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Abstract

Purpose: To investigate relationships between health and socio-economic status

with delayed attendance at routine eye examinations and risk of subsequent gen-

eral practitioner (GP) referral in Northern Ireland.

Methods: We constructed a cohort of 132 046 community dwelling individuals

aged ≥60 years, drawing contextual information from the 2011 Northern Ireland

Census. Using linked administrative records of routine eye examinations between

2009 and 2014, we calculated 311 999 examination intervals. Multinomial models

were used to estimate associations between contextual factors and examination

interval (classified into three groups: early recall, on-time, delayed attendance).

Associations between examination interval and referral risk were estimated using

logistic regression.

Results: Delayed attendance was recorded for 129 857 (41.6%) examination

intervals, 53 759 (17.2%) delayed by ≥6 months. Female sex, poor general or

mental health were each associated with delay, as were longer distances to optom-

etry services among those aged ≥70 years (longest vs shortest: Relative Risk

Ratio = 1.21 [1.14, 1.28]). Low income and residence in social housing were asso-

ciated with reduced delay risk. There were 3347 (3.5%) and 11 401 (5.3%) GP

referrals in the 60–69 and ≥70 years age groups respectively. Delayed attendance

was associated with increased referral risk in both groups (Odds Ratios: 60–
69 years = 1.30 [1.04, 1.61]; ≥70 years = 1.07 [1.01, 1.13]).

Conclusions: Poor health and longer distances to optometry services were associ-

ated with delayed attendance at routine eye examinations but low income was

not. Delayed attendance was associated with increased GP referral risk, indicative

of missed opportunities to detect potentially serious eye conditions.

Introduction

Regular eye examinations are recommended for older peo-

ple to ensure prompt correction of refractive error and to

facilitate early detection of major causes of visual impair-

ment including cataract, glaucoma, diabetic retinopathy

(DR) and age-related macular degeneration (AMD). Early

detection is crucial as severity at presentation is associated

with substantially worse visual outcomes and treatment

prognoses for glaucoma, AMD1,2 and DR.3

In the UK, detection of most chronic eye conditions is

undertaken by community optometrists at routine free

(government funded) eye examinations.4–6 On detection of

an ocular condition that potentially requires treatment,

patients are referred to secondary ophthalmic care, often

via their GP (during the period covered by this study, the
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majority of referrals were via GPs but use of direct referral

pathways has increased more recently). Only 7–10% of

referrals to GPs are in relation to systemic conditions

detected at eye examinations.7,8 The majority of referrals

are by optometrists4–6,9 and so they can be considered the

gatekeepers to eye care in the UK. Optimising use of these

services could have a profound impact on population eye

health and reduce care costs stemming from delayed diag-

nosis of chronic conditions.

The work of community optometrists is governed by

clinical guidelines indicating recommended minimum

intervals for eye examinations, based on age and presence

of established risk factors for specific conditions (diabetic

retinopathy and glaucoma). In England, Wales and North-

ern Ireland (NI), those aged ≥60 years and with no other

risk factors are eligible for examinations biannually and

those aged ≥70 are eligible for annual examinations,10 as

are those aged >40 with a family history of glaucoma. How-

ever, uptake frequently falls short of clinical guidelines.11

This may be partially due to limited public understanding

of eye diseases and the importance of regular examinations,

with attendance often prompted by onset or worsening of

symptoms.12,13 Qualitative studies indicate that costs (ei-

ther perceived or actual) may be a barrier to uptake,12,14

but evidence for an association between uptake and socio-

economic status (SES) is equivocal.15 Uptake can vary with

area of residence16 and a recent UK study found that long

distances to the nearest optometric practice and lack of car

transport were associated with reduced uptake of eye exam-

inations among older people.17 Other variables associated

with uptake included sex, household structure and certain

chronic health conditions (e.g. cognitive impairment). Lit-

tle is known about the extent to which uptake (and social

gradients in uptake) influences clinical eye health outcomes

at the population scale and in particular, whether delayed

attendance at routine eye examinations has a measurable

impact on eye health.

We used records of all publicly funded eye examinations

attended by those aged ≥60 years within NI to (1) describe

the social patterning of intervals between routine eye exam-

inations and (2) investigate whether delayed attendance is

associated with increased risk of referral to a GP (a proxy

for referral to secondary ophthalmic care).

Methods

Data sources

Information on attendance at routine eye examinations was

drawn from the Family Practitioner Services Ophthalmic

Database (managed by the Business Services Organisation,

NI Department of Health), an administrative database used

to manage payment to service providers. Records of eye

examinations of those aged ≥60 years conducted during a

5-year period (October 2009 to September 2014 inclusive)

were extracted. This period coincided with strategic efforts

to improve commissioning and provision of eye care in

NI.18 Information on individual and household characteris-

tics was drawn from the 2011 Census. Both the 2011 Cen-

sus and the Ophthalmic Database are of sufficient quality

for the production of government statistics (including

National Statistics for the Census).19,20

Cohort construction

Cohort construction is summarised in Figure 1. Oph-

thalmic and Census datasets were linked using the NI

health card registration system, a register containing

address histories for those accessing primary healthcare ser-

vices. Linkages were made using a series of deterministic

match keys validated for these data (e.g. name, address and

date of birth). Eye examinations were matched to an indi-

vidual at any of the addresses at which they had lived dur-

ing the study period, generating a longitudinal sequence of

examination records for each individual. Each individual

sequence was then matched to a Census record. In this way

the sequence of events both before and after the Census was

reconstructed, even if individuals had changed address.

Linkages were made within the Administrative Data

Research Centre-NI. To protect individual privacy, records

were de-identified before the researchers accessed the

linked dataset. Ethical approval was received from the UK

National Research Ethics Service (reference: 16/EM/0103).

The cohort consisted of all community-dwelling respon-

dents to the 2011 Census aged ≥60 years at the beginning

of the study period that had attended at least two free eye

examinations during the period (132 046 individuals from

111 380 households). 93.8% of the cohort survived the

study period. A longitudinal sequence of eye examinations

was constructed for each individual and from these, the

analysis dataset of 311 999 examination intervals was calcu-

lated (Figure 1).

Outcome variables

We classified examination intervals into three categories

based on recommended intervals for each age group. The

first category ‘on-time’, consisted of intervals conforming

to recommendations (24 months for those aged 60–69,
12 months for those aged ≥70). Longer intervals (>24 and

>12 months for the younger and older groups respectively)

were classified as ‘delayed attendance’. The third category

‘early recall’, consisted of intervals shorter than recom-

mended. Early recall may occur when an individual returns

to the optometrist with visual symptoms or at the request

of the optometrist to monitor an ocular condition that does

not warrant immediate GP referral. Therefore, we expected
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that this category would have higher referral risk than the

other two. Year and month of each examination were avail-

able (full dates were unavailable due to the potential for

disclosure) and so classifications were based on calculations

in calendar months. For example, the next examination for

a 75-year old individual examined in February 2011 would

have been due in February 2012. If the second examination

was recorded in March 2012 then it would have been

classed as delayed (or early if recorded in January 2012).

Therefore, our definition of early recall corresponds with

that used for service provision up to the accuracy of the

available data. Payment regulations for examinations spec-

ify intervals in days, with clinical justification required for

examinations conducted more than 2 weeks earlier than

the recommended minimum interval.

Other variables

Age, sex, ethnicity, religion, highest educational attainment

and self-reported health status were drawn from 2011 NI

Census returns. Extent of caregiving responsibilities in

terms of hours of unpaid care provided per week was also

reported. At the household level, housing tenure, car access

and whether accommodation was adapted for visual

impairment (yes/no) were selected along with a classifica-

tion of household structure (e.g. living alone/living with a

partner). We also selected an area-based measure of SES,

the proportion of the population living in households in

receipt of income-related benefits or tax credits.21 Drive

time to the nearest optometry practice and density of

optometry practices in the local area were used as measures

of eye care accessibility and availability.17 Individual eligi-

bility for free examinations on low income (evidenced by

receipt of certain benefits) or health grounds (glaucoma;

glaucoma risk factors or relative with glaucoma; diabetes;

complex health needs; registered blind) in addition to age

eligibility were extracted from examination records. The

Census records used in this study had undergone extensive

quality checks as part of the standard Census procedure,

which included imputation of missing values for unan-

swered questions to produce a complete record for each

individual. The two eligibility variables were derived from a

broader set of checkboxes specifying grounds for free eye

examination. Age eligibility alone was sufficient so in some

cases, relevant boxes may have been left unchecked, leading

to underestimation of eligibility for non-age reasons that

we have not attempted to adjust for.

Statistical analysis

Our analysis had two stages, first estimating associations

between individual and household characteristics and eye

examination interval, and second, estimating associations

between examination interval and risk of GP referral. We

modelled the associations between predictor variables and

examination intervals using multinomial models to simul-

taneously estimate relative risks of delayed attendance or

early recall, using the on-time group as the reference cate-

gory. Multivariable models containing all predictor vari-

ables were fitted separately for each age group. Associations

Figure 1. Construction of the linked dataset comprising records from the 2011 Northern Ireland Census and the ophthalmic database.
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between examination interval and GP referral risk were

estimated using logistic regression. We fitted additional

models replacing the three-category classification of exami-

nation intervals with the actual interval lengths in months

to determine whether there were systematic changes in

referral risk as attendance delay increased (e.g. a linear

increase in referral risk with each additional month of

delay). All models were fitted using R software (www.R-pro

ject.org).22

Results

Examination intervals

Delayed attendance was recorded for a total of 129 857

(41.6%) examination intervals, 53 759 (17.2%) delayed by

≥6 months. In both age groups the number of delayed eye

examinations exceeded the number of on-time examina-

tions (Table 1). In the 60–69 age group, short examination

intervals (early recall) were most common but in the

≥70 years group they had similar frequency to on-time

examinations. Distribution of exam intervals was multi-

modal with the highest peak in attendance at 12 months

for both age groups and smaller peaks at 6 and 24 months

(Figure S1), reflecting standard recall intervals used by

optometrists based on assessment of clinical need (guideli-

nes allow flexible recall intervals). Six-, 12- and 24-month

intervals constituted 31% of the total.

Table 2 shows the social patterning of delayed atten-

dance. Only those variables most strongly associated with

delayed attendance (relative risk ratio differentials >10%
between at least two variable levels) are displayed. Estimates

for other variables are given in Table S1. Corresponding

estimates for early recall are given in Table 3 and Table S2.

Eligibility for free eye examinations on low income

grounds was associated with decreased risk of delayed

attendance, adjusting for other factors. Delayed attendance

was less likely among males than females (13% and 18% in

60–69 and ≥70 years groups respectively). Eligibility on

health grounds was rarely reported (<2% in each age

group) and was associated with delayed attendance only

among those aged ≥70 years. There was a gradient of

increasing delay risk with worsening general health in both

age groups (25% greater risk: very bad health vs very good

health in the older group). Poor mental health was associ-

ated with delayed attendance in both age groups but associ-

ations with other chronic conditions were not consistent

across groups.

Residence in social rented accommodation was associ-

ated with decreased delay risk in both age groups. House-

hold structure was important for the older group; living

with others as opposed to living alone was associated with

increased risk of delayed attendance, with the exception of

living with siblings only. These associations were less clear

in the younger group. There was an urban/rural gradient in

delayed attendance in the older group only. Living in areas

with the highest density of optometry practices (i.e. urban

area) was associated with decreased delay risk. Risk of

delayed attendance increased with drive time to the nearest

practice in the older group only. There were no consistent

gradients in delayed attendance with area level income

deprivation in either age group.

GP referrals

There were totals of 3347 (3.5%) and 11 401 (5.3%) GP

referrals in the 60–69 and ≥70 years age groups respec-

tively. Delayed attendance was associated with increased

referral risk in both groups (Table 1) with a proportion-

ately larger increase in relative risk in the 60–69 group than

in the ≥70 years group (30% and 7% respectively). As

expected, early attendance was associated with more than

two-fold increase in referral risk for both groups.

The month level analysis revealed complex relationships

between examination interval and GP referral risk with

increasing time beyond recommended intervals. Among

those aged 60–69 there was a gradual increase in risk with

increasing delay (Figure 2). By 5 months (29-month inter-

val) referral risk had increased twofold (OR = 2.09; CI:

1.37, 3.18) and there was strong evidence for a risk differen-

tial (i.e. 95% CI not overlapping baseline). There was no

clear pattern in referral risk with further delays; point esti-

mates for the majority of subsequent months were above

Table 1. Association between routine eye examination interval and risk of General Practitioner referral by age group

Examination interval

Aged 60–69 Aged ≥ 70

Total % referred OR (95% CI) referreda Total % referred OR (95% CI) referreda

On-time 7311 1.5 1.00 54 770 3.8 1.00

Delayed attendance 17 822 1.9 1.30 (1.04, 1.61) 112 035 4.0 1.07 (1.01, 1.13)

Early recall 69 853 4.1 2.86 (2.36, 3.46) 50 208 9.6 2.72 (2.58, 2.87)

Totals are number of examination intervals not number of individuals.

CI, Confidence Interval; OR, Odds Ratio.
a

Highlighting indicates cells with 95% Confidence Intervals not overlapping the reference value (blue = below reference; orange = above reference).

© 2020 The Authors. Ophthalmic and Physiological Optics published by John Wiley & Sons Ltd on behalf of College of Optometrists4

Routine eye examinations and GP referral D M Wright et al.

http://www.R-project.org
http://www.R-project.org


Table 2. Individual and household characteristics and associations between characteristics and delayed attendance at routine eye examinations,

2009–2014, among those aged 60 years and over in Northern Ireland, UK

Variable Level

Aged 60–69 Aged ≥ 70

Total

(N = 94 986) (%)

Delayed

(%)

Adjusted RRR

(95% CI)a
Total

(N = 217 013) (%)

Delayed

(%)

Adjusted RRR

(95% CI)a

Sex Females 56.8 18.4 1.00 59.3 52.2 1.00

Males 43.2 19.2 0.87 (0.82, 0.92) 40.7 50.8 0.82 (0.80, 0.84)

Religion Protestantb 64.4 18.4 1.00 69.0 51.0 1.00

Catholic 33.2 19.5 1.12 (1.05, 1.19) 29.4 53.0 1.14 (1.12, 1.17)

No religion 1.5 19.7 1.13 (0.90, 1.41) 0.8 53.5 1.18 (1.06, 1.33)

Other religions 0.9 16.3 1.30 (0.92, 1.84) 0.7 49.8 1.07 (0.95, 1.21)

Eligibility-income

grounds

No 73.9 19.9 1.00 71.3 52.8 1.00

Yes 26.1 15.6 0.79 (0.73, 0.85) 28.7 48.7 0.86 (0.84, 0.89)

Eligibility-health

grounds

No 98.8 18.9 1.00 99.1 51.7 1.00

Yes 1.2 8.3 1.34 (0.87, 2.06) 0.9 44.2 0.81 (0.73, 0.91)

General health Very good 18.8 21.8 1.00 12.9 53.6 1.00

Good 36.8 20.1 1.04 (0.96, 1.12) 35.7 51.7 1.01 (0.98, 1.05)

Fair 30.8 17.1 1.12 (1.02, 1.23) 40.9 51.0 1.09 (1.05, 1.13)

Bad 11.1 14.9 1.22 (1.06, 1.40) 8.9 51.3 1.20 (1.14, 1.26)

Very bad 2.5 14.5 1.17 (0.94, 1.47) 1.7 51.2 1.25 (1.14, 1.37)

Health condition Memory loss 2.7 14.7 0.97 (0.80, 1.18) 3.7 48.7 0.98 (0.92, 1.04)

Learning diff. 0.7 14.8 0.68 (0.49, 0.95) 0.4 52.2 1.12 (0.94, 1.34)

Communication

diff.

1.0 14.5 1.22 (0.89, 1.69) 1.2 48.5 1.01 (0.91, 1.12)

Mental condition 8.0 17.3 1.17 (1.05, 1.31) 3.4 52.3 1.08 (1.02, 1.15)

Blind/part. sight 3.5 10.4 1.11 (0.91, 1.37) 6.8 45.0 0.95 (0.91, 1.00)

Mobility diff. 28.1 15.9 0.96 (0.88, 1.05) 37.2 50.5 1.00 (0.98, 1.03)

Chronic illness 21.4 12.8 1.13 (1.04, 1.23) 23.5 49.9 0.91 (0.89, 0.94)

Breathing diff. 16.5 16.0 0.93 (0.86, 1.01) 18.9 51.2 1.06 (1.03, 1.09)

Deaf/hearing

impairment

12.0 16.9 1.01 (0.92, 1.10) 23.8 49.5 0.97 (0.95, 1.00)

Chronic pain 27.4 16.7 1.02 (0.94, 1.10) 28.5 51.1 1.01 (0.98, 1.04)

Other chronic

condition

10.1 17.1 0.99 (0.90, 1.09) 9.4 51.9 1.03 (0.99, 1.06)

No condition 89.9 18.9 1.00 90.6 51.6 1.00

Household structure Alone 20.2 16.0 1.00 34.4 49.1 1.00

Partner only 50.0 19.1 1.07 (0.99, 1.16) 44.8 52.7 1.11 (1.09, 1.14)

Partner, children 18.0 21.3 1.16 (1.06, 1.28) 7.9 55.7 1.20 (1.15, 1.25)

Partner, others 1.3 18.9 1.24 (0.96, 1.61) 0.8 56.4 1.26 (1.12, 1.42)

Children only 4.4 17.7 1.00 (0.86, 1.15) 6.1 51.9 1.07 (1.02, 1.12)

Siblings only 1.5 15.7 1.00 (0.78, 1.28) 1.9 49.5 0.92 (0.86, 1.00)

Complex/other 4.6 19.3 1.09 (0.94, 1.25) 4.1 53.3 1.13 (1.07, 1.20)

Tenure Owner occupied 80.1 19.6 1.00 77.3 52.5 1.00

Private rented 4.9 17.9 1.06 (0.93, 1.21) 4.6 50.8 1.03 (0.98, 1.08)

Social rented 12.8 14.7 0.78 (0.71, 0.86) 13.1 48.4 0.88 (0.85, 0.91)

Rent free 2.2 15.3 0.85 (0.70, 1.03) 5.0 47.4 0.87 (0.83, 0.91)

Household cars One or more 86.1 19.3 1.00 75.4 52.2 1.00

None 13.9 15.4 0.83 (0.76, 0.91) 24.6 49.8 1.00 (0.97, 1.03)

Practice density (per

1000)

0 81.2 18.9 1.00 79.7 52.0 1.00

(0.01,1] 14.5 18.1 1.03 (0.95, 1.12) 15.3 51.4 1.02 (0.99, 1.05)

(1,4.57] 4.3 18.2 0.97 (0.85, 1.12) 4.9 47.1 0.90 (0.86, 0.94)

Drive time (min) [0,2) 45.6 18.1 1.00 48.2 50.7 1.00

[2,4) 25.5 19.0 1.04 (0.97, 1.12) 25.3 51.4 1.03 (1.01, 1.06)

[4,6) 12.2 19.5 1.08 (0.98, 1.18) 11.2 53.3 1.11 (1.07, 1.15)

[6,8) 7.6 19.2 1.11 (0.99, 1.24) 7.1 53.3 1.10 (1.05, 1.14)

[8,10) 5.1 20.5 1.23 (1.07, 1.41) 4.4 54.0 1.13 (1.07, 1.19)

[10,20) 4.1 19.8 0.99 (0.86, 1.14) 3.8 54.9 1.21 (1.14, 1.28)

Multivariate estimates are adjusted for all variables in the table and highest qualification; carer status; household adaptations for visual difficulties;

area income deprivation.

CI, Confidence Interval; RRR, Relative Risk Ratio.
aHighlighting indicates cells with 95% Confidence Intervals not overlapping the reference value (blue = below reference; orange = above reference).
b

And Other Christian (including Christian Related).
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Table 3. Individual and household characteristics and associations between characteristics and early attendance at routine eye examinations, 2009–

2014, among those aged 60 years and over in Northern Ireland, UK

Variable Level

Aged 60–69 Aged ≥ 70

Total

(N = 94 986) (%)

Early

(%)

Adjusted RRR

(95% CI)a
Total

(N = 217 013) (%)

Early

(%)

Adjusted RRR

(95% CI)a

Sex Females 56.8 74.4 1.00 59.3 23.9 1.00

Males 43.2 72.5 0.78 (0.74, 0.82) 40.7 22.0 0.81 (0.78, 0.83)

Religion Protestantb 64.4 74.0 1.00 69.0 23.2 1.00

Catholic 33.2 72.6 0.98 (0.92, 1.03) 29.4 22.9 1.08 (1.05, 1.11)

No religion 1.5 72.7 0.99 (0.81, 1.21) 0.8 23.0 1.10 (0.96, 1.26)

Other religions 0.9 78.5 1.54 (1.12, 2.10) 0.7 26.5 1.23 (1.07, 1.41)

Eligibility-income

grounds

No 73.9 72.6 1.00 71.3 22.3 1.00

Yes 26.1 76.2 0.96 (0.90, 1.02) 28.7 25.1 1.07 (1.03, 1.10)

Eligibility-health

grounds

No 98.8 73.4 1.00 99.1 23.1 1.00

Yes 1.2 89.2 3.48 (2.37, 5.11) 0.9 29.1 1.19 (1.06, 1.35)

General health Very good 18.8 69.3 1.00 12.9 19.8 1.00

Good 36.8 71.9 1.12 (1.05, 1.19) 35.7 22.4 1.16 (1.11, 1.21)

Fair 30.8 75.8 1.29 (1.18, 1.40) 40.9 24.3 1.29 (1.23, 1.35)

Bad 11.1 78.8 1.44 (1.27, 1.63) 8.9 25.3 1.41 (1.33, 1.51)

Very bad 2.5 79.0 1.33 (1.09, 1.62) 1.7 26.4 1.51 (1.36, 1.68)

Health condition Memory loss 2.7 78.7 1.03 (0.87, 1.22) 3.7 27.2 1.09 (1.02, 1.16)

Learning diff. 0.7 74.9 0.60 (0.46, 0.80) 0.4 23.6 0.92 (0.75, 1.13)

Communication diff. 1.0 79.4 1.29 (0.98, 1.71) 1.2 27.6 1.08 (0.96, 1.21)

Mental condition 8.0 75.9 1.02 (0.92, 1.13) 3.4 24.2 1.00 (0.94, 1.07)

Blind/part. sight 3.5 85.5 2.09 (1.75, 2.50) 6.8 31.7 1.42 (1.36, 1.49)

Mobility diff. 28.1 77.2 1.04 (0.97, 1.12) 37.2 25.2 1.10 (1.06, 1.13)

Chronic illness 21.4 82.3 1.93 (1.79, 2.08) 23.5 24.1 0.96 (0.93, 0.99)

Breathing diff. 16.5 76.8 0.95 (0.88, 1.02) 18.9 24.6 1.05 (1.01, 1.08)

Deaf/hearing

impairment

12.0 76.2 1.08 (1.00, 1.17) 23.8 25.4 1.08 (1.05, 1.11)

Chronic pain 27.4 76.4 0.99 (0.93, 1.06) 28.5 24.6 0.98 (0.95, 1.01)

Other chronic

condition

10.1 75.8 1.10 (1.01, 1.19) 9.4 24.1 1.03 (0.99, 1.08)

No condition 89.9 73.3 1.00 90.6 23.0 1.00

Household structure Alone 20.2 76.1 1.00 34.4 24.8 1.00

Partner only 50.0 73.3 0.94 (0.88, 1.01) 44.8 22.4 0.95 (0.92, 0.98)

Partner, children 18.0 70.9 0.90 (0.83, 0.98) 7.9 20.2 0.89 (0.84, 0.94)

Partner, others 1.3 74.5 1.11 (0.88, 1.40) 0.8 20.1 0.90 (0.78, 1.04)

Children only 4.4 74.1 0.88 (0.78, 1.00) 6.1 23.6 0.94 (0.89, 0.99)

Siblings only 1.5 77.1 1.09 (0.88, 1.35) 1.9 23.3 0.89 (0.81, 0.97)

Complex/other 4.6 72.8 0.91 (0.80, 1.03) 4.1 23.0 0.94 (0.88, 1.01)

Tenure Owner occupied 80.1 73.0 1.00 77.3 22.9 1.00

Private rented 4.9 74.8 1.02 (0.91, 1.15) 4.6 24.8 1.06 (1.00, 1.13)

Social rented 12.8 76.2 0.85 (0.79, 0.93) 13.1 23.3 0.88 (0.85, 0.92)

Rent free 2.2 76.5 0.95 (0.80, 1.11) 5.0 25.5 0.97 (0.92, 1.03)

Household cars One or more 86.1 73.2 1.00 75.4 22.9 1.00

None 13.9 75.5 0.85 (0.79, 0.93) 24.6 23.8 0.90 (0.87, 0.93)

Practice density (per

1000)

0 81.2 73.4 1.00 79.7 23.0 1.00

(0.01,1] 14.5 74.2 1.06 (0.98, 1.14) 15.3 23.0 1.01 (0.97, 1.04)

(1,4.57] 4.3 73.3 0.95 (0.84, 1.07) 4.9 25.6 1.06 (1.01, 1.13)

Drive time (min) [0,2) 45.6 73.9 1.00 48.2 23.3 1.00

[2,4) 25.5 73.4 1.01 (0.95, 1.08) 25.3 23.6 1.04 (1.01, 1.07)

[4,6) 12.2 73.1 1.02 (0.94, 1.11) 11.2 22.9 1.04 (1.00, 1.09)

[6,8) 7.6 73.6 1.08 (0.97, 1.19) 7.1 22.2 0.98 (0.93, 1.03)

[8,10) 5.1 72.7 1.11 (0.98, 1.25) 4.4 22.1 0.99 (0.93, 1.06)

[10,20) 4.1 72.0 0.94 (0.83, 1.06) 3.8 22.5 1.07 (1.00, 1.15)

Multivariate estimates are adjusted for all variables in the table and highest qualification; carer status; household adaptations for visual difficulties;

area income deprivation.

CI, Confidence Interval; RRR, Relative Risk Ratio.
a

Highlighting indicates cells with 95% Confidence Intervals not overlapping the reference value (blue = below reference; orange = above reference).
b

And Other Christian (including Christian Related).
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baseline, some showing a twofold increase in risk. Among

those aged ≥70 years there was a similar pattern of increas-

ing risk with increasing delay, peaking at 7 months beyond

the 12 month recommended examination interval

(OR = 1.47; CI: 1.24, 1.7; Figure 2). Risk decreased for the

next 5 months with a minimum at 24 months substantially

below baseline (OR = 0.76; 95% CI: 0.65, 0.89). The pat-

tern of substantial increase and decrease was repeated in

the 24–36 month period.

Discussion

Factors associated with delayed attendance

Poor general health and chronic mental ill-health were both

associated with delayed attendance at routine eye examina-

tions, indicating that systemic health conditions may be a

barrier to attendance, perhaps through increased difficulties

arranging and travelling to appointments.23 Poor health

may also have contributed towards the increased delay risk

among those aged ≥70 years and living with children, an

indicator of frailty in this age group. Poor health was not a

major theme in qualitative studies of barriers to eye test

uptake,12,14 perhaps because those with poor health may

have been less likely to attend focus-group discussions than

healthy individuals.

Women were more likely to delay attendance but were

also more likely to be recalled early than men, indicating

greater risk of eye conditions requiring regular monitoring.

This accords with global estimates indicating that preva-

lence of eye conditions is greater among women than

men.24,25 From a population health perspective, the risks

associated with delayed attendance among women may be

no greater than those associated with lower overall uptake

of eye examinations among men.17 Women may have

higher risk of eye conditions and be more likely to delay

attendance but men are less likely to attend routine eye

examinations at all, potentially presenting with more severe

disease when a condition is eventually detected. Further

research would be required to determine how these factors

interact to influence the overall burden of disease in terms

of the number and severity of cases.

Those with low income (either eligible for eye exami-

nations on income grounds or resident in social hous-

ing) were less likely to be delayed than the more

affluent. Measures of socio-economic status were not

associated with overall uptake17 so we find little evidence

that low SES in itself is a barrier to eye care in this pop-

ulation among those aged over 60 years. This may be

because those in receipt of income-related benefits are

eligible for vouchers to substantially offset the cost of

spectacles or contact lenses, potentially reducing the per-

ceived cost of attending an eye examination. These find-

ings contrast with those from other parts of the UK. A

Scottish study indicated that low income was associated

with substantially lower eye examination uptake, a gradi-

ent exacerbated by extension of eligibility for free eye

examinations to all age groups.26 Similarly, low uptake

of free eye examinations in the most deprived areas was

reported in an area-based study in Leeds, England.16 We

have no simple explanation for this discrepancy.

Greater drive time to the nearest optometrist, a proxy for

rural residence in this dataset, was associated with increased

delay risk among those aged ≥70 years, even after adjust-

ment for lower SES in rural areas. Taken together with our

previous finding that overall uptake decreased with increas-

ing drive time,17 this indicates that geographical accessibil-

ity of services is an important determinant of eye care

access in this group.

The identified factors were associated with modest varia-

tion in risk of delayed attendance in absolute terms. For

example, there was a 7.3% differential in risk between those

with very bad health and those with very good health

among those aged 60–69. The differential between women

and men was 1.2% in the 60–69 group and 1.4% among

those aged ≥70 years. However, given the size of the respec-

tive groups, even small differences in absolute rates could

translate into large differences in the total number of GP

referrals.

Delayed attendance and GP referral

Our study is the first to assess the influence of a delay in

routine eye examinations on health outcomes at the popu-

lation level using linked administrative data. We found that

risk of GP referral among those aged ≥60 years increased

with delays in attendance at routine eye examinations and

that by 6 months beyond recommended examination inter-

vals, risk had increased substantially (one and a half to two-

fold) in an approximately linear fashion. There was no

clear pattern in referral risk with further delay. Our results

also indicate that the current system of recall, in which

intervals are flexible according to optometrists’ clinical

judgement is broadly appropriate. For example, the large

number of eye examinations at 24 months interval among

those aged ≥70 years likely represents individuals that were

recommended a longer interval because they were in good

health and showed no signs of ocular conditions at the ini-

tial examination. Accordingly, this group had substantially

reduced referral risk than those on the standard 12-month

interval. Similarly, there was a large number of 12-month

intervals (early attendance) among those in the 60–69
group that was associated with increased referral risk com-

pared to those on the standard 24-month interval. Whilst

we cannot directly determine whether interval lengths were

patient-initiated or optometrist suggested, peaks in the

interval distribution (Figure S1) at 6, 12 and 24 months are
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likely to represent optometrist suggested intervals and con-

stitute a substantial proportion of the total.

Strengths and limitations

The main strength of this study was dataset size (an order

of magnitude larger than previous studies), enabling us to

examine the complex multimodal relationships between

examination interval and GP referral in each age group.

Each month level estimate of referral risk was supported by

considerable data. The minimum number of intervals for a

given month was 216 (40 months, 60–69 age group) and

for those aged ≥70 years each estimate between 12 and

24 months corresponded to more than 2300 intervals, giv-

ing ample degrees of freedom for estimation. Therefore, it

is likely that these estimates provide a good representation

of the patterns of variation in outcomes.

Use of administrative data gave information on service

use across all societal strata and linkage to the Census pro-

vided rich contextual information with low risk of response

bias (the 2011 Census had a response rate >95% for this

age group). An advantage of using the ophthalmic database

was that data collection was uniform across the study

population with records satisfying defined quality stan-

dards. For example, date of examination was a mandatory

field for payment approval and so it was in the interests of

practices to report it accurately. Therefore, measurement of

examination intervals is likely to have been of similar accu-

racy across the dataset. Also, boundaries for the early/on-

time/delayed classification were based on clearly defined

clinical guidelines; a valid clinical reason for an early recall

must be given, regardless of whether the examination is ini-

tiated by a patient presenting with symptoms or the early

recall has been suggested by the optometrist at a previous

examination. Consequently, the higher ratio of early recall

to on-time examinations in the 60–69 age group compared

with the ≥70 age group is unlikely to have resulted from

measurement error or misclassification at the practice level.

One potential explanation for the higher ratio in the 60–69
age group is that scheduling an examination 2 years in

advance (especially among those still in employment) is

more difficult than scheduling 1 year ahead. Furthermore,

in the 60–69 age group a greater proportion of people were

in good health and so less likely to be entrained into the

regular schedules of health checks that become more com-

mon as symptoms appear with age.

Figure 2. Risk of General Practitioner referral following routine eye examinations among those aged ≥60 years, Northern Ireland, UK. Odds ratios

and 95% confidence intervals given. Squares indicate early or on-time attendance, circles indicate delayed attendance.
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However, scheduling difficulties alone are unlikely to

fully explain the much greater proportion of early recalls in

the 60–69 group. This may also indicate that optometrists

consider the standard 2-year interval too long in many

cases and specify a shorter interval (usually a year) instead.

There is some justification for this as the referral risk fol-

lowing early recall was more than double that following on-

time examination. Whether the cost of these additional

examinations is justifiable in population health terms

remains to be determined. Formal analysis using techniques

from health economics would provide insight into whether

target referral rates should be set and if so, what those tar-

gets should be. Such a study might also consider the relative

merit of attempting to increase uptake among those with

no recorded eye examinations, who did not feature in this

analysis.

A limitation was that the recall interval requested by the

optometrist was not recorded in the ophthalmic database.

A substantial proportion of those aged ≥70 years attending

at a 24-month interval and classified as delayed attenders in

our analysis were likely to have been adherent to the clinical

recommendations of their optometrist. This misclassifica-

tion likely caused an underestimation of the effect of delay

among those in this age group, potentially explaining why

the elevated risk associated with delayed attendance was less

pronounced than among those aged 60–69 years. The low

income indicator based on eligibility recorded in the oph-

thalmic database probably excludes a proportion in this

group, as age was the default criterion recorded for each

examination and the system did not require all relevant cri-

teria to be recorded. However, similar patterns of atten-

dance were observed for our other measure of income

(housing tenure) so we believe our conclusions are justi-

fied. During the study period, referrals to eye casualty, pri-

vate ophthalmology services and rapid access referrals to

macular clinics (for wet AMD) would not have been routed

through GPs. We were unable to quantify these referrals as

secondary care data is currently unavailable for linkage to

the other datasets but we expect the numbers to have been

relatively small. A survey of NI optometrists in 2014

reported that only 2.2% of referrals were for wet AMD.7

Finally, as this is a cross-sectional study we are limited to

discussing associations between factors rather than advanc-

ing causal explanations.

Implications and further work

Long delays in attendance at routine eye examination may

have serious implications for individual patients. The most

common reasons for referrals from optometrists to GPs in

NI are cataracts, anterior eye problems and suspected glau-

coma, constituting 50% of the total referrals.8 Prognosis for

glaucoma patients is improved substantially by prompt

access to treatment27 and the same is true for those with

wet AMD.28 At the population level, large numbers of

examinations were delayed by more than 6 months

(>50 000; 17%). Therefore, even a modest decrease in the

proportion of examinations delayed could hasten diagnosis

and treatment for a large number of people with suspected

eye conditions.

Our findings suggest possible target groups for interven-

tion to encourage on-time attendance at routine eye exami-

nations, namely those with poor general or mental health

and those aged ≥70 years living far from the nearest

optometry practice. Distance to services was highlighted as

an important predictor of any eye examination uptake in

this population17 and so this should be viewed as a key fac-

tor.

To explore directly the implications of delayed eye exam-

ination attendance, a possible extension to this work would

be to link Census and routine eye examination records to

secondary eye care data. This would enable direct measure-

ment of the combined influence of low or delayed eye

examination uptake on severity at presentation and prog-

nosis for specific conditions (e.g. AMD, glaucoma) and

hence calculation of the burden of eye disease that might be

avoided by encouraging timely service uptake. The findings

that females were more likely to be delayed and that those

with low income were less likely to be delayed were unex-

pected and would be of research interest, given the con-

trasting results of SES and eye examination uptake studies

in other parts of the UK.

Conclusion

Using a large linked dataset we have shown that poor gen-

eral or mental health were associated with delayed atten-

dance at routine eye examinations among those aged

≥60 years, but low income was not. Longer distances to

optometry services were associated with delayed attendance

among those aged ≥70 years. Delayed attendance was com-

mon in these age groups and was in turn associated with

increased risk of referral to a GP, indicative of missed

opportunities to detect potentially serious eye conditions.
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Figure S1. Distribution of eye examination intervals
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associations between characteristics and delayed attendance

at routine eye examinations, 2009–2014, among those aged

60 years and over in Northern Ireland, UK.
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associations between characteristics and early attendance at

routine eye examinations, 2009–2014, among those aged

60 years and over in Northern Ireland, UK.
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