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Abstract

Purpose To determine peripapillary atrophy

in elderly Chinese in an urban and rural

regions of Beijing.

Methods The Beijing Eye Study a

population-based, cross-sectional cohort study,

included 4439 subjects out of 5324 subjects

who were asked to participate (response rate

83.4%). Mean age was 56.2710.6 years (range,

40–101 years). Colour optic disc photographs

(301) were morphometrically examined.

Peripapillary atrophy was divided into alpha

zone and beta zone.

Results Optic disc photographs were

available for 4027 (90.7%) subjects. Alpha zone

and beta zone, respectively, were present in

2867 (71.2%) subjects and 802 (19.9%) subjects,

respectively, measuring 0.5270.64 mm2 and

measuring 0.4671.82 mm2. Both zones were

significantly widest and found significantly

(Po0.001) most often in the temporal

peripapillary region, followed by the temporal

inferior region, the temporal superior region,

and finally the nasal region. Size of both zones

was significantly correlated with optic disc

size (Po0.001), age (Po0.001), and myopic

refractive error (Po0.001). Both zones

increased significantly with decreasing

uncorrected visual acuity (Po0.001) and

decreasing best-corrected visual acuity

(Po0.001). They did not vary significantly

(P¼ 0.10; and P¼ 0.78) between male and

female subjects. In multivariate analysis, the

relationships between both zones and age,

myopic refractive error, disc size, and

uncorrected and best-corrected visual

acuity remained statistically significant

(Po0.001).

Conclusions Alpha zone and beta zone of

peripapillary atrophy, respectively, occur in

about 70 and 20%, respectively, of elderly

Chinese. As peripapillary atrophy changes in

glaucomatous optic neuropathy, these

normative data may be helpful for glaucoma

detection.
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Introduction

The morphological diagnosis of the optic nerve

diseases is focused on the retinal nerve fibre

layer and the optic nerve head. In the latter,

changes can be detected inside of the optic disc,

such as loss of neuroretinal rim and deepening

of the optic cup, and outside of the optic disc

such as development or enlargement of

peripapillary atrophy.1 Hospital-based studies

and the population-based Rotterdam Study

have previously examined frequency, size, and

regional distribution of peripapillary atrophy in

Caucasians.2–6 As data on size and frequency of

peripapillary atrophy and its associations with

other ocular and general parameters in Chinese

have mostly not been assessed yet, the present

investigation was conducted to examine

peripapillary atrophy in elderly Chinese in

a population-based design.

Methods

The Beijing Eye Study, a population-based

cohort study in Northern China, was carried out

in seven communities, four communities from

the urban district Haidian in the Northern part

of Central Beijing, and three communities from

a rural district in the village area of Yufa

(Daxing District) in the South of Beijing. The

eligibility criteria for the study was an age of 40

or more years. The Medical Ethics Committee of

the Beijing Tongren Hospital had approved the

study protocol and all participants had given
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informed consent, according to the Declaration of

Helsinki principles. The study design has been described

in detail recently.7

At the time of the survey in the year 2001, there were

5324 individuals aged 40 years or older residing in those

seven communities. In total, 4439 individuals (8878 eyes;

2505 women) participated in the eye examination,

corresponding to an overall response rate of 83.4%. From

the 4439 individuals, readable optic disc photographs

were available for 4027 (90.7%) subjects. The rural part of

the study included 1735 (43.1%) subjects (1001 women);

and the urban part 2292 (56.9%) subjects (1265 women).

Mean age (whole study population: 55.2710.0 years

(median, 55 years; range, 40–101 years)) was significantly

(Po0.001; 95% confidence interval (CI): �6.55, �5.36)

higher in the urban region (57.8710.0 years) than in the

rural region (51.879.0 years). Mean refractive error

(whole study population: –0.3372.07 dioptres (D)

(median, 0 dioptres; range, �18.75 d to þ 7.50 dioptres)

was significantly (Po0.001; 95% CI: 0.29, 0.55) more

myopic in the urban region (�0.5172.21 dioptres)

than in the rural area (�0.0971.90 dioptres). The

proportion of women to men in the two study

populations did not vary significantly (P¼ 0.12; odds

ratio: 0.90; 95% CI: 0.80, 1.02).

All examinations were carried out in the communities,

either in schoolhouses or in community houses as

described in detail previously.7 Photographs of the

macula and optic disc were taken using a fundus camera

(Type CR6-45NM, Canon Inc., USA). The optic disc was

defined as all the area inside of the peripapillary scleral

ring. Peripapillary chorioretinal atrophy was divided

into a peripheral alpha zone and a central beta zone at

the optic disc border.4–6 Alpha zone was characterized by

an irregular hypopigmentation and hyperpigmentation

and intimated thinning of the chorioretinal tissue layer.

On its outer side it was adjacent to the retina, and on its

inner side it was in touch with a zone characterized by

visible sclera and visible large choroidal vessels (beta

zone), or with the peripapillary scleral ring, respectively.

Features of the inner zone (beta zone) were marked

atrophy of the retinal pigment epithelium and of the

choriocapillaris, good visibility of the large choroidal

vessels and the sclera, thinning of the chorioretinal

tissues, and round bounds to the adjacent alpha zone on

its peripheral side and to the peripapillary scleral ring on

its central side. If both zones were present, beta zone was

always closer to the optic disc than alpha zone.4–6

The digitized optic disc photographs were measured

by outlining the optic disc border on the computer screen

and using a planimetric software program. The

measurements were performed by a single examiner

(YW) after a training period in which optic disc

photographs of about 900 subjects had been examined

and discussed together with two glaucoma specialists

(LX, JBJ). The magnification by the optic media of the eye

were corrected according to Littmann’s method taking

into account the refractive error. The anterior corneal

curvature radius was set at 7.8 mm.8 To check the

correction of the magnification of the optic disc

photographs including the magnification by the fundus

camera, the optic discs of 52 eyes were additionally

imaged using a confocal laser scanning tomograph

(Heidelberg Retina Tomograph HRT; Heidelberg

Engineering, Dossenheim, Germany). Measurements

obtained by both techniques were compared with each

other.

Statistical analysis was performed by using a

commercially available statistical software package (SPSS

for Windows, version 11.5, SPSS, Chicago, IL, USA). Only

one eye per subject was taken for statistical analysis

unless indicated otherwise. The data are given as

mean7SD. The statistical strength of correlations were

reported as correlation coefficient r or r2. Odds ratios and

95% CIs were presented. All P-values were two-sided

and were considered statistically significant when the

values were less than 0.05.

Results

Alpha zone was found in 2867 (71.2%) subjects. It

occurred significantly (Po0.001) more often in the

temporal peripapillary region (2836/4027 or 70.4%) than

in the temporal inferior region (1298/4027 or 32.2%), in

which was detected significantly (Po0.001) more often

than in the temporal superior region (1138/4027 or

28.3%). In both latter regions, it was seen significantly

(Po0.001) more often than in the nasal region (234/4027

or 5.8%).

Mean area of alpha zone measured 0.5270.64 mm2

(median, 0.44 mm2; range 0.00–13.72 mm2). Alpha zone

was significantly wider in the temporal peripapillary

region than in the temporal inferior region and the

temporal superior region. In both latter regions, it was

significantly wider than in the nasal region.

Alpha zone was significantly correlated with optic disc

size (correlation coefficient r¼ 0.12; Po0.001; 95% CI:

0.095, 0.165). It increased significantly (Po0.001; r¼ 0.12;

95% CI: 0.005, 0.009) with age (Figure 1; Equation of the

regression line: Area Alpha Zone (mm2):

0.007�Refractive Error (dioptres) þ 0.12) and myopic

refractive error (r¼�0.11; Po0.001) (Figure 2; Equation

of the regression line: Area Alpha Zone (mm2):

�0.03�Refractive Error (dioptres) þ 0.51). It increased

significantly with decreasing uncorrected visual acuity

(r¼�0.11; Po0.001; 95% CI: �0.30, �0.17) and

decreasing best-corrected visual acuity (r¼�0.056;

Po0.001; 95% CI: �0.31; �0.09). It did not vary
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significantly (P¼ 0.10; 95% CI: �0.001, 0.07) between

male (0.5470.64 mm2) and female subjects

(0.5170.64 mm2). It was not associated with family

income (P¼ 0.086; r¼ 0.028).

In multivariate analysis, with area of alpha zone as

dependent variable, and age, refractive error, optic disc

area, uncorrected visual acuity, and best-corrected visual

acuity as independent variables, zone of alpha zone was

still significantly correlated with increasing age

(Po0.001; 95% CI: 0.005, 0.010), myopic refractive error

(Po0.001; 95% CI: �0.034, �0.012), optic disc area

(Po0.001; 95% CI: 0.051, 0.127), and uncorrected visual

acuity (P¼ 0.006; 95% CI: �0.204, �0.035). Best-corrected

visual acuity was marginally significantly associated

with area of alpha zone (P¼ 0.09; 95% CI: �0.019, 0.270).

Area of beta zone measured 0.4671.82 mm2 (median,

0.0 mm2; range 0.00–32.85 mm2). It was significantly

widest in the temporal peripapillary region, followed by

the temporal inferior region, the temporal superior

region, and finally the nasal region. It was found in 802

(19.9%) eyes. Its frequency was significantly (Po0.001)

higher in the temporal peripapillary region (793/4027 or

19.7%) than in the temporal inferior region 656/4027 or

16.3%), in which it was detected more often (Po0.001)

than in the temporal superior region (610/4027 or 15.1%),

in which it occurred more frequently (Po0.001) than in

the nasal region 224/4027 or 5.6%).

Beta zone area was significantly correlated with optic

disc size (correlation coefficient r¼ 0.36; Po0.001; 955CI:

1.04; 1.23). It increased with age (r¼ 0.11; Po0.001; 95%

CI: 0.015, 0.26) (Figure 3; Equation of the regression line:

Area Beta Zone (mm2): 0.021�Age (years) �0.68) and

myopic refractive error (r¼�0.57; Po0001; 95% CI:

�0.51; �0.46) (Figure 4). It did not vary significantly

(P¼ 0.78; 95% CI: �0.13; 0.09) between male

(0.4571.41 mm2; 95% CI: 0.38, 0.51) and female subjects

(0.4672.08 mm2; 95% CI: 0.38, 0.55). It was significantly

correlated with low uncorrected visual acuity (r¼�0.28;

Po0.001; 95% CI: �1.85, �1.50) and low best-corrected

visual acuity (r¼�0.31; Po0.001; 95% CI: �3.52, 2.92).

In multivariate analysis, with area of beta zone as

dependent variable, and age, refractive error, optic disc

area, uncorrected visual acuity, and best-corrected visual

acuity as independent variables, zone of beta zone was

still significantly correlated with increasing age

(Po0.001; 95% CI: 0.018, 0.028), myopic refractive

error (Po0.001; 95% CI: �0.47, �0.42), optic disc area

(Po0.001; 95% CI: 0.36, 0.52), uncorrected visual acuity

(P¼ 0.005; 95% CI: 0.27, 0.64), and best-corrected visual

acuity (Po0.001; 95% CI: �2.43, �1.80).
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Figure 1 Scattergram showing the correlation between area of
alpha zone of peripapillary atrophy and age in the Beijing Eye
Study.
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Figure 2 Scattergram showing the correlation between area of
alpha zone of peripapillary atrophy and refractive error in the
Beijing Eye Study.
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Figure 3 Scattergram showing the correlation between area of
beta zone of peripapillary atrophy and age in the Beijing Eye
Study.
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To exclude the influence of high myopia defined as a

myopic refractive error of more than –8 d, a separate

statistical analysis was performed excluding highly

myopic eyes. In a multivariate analysis, with area of beta

zone as dependent variable, and age, refractive error,

optic disc area, uncorrected visual acuity, and best-

corrected visual acuity as independent variables, zone of

beta zone was again significantly correlated with

increasing age (Po0.001; 95% CI: 0.015, 0.022), myopic

refractive error (Po0.001; 95% CI: �0.21, �0.17), optic

disc area (Po0.001; 95% CI: 0.19, 0.30), uncorrected

visual acuity (P¼ 0.004; 95% CI: �0.32, 0.06), and best-

corrected visual acuity (Po0.001; 95% CI: �0.71, �0.25).

Discussion

Peripapillary chorioretinal atrophy has been described

by Elschnig, Bücklers, and others around the beginning

of the 20th century who called it ‘halo glaucomatosus’ if

it encircled the optic disc.9–11 Later, Primrose, Hayreh,

Wilensky and Kolker, Anderson, Airaksinen, and other

investigators confirmed the observations describing the

occurrence of peripapillary atrophy in eyes with

glaucoma.2,3,12–29 Heijl and Samander17 found a spatial

correlation between the peripapillary chorioretinal

atrophy and the location of the most marked visual field

loss. Anderson13 described that the presence or extent of

a crescent correlated with the glaucomatous disc

damage. In indirect and direct clinical–histological

comparisons, beta zone correlates with a complete loss of

retinal pigment epithelium cells and a markedly

diminished count of retinal photoreceptors.19,25,30,31

Correspondingly, beta zone corresponds

psychophysically to an absolute scotoma, and alpha zone

to a relative scotoma.32

In previous studies on Caucasian subjects, both alpha

zone and beta zone were largest and were most

frequently located in the temporal horizontal sector,

followed by the inferior temporal area and the superior

temporal region.4–6 They were smallest and most rarely

found in the nasal peripapillary area. Alpha zone was

present in almost all normal eyes and was thus more

common than beta zone. The frequency of the latter was

about 15–20%.4–6,21

The present population-based study on elderly

Chinese in Northern China agrees with the previous

hospital-based studies as well as the Rotterdam study on

normal eyes of Caucasians. In the Chinese, alpha zone

was present in the vast majority of subjects included in

the study and was significantly more frequent than beta

zone, which occurred in about 20% of the eyes. Both

zones were widest in the temporal peripapillary disc

region, followed by the temporal inferior region, the

temporal superior region, and finally the nasal region.

They were associated with age. The increase with age

was, however, not marked, with an enlargement of about

0.21 mm2 per decade of age (Figure 3). As in the

preceding studies, both zones did not vary significantly

between female and male subjects.

What is new in the present study is, that alpha zone

and beta zone of peripapillary atrophy were significantly

associated with uncorrected visual acuity and with best-

corrected visual acuity. The result found in univariate

analysis may have been explainable by the association

between visual acuity and refractive error. The

correlation between peripapillary atrophy and visual

acuity, was, however, confirmed in a multivariate

statistical analysis. It indicates that the relationship

between myopic refractive error and peripapillary

atrophy is not sufficient to explain the association

between beta zone of peripapillary atrophy and low

visual acuity. Future studies may show whether the

association between peripapillary atrophy and visual

acuity is due to factors such as increased corneal

astigmatism with amblyopia, macular changes in the

vicinity of the peripapillary region33 or other factors.

These other factors may include glaucoma, as previous

hospital-based investigations have shown a relationship

between beta zone of the peripapillary atrophy and

glaucoma.2–5,13–24,26–28,30,34–42

As beta zone of peripapillary is associated with

glaucomatous optic neuropathy and has been reported to

be a predictive factor for further progression of chronic

open-angle glaucoma,2–5,13–24,26–28,30,34–42 and because

different types of the chronic open-angle glaucomas

differ in the amount of beta zone of peripapillary

atrophy,1,43–45 the data of the present population-based

study in Chinese may serve for glaucoma diagnosis of

Chinese patients. They may additionally be helpful for
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Figure 4 Scattergram showing the correlation between area of
beta zone of peripapillary atrophy and refractive error in the
Beijing Eye Study.
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the differentiation between glaucomatous optic nerve

damage and nonglaucomatous optic nerve atrophy, as in

the latter, peripapillary atrophy usually does not

enlarge.46–48 Interestingly, frequency of alpha and beta

zone of peripapillary atrophy did not vary between the

elderly Chinese examined in the present study and South

Indian examined in a previous population-based

investigation.49

There are limitations of the present study. A major

concern in any prevalence study is nonparticipation. The

Beijing Eye Study had a reasonable response rate of

83.4%, however, differences between participants and

nonparticipants can lead to a selection artefact and may

have influenced the results. Another limiting factor of the

present study is that subjects for whom a dense cataract

prevented to take fundus photographs might

additionally have had marked peripapillary atrophy. It

may have artificially reduced the measurement figures

for peripapillary atrophy in the present study.

In conclusion, alpha zone and beta zone of

peripapillary atrophy show a similar frequency in elderly

Chinese as in Caucasians and South Indians. In all these

population, alpha zone is present in about the majority of

subjects, whereas beta zone occurs in about 20% of the

subjects. In all three groups, both zones are significantly

the widest and are found significantly (Po0.001) most

often in the temporal peripapillary region, followed by

the temporal inferior region, the temporal superior

region, and finally the nasal region. Optic disc size, age,

and myopic refractive error positively influence the size

of alpha zone and beta zone of peripapillary atrophy.

Interestingly, beta zone was associated with low

uncorrected visual acuity and low best-corrected visual

acuity in the present study, a finding that needs further

evaluation.
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circumpapillären Aderhautatrophie. Unter Beifügen eines
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