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Distribution of cup-disc ratio in a Swedish population
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ABSTRACT

Background: Increased cup-disc ratio (CDR) is a hallmark of open-angle glaucoma (OAG), an age-related 
neurodegenerative disease of significant importance for public health. There are few studies on the distri-
bution of CDR in the Nordic populations.
Methods: The distribution of CDR was studied in 749 subjects aged 65–74 years in a population survey 
in the rural district of Tierp, Sweden, from 1984 to 86. The optic discs were assessed with binocular oph-
thalmoscopy at a slit lamp. Drawings of the discs were made in the protocol and used for the calculation 
of vertical CDRs. Odds ratios, adjusted for age and sex, according to Mantel-Haenszel (ORMH), were deter-
mined to estimate predictors of increased CDR, defined as a ratio in the upper quartile. For these analyses, 
the eye with the most advanced OAG or the highest pressure was chosen. Automated perimetry was used 
to identify OAG.
Results: The distribution of vertical CDR was fairly close to that of other European-derived populations. 
The mean CDR was 0.45 in both eyes, with no difference between women and men. An increased ratio was 
associated with the age ≥70 years, a positive family history of OAG and intraocular pressure ≥20 mmHg. 
OAG increased the risk 8-fold (ORMH 8.06; 95% CI 4.12–15.8).
Conclusions: In this study, the distribution of CDR was fairly close to that of other European-derived pop-
ulations. As expected, OAG increased the risk of having a CDR in the upper quartile. The CDR increased 
with age.
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Introduction

Open-angle glaucoma (OAG) is an age-related neurodegenerative 
disease of significant importance for public health, 
characterised by the progressive loss of optic nerve fibres 
with cupping of the optic disc and consistent visual field 
defects. Glaucoma is a leading cause of irreversible blindness 
worldwide (1). In Sweden, increased intraocular pressure 
(IOP) and pseudoexfoliation (PEX) are important risk factors 
for the development of OAG (2). In PEX, a fibrillar material is 
produced and accumulated in the anterior eye segment (3). 
Common sequence variants in the lysyl oxidase-like 1 gene, 
involved in elastic fibre formation, are closely related to 
PEX (4).

Increased cup-disc ratio (CDR) is a hallmark of OAG and has 
been suggested to be a part of the classification of OAG in 
population surveys (5). The CDR, defined as the diameter of the 
optic cup divided by the diameter of the optic disc, is usually 
measured vertically. In most population surveys, the CDR has 
been assessed by photographic methods. In clinical practice, 
optical coherence tomography or confocal scanning laser 
ophthalmoscopy are advised for diagnostic purposes (6). 

However, if an imaging technique is not available, a detailed 
manual drawing of the discs has been recommended (7).

The size of the normal optic disc is subject to substantial 
variation. Furthermore, the CDR is strongly related to the size of 
the disc (8). Larger discs have larger cups than smaller discs. 
Consequently, a large CDR in a large normal disc is easily 
mistaken as glaucomatous, whilst a small CDR in a small 
glaucomatous disc may be classified as normal, as demonstrated 
in a Swedish study (9).

The distribution of CDR is well-known from numerous studies 
on different ethnicities. Results from four studies on European-
derived populations are presented in Table 1 (10–13). All studies 
reported a mode of 0.3–0.5. To the best of our knowledge, the 
Reykjavik Eye Study was the only study of its kind done in a 
Nordic country. Notably, PEX was a common finding in Reykjavik 
but not in the other studies.

The objectives of the present research were to examine the 
distribution of CDR in a Swedish population with a high exposure 
to PEX and to estimate predictors of an increased CDR. The 
investigation took the form of a cross-sectional study on a 
defined population.
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Methods

The Tierp Glaucoma Survey

From 1984 to 1986, a population survey was conducted in the 
rural district of Tierp, south central Sweden. Its target 
population comprised 2,429 residents, aged 65-74-years-old. A 
sample of about one-third of the target population was 
randomly selected. Of the eligible number of 838 individuals, 
760 (90.7%) underwent a detailed eye examination, as 
described elsewhere (14). Briefly, an interview was first held, 
covering medical and family history. The pressure was taken 
with a Goldmann applanation tonometer mounted on a Haag–
Streit slit lamp. As a rule, the pressure was taken with single 
tonometer readings. If the difference between the two eyes 
exceeded 2 mm Hg, a control measurement was done. In this 
case, the second reading was defined as the IOP for that person. 
The visual fields were examined using the Competer 350 
automated perimeter (Bara Elektronik AB, Lund, Sweden). After 
perimetry, the pupils were dilated, and slit lamp biomicroscopy, 
including a binocular assessment of the optic discs and 
gonioscopy, was done. PEX was defined as the presence of 
characteristic white flakes on the lens capsule or on the 
pupillary border.

The study population

Of the total number of 760 participants, the right eye had been 
removed in two subjects and the left eye in one subject, leaving 
758 right and 759 left eyes for analyses. Six people were 
impossible to examine, as were the optic discs of 12 right and 10 
left eyes with pronounced cataract. The eyes of these subjects 
were excluded from the analyses of the respective eye. One 
subject declined the instillation of eye drops (Figure 1). The 
remaining 739 right eyes and 742 left eyes were used for the 
calculation of CDRs.

For the analyses of predictors of an increased CDR, the eye 
with the most advanced OAG, or with the highest pressure, 
designated as ‘the eye under study’, was chosen. One patient 
with angle-closure glaucoma and two patients with 
secondary glaucoma in either eye were excluded, and one 
individual had dense cataract in both eyes. As mentioned 
earlier, six people were impossible to examine, and one 
declined. Thus, 749 individuals provided information for this 
part of the study. The investigation was approved by the 
Ethics Committee at the Faculty of Medicine, Uppsala 
University, on 11 May 1983 and adhered to the tenets of the 

Declaration of Helsinki. An informed consent was obtained 
from all participants.

Assessment of CDR

The optic discs were examined with binocular ophthalmoscopy 
at the slit lamp using a Goldmann single mirror contact lens. 
Drawings of the optic discs were made in the protocol according 
to a modification of a method suggested by Shaffer et al. (15). 
The drawings were made on the basis of shape rather than 
colour. The disc margin was defined as the inner margin of the 
scleral ring, and the diameter of the cup was estimated from the 
point at which the disc surface made its first definite transition 
posteriorly (Figure 2). The CDR was calculated by dividing the 
optic cup diameter by the optic disc diameter. The size of the 
optic disc in the protocol was 15.5 mm. The cup diameter was 
obtained by measuring the maximal extent of the cup through 
the centre of the disc between 45–135° and 225–315° by the 
authors in a joint session, using a ruler to the accuracy of 1 mm. 
Finally, the vertical CDR was calculated by dividing the cup 
diameter by 15.5.

Figure 1. Flow chart showing how the study samples of 739 right eyes and 
742 left eyes in the Tierp Glaucoma Survey were derived.

Table 1. Distribution of vertical cup-disc ratio in the right eyes in four 
population studies.
Study Method Mode Median Mean

Beaver Dama Photography 0.3 0.36 –
Blue Mountainsb Photography 0.4 – 0.43
Melbournec Slit lamp examination 0.3 – 0.38
Reykjavikd Photography 0.5 – –

Method: Method used to assess the cup-disc ratio.
aRef. (10); bRef. (11); cRef. (12); dRef. (13).



DISTRIBUTION OF CUP-DISC RATIO 3

Classification of OAG

Consistent with the concept of Foster et al. (5), glaucoma with 
PEX was classified as OAG. To qualify for a diagnosis of OAG, a 
reproducible visual field defect was a prerequisite, consistent 
with glaucoma and not explicable on other grounds, as 
described elsewhere (14).

Assessment of systemic predictors

Information on treated systemic hypertension, ischaemic heart 
disease and diabetes mellitus was obtained at the interview or 
from medical records. In the case of a discrepancy between the 
self-reported history and the medical record, data from the 
latter source were used in this report. The participants were 
asked if they were current smokers or past smokers and when 
they stopped smoking. Information on smoking was also 
acquired from medical records and family members.

Statistical methods

The agreement between repeated CDR measurements was 
evaluated using kappa statistics. Thus, the readings of the first 
100 right and left eyes in the sample were repeated, and kappa 
coefficients for a cup diameter ≥8 mm were calculated. 
Predictors of an increased CDR, defined as a ratio in the upper 
quartile, were estimated using 2 × 2 tables, with odds ratios 
adjusted for age and sex strata, according to the Mantel–Hansel’s 
method (ORMH). To simultaneously assess several variables 
affecting the risk of having an increased CDR, multiple logistic 
regression analyses were used, with a CDR in the upper quartile 
as the dependent variable.

Results

The mean vertical CDR was 0.45 in the right and left eyes 
(Table 2). There was a tendency for increasing CDRs with age. No 
difference was observed between women and men. The median 
was 0.45 in both eyes, with a ratio of 0.52 enclosing the upper 
quartile. The distribution of CDRs in the eye under study is 
shown in Figure 3. The measurements were approximately 
normally distributed. The kappa coefficients were 0.98 and 0.93 
for the right and left eyes, respectively.

Forty-three subjects fulfilled a diagnosis of OAG. PEX in 
either eye was present in 105 subjects (14.0%), of whom 15 
had OAG. Odds ratios for a CDR in the upper quartile are 
presented in Table 3. Substantial risks were observed for age 
≥70 years, a positive family history of OAG, increased IOP and 
OAG. A pressure of 20–24 mmHg increased the risk of having 
a CDR in the upper quartile 1.6-fold, whilst a pressure ≥25 
mmHg increased the risk 4-fold. A ratio in the upper quartile 
was associated with an 8-fold increased risk of having 
glaucoma. No significant effects were found for male sex, 
PEX, smoking habits, diabetes, hypertension or ischaemic 
heart disease. The result of a logistic regression model 
including age, family history of OAG, IOP and ischaemic heart 

Table 2. Distribution of mean vertical cup-disc ratios in the right and left eyes in the Tierp Glaucoma Survey by age and sex.
Age Females Males All

Right Left Right Left Right Left

(n = 382) (n = 385) (n = 357) (n = 357) (n = 739) (n = 742)

65–69 years 0.42 0.42 0.43 0.43 0.43 0.42
70–74 years 0.48 0.47 0.47 0.48 0.47 0.48
65–74 years 0.45 0.44 0.45 0.46 0.45 0.45

Figure 3. Distribution of the vertical cup to disc ratio in 749 eyes in the Tierp 
Glaucoma Survey. The eye with the most advanced open-angle glaucoma, 
or the highest intraocular pressure, was chosen. The optic disc in both eyes 
of 11 people was not examined.

Figure 2. Drawing of the optic discs in a patient with open-angle glaucoma 
in the left eye. Parapapillary findings are indicated. R = right eye; L = left eye. 
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disease was close to that of the stratified analyses (data not 
shown).

Discussion

To the best of our knowledge, only one population-based study 
has previously been reported on the distribution of CDR in the 
Nordic countries, namely, the Reykjavik Eye Study (13), whilst 
the Tierp study is the second. The study in Reykjavik used stereo 
photographs for grading of the optic discs, whilst the study in 
Tierp utilised drawings made under binocular ophthalmoscopy 
at the slit lamp. Despite the different methods, the distribution 
of CDR was fairly close to that of other European-derived 
populations using photographic methods. For this reason, we 
believe that the method used in Tierp was an appropriate 
alternative to more costly methods. Furthermore, we are not 
aware of other studies reporting the use of drawings for 
measuring the CDR.

Clearly, the methods are important for obtaining results 
comparable with other studies. Thus, for people aged 65–74 
years, the Framingham Eye Study (16) reported a mean vertical 
CDR of 0.25 in the eyes screened, compared with a mean of 0.45 
in the present study. Most likely, the different methods for 
assessing the CDR account for the inconsistent results, as the 
disc was viewed using indirect ophthalmoscopy with a 14 

dioptre lens in the Framingham study. In accordance with the 
majority of studies referred to in the present report, the 
distribution of CDR approximately followed a normal 
distribution. Nevertheless, there was an evident dip in the graph 
of CDRs with a measure of 0.4. Possibly, the limited sample size 
was a reasonable explanation for this finding.

In this study, increased IOP and OAG were strongly related to 
a CDR in the upper quartile. Similar results have been reported 
in other population studies (17). Considering the well-known 
relationship between increased IOP and the risk of developing 
OAG (2), this finding was not surprising. Furthermore, we 
confirmed an already known association between age and 
increased CDR. In a population survey from southern Sweden, 
Bengtsson observed a marked increase in the cup diameter with 
ageing (18). The disc diameter increased slowly with advancing 
age, but the rim area remained unaffected. Another study on 
healthy volunteers reported an increase in the mean vertical 
CDR of about 0.1 between the ages of 30 and 70 years (19). In 
the present study, however, subjects aged ≥70 years were 
examined about 1 year earlier than those aged <70 years. It 
cannot be ruled out that the judgement of the discs had 
changed whilst the study was in progress, and in some way 
affected the results. A family history of OAG was associated with 
a two-fold increased risk of having a CDR in the upper quartile. 
The recognised relationship between a positive family history 
and OAG (20, 21) is a likely explanation for this finding.

Our study has several strengths, including its population-
based design, high participation rate and the use of a detailed 
protocol. All eye examinations at the slit lamp, including the 
drawing of the optic discs, were conducted by the same 
glaucoma specialist, who was masked to the result of the 
pressure readings and the visual field testing. The kappa 
statistics indicated an excellent agreement between repeated 
CDR measurements. Furthermore, a visual field defect was 
required for a diagnosis of OAG. Nevertheless, as with many 
epidemiologic studies, the research was limited in several 
respects.

Most importantly, compared with many other population 
studies, the Tierp Glaucoma Survey was a small study, limiting its 
statistical power to provide reliable estimates on some of the 
predictors of increased CDR. However, the drawing of optic discs 
gave sufficient data for an accurate description of the distribution 
of CDRs in the examined population, which was the main issue 
of this study. Although more sophisticated methods are 
available at present, the results obtained in Tierp were fairly 
close to that of other studies using photos for grading of the 
disc. Moreover, this study only involved people aged 
65–74-years-old, which might be a limitation with respect to the 
reported increase in CDR with age.

There is a risk of misclassification of exposure in cross-
sectional studies when data are based on self-reports, which 
was the case regarding smoking habits. This type of information 
bias should be non-differential, thereby ‘diluting’ the relationship 
between increased CDR and possible predictors in the analyses. 
Besides, as mentioned earlier, participants aged ≥70 years were 
examined about 1 year earlier than the rest of the sample, with 

Table 3. Odds ratios for cup-disc ratios in the upper quartile in the eye 
under study in the Tierp Glaucoma Survey, adjusted for age and sex.
Characteristics No. of cases

(n = 185) ORMH (95% CI)

Age ≥70 yearsa No 82 1.00
Yes 103 1.62 (1.16–2.27)

Male sexb No 95 1.00
Yes 90 1.03 (0.74–1.44)

Family history, open-angle 
glaucomab

No 168 1.00
Yes 17 2.24 (1.18–4.24)

Intraocular pressure, mmHgb <20 132 1.00
20–24 39 1.60 (1.03–2.49)
≥25 14 4.06 (1.85–8.92)

Open-angle glaucoma No 155 1.00
Yes 30 8.06 (4.12–15.8)

Pseudoexfoliation, either eye No 156 1.00
Yes 29 1.21 (0.76–1.93)

Smoking status Never 
smoked

125 1.00

Past smoker 41 1.17 (0.74–1.87)
Current 
smoker

19 0.55 (0.32–0.95)

Diabetes mellitus No 159 1.00
Yes 26 1.20 (0.74–1.97)

Hypertension, treated No 137 1.00
Yes 48 0.86 (0.59–1.26)

Ischaemic heart disease No 148 1.00
Yes 37 1.54 (0.99–2.38)

CI: confidence interval; ORMH: Mantel–Haenszel adjusted odds ratio. 
aAdjusted for sex; badjusted for age.
The eye under study includes the eye with the most advanced open-angle 
glaucoma or the highest pressure.
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the possibility of observational bias in the judgement of the 
optic discs. On the other hand, the fact that the drawings were 
performed by a single ophthalmologist might be a strength of 
this study, as it eliminates the risk of inter-observer variation.

In conclusion, in this population-based study on individuals 
aged 65–74-years-old in Sweden, the distribution of vertical 
CDR was fairly close to that of other studies on European-derived 
populations. As expected, increased IOP and OAG were strongly 
correlated to a CDR in the upper quartile. The CDR increased 
with age.
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