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The influence of
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the presenting visual
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patients with
glaucoma

Abstract

Purpose To investigate the relationship
between socioeconomic status and the extent
of visual field loss in POAG and treated OHT
patients at their first presentation to
Manchester Royal Eye Hospital.

Methods A cohort of 113 glaucoma patients
seen between 1995 and 2005 was reviewed. The
clinical parameters intraocular pressure, C:D
ratio, family history of glaucoma, visual acuity,
extent of visual field loss, and demographic
parameters: age, gender, ethnicity, and
residential postcode were extracted from
hospital records. The socioeconomic status of
each patient was estimated from the patient’s
residential postcode with the ACORN index
(group 1: affluent and group 2:
socioeconomically deprived).

Results In comparison to group 1 (n=49),
patients in group 2 (1 =64) presented with
more advanced field loss, lower educational
attainment (18 vs 98% with no or unknown
qualification), and were less aware of
glaucoma in the family (27 vs 17%). Patients
with a number of systemic health problems
had worse vision, more severe visual field loss,
and worse clinical attendance (P <0.05).
Conclusions The extent of visual field loss
in glaucoma patients at first presentation is
related to a combination of clinical and
socioeconomic factors including the patient’s
postcode. This finding could be used to target
future case-finding resources.
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Introduction

Visual impairment due to glaucoma is a
growing problem worldwide; although the
majority of patients with this disease are
successfully treated with either eye drops or
surgery and retain good vision throughout the
remainder of their years, about 15% progress to
blindness.! Despite important developments in
both therapy and technology, glaucoma is still
the second largest cause of blindness in the
United Kingdom, accounting for about 12% of
blind registrations and 9.6% partial sight
registrations.>® One of the major risk factors for
future visual impairment from glaucoma is late
presentation with advanced visual field loss.**
Although, in part, the association between
prognosis and extent of visual field loss is likely
to be the result of length—time bias (slowly
progressing disease being detected earlier with
an apparent prolonged survival time), it is a
widely held view that early detection improves
the patient’s long-term prognosis.

One likely association for late presentation is
low socioeconomic status. Poor utilisation of
health-care resources, even in symptomatic
conditions such as cancer, is known to be
associated with lower socioeconomic status in
the community.” Fraser et al® have shown a
direct relationship between socioeconomic
status and late presentation in glaucoma, and
delayed response to visual loss has also been
reported for other eye conditions such as
amblyopia® and cataract.” In addition, poor
compliance, late presentation, and poor care
regimes have been reported in glaucoma
patients with lower socioeconomic status.'

Another potential cause for late presentation
is poor case finding by optometrists. In the
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United Kingdom, the vast majority of glaucoma cases are
detected and referred by the community optometrist
(~90%),"" with the residual group being referred either
directly from the patient’s GP or via other hospital
departments. Patients referred directly from their GPs
are more likely to present with advanced visual loss,*
and an investigation of blind registrations from
glaucoma at Manchester Royal Eye Hospital (MREH) has
shown that there is a relatively high percentage of direct
GP referrals (42 vs <10%),'? indicating poor utilisation of
optometric care by patients presenting with advanced
glaucoma.

The case—control nature of Fraser et al studies,>® using
a combination of the cup-to-disc (C:D) ratio and visual
field area classification to generate cases (late presenters)
and controls (early presenters), limits the understanding
of the risk contributing to presentation at different stages
of visual field loss as does their use of a binary-coded
visual field measure (advanced/early) rather than
indices (eg, mean deviation—MD) derived from the now
widely used static automated perimeters.

Moreover, Fraser et al, who used both an area
deprivation measure (Jarman index) and three individual
measures (occupational group, educational level, and
access to car) of socioeconomic status, found only a weak
relationship between area deprivation and extent of loss.
There is often considerable heterogeneity of
socioeconomic status within a ward (unit of
measurement for the Jarman index, comprising of
approximately 1500 households) that could act to mask
the importance of area-based measures of socioeconomic
status. Improved area measures (eg, ACORN index'?),
which classify on a much finer matrix (approximately 15
households), are now available and are likely to give a
more accurate estimate of the relationship between late
presentation and area-derived socioeconomic status.

The purpose of this study is to establish the
relationship between the extent of visual field loss (MD)
in POAG and OHT patients at first presentation to
MREH and a number of clinical and socioeconomic
parameters using the ACORN index.

Materials and methods
Patient selection and methods

We randomly selected 960 patients from the visual field
database of the patients who attended the glaucoma
clinic for the first time between 1995 and 2005. We
excluded 638 patients (66%) on the basis of the exclusion
criteria (tertiary referrals, ocular comorbidity, secondary
glaucoma, age less than 40 years, prior hospital
appointment (MREH or elsewhere), and the patient not
being diagnosed with glaucoma). From the remaining
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638 Patients excluded on the

960 patients randomly selected from Dasis of:

visual field database (1995 - 2005)

. No glaucoma

Age <40 yrs
Tertiary referral

. Secondary Glaucoma
. Ocular co-morbidity
. Not first referral

S AWM=

322 glaucoma patients

209 Patients excluded

a, bascd on at before 1995

b. to gain approx equal numbers in
each of 6 visual field loss (MD) strata.

113 patients included in the
study

Figure 1 Patient selection.

cohort, we selected 113 glaucoma patients by excluding
the patients who had attended the clinic before 1995 and
to maintain approximately equal number of patients in
the six visual field groups to satisfy the stratified
sampling requirements (Figure 1).

The presenting visual field data (Humphrey 24-2
threshold; Zeiss-Humphrey Instruments, Dublin, CA,
USA) of each patient were classified into one of six
groups on the basis of MD (better than —5dB, between
—5 and —9.99dB, between —10 and —14.99 dB, between
—15 and —19.99dB, between —20 and —24.99 dB, and
worse than —25dB). Stratified sampling ensured that
there was an even distribution of cases within each
group.

In addition, the following information was extracted
from hospital records: presenting visual acuity (VA) at
the first appointment, diagnosis at the initial visit, family
history, intraocular pressure (IOP) both at initial referral
and during follow-up, vertical C:D ratio, and referral
details including clinical information available from the
referral letter and ethnicity from the NHS electronic
database.

The demographic details of the patients including race,
residential postcode, and non-compliance with follow-up
appointments were also collected from the patients” case
notes and from the hospital database. The study was
approved by the North Manchester Local Research Ethics
Committee (04/Q1406/105).

Estimation of socioeconomic status

The socioeconomic status of the patients was estimated
from the patients’ residential postcode using the ACORN
index."® The ACORN index uses data sources, including
2004 census and local authority data, to detail social
characteristics of the population, with a resolution for
each postcode of approximately 15 residences. The
ACORN index classifies individuals into five different
socioeconomic groups, namely wealthy achievers,
urban prosperity, comfortably off, moderate means, and
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hard-pressed. Several subclassifications are also available
of which we included the educational level.

Analysis

Data were aggregated using MS Excel (2003) and
analysed using the statistical package SPSS (SPSS ver.
13.0 for Windows; SPSS Inc., Chicago, IL, USA).
Descriptive statistics were calculated for demographic,
medical, and clinical characteristics. Group comparisons
were made using ANOVA for continuous variable and
Spearman rank correlation for categorical or nominal
variables. P <0.05 was considered significant.

When analysing the results, the ACORN indexes were
classified into two groups (group 1: wealthy achievers,
urban prosperity, and comfortably off; group 2: moderate
means and hard-pressed). Visual field at first
presentation was classified into mild (>—-5dB),
moderate (=5 to >—15db), and severe (<—15dB) for
understanding the impact of the social status at different
levels of visual field loss.

The association between the visual field loss and the
risk factors was estimated using a multiple regression
analysis. First, a univariate analysis was performed to
determine the significant difference among the risk
factors and visual field loss. The risk factor that showed
significance of at least P <0.25 was considered to be
included in the model. The inclusion of the variable in
the model was determined by forward and backward
selection and finally the variables with significance of at
least P<0.1 were used in the multiple regression model.

Results

The sociodemographic and clinical characteristics of the
study population are shown in Tables 1a and 1b. In 94%
of the patients, the referral was initiated by an
optometrist and the rest by GPs. Of these, 80% of the
optometrists referred patients on the suspicion of
glaucoma, whereas others were referred because of
cataract (12%), complaints such as pain, lacrimation or
redness (6%), or the suspicion of ocular pathology (2%).
In two cases, no reason for referral was given.

The clinical diagnoses made at MREH were POAG
(48%), NTG (24%), OHT (11%), and pseudoexfoliation
glaucoma (7%). About 10% of the eyes were noted to
have no glaucomatous changes at the first visit but 5%
were diagnosed to have glaucoma at subsequent visits.
The IOP was noted to be greater in the pseudoexfoliation
group, and the C:D ratio was higher in NTG patients
(Tables 1a and 1b). Patients with lower IOPs were
generally noted to be referred as non-glaucomatous cases
(p=-0.35, P=10.0005). As expected, hospital-based
assessment of C:D ratios showed good correlation with
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Table 1a Sociodemographic details of the study population

Sociodemographic details

Age (years) n % Group 1 (%) Group 2 (%)
45-55 13 115 5.3 6.2
56-65 29 257 8.8 16.8
66-75 36 31.9 15.9 15.9
76-85 32 283 11.5 16.8
86-95 3 27 1.8 0.9
Mean age 69.03 years 68.48 years

Gender n % Group 1 (%) Group 2 (%)
Male 59 522 24.8 274
Female 54 47.8 18.6 29.2

Ethnicity n % Group 1 (%) Group 2 (%)
White British 83 735 30.1 43.4
African/Caribean 8 7.1 2.7 4.4
Asian 3 27 0.9 1.8
Not known 18 159 9.7 7.1

Socioeconomic status

ACORN index n % UK %
Wealthy achievers 9 8.0 254
Urban prosperity 13 115  11.5
Comfortably off 27 239 274
Moderate means 14 124 13.8
Hard pressed 50 442 212

IMD? n % UK % Manchester North west
% % %
Rich 1 2 1.8 20% 0.0 11.8
2 17 15.0 20% 0.4 15.9
3 14 124 20% 5.4 18.3
4 24 212 20% 22.4 21.3
Poor 5 56 49.6 20% 71.8 32.8

*The Index of Multiple Deprivation (IMD) is a national standard for
estimating multiple deprivation. IMD is based on the results from the 2004
census and grades each ‘super output area’ (average 1500 residents) on the
basis of several factors including income, employment, health, and education.

IOP (p=0.23, P=0.02) and vision (p =—0.28, P =0.001).
About 74% of the patients had some systemic problem
for which they were taking medication. About a third of
the patients had some other health or personal problems
(eg, sick family member).

The socioeconomic status estimated by ACORN index
showed good correlation (p =0.706, P<0.01) with the
standard index of multiple deprivation (Table 1a).
ACORN index classified 56% of the patients to have
come from the areas of poorer socioeconomic status
(group 2), a higher figure than that for the United
Kingdom (Table 1a). A comparison of MD values at the
first presentation between group 1 (n=49) and group 2
(n=64) for the worst-affected eye (WAE) and the least-
affected eye (LAE) is shown in Figure 2a and b,
respectively. Most of the patients (79%) who presented
with mild loss, in the WAE, were noted to be in the



Table 1b Clinical details of the study population

Clinical details

IOP (mmHg) RE IOP LE IOP
Mean (SD)  Mean (SD)
No glaucomatous changes 18.30 (3.56) 18.25 (2.82)
NTG 17.83 (2.71) 17.82 (2.82)
OAG 25.63 (6.52) 25.70 (6.74)
OHT 24.71 (4.99) 26.27 (5.85)
PXF 26.50 (3.70) 28.86 (11.41)
C:D ratio RE disc LE disc
Mean (SD)  Mean (SD)
No glaucomatous changes 0.40 (0.13)  0.46 (0.05)
NTG 0.71 (0.16)  0.74 (0.13)
OAG 0.68 (0.19)  0.70 (0.19)
OHT 0.36 (0.11)  0.40 (0.21)
PXF 0.56 (0.28)  0.53 (0.30)
Group 1 Group 2
Family history 27% 17%
Problems with medication 23% 22%
Hospital visits per year (mean (SD)) 3.05 (1.26)  3.30 (3.65)
DNA per year (mean (SD)) 0.87 (0.79)  0.89 (1.47)
Referral (GP vs optometrist) 4 vs 96% 8 vs 92%
Systemic illness
DM 14.29% 15.63%
HT 40.82% 35.94%
IHD 26.53% 28.13%
Asthma 22.45% 12.50%
Arthiritis 20.41% 29.69%
Other problems 32.65% 21.88%

affluent group (group 1). The majority of the patients
(60%) with moderate loss and 63% of those presenting
with severe visual field loss are noted to be from the
areas of poorer socioeconomic status that is, group 2
(Figure 2a). The visual field in the fellow eye was better
on average by 8.11 +7.31dB, and 56 of 113 (50%) patients
had at least 6 dB difference in MD between their eyes.
Again, the majority of the patients who presented with
mild visual field loss in the LAE were from the more
affluent group 1 (see Figure 2b).

Visual field results indicate that patients in group 1
were more likely to present with mild visual field loss
(rather than moderate or severe loss) in the WAE
(OR=5.89, 95% CI=1.54-22.4) and in the LAE
(OR =2.68,95% CI =1.23-5.81) than the patients in group 2.
On the other hand, patients in group 2 are less likely to
present with early than severe visual field loss in LAE
(OR=1.178, 95% CI=1.02-1.36) compared to group 1
though it was not statistically evident in WAE (OR =1.74,
95% CI=0.81-3.63).

In group 1, 27% of the patients were known to have
family history of glaucoma compared to only 17% in
group 2. The education attainment (derived from the
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ACORN database) is much higher in group 1 than in
group 2 (18 vs 98% having no or unknown qualifications)
(see Figure 3). Of the patients with known ethnicity, non-
White patients were older (p =—0.21, P=0.04) and had
more systemic health problems (p =0.21, P =0.04). The
sample size (11 non-Whites) was insufficient to make any
valid judgement on the relationship between ethnicity
and presenting visual field loss.

Patients who are older had poorer vision (p = —0.39,
P =0.0005), greater visual field loss (p =—0.302,
P=0.001), and were on treatment for more systemic
health problems (p = —0.251, P =0.007). The frequency of
non-attendance (DNA /year) after the first appointment
showed a correlation with the number of systemic health
problems (p =0.260, P =0.029) but not necessarily with
increase in age (p =0.086, P =0.367).

A two-stage multiple regression analysis was undertaken
to explore the risk factors for late presentation. Eight
variables were found from a univariate analysis to correlate
(P <0.25) with the amount of visual field loss in the WAE:
age, IOP, ACORN grouping, VA, non-glaucoma referral,
education, systemic problem, and family history (Table 2a).
We did not include C:D ratio in the equation as it showed
good correlation with visual field (p =—0.52, P=0.001),
I0OP (p=0.23, P=0.02), and vision (p = —0.28, P=0.001).
Multiple collinearity with significant correlations (p>0.3,
P <0.05) were also evident between some variables:
education and ACORN index (p = —0.84, P =0.0005), IOP
and non-glaucoma referral (p = —0.35, P =0.0005), and also
between age and vision (p = —0.39, P =0.0005). The aim of
the analysis was to ensure that the final regression did not
contain variables with multiple collinearity. Initially, a
multiple regression model was fitted with all eight
variables, with visual field loss in the WAE as the outcome.
Least significant values were removed from the model one
at a time until only variables with significance of P <0.1
were included. To validate the model, the variables
removed were reinserted again one by one (forward
selection) to ensure that none of the omitted variables
became significant in the presence of other variables.

The final model was fitted with four variables: age,
ACORN grouping, vision, and IOP. Data from 104
patients were used to predict this model, which showed
good reliability (R*=0.258, adjusted R>=0.23 and
SE =7.42). The coefficient of the regression equation is
shown in Table 2b. Loss of vision in the worst eye
showed highest correlation with visual field loss. The
multiple regression model constructed using the
unstandardised coefficient values is

V =7.85"a —2.45"b — 0.21"c — 0.13*d — 2.9

where V is the amount of visual field loss (MD value) in
the worse eye, a is the presenting VA in decimal unit, b is
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a Visual Field loss in the Worst affected eye
30 -
25 4 OGroup 1
B Group 2
0
£ 20 -
8
g 68.2%
5 15 70% 73.7% -
3 78.6% 50% 50%
E 0] 56.2%
= 3090 43.8% 31.8 %
° 26.3%
59 21.4%
0 : : . : :
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b Visual Field loss in the Least affected eye
30
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25 BGroup 2
@ 61.8%
5 20 42.2%
]
Q.
© 151 38.2%
2 61.1%
E 0]
=z 38.9%
75% 100%
5 |
25%
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Figure 2 Visual field loss in affluent group 1 and socioeconomically deprived group 2. (a) In the worst-affected eye. (b) In the least-

affected eye.

ACORN grouping, c is IOP in mmHg, and d is age of the
patient in years.

Discussion

The results of this study show a strong association
between socioeconomic factors, derived from an area-
based measure of deprivation, and presenting visual
field loss (MD) due to glaucoma. The reason for other
studies not showing such an association, despite finding
a strong relationship with individual factors (occupation,
tenancy, and access to a car), is most likely due to the
higher fidelity of the ACORN vs Jarman index (15 vs 1500
households). The finding emphasises the importance of
socioeconomic factors in glaucoma and how modern
area-based indices can be used to accurately target
patients at greater risk of late presentation.

This study also confirmed that high IOP and large C:D
ratios are associated with more advanced visual field loss
and that IOP measurements by community optometrist

Eye

are well correlated to those obtained at MREH. However,
the C:D ratio assessment by optometrists did not
correlate well with the measurements recorded at MREH.
In fact, only 55% of the NTG patients were suspected to
have glaucoma by the optometrist, whereas 91% of the
patients, with IOP >21 mmHg, were referred on
suspicion of glaucoma. Additional training of
community optometrists has been shown to improve the
positive predictive value of the glaucomatous
referrals.'*'® However, we believe that case-finding
performance by community optometrists is likely to vary
with equipment usage and, in an environment where
additional diagnostic services such as fundus
photography and optic nerve head imaging are being
offered for a fee, with the socioeconomic status of the
patient.

The increased number of systemic health problems is
often suggested to be a proxy for poor socioeconomic
status and might indicate poor utilisation of health
services.



a Education (Group 1)
No or unknown
qualifications (18%)

GCSEs or comparable

Degree or comparable (22%)

(58%)

A-levels or comparable
(2%)

b Education (Group 2)

GCSEs or comparable

No or unknown @%)

qualifications (98%)

Figure 3 Educational attainment in (a) affluent area (group 1)
and (b) socioeconomically deprived area (group 2).

Table 2a Spearman’s correlation between VF and other
parameters

Spearman’s p

Correlation  Significance N
coefficient (P-value)
1 C:D ratio —-0.52 0.00 106
2 Presenting VA 0.43 0.00 113
3 Family history 0.34 0.00 113
4 Age -0.28 0.00 113
5 IOP (worse eye) —-0.19 0.04 112
6  ACORN index -0.19 0.04 113
7 Systemic problem -0.18 0.05 113
8 Non-glaucoma -0.14 0.13 113
referral
9 Education 0.12 0.22 113
10 Referral (GP vs —-0.09 0.34* 113
optician)
11 Ethnicity —0.09 0.40* 96
12 DNA per year —0.06 0.50* 113
13 Gender —0.06 0.52* 113

*Not included in the multiple regression analysis.

Table 2b  The coefficient of the multiple regression equation
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Our results show a correlation between vision, visual
field loss, and the number of systemic problems and old
age. This finding might suggest that old age and the
presence of other systemic health problems are barriers
to accessing of health-care resources or it could also
mean that glaucoma is associated with many systemic
diseases that might aggravate the associated vascular
complications or degenerative changes. The presence of
other systemic problems results in poor compliance or
poor attendance, as indicated by significant correlation
between frequency of non-attendance in the clinic
(DNA /year) and number of systemic problems.

The awareness and knowledge of glaucoma (or any
other eye disease) improve with the level of education
and socioeconomic status,'®'” and this could be the
reason for the finding of more systemic illness in group 1
(Table 1b). The level of compliance is also likely to be
better in highly educated people.’® A recent study by
Owen et al'® showed that most of the patients in the hard-
pressed group (ACORN index) received less treatment
than those in the wealthy achiever group, indicating a
possible trend towards poor compliance. In this study,
patients with poor socioeconomic status had lower
educational attainment, were not aware of glaucoma in
the family, and presented to the clinic with a greater level
of visual loss.

The retrospective nature of this study, and averaging
15 household data by ACORN classification, limits the
detailed understanding of the barriers to early
presentation that exist within the United Kingdom.
Further prospective work is needed to fully elucidate the
importance of other factors such as the perceived costs of
optometric care, mobility, and cognition.

In summary, these results provide some insight into
the clinical and social risks of late presentation. Poor
socioeconomic status, education level, associated
systemic condition, and old age show a strong
association with visual impairment in addition to the
known clinical factors. Patients presenting with
advanced visual field loss due to glaucoma can be
identified from area-based measures of socioeconomic
status; ACORN index. These relationships can be used to
target populations at risk of late presentation and of
becoming blind due to glaucoma.

Unstandardised coefficients Standardised coefficients t Significance
B SE B
(Constant) —2.88 7.03 —0.41 0.68
Vision 7.85 2.39 0.31 3.29 0.00
ACORN grouping —2.45 1.45 —0.14 —1.69 0.09
10P —-0.21 0.10 —-0.19 -2.19 0.03
Age -0.13 0.07 —-0.16 —-1.80 0.08
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