–17. PMID: 18669076

9. Huang G, Gonzalez E, Peng P, Lee R, Leeungurasatien T, He M, et al. Anterior chamber depth, irido-

corneal angle width, and intraocular pressure changes after phacoemulsification: narrow vs open irido-

corneal angles. Arch Ophthalmol 2011; 129(10):1283–1290. https://doi.org/10.1001/archophthalmol.

2011.272 PMID: 21987670

10. Slabaugh MA, Chen PP. The effect of cataract extraction on intraocular pressure. Curr Opin Ophthalmol

2014 Mar; 25(2):122–126. https://doi.org/10.1097/ICU.0000000000000033 PMID: 24463416

11. Shrivastava A, Singh K. The effect of cataract extraction on intraocular pressure. Curr Opin Ophthalmol

2010 Mar; 21(2):118–122. https://doi.org/10.1097/ICU.0b013e3283360ac3 PMID: 20040874

12. Dooley I, Charalampidou S, Malik A, Loughman J, Molloy L, Beatty S. Changes in intraocular pressure

and anterior segment morphometry after uneventful phacoemulsification cataract surgery. Eye 2010;

24(4):519–527. https://doi.org/10.1038/eye.2009.339 PMID: 20168346

13. Huang G, Gonzalez E, Lee R, Chen Y, He M, Lin SC. Association of biometric factors with anterior

chamber angle widening and intraocular pressure reduction after uneventful phacoemulsification for

cataract. Journal of Cataract & Refractive Surgery 2012; 38(1):108–116.

14. Hsu C, Kakigi CL, Lin S, Wang Y, Porco T, Lin SC. Lens Position Parameters as Predictors of Intraocu-

lar Pressure Reduction After Cataract Surgery in Nonglaucomatous Patients With Open AnglesPredic-

tive Value of LP for IOP Reduction. Invest Ophthalmol Vis Sci 2015; 56(13):7807–7813. https://doi.org/

10.1167/iovs.15-17926 PMID: 26650901

15. Lowe RF. Aetiology of the anatomical basis for primary angle-closure glaucoma. Biometrical compari-

sons between normal eyes and eyes with primary angle-closure glaucoma. Br J Ophthalmol 1970 Mar;

54(3):161–169. PMID: 5428641

16. Vizzeri G, Weinreb RN. Cataract surgery and glaucoma. Curr Opin Ophthalmol 2010 Jan; 21(1):20–24.

https://doi.org/10.1097/ICU.0b013e328332f562 PMID: 19829115

Ethnic differences in lens parameters

PLOS ONE | https://doi.org/10.1371/journal.pone.0179836 June 27, 2017 9 / 11

http://www.ncbi.nlm.nih.gov/pubmed/15640929
https://doi.org/10.1136/bjo.2005.081224
http://www.ncbi.nlm.nih.gov/pubmed/16488940
https://doi.org/10.1136/bjo.2005.083733
http://www.ncbi.nlm.nih.gov/pubmed/16547337
https://doi.org/10.1016/j.ophtha.2014.05.013
http://www.ncbi.nlm.nih.gov/pubmed/24974815
http://www.ncbi.nlm.nih.gov/pubmed/12523884
http://www.ncbi.nlm.nih.gov/pubmed/18669076
https://doi.org/10.1001/archophthalmol.2011.272
https://doi.org/10.1001/archophthalmol.2011.272
http://www.ncbi.nlm.nih.gov/pubmed/21987670
https://doi.org/10.1097/ICU.0000000000000033
http://www.ncbi.nlm.nih.gov/pubmed/24463416
https://doi.org/10.1097/ICU.0b013e3283360ac3
http://www.ncbi.nlm.nih.gov/pubmed/20040874
https://doi.org/10.1038/eye.2009.339
http://www.ncbi.nlm.nih.gov/pubmed/20168346
https://doi.org/10.1167/iovs.15-17926
https://doi.org/10.1167/iovs.15-17926
http://www.ncbi.nlm.nih.gov/pubmed/26650901
http://www.ncbi.nlm.nih.gov/pubmed/5428641
https://doi.org/10.1097/ICU.0b013e328332f562
http://www.ncbi.nlm.nih.gov/pubmed/19829115
https://doi.org/10.1371/journal.pone.0179836


17. Pereira FA, Cronemberger S. Ultrasound biomicroscopic study of anterior segment changes after pha-

coemulsification and foldable intraocular lens implantation. Ophthalmology 2003; 110(9):1799–1806.

https://doi.org/10.1016/S0161-6420(03)00623-7 PMID: 13129880

18. Lim MC, Lim LS, Gazzard G, Husain R, Chan YH, Seah SK, et al. Lens opacity, thickness, and position

in subjects with acute primary angle closure. J Glaucoma 2006 Jun; 15(3):260–263. https://doi.org/10.

1097/01.ijg.0000212212.10395.76 PMID: 16778651

19. Saxena S, Agrawal PK, Pratap VB, Nath R, Saxena RC. The predictive value of the relative lens posi-

tion in primary angle-closure glaucoma. Ann Ophthalmol 1993 Dec; 25(12):453–456. PMID: 8129328

20. Devereux JG, Foster PJ, Baasanhu J, Uranchimeg D, Lee P, Erdenbeleig T, et al. Anterior chamber

depth measurement as a screening tool for primary angle-closure glaucoma in an East Asian popula-

tion. Arch Ophthalmol 2000; 118(2):257–263. PMID: 10676792

21. Congdon NG, Quigley HA, Hung PT, Wang T, Ho T. Screening techniques for angle-closure glaucoma

in rural Taiwan. Acta Ophthalmol Scand 1996; 74(2):113–119. PMID: 8739673

22. The epidemiology of primary angle closure and associated glaucomatous optic neuropathy. Seminars

in ophthalmology: Taylor & Francis; 2002.

23. Seah SK, Foster PJ, Chew PT, Jap A, Oen F, Fam HB, et al. Incidence of acute primary angle-closure

glaucoma in Singapore: an island-wide survey. Arch Ophthalmol 1997; 115(11):1436–1440. PMID:

9366676

24. Congdon N, Wang F, Tielsch JM. Issues in the epidemiology and population-based screening of pri-

mary angle-closure glaucoma. Surv Ophthalmol 1992; 36(6):411–423. PMID: 1589856

25. Lavanya R, Foster PJ, Sakata LM, Friedman DS, Kashiwagi K, Wong T, et al. Screening for narrow

angles in the Singapore population: evaluation of new noncontact screening methods. Ophthalmology

2008; 115(10):1720–1727. e2. https://doi.org/10.1016/j.ophtha.2008.03.015 PMID: 18486215

26. George R, Paul PG, Baskaran M, Ramesh SV, Raju P, Arvind H, et al. Ocular biometry in occludable

angles and angle closure glaucoma: a population based survey. Br J Ophthalmol 2003 Apr; 87(4):399–

402. PMID: 12642298

27. Salmon JF, Swanevelder SA, Donald MA. The dimensions of eyes with chronic angle-closure glau-

coma. J Glaucoma 1994; 3(3):237–243. PMID: 19920603

28. Alsbirk P. ANTERIOR CHAMBER DEPTH AND PRIMARY ANGLE-CLOSURE GLAUCOMA. Acta

Ophthalmol 1975; 53(3):436–449.

29. Lavanya R, Wong T, Friedman DS, Aung HT, Alfred T, Gao H, et al. Determinants of angle closure in

older Singaporeans. Arch Ophthalmol 2008; 126(5):686–691. https://doi.org/10.1001/archopht.126.5.

686 PMID: 18474780

30. Jonas JB, Iribarren R, Nangia V, Sinha A, Pardhi P, Shukla R, et al. Lens Position and Age: The Central

India Eye and Medical StudyLens Position and Age. Invest Ophthalmol Vis Sci 2015; 56(9):5309–5314.

https://doi.org/10.1167/iovs.15-16796 PMID: 26258615

31. Otori Y, Tomita Y, Hamamoto A, Fukui K, Usui S, Tatebayashi M. Relationship between relative lens

position and appositional closure in eyes with narrow angles. Jpn J Ophthalmol 2011; 55(2):103–106.

https://doi.org/10.1007/s10384-010-0918-6 PMID: 21400053

32. Nongpiur ME, He M, Amerasinghe N, Friedman DS, Tay W, Baskaran M, et al. Lens vault, thickness,

and position in Chinese subjects with angle closure. Ophthalmology 2011; 118(3):474–479. https://doi.

org/10.1016/j.ophtha.2010.07.025 PMID: 21035864

33. Salmon JF. Predisposing factors for chronic angle-closure glaucoma. Prog Retin Eye Res 1999; 18

(1):121–132. PMID: 9920501

34. Foster PJ, Baasanhu J, Alsbirk PH, Munkhbayar D, Uranchimeg D, Johnson GJ. Glaucoma in Mongo-
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