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Abstract 1 

Objective: To determine the incidence and risk factors of primary angle closure disease (PACD) over 2 

six years in a multi-ethnic Asian population.  3 

Design: Population-based, longitudinal study.  4 

Subjects: The Singapore Epidemiology of Eye Diseases study is a population-based cohort study 5 

conducted amongst adults aged 40 years or more. The baseline examination was conducted between 6 

2004 to 2010; and the six-year follow up visit between 2011 to 2017. Out of 6,762 participants who 7 

attended the follow up examination, 5,298 participants at risk for primary angle closure glaucoma 8 

(PACG) and 5,060 participants at risk for PACD were included for analyses. 9 

Methods: Standardized examinations including slit lamp biomicroscopy, indentation gonioscopy, 10 

intraocular pressure (IOP) measurement and static automated perimetry, were performed. In this 11 

study, PACD includes primary angle closure suspect (PACS), primary angle closure (PAC) and 12 

PACG.  13 

Main Outcome Measures: Six-year PACD incidence was evaluated amongst an at-risk population 14 

excluding adults with baseline glaucoma, PACS, PAC, pseudophakia at baseline or follow-up, or laser 15 

peripheral iridotomy or iridectomy at baseline visit. Logistic regression analysis adjusting for age, 16 

gender and ethnicity was performed to evaluate associations between the development of PACD and 17 

demographic or ocular characteristics. Forward selection based on the Quasi-likelihood Information 18 

Criterion (QIC) was used in multi-variable analysis to reduce potential multicollinearity.  19 

Results: The six-year age-adjusted PACD incidence was 3.50% (95% confidence interval [CI] 20 

2.94%–4.16%). In multivariable analysis, increasing age per decade (Odds ratio [OR] 1.35; 95% CI, 21 

1.15-1.59), higher intraocular pressure (IOP) (OR1.04; 95%CI 1.00-1.08) and shallower anterior 22 

chamber depth (OR1.11; 95% CI 1.08-1.14) at baseline were associated with higher odds of PACD, 23 

while late posterior subcapsular cataract (OR0.60, 95% CI 0.48-0.76) was associated with lower odds 24 

of PACD. The six-year age-adjusted incidence of PACG, PAC & PACS were 0.29% (95% CI 0.14– 25 

0.55%), 0.46% (0.29–0.75%) and 2.54% (2.07–3.12%) respectively. 26 

Conclusions: Our study showed that the six-year incidence of PACD was 3.50%. Increasing age, 27 

higher IOP and shallower anterior chamber were associated with higher risk of incident PACD while 28 
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late posterior subcapsular cataract was associated with lower odds of PACD. These findings can aid in 29 

future projections and formulation of healthcare policies for screening of at-risk individuals for timely 30 

intervention. 31 

Word count: 350  32 
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1. Introduction  33 

Primary angle closure glaucoma (PACG) is a visually debilitating form of glaucoma that 34 

affected 20.2 million adults globally in 2013, with 77% of cases coming from Asia.1 Although the 35 

global prevalence of PACG is less than half of primary open angle glaucoma (POAG),1 it is 36 

associated with a three-fold increase in the risk of severe bilateral vision impairment compared to 37 

POAG.2 The severity of ocular morbidities associated with PACG, and the projected increase in 38 

global prevalence due to aging populations,1 render it a significant public eye health concern, 39 

especially in Asia.  40 

Several studies have reported the prevalence of PACG3-5 but there are few longitudinal 41 

reports on its incidence and progression. Current literature shows that the incidence of PACG ranges 42 

from 0.3% over six years in India6 to 1.3% over five years in Japan.7 However, PACG is part of a 43 

spectrum of diseases known as primary angle closure disease (PACD), and likewise, little is known 44 

about the incidence and progression of earlier stages of angle closure that precede PACG, namely, 45 

primary angle closure suspect (PACS) and primary angle closure (PAC). Studies in Asia showed that 46 

the incidence of PACS ranged from 2.6% (five year incidence in Chennai, India)8 to 16.9% (ten year 47 

incidence in urban China)9 and the incidence of PAC from baseline open angles ranged from 1.1% 48 

(five year incidence in Chennai, India)8 to 6.0% (15 year incidence in Andhra Pradesh, India).10 There 49 

are even fewer studies reporting the progression between these stages. A study conducted in Vellore, 50 

India, reported that 22% of PACS cases progressed to PAC over five years11 and 28.5% of PAC cases 51 

progress to PACG over five years in India.12 Of note, this study conducted in Vellore performed a 52 

comparison between the PACS group with a selected subset of normal participants to provide a 53 

relative risk of progression and thus limits the accuracy of the longitudinal data. 54 

The lack of longitudinal data on PACD precludes our understanding on disease development 55 

and progression, and the factors associated with it. These are crucial information for clinicians to 56 

formulate an appropriate course-of-action for suspect cases, and for policy administrators to plan for 57 

screening or intervention initiatives. Thus, the aim of this study was to determine the six-year 58 

incidence of PACD and PACG, and to evaluate the risk factors of incident PACD in a multi-ethnic 59 

Asian population.  60 
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 61 

2. Methods  62 

2.1 Study Population 63 

The Singapore Epidemiology of Eye Diseases (SEED) Study is a population-based cohort 64 

study of adults aged 40 years or more in Singapore. The detailed description of its methodology has 65 

been previously described.13 Briefly, age-stratified random sampling was used to select participants 66 

living across the south-western region of Singapore. The study population consists of three major 67 

ethnic cohorts in Singapore: Malay, Indian and Chinese. Details of the baseline visit are as follows: 68 

3280 Malay participants were recruited from 2004 - 2006 (response rate 78.7%), 3400 Indian 69 

participants were recruited from 2007 – 2009 (response rate 75.6%) and 3353 Chinese participants 70 

were recruited from 2009 – 2011 (response rate of 72.8%).  71 

The same cohort of participants had a six-year follow up visit from 2011-2017. We re-72 

examined 1901 Malay participants (72.1% of eligible) from 2011-2013, 2200 Indians (75.5% of 73 

eligible) from 2013-2015, and 2661 Chinese (87.7% of eligible) from 2015-2017. Both the baseline 74 

and follow-up studies were approved by the SingHealth centralized institutional review board and 75 

were conducted in accordance with the tenets of the Declaration of Helsinki. All participants provided 76 

written informed consent.  77 

 78 

2.2 Ophthalmic examination 79 

All participants in SEED underwent a comprehensive eye examination at the Singapore Eye 80 

Research Institute (SERI) research clinic according to a standardized protocol and test setting in both 81 

the baseline and follow-up visits. The relevant information pertaining to the evaluation of PACD are 82 

reported herein. 83 

An investigator-administered questionnaire was used to elicit information on socio-84 

demographics, ocular and medical history. Slit lamp biomicroscopy (model BQ-900; Haag-Streit, 85 

Koniz, Switzerland) was performed by trained ophthalmologists to detect abnormalities of the anterior 86 

segment, signs of secondary glaucoma, acute primary angle closure (APAC) and previous ocular laser 87 

and surgery. Peripheral anterior chamber depth was assessed with the Van Herick technique at 16x 88 
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magnification. Cataracts were assessed after pupil dilation and anterior segment photographs were 89 

taken for grading cataract severity according to the Wisconsin Cataract Grading System.14 The 90 

categorization of cataract severity in the Wisconsin grading system has been previously reported.15 91 

Accordingly, we categorized nuclear sclerosis based on its 5 grades (0 to 5), cortical cataract into 3 92 

categories (<5% “no/minimal”, 5-24% “early”; ≥25% “late”) and posterior sub-capsular cataract 93 

(PSC) into 3 categories (0% “no/minimal”, <5% “early”; ≥5% “late”).  94 

After topical anesthetic eye drops (amethocaine hydrochloride 0.5%) was instilled into both 95 

eyes, intraocular pressure (IOP) was measured with a Goldmann applanation tonometer (Haag-Streit, 96 

Koeniz, Switzerland). A dry strip of fluorescein was used to stain the cornea and care was taken to 97 

ensure that just enough fluorescein was used to make the tonometry prism visible. One reading was 98 

taken from each eye, and a repeated measurement was taken and used for analysis if the first reading 99 

was above 21mmHg. Ultrasound pachymetry (Nidek Echoscan Model US-1800, Nidek Co., Ltd., 100 

Gamagori, Japan) was used to measure central corneal thickness, whereas ocular biometry was 101 

measured with non-contact partial optical coherence interferometry (IOL Master C3.01, Carl Zeiss 102 

Meditec AG, Germany).  103 

Gonioscopy was performed by trained ophthalmologists using a Goldmann two-mirror 104 

contact lens (Ocular Instruments, Inc., Bellevue, WA) under dark illumination for participants with 105 

shallow peripheral anterior chamber (Van Herick Grade 2 or less) or suspected of having glaucoma (if 106 

any of the following was present IOP > 21mmHg, VCDR > 0.6 or VCDR asymmetry > 0.2, anterior 107 

segment signs of pseudoexfoliation, pigment dispersion or secondary glaucoma, self-reported history 108 

of glaucoma or on IOP-lowering medications). Care was taken to avoid light falling on the pupil 109 

during the examination. In addition, dynamic indentation gonioscopy using a four-mirror Sussman 110 

gonioscopy contact lens (Ocular Instruments, Inc., Bellevue, WA) was used to assess the presence of 111 

peripheral anterior synechiae (PAS) in cases where the angles appeared closed on two-mirror 112 

gonioscopy. Gonioscopy findings were recorded according to Spaeth and Scheie classification 113 

system16,17. Participants with open angles and those with angle closure but had a patent peripheral 114 

laser iridotomy (LPI) underwent pupil dilation. 115 
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The optic disc was evaluated stereoscopically with a 78-diopter lens at 16x magnification 116 

after pupils were dilated with a drop of 1% tropicamide and 2.5% phenylephrine hydrochloride. The 117 

vertical cup to disc ratio (VCDR) was measured with an eyepiece graticule etched in 0.1mm units, 118 

and was measured as the vertical distance between the points of maximal centrifugal extension of the 119 

cup between 11 to 1 O’clock and 5 to 7 O’clock while excluding areas of peri-papillary atrophy and 120 

the Elschnig scleral ring. Optic disc hemorrhage, notching of the neural retinal rim, and retinal nerve 121 

fiber layer wedge defects were documented. A digital non-mydriatic retinal camera (Canon CR-DGi, 122 

Canon, Tokyo, Japan) was used to obtain optic disc-centered (ETDRS standard field 1) and macular-123 

centered (ETDS standard field 2) photographs in each eye.  124 

Further examinations were conducted to assess for glaucomatous structural and/or functional 125 

damage in participants. This includes visual field testing with static automated perimetry using the 126 

Swedish Interactive Threshold Algorithm (SITA 24-2; Humphrey Visual Field Analyzer II [HVF]; 127 

Carl Zeiss Meditec, Inc., Germany), and evaluation of the optic disc and retinal nerve fibre layer with 128 

the Heidelberg Retina Tomograph II (HRT, Heidelberg Engineering, Baden- Wϋrttemberg, Germany) 129 

and/or Optical Coherence Tomography (OCT, Carl Zeiss Meditec Inc., Dublin, California).  130 

 131 

2.3. Definition of angle closure disease and glaucoma 132 

In this study, PACD refers to PACS, PAC and PACG combined. First, PACS was diagnosed 133 

when two or more quadrants of posterior trabecular meshwork was not visualized on gonioscopy. 134 

Second, PAC was diagnosed in PACS eyes with additional signs of PAS on indentation gonioscopy, 135 

Glaucomflecken or IOP above the 97.5th percentile for the ethnic-specific normal population 136 

evaluated. Third, PACG was diagnosed in PACS eyes with evidence of glaucomatous optic 137 

neuropathy.   138 

A combination of clinical examination, perimetry and imaging was used to assess each 139 

subject for glaucoma as has been previously described in our SEED study.18 Glaucoma was defined as 140 

the presence of characteristic structural abnormalities of the optic nerve head with a glaucomatous 141 

visual field defect. A glaucomatous visual field defect was considered present if the following were 142 

found on two repeated and reliable HVF tests: (1) a glaucoma hemifield test result outside reference 143 
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limits and (2) a cluster of 3 or more non-edge contiguous points not crossing the horizontal meridian, 144 

with a probability of less than 5% of the age-matched reference data on the pattern deviation plot. 145 

Disc photographs and measurements from HRT and OCT when available were used to aid in the final 146 

diagnosis of glaucoma. When reliable results of structural and functional examinations were both 147 

unavailable, principles of glaucoma diagnosis followed the International Society of Geographical and 148 

Epidemiological Ophthalmology (ISGEO) classification.19 The ISGEO classification comprises of 149 

three levels of evidence, and emphasizes on diagnosis based on structural and functional 150 

abnormalities (Category 1). However, provisions are made to allow diagnosis based on a severely 151 

damaged optic disc in the absence of a reliable visual field test (Category 2), or on a combination of 152 

visual acuity, IOP, and history of a glaucoma surgery in cases with no optic disc and visual field data 153 

(Category 3). In cases where the diagnosis of glaucoma was less certain, disc photographs, HVF, 154 

HRT and/or OCT were assessed by a panel of glaucoma specialists.  155 

In our study, the IOP and VCDR 97.5th and 99.5th percentile for the ethnic-specific normal 156 

population were derived from our SEED baseline study 18,20 and used for the diagnosis of PAC and 157 

PACG. In cases where a diagnostic consensus for angle closure or glaucomatous optic neuropathy 158 

could not be reached, final adjudication was made by two senior glaucoma specialists (V.K and 159 

C.CY).  160 

 161 

2.4 Inclusion and exclusion criteria for various analyses 162 

We included all participants who attended the six-year follow-up examination. For the 163 

incidence of PACG analysis, we excluded participants who were diagnosed with glaucoma at 164 

baseline, those who were pseudo-phakic either at baseline or in the follow-up visit, and those with LPI 165 

or iridectomy at baseline. (Figure 1). For the incidence of PACD analysis (and incidence of PACS 166 

and PAC), we further excluded participants who were diagnosed with PACS or PAC at baseline 167 

(Figure 1). 168 

The selection process of participants for the incidence of PAC/PACG from baseline PACS is 169 

shown in Supplementary Figure 1. In brief, to evaluate the progression of participants with baseline 170 

PACS to PAC/PACG, we first excluded participants who had any cataract surgery, LPI or iridectomy 171 
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at baseline visit. We then identified participants who were diagnosed with PACS at baseline. Out of 172 

these participants with PACS and no baseline surgical or laser intervention, we included participants 173 

who attended the follow up examination. We further excluded participants who underwent cataract 174 

surgery during the follow up duration and participants who had LPI or iridectomy performed during 175 

the follow up period, but we were unable to accurately determine their diagnosis (Supplementary 176 

Figure 1). Participants with new LPI at follow up visit but had normal IOP and were negative for 177 

peripheral anterior synechiae might have been PACS or PAC prior to the LPI procedure. In view that 178 

we cannot definitively determine their diagnosis due to the study design of a population-based cohort 179 

study, we excluded these participants. 180 

 181 

2.5 Statistical analysis 182 

Baseline characteristics were compared between participants and non-participants using the 183 

independent t-test for continuous variables and the Pearson Chi-Square test for categorical variables. 184 

The incidence analyses are person-based where an event is a new case of PACD or PACG in either 185 

eye of a single person who contributes two at-risk eyes. Age-standardized incidence of PACD and 186 

PACG were calculated from the weighted average of age-specific incidence, which utilized weights 187 

that were proportional to the Singapore population (i.e., by age and ethnic group) in 2016.21 188 

We evaluated the risk factor for PACD with the logistic regression with generalized 189 

estimating equation (GEE) to account for the correlation between two eyes of individuals. This 190 

analysis is eye-based, meaning people who had done cataract surgery in one eye can contribute the 191 

phakic contralateral eye in this analysis. First, we performed univariate analysis that adjusted for age, 192 

gender and ethnicity. We then performed multi-variable regression analysis that included significant 193 

covariates obtained from univariate analysis (p-value < 0.05).  Forward selection based on the Quasi-194 

likelihood Information Criterion (QIC) was used in multi-variable analysis to reduce potential 195 

multicollinearity. 196 

All statistical analyses were performed using the statistical software R (version 3.6.3; R 197 

Foundation, Vienna, Austria). A P-value of < 0.05 was considered statistically significant.  198 
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3. Results 199 

All eligible participants from SEED Study were invited to the six-year follow-up 200 

examination. Of the 10,033 participants from SEED baseline study, 1,450 were ineligible to 201 

participate in the follow-up examination due to death, severe cognitive or mobility impairment, 202 

migration, imprisonment, or psychiatric illness. Of the remaining participants, 6,762 returned for 203 

follow-up examination, of which 5,298 and 5,060 were identified as at-risk for PACG and PACD 204 

development respectively (Figure 1).  205 

Participants who returned for follow-up examination were younger, comprised of more 206 

females, and were less likely to have systemic conditions (i.e., diabetes mellitus; hypertension) as 207 

compared to non-participants (all P <0.001). The differences in ocular parameters between 208 

participants and non-participants were statistically significant but clinically negligible 209 

(Supplementary Table 1). 210 

 211 

Incidence of PACD, PACS and PAC 212 

The six-year crude incidence of PACD amongst participants with open angle at baseline was 213 

3.26% (Table 1). The crude incidence of PACD was 3.39% for Indians, 3.35% for Chinese and 214 

3.01% for Malay (P>0.05 across the three ethnic groups). Within each ethnic group, there was no 215 

gender difference in PACD incidence (all P>0.05, Supplementary Table 2). The six-year age-216 

adjusted incidence of PACD was 3.50% (95% Confidence Interval [CI] 2.94, 4.16) amongst SEED 217 

participants, with insignificant gender differences (P= 0.254) (Supplementary Table 2). The age-218 

adjusted incidence of PACD was 3.22% (95% CI 2.34, 4.49) for Indians, 3.33% (95% CI 2.51, 4.49) 219 

for Chinese, and 3.20% (95% CI 2.34, 4.30) for Malays (Table 1).  220 

Out of the 165 incident PACD cases, 120 (72.7%) were PACS, 24 (14.5%) were PAC, 10 221 

were PACG (6.1%), and 11 (6.7%) had LPI performed during follow up but were indeterminate for 222 

PACS/PAC (Table 1). The six-year crude incidence of PACS and PAC amongst participants with 223 

open angle at baseline was 2.38% and 0.48% respectively. The six-year age-adjusted incidence of 224 

PACS and PAC was 2.54% (95% CI 2.07, 3.12) and 0.46% (95% CI 0.29, 0.75) respectively 225 

(Supplementary Table 3). 226 
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 227 

Incidence of primary angle closure glaucoma (PACG) 228 

The six-year crude incidence of PACG was 0.25% (Table 2), with insignificant differences 229 

between age groups (all P > 0.169). The age-adjusted incidence of PACG was 0.29% (95% CI 0.14, 230 

0.55) overall, 0.43% (95% CI 0.21, 1.11) in Indian, 0.03% (95% CI 0.00, 0.48) in Chinese and 0.16% 231 

(95% CI 0.02, 0.59) in Malay adults. There was a statistically significant difference in age-adjusted 232 

PACG incidence between the three ethnic groups (p= 0.0025, Table 2). There were no cases of 233 

incident PACG in participants aged <50 years.  234 

 235 

Risk factors analysis for incident PACD 236 

In univariate analysis, age, higher IOP and shallower anterior chamber depth (ACD) were 237 

significantly associated with incident PACD. In multi-variable analysis, older age (odds ratio [OR] 238 

1.35 per-decade; 95% CI 1.15, 1.59), higher IOP (OR 1.04, 95% CI 1.00 – 1.08) and shallower ACD 239 

(OR 1.11 per 0.1mm, 95% CI 1.08, 1.14) were associated with higher odds of incident PACD (Table 240 

3). Meanwhile, after adjusting for age, gender, ethnicity, and anterior chamber depth, the presence of 241 

late PSC was associated with lower odds of incident PACD (OR 0.60, 95% CI 0.48,0.76). 242 

 243 

Progression across stages of PACD 244 

We performed a separate analysis to evaluate the six-year incidence of PAC/PACG amongst 245 

participants with PACS at baseline. Out of 380 participants who were phakic and had no LPI at 246 

baseline, 267 participants returned for the follow-up examination. We excluded 48 participants who 247 

underwent cataract surgery during the duration of the study (5 who also had LPI) and 27 participants 248 

who had LPI/iridectomy during the duration of the study but at follow up visit we were unable to 249 

accurately determine their diagnosis. (Supplementary Figure 1) Out of 192 participants (366 eyes) 250 

with PACS at baseline and identified to be at-risk for progression, 9.38% or 18 participants (24 eyes) 251 

progressed to a more advanced stage (PAC or PACG) within six years (Table 4).  252 

The six-year incidence of progression from PACS to PAC was 7.81% with 15 participants (20 253 

eyes) out of 192 participants progressing to PAC. (Table 4) This is higher compared to the six-year 254 
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crude incidence of progression from open angle to PAC at 0.46% (Supplementary Table 3). The six-255 

year incidence of progression from PACS to PACG was 1.56% (Table 4) which is similarly higher 256 

compared to the six-year crude incidence of progression from open angle to PACG at 0.25% (Table 257 

2).  258 

We did not find a significant differences in progression across PACD stages between gender 259 

or age groups (all P >0.178). Due to interobserver variability between baseline and follow up visit, 260 

there were cases where participants were ‘downgraded’. Out of the 192 participants with PACS at 261 

baseline, 30 participants (60 eyes) were ‘downgraded’ to open angle at follow up study.   262 

 263 

4. Discussion  264 

In this multi-ethnic Asian population, the six-year age-adjusted incidence of PACD and 265 

PACG was 3.50% and 0.29% respectively, and 9.38% of PACS progressed to PAC or PACG over six 266 

years. The risk of incident PACD was higher in older adults and in those with shallower ACD and 267 

higher IOP, whereas late PSC was associated with lower risk of incident PACD.   268 

The crude incidence of PACD in our study was 3.26% over six years, which was comparable 269 

to the 4.0% over six years incidence reported in the Chennai Eye Disease Incidence Study (CEDIS).8 270 

In contrast, the crude incidence of PACD was much higher in the Liwan Eye Study (LES) at 20.48% 271 

over ten years9 and 15.87% over fifteen years in the Andhra Pradesh Eye Disease Study (APEDS).10 272 

However, study population factors, such as access to eye care services, LPI rates, cataract surgery 273 

rates, and age of the study populations limit direct comparisons across studies, and these factors could 274 

in part explain the observed differences in incidence across these studies. For example, studies with 275 

older participants and longer duration of follow up, namely LES and APED, had higher crude PACD 276 

incidence which may suggest that the risk of PACD increases exponentially and non-linearly over 277 

time (Supplementary Table 4). More importantly, studies have shown that cataract removal is 278 

associated with a deeper ACD and wider anterior chamber angles, which subsequently reduces the 279 

risk of PACD,22,23 and thus cataract surgery rates may have greatly impacted angle closure disease 280 

incidence. For example, in Supplementary Table 4, the highest PACD incidence observed in LES 281 

could be largely explained by the much lower rate of cataract surgery reported in LES (4.4%),24 as 282 
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compared to our SEED population (12.1%)25 in Singapore, and the population in Chennai (10.5% to 283 

13.%).26 Studies have shown that the increase in cataract surgery rates (CSR) over the last decade 284 

have reduced the prevalence of PACG and acute primary angle closure (APAC).27,28 285 

Although we found a significant difference in incidence of PACG and the progression rate of 286 

PACS amongst the three ethnic groups, the results should be interpreted with caution, as this observed 287 

difference could be due to several reasons. First, we observed a much higher loss to follow-up or 288 

drop-out rate amongst Malay participants (70%) who were diagnosed with PACS at baseline, 289 

compared to our Chinese (26%) and Indian participants (37%). This might have reduced the 290 

generalizability of our incidence or progression estimates in Malays, and thus the validity for the 291 

comparison among the 3 ethnic groups.  292 

Second, although our study is an epidemiology study, participants diagnosed with PACS or 293 

PAC at baseline examination (i.e., SEED1) were referred to ophthalmologists for further evaluation 294 

and intervention (cataract surgery or LPI). This is a standard protocol in the SEED study, based on 295 

both ethical reasons and IRB requirements. Consequently, this might have mitigated against the 296 

worsening of angle closure and thus the progression of PACD and incidence of PACG to some extent.  297 

Furthermore, we observed a different rate of intervention uptake among the three ethnic groups.  That 298 

is, our Chinese participants who were diagnosed with PACS or PAC at baseline were more receptive 299 

to intervention upon referral; that is of those who retuned for follow-up, 29% had underwent cataract 300 

surgery or LPI. This is much higher, compared to the intervention update rate of 22% in Indians and 301 

0% in Malays in our study. This may partly explain the observed lower incidence of PACG amongst 302 

our Chinese group. Lastly, the smaller number of incident cases in-turn may render stratified analysis 303 

to be less insightful. 304 

Nonetheless, the effect of drop-out rate and differing rates of intervention uptake on the 305 

incidence of PACG do not affect our estimates on the incidence of PACD. This is because the overall 306 

response rate amongst the three ethnic groups were similar (unlike those diagnosed with PACS) and 307 

the at-risk participants for PACD incidence analysis were participants with open angles who did not 308 

required referral for interventions. 309 

Jo
urn

al 
Pre-

pro
of



14 
 

Previous studies have reported a higher prevalence of angle closure disease amongst 310 

females.29-31 Similar female predisposition is seen in existing PACD incidence studies. In the 311 

APEDS10, females had a higher PACD incidence on both univariate (OR 2.84) and multivariable (OR 312 

2.72) analysis. In the LES,9 females had higher odds of incident PACD on univariate analysis (OR 313 

1.69) but the association was not significant on multivariable analysis (OR1.15) after adjusting for 314 

ocular biometry features. It is expected that OR will reduce towards null with adjustment of ocular 315 

biometry factors due to the strong correlation between female gender and smaller ocular biometry.32-34 316 

In our study, females had higher odds (OR 1.18, p =0.288 adjusting for age and ethnicity) than males 317 

for PACD incidence (Table 3). Hence while statistically insignificant, our data suggests that females 318 

are at a higher risk for PACD development. Furthermore, in Singapore, studies showed that cataract 319 

extraction rates were higher in women than men.35 This may have contributed to the non-significant 320 

difference in the incidence of PACD between genders in our study. 321 

We found that shallower ACD was associated with higher risk of incident PACD. A shallow 322 

ACD is a major anatomical factor that predisposes eyes to angle closure development.22 Aging is 323 

associated with reduced ACD,36 and a shallower ACD is associated with a more crowded anterior 324 

chamber6,37 and faster rate of PAS formation.38 Nonetheless, anatomical factors per-se remain 325 

insufficient in explaining why Asians have much higher prevalence of PACG despite having similar 326 

ocular dimensions as the Caucasians and Africans. 39 Future studies may evaluate the combined 327 

effects of anatomical and physiological factors, such as iris fluid conductivity, on incident PACD.   328 

Our study shows that age was a significant risk factor for incident PACD. Aging may increase 329 

the risk of angle closure through a combination of increased crystalline lens thickness, forward 330 

placement of the lens and pupil miosis.22 However, our finding is in contrast to other longitudinal 331 

studies that reported age to be an insignificant factor for incident PACD.6,7,10,37,40 Of note, the LES did 332 

observed a higher incidence of PACD among adults aged ≥60 years but the difference as compared to 333 

adults in their youngest age group (i.e., 50-59 years) was statistically insignificant.37 Our study may 334 

have found a significant increase in incident PACD with age due to the inclusion of younger adults 335 

(i.e., 40-49 years), which resulted in a more observable difference in incident PACD between age 336 

groups. Nonetheless, the CEDIS had similar age groups and observation period as our study and 337 
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found that age was not significant to PACD development.6 In fact, the CEDIS observed an inverse 338 

trend where the incidence of PACD was higher among adults <60 years old, to which the authors 339 

attributed to the higher rates of cataract surgery among older participants in their cohort. Once again, 340 

till standardization in methodology and cataract surgery rates are made, direct comparisons are 341 

limited. 342 

In addition, the association between senile cataract and incident PACD is less straightforward. 343 

The increased in lens vault due to denser cataracts may narrow the anterior chamber angles and 344 

increases the risk of angle closure.41 However, some studies reported nuclear sclerosis (NS) to be an 345 

independent risk factor of angle closure,42-44 whereas others10 including our study, have not. We did 346 

not find any association between both NS and CC with incident PACD, which was similar to findings 347 

from the Handan Eye Study. 45 The effect of cataract on incident PACD may also be underestimated 348 

in longitudinal studies as eyes with severe cataracts are more likely to have undergone surgery and 349 

thus excluded from analysis. 350 

Interestingly, our study found that late stage of PSC was associated with a lower risk of 351 

incident PACD. To the best of our knowledge, our study may be the only longitudinal study that 352 

accounted for PSC in our regression analysis of incident PACD, which precludes a comparative 353 

evaluation. Studies have consistently reported cataracts with PSC to be thinner due to decreased lens 354 

fiber formation or lens protein leakage,46-48 which in-turn, is associated with a deeper anterior 355 

chamber depth.48 Thus, the lower risk of PACD in eyes with late PSC may be due to reduced lens 356 

vault from a thinner lens, which reduces the forward placement of the iris-lens diaphragm and deepen 357 

the ACD. However, this hypothesis needs to be evaluated in future studies. 358 

Our study further found that 9.38% of PACS participants, progressed to PAC or PACG over 359 

six years. This is one of few studies that assessed angle closure progression (Supplementary Table 360 

5). Although the differences in study methodology, disease definition and population demographics 361 

limits insightful comparison, current literature and our study shows that the majority PACS eyes even 362 

when untreated, do not progress in angle closure severity. The Zhongshan Angle Prevention (ZAP) 363 

trial reported that around 1 in 25 PACS eyes (36 out of 889 controls) without LPI progressed to 364 

elevated IOP/PAS/APAC over 72 months,49 which is lower than the 1 in 18 eyes (20 out of 366 eyes) 365 
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observed in our study over the same time period. The higher intraocular pressure cut off used in the 366 

primary outcome measure in the ZAP trial (24mmHg) compared to the lower ethnic-specific IOP cut 367 

offs (highest being Malays at 22.6mmHg) used in our study could result in the inclusion of more PAC 368 

cases in our study and comparatively higher rate of ‘progression’ in our study. With the findings from 369 

the ZAP trial, the low PACS to PACG progression rate and lack of immediate threat to vision led to 370 

the recommendation that widespread application of LPI was not required.49 Nonetheless, it remains 371 

pertinent to identify PACS eyes at higher risk of angle closure progression in future studies. The ZAP 372 

trial further reported that age and AS-OCT measurements, such as angle opening distance (AOD500) 373 

and iris curvature, were useful in risk stratifying high risk PACS cases,50 whereas studies in recent 374 

years have also highlighted the importance of dynamic iris and choroid function in the pathogenesis 375 

of PACD.22,51,52 These findings hold great clinical significance for patients with PACS where 376 

conservative management may be seen as an increasingly viable option.   377 

Our study is notable for several reasons. This is one of few population-based studies that 378 

reports on the incidence of PACD, and to the best of our knowledge, this may be the first report that 379 

provides a direct comparison between the three major ethnic groups in Asia. Furthermore, ethnic-380 

specific normative population values were used in the evaluation of IOP and VCDR. Lastly, we 381 

achieved a good follow-up rate in our follow-up examination, which was conducted according to a 382 

standardized examination protocol and clinical setting.  383 

Inevitably, our study has a few limitations. First, although gonioscopy and optic disc 384 

assessment on slit-lamp bio-microscopy is standard clinical practice, the subjectivity in inter-385 

assessors’ assessment is a research limitation and is shown in the ‘downgrading’ of cases from angle 386 

closure at baseline visit to open angle at follow-up visit. To reduce this variability, all assessors were 387 

ophthalmology-trained research fellows who were validated by a glaucoma specialist prior to data 388 

capture. Disc-centered photographs were taken and corroborated with clinically documented vertical 389 

cup-disc ratios in the classification and diagnosis of glaucoma. In addition to gonioscopy and optic 390 

disc assessment, additional information such as anterior segment optical coherence tomography, HRT 391 

and OCT of the retinal nerve fibre layer were also utilised to aid in the classification and diagnosis of 392 

angle closure states and glaucoma. Furthermore, in the event where diagnostic consensus could not be 393 
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reached due to interobserver variability, final adjudication was made by an expert panel inclusive of 394 

two senior glaucoma specialists to minimise single-observer bias. Second, due to the large scale of 395 

this population study, gonioscopy was only performed in individuals who had shallow angle on Van 396 

Herick Grading (Grade 2 or less) or any features suspicious for glaucoma (as mentioned in Methods).  397 

The lack of gonioscopy for all participants may result in an underestimation of angle closure 398 

incidence. We acknowledge that there is divergent opinion regarding the correlation between Van 399 

Herick and gonioscopic findings29,53,54 –  with a reported sensitivity of 61.9% and specificity of 89.3% 400 

and a ACG negative predictive value of 89.3%.53 Hence while we agree that Van Herick should not 401 

replace gonioscopy in the diagnosis of angle closure, its high specificity renders it a useful pre-402 

gonioscopy screening tool due to its low false negative rate especially in a large population-based 403 

study where time and resource constraints precludes performing gonioscopy on all participants. In our 404 

study, all participants with shallow angle on Van Herick underwent gonioscopic evaluation for 405 

diagnosis of angle closure. Third, while it is ideal to perform applanation tonometry three times and to 406 

take the median value, it may not be practical in a large-scale population study with a long clinical 407 

protocol in view of time and resource constraints. We acknowledge that taking a second reading in 408 

cases where the first reading was above 21mmHg will result in bias towards a lower IOP and 409 

underestimate the incidence of PAC and is a limitation of our study. However, this will not affect the 410 

estimates of PACG and PACD. Fourth, we were unable to accurately identify any acute angle closure 411 

attacks during the follow up duration as examination was performed at two specific time points 412 

(baseline and follow up) and thus acute events may not be witnessed by study observers and are at 413 

high risk of recall bias by participants when reported. Fifth, we were unable to include quantitative 414 

parameters such as anterior segment optical coherence tomography (ASOCT) parameters in our 415 

analysis, which were not yet readily available at the start of our baseline examination. Nonetheless, 416 

gonioscopy is the gold standard in angle assessment and allows for a 3600 assessment of angle status 417 

unlike ASOCT. Lastly, we were unable to evaluate risk factors for incident PAC and PACG due to 418 

the small number of events and thus incidence estimates should be interpreted with caution in view of 419 

the large confidence interval. 420 
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In conclusion, the six-year age-adjusted incidence of PACD and PACG was 3.50% and 421 

0.29% respectively in this multi-ethnic Asian population. Older adults and those with shallower ACD 422 

were more likely to develop PACD across six-years. These findings may aid clinicians in deciding the 423 

frequency of monitoring or urgency of treatment, patient counselling, and for policy administrators to 424 

ensure adequate resources are allocated to screening and intervention initiatives to address angle 425 

closure glaucoma related vision impairment.  426 
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Table 1. Six-year incidence of primary angle closure disease (PACD) in SEED participants with open angle at baseline  

 All participants Indian Chinese Malay 

Age 
Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

40-49 1699 35 2.06% 623 11 1.77% 562 16 2.85% 514 8 1.56% 

50-59 2034 57 2.80% 634 21 3.31% 808 22 2.72% 592 14 2.36% 

60-69 1033 60 5.81% 337 21 6.23% 409 23 5.62% 287 16 5.57% 

70+ 294 13 4.42% 59 3 5.08% 101 2 1.98% 134 8 5.97% 

Crude Incidence  5060 165 † 3.26% 1653 56 3.39% 1880 63 3.35% 1527 46 3.01% 

Age- adjusted 

Incidence* (95% CI) 
3.50% (2.94 – 4.16) 3.22% (2.34 – 4.49) 3.33% (2.51 – 4.49%) 3.20% (2.34 – 4.30%) 

*Age-standardisation based on 2016 Singapore population census 

 

† Of 165 incident PACD cases, 120 were diagnosed with PACS (109 bilateral), 24 with PAC (15 bilateral), and 10 with PACG (6 bilateral) and 11 had LPI (11 bilateral) 

done at follow-up but we could not confirm diagnosis. Further breakdown of PACS/PAC by age group and ethnicity is provided in Supplementary Table 3.  
 

 

PACD, Primary angle closure disease; PACS, Primary angle closure suspect; PAC, Primary angle closure; PACG, Primary angle closure glaucoma; CI, Confidence interval; 

SEED, Singapore Epidemiology of Eye Diseases 
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Table 2. Six-year incidence of primary angle closure glaucoma (PACG) in SEED participants  

 

 All participants Indian Chinese Malay 

Age 
Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

40-49 1735 0 0.00% 634 0 0.00% 587 0 0.00% 514 0 0.00% 

50-59 2125 5 0.24% 657 4 0.61% 875 1 0.11% 593 0 0.00% 

60-69 1111 6 0.54% 347 6 1.73% 475 0 0.00% 289 0 0.00% 

70+ 327 2 0.61% 60 0 0.00% 132 0 0.00% 135 2 1.48% 

Crude Incidence 5298 13† 0.25% 1698 10 0.59% 2069 1 0.05% 1531 2 0.13% 

Age- adjusted 

Incidence* (95% CI) 
0.29% (0.14 – 0.55%) 0.43% (0.21 – 1.11%) 0.03% (0.00 – 0.48%) 0.16% (0.02 – 0.59%) 

P-value‡ - 0.0025 

* Age-standardisation based on 2016 Singapore population census  

 

† Of 13 incident PACG cases, 7 were bilateral and 6 were unilateral PACG   

‡ Comparison between the age-adjusted incidence of PACG between ethnic groups 

 

Primary angle closure glaucoma; CI, Confidence interval; SEED, Singapore Epidemiology of Eye Diseases 
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Table 3. Risk factors associated with incident primary angle closure disease (PACD) 

 Variable* 

Univariate† Multivariable‡ 

Odds ratio (OR, 95% CI) P-value Odds ratio (OR, 95% CI) P-value  

Ethnicity 

• Malay 

• Chinese 

• Indian 

 

Reference  

1.12 (0.77, 1.63) 

1.22 (0.83, 1.80) 

 

 

0.546 

0.312 

 

Reference 

1.45 (0.98, 2.15) 

1.28 (0.85, 1.92) 

 

 

0.062 

0.237 

Age (per decade) 1.52 (1.30, 1.77) <0.001 1.35 (1.15, 1.59) <0.001 

Gender (Female) 1.18 (0.87, 1.60) 0.288 1.02 (0.74, 1.40) 0.899 

Spherical Equivalent (per positive diopter) 1.04 (1.00, 1.08) 0.079 - - 

Central corneal thickness (per 100 µm) 0.87 (0.62, 1.22) 0.425 - - 

Corneal curvature (per mm) 1.09 (0.72, 1.66) 0.684 - - 

Intraocular pressure (per mmHg) 1.04 (1.00, 1.08) 0.028 1.04 (1.00, 1.08) 0.048 

Anterior Chamber Depth (per 0.1mm decrease) 1.12 (1.09, 1.15) <0.001 1.11 (1.08, 1.14) <0.001 

Nuclear sclerosis cataract§ (per 1.0 grade, range 0-5) 1.01 (0.83, 1.23) 0.903 - - 

Cortical cataract§  

• No/ minimal (<5%) 

• Early (5 – 24%) 

• Late (≥25%) 

 

Reference  

0.99 (0.93, 1.05) 

0.77 (0.50, 1.16) 

 

 

0.800 

0.210 

 

- 

- 

- 

 

- 

- 

- 

Posterior subcapsular cataract§ 

• No/ minimal (0%) 

• Early (<5%) 

• Late (≥5%) 

 

Reference 

0.91 (0.85, 0.97) 

0.80 (0.70, 0.92) 

 

 

0.007 

0.002 

 

- 

0.92 (0.84, 1.02) 

0.60 (0.48, 0.76) 

 

- 

0.107 

<0.001 

* All measurements are per-unit increase unless otherwise stated 

 

† Adjusted for age, gender and ethnicity  

‡ Adjusted for age, gender, ethnicity and significant risk factors from univariate analysis  

§ Winconsin Cataract Grading System 

 

CI, Confidence interval  
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Table 4. Six-year incidence of PAC/PACG in SEED participants amongst baseline primary angle closure suspects (PACS)*  

 All participants† Indian Chinese Malay 

Age 
Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

Number 

at risk 
Case Proportion 

40-49 33 2 6.06% 9 2 22.22% 24 0 0.00% 0 0 - 

50-59 69 7 10.14% 17 6 35.29% 51 1 1.96% 1 0 0.00% 

60-69 63 8 12.70% 9 2 22.22% 53 6 11.32% 1 0 0.00% 

70+ 27 1 3.70% 0 0 - 26 1 3.85% 1 0 0.00% 

Crude Incidence*  

Total PAC/PACG 
192† 18 ‡ 9.38% 35 10 28.57% 154 8 5.19% 3 0 0.00% 

Crude Incidence* 

PAC only 
192 15§ 7.81% 35 8 22.86% 154 7 4.55% 3 0 0.00% 

Crude Incidence* 

PACG only 
192 3‖ 1.56% 35 2 5.71% 154 1 0.65% 3 0 0.00% 

* Age-adjusted incidence proportion was not performed as the at-risk population comprised only of subjects with PACS at baseline (i.e., sub-set of whole study population). 

 

† Included participants diagnosed with PACS at baseline visit, excluding participants with laser peripheral iridotomy at baseline and pseudophakia at baseline or follow up 

visits 

‡ Of which, 15 progressed to PAC and 3 progressed to PACG  

§ 5 bilateral, 10 unilateral 

‖ 1 bilateral, 2 unilateral 

 

PACS, Primary angle closure suspect; PAC, Primary angle closure; PACG, Primary angle closure glaucoma; SEED, Singapore Epidemiology of Eye Diseases 
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Figure 1. Selection process for the at-risk study population included in the PACG and PACD incidence analyses  

 

PACG, Primary angle closure glaucoma; PAC, Primary angle closure; PACS, Primary angle closure suspect; PACD, primary angle closure disease; LPI, Laser Peripheral 

Iridotomy 
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