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Abstract
Aims/hypothesis This study evaluated whether repeated non-
attendance for diabetic eye screening is associated with the
risk of sight-threatening diabetic retinopathy (STDR).
Methods This was a cohort study of 6,556 residents with
diabetes who were invited for screening between 2008 and
2011 in a population-based eye screening programme in
inner London and who attended for their first-ever screen
in 2008. The proportion of participants with STDR was
evaluated in relation to the number of years in which screening
was missed.

Results The proportion of participants who did not attend
screening decreased between 2009 and 2011 (annual reduc-
tion 1.6% [95% CI 0.9%, 2.3%]). The adjusted relative odds
of STDR for 210 participants who did not attend two con-
secutive years of screening were 3.76 (95% CI 2.14, 6.61;
p<0.001), compared with participants who were screened
annually. In 605 participants with mild non-proliferative
retinopathy at the first screen, the adjusted relative odds
of developing proliferative or moderate to severe non-
proliferative retinopathy were 5.72 (95% CI 7.43, 22.83;
p=0.013) for 53 participants who missed two screens.
Conclusions/interpretation Patients who do not attend dia-
betic eye screening are at increased risk of developing STDR.
Tracing of non-attenders with evidence of established retinop-
athy should be an important fail-safe procedure.

Keywords Diabetic maculopathy . Diabetic retinopathy .

Diagnosis . Screening . Type 1 diabetes mellitus . Type 2
diabetes mellitus

Abbreviations
GP General practitioner
NHS National Health Service
STDR Sight-threatening diabetic retinopathy

Introduction

Diabetic retinopathy and maculopathy are complications of
diabetes mellitus which can lead to visual loss if they are not
detected and treated early. It is estimated that 5% of blind-
ness worldwide is attributable to diabetic retinopathy, rising
to 17% in high-income Western European countries [1].
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Laser photocoagulation can reduce blindness resulting from
sight-threatening diabetic retinopathy (STDR) if detected at
an early stage [2, 3]. A number of Western European
countries have organised national diabetic eye screening
programmes. In England, a population-based diabetic eye
screening programme was introduced in 2003 and rolled out
between 2003 and 2008 [4]. All individuals registered in
primary care with diabetes mellitus aged 12 or older are
invited for screening through a call–recall system. Screening
is by digital retinal photography. Patients with referable eye
disease, including moderate or severe non-proliferative or
proliferative retinopathy or referable maculopathy, are re-
ferred for further ophthalmology care.

Diabetic eye screening is performed annually but ongoing
research is investigating the use of more flexible scheduling.
The population eligible for screening has risen with the
increase in the prevalence of known diabetes. The cost-
effectiveness of diabetic eye screening programmes is in part
affected by compliance with screening invitations [5], and
non-attendance is costly [6]. Around 79% of individuals
invited for diabetic eye screening in England took up the
offer of screening in 2010/2011 [4]. Patients who do not
attend for screening have poorer HbA1c and blood pressure
control [7] and have been diagnosed with diabetes for longer
[7, 8], all of which are risk factors for developing retinopathy
[8–15]. These observations suggest that patients who do not
attend for eye screening might be at increased risk of diabetic
eye disease.

A randomised controlled trial design would be needed to
provide evidence to recommend a change to the frequency of
screening intervals. It is, however, possible in an observa-
tional study, using routinely collected screening data, to
evaluate the impact on patients of not attending annual
screening checks. We aimed to test the hypothesis that non-
attendance at diabetic eye screening appointments may be
associated with an increased incidence of STDR. We also
aimed to describe uptake over time. A population-based
cohort study was implemented based on the electronic re-
cords of the eye screening programme.

Methods

Design A retrospective, population-based cohort study in-
cluded all patients invited for screening at an inner London
diabetic eye screening service. The study was approved as a
service evaluation by the National Health Service (NHS)
Research and Development Office for South London. The
data were fully anonymised and informed consent from
individual participants was not required.

Participants and eligibility criteria The study population
comprised all individuals who had first attended for diabetic

eye screening in 2008 and who were resident in the London
boroughs of Lambeth, Southwark or Lewisham. These three
inner London boroughs have an estimated combined resident
population of 867,300 persons. All patients aged 12 or older
who are registered with diabetes in primary care are invited
for annual eye screening.

We initially had 230,961 appointments for 45,295 partici-
pants for the complete years in which the screening pro-
gramme was more fully implemented (1 January 2008 to 31
December 2011) for participants resident in Lambeth,
Southwark or Lewisham (Fig. 1). We only analysed data for
participants who first attended for screening in 2008 and
excluded duplicate or undated appointments and participants
who were ineligible for screening (for example, because they
had no perception of light in either eye). Appointments and/or
screening episodes for participants were not included if they
had STDR detected at a previous screen. The final sample
included 31,887 appointments for 6,556 participants.

We conducted three analyses. First, all participants were
included in an analysis of the uptake of screening. Second,
we evaluated the risk of STDR in relation to the number of
years in which screening was missed. Participants were
included if they had their first screening record in 2008 and
if they either attended every subsequent annual screen or if
they missed at least one subsequent annual screen before re-
attending.We excluded participants who had an ‘unassessable’
screening result, had STDR detected at their first screen, or
who only attended a first screen (Fig. 1). Finally, we described
the sociodemographic characteristics of participants who had
missed years of screening before re-attending and analysed

230,961 appointments from 2008 to 2011 for 45,295 
participants resident in Lambeth, Southwark or Lewisham

4,470 participants included in the analysis of risk of referable 
eye disease and number of years in which screening was 

missed

2,086 participants excluded:

86 had ‘unassessable’ screening result

105 had STDR detected at first screen

1,895 only attended a first screen

Eligible for analysis

31,887 appointments for 6,556 participants with a first-ever 
screen in 2008

Fig. 1 Flow of participants
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whether these characteristics were associated with the number
of years in which screening was missed.

Variables analysed Appointment records were coded as either
‘attended’ if there was a corresponding screen result or ‘not
attended’. Participants were considered to have STDR detected
at screening if the result for either eye was graded as moderate
or severe non-proliferative retinopathy (R2), proliferative reti-
nopathy (R3) or referable maculopathy (M1) [16, 17].

The following variables were included in the analysis: age
group, sex, general practitioner (GP)-recorded type of dia-
betes, self-reported ethnic origin, duration of diabetes (based
on GP-recorded date of diagnosis), and index of multiple
deprivation score divided into quintiles based on the distribu-
tion for England in 2010. The index of multiple deprivation
score is an indicator of the level of social and material depri-
vation in small areas (comprising around 1,000 households).
Participants are assigned scores linked to their postcode of
residence.

Statistical analysis We tabulated, for each year of study, the
number of participants invited and the proportion not attend-
ing. Linear regression was used to examine changes in the
number of participants invited between 2008 and 2011
(using one invitation per participant per year and clustering
by participant); univariable generalised linear models were
used to examine changes in the proportion of participants not
attending for screening between 2009 and 2011 (with a
binomial family and identity link and clustering by partici-
pant). We tabulated the proportion of participants who did
not attend screening in one or two consecutive years and then
attended who had referable retinopathy (moderate or severe
non-proliferative retinopathy or proliferative retinopathy)
and/or referable maculopathy and STDR. We used logistic
regression to examine whether the risk of STDR related to
the number of years in which screening was missed
(adjusting for the screening year, duration of diabetes, age
group, sex, index of multiple deprivation quintile and diabetes
type). We tabulated participants’ sociodemographic character-
istics grouped by the number of years in which screening was
missed and used ordered logistic regression to model the rela-
tionships. We present the results of likelihood ratio tests used to
examine the utility of each characteristic in independently
explaining variance in this model. All analyses were conducted
using Stata version 12.1 (StataCorp LP, College Station, TX,
USA) [18]; p<0.05 was accepted as a significant effect.

Results

Characteristics of the sample In 2008, 6,556 participants
attended for their first-ever screen. These participants had a
total of 31,887 screening invitations between 2008 and 2011.

The majority of participants had type 2 diabetes (92.4%) and
67.0% had been diagnosed with diabetes for fewer than
5 years. Most participants were of white ethnic origin
(47.2%), followed by participants of Caribbean (17.8%)
and African (12.5%) origin. Most participants were in the
fourth (45.8%) or fifth (42.2%) most deprived quintile for
England; 51.0% were male and the greatest proportion of
participants were in the age group 65–74 years (23.4%).

Screening invitations and uptake over the period Most par-
ticipants who attended for their first-ever screen in 2008
continued to be invited to attend in 2009, 2010 and 2011
(Table 1), and there was no significant decrease in the pro-
portion invited (annual increment −461 participants per year
[95% CI −1,016, 92]; Table 1). This was also the case for
participants with type 1 diabetes (−30 participants per year
[95% CI −79, 19]), type 2 diabetes (−403 participants per
year [95% CI −870, 63]) and those whose type of diabetes
was not recorded (−28 participants per year [95% CI −72,
16]). Data explaining the reasons why participants might not
have been invited were incomplete. Among participants for
whom there was a reason for their not being invited, the most
common reasons were being under ophthalmology care
(n=515), being deceased (n=447) and having moved out
of the area (n=140). Patients continue to be invited in this
service even if they do not attend. Non-attendance at screen-
ing consistently decreased over the period (from 22.7% in
2009 to 19.5% in 2011 for all participants; Table 1). Non-
attendance was greatest among participants whose type of
diabetes was not recorded (range 38.1–50.7%) and lowest
among those with type 2 diabetes (range 18.5–21.4%).

Risk of STDR and number of years in which screening was
missed We included 4,470 participants in the final analysis.
Of the original 6,556 participants, 2,086 were excluded
(Fig. 1). Reasons for exclusion included: the participant
had an ‘unassessable’ screening result (n=86); had STDR
detected at the first screen (n=105); or only attended a first
screen (n=1,895). Overall, 210 (4.7%) participants with
previous screening results were not screened for two consec-
utive years and then re-attended, while 1,476 (33.0%) par-
ticipants were not screened for 1 year and then re-attended
(Table 2). Of participants who were not screened, 217 were
not invited in 2009 and 244 were not invited in 2010.
Participants who missed 1 year of screening had a median
of 29 months (interquartile range 26–33) since their screen in
2008. The median was 33 months (interquartile range 29–36)
for participants who missed 2 years of screening before
re-attending.

Participants who were not screened for 2 years before
attending for screening had 10.84 times higher odds of
referable retinopathy being detected (95% CI 3.59, 32.70;
Table 2) when compared with participants who were
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screened every year. There was no increased risk of referable
retinopathy for participants who did not attend for screening
in 1 year. The same pattern was evident for referable
maculopathy and STDR, although the effect sizes were
smaller. The relative odds of referable maculopathy when
not screened for 2 years were 3.74 (95% CI 2.10, 6.65) and
3.76 (95% CI 2.14, 6.61) for STDR. There was evidence of a

linear relationship between increasing number of years of
screening missed and STDR (p<0.001), referable retinopa-
thy (p<0.001) or referable maculopathy (p=0.001).

Participants who had mild non-proliferative retinopathy
detected at their first screen were more likely to have refer-
able retinopathy or maculopathy or STDR detected at screen-
ing (Table 2). Among participants with no retinopathy at

Table 1 Changes in number of participants invited for screening, and uptake of screening over time among participants who entered the programme
in 2008

Participants Screening year Annual change
(95% CI)

p value

2008 2009 2010 2011

Participants invited (N) 6,556 5,655 5,244 5,154 −461 participants (−1,016, 92) 0.070

With type 1 diabetes, n (% of all invited) 292 (4.5) 218 (3.9) 203 (3.9) 195 (3.8) −30 participants (−79, 19) 0.113

With type 2 diabetes, n (% of all invited) 6,057 (92.4) 5,299 (93.7) 4,914 (93.7) 4,841 (93.9) −403 participants (−870, 63) 0.065

With type of diabetes not recorded,
n (% of all invited)

207 (3.2) 138 (2.4) 127 (2.4) 118 (2.3) −28 participants (−72, 16) 0.114

Participants not attending,
n (% of those invited in that year)

0 (0) 1,281 (22.7) 1,064 (20.3) 1,005 (19.5) −1.6%a (−2.3, −0.9) <0.001

With type 1 diabetes,
n (% of all invited with type 1 diabetes)

0 (0) 75 (34.4) 67 (33.0) 64 (32.8) −0.9%a (−4.9, 3.1) 0.662

With type 2 diabetes,
n (% of all invited with type 2 diabetes)

0 (0) 1,136 (21.4) 944 (19.2) 896 (18.5) −1.5%a (−2.2, −0.8) <0.001

With type of diabetes not recorded,
n (% of all invited with type of
diabetes not recorded)

0 (0) 70 (50.7) 53 (41.7) 45 (38.1) −6.3%a (−11.3, −1.4) 0.012

a Excluding 2008

Table 2 Risk of referable eye disease at an incident screen and number of years of screening non-attendance among participants who entered the
programme in 2008

Participants Total (n) Eye grade at screeninga

STDR Referable maculopathy Referable retinopathyb

n with
grade (%)

Adjusted
OR (95% CI)c

n with
grade (%)

Adjusted
OR (95% CI)c

n with
grade (%)

Adjusted
OR (95% CI)c

All participants

Screened each year 2,784 143 (5.1) Reference 140 (5.0) Reference 7 (0.3) Reference

Did not attend in 1 year 1,476 82 (5.6) 1.31 (0.88, 1.94) 71 (4.8) 1.09 (0.72, 1.65) 16 (1.1) 3.27 (1.25, 8.52)

Did not attend for 2 years 210 18 (8.6) 3.76 (2.14, 6.61) 17 (8.1) 3.74 (2.10, 6.65) 7 (3.3) 10.84 (3.59, 32.70)

Participants with no retinopathy at first screen

Screened each year 2,179 46 (2.1) Reference 46 (2.1) Reference 1 (0.1) Reference

Did not attend in 1 year 1,167 30 (2.6) 1.24 (0.67, 2.29) 27 (2.3) 1.01 (0.53, 1.92) 4 (0.3) Not estimated

Did not attend for 2 years 157 9 (5.7) 4.34 (1.94, 9.71) 9 (5.7) 4.46 (2.00, 9.96) 3 (1.9) Not estimated

Participants with mild non-proliferative retinopathy at first screen

Screened each year 605 97 (16.0) Reference 94 (15.5) Reference 6 (1.0) Reference

Did not attend in 1 year 309 52 (16.8) 1.46 (0.86, 2.48) 44 (14.2) 1.23 (0.70, 2.17) 12 (3.9) 2.61 (0.87, 7.86)

Did not attend for 2 years 53 9 (17.0) 2.94 (1.29, 6.72) 8 (15.1) 2.83 (1.20, 6.69) 4 (7.5) 5.72 (7.43, 22.83)

a Eye grades are not mutually exclusive
bModerate/severe non-proliferative retinopathy or proliferative retinopathy
c ORs and 95% CIs adjusted for duration of diabetes, age group, sex, index of multiple deprivation quintile, year of incident screen and diabetes type
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their first screen who were not screened for two consecutive
years before attending, STDR was detected in 5.7% (OR
4.34 [95% CI 1.94, 9.71]). Among those who had mild
retinopathy detected at their first screen and who were not
screened for two consecutive years before attending, STDR
was detected in 17.0% (OR 2.94 [95% CI 1.29, 6.72]). Since
few participants who did not have retinopathy detected at
their first screen had referable retinopathy detected at a
subsequent screen (n=8), logistic regression models (including
exact logistic regression) could not be computed. There was
evidence of a linear relationship between increasing years
of screening missed and STDR (p=0.005) or referable
maculopathy (p=0.011) for participants with no retinopathy at
first screen and for STDR (p=0.010) or referable maculopathy
(p=0.041) or referable retinopathy (p=0.009) for participants
with mild non-proliferative retinopathy at first screen.

The sociodemographic characteristics of the participants
by years of screening missed before re-attending are shown
in Table 3. Increasing duration of diabetes (p<0.001), greater

deprivation (p=0.001) and type 1 diabetes (p<0.001) were
each associated with higher rates of missed screening.
Missing screening was not associated with sex, but was more
frequent in early adult years.

Discussion

Main findings This study provides new information
concerning the risk of STDR in relation to the number of
years in which screening is missed. The results suggest that
missing screening for as little as 2 years among participants
who have mild retinopathy at their first screen may be
associated with an increased likelihood of having referable
retinopathy or maculopathy detected when they next return
to be screened. Among participants without retinopathy de-
tected at their first screen, the risk of STDR also increased
with the number of years in which screening was missed, but
the proportion with STDR was lower. There was a generally

Table 3 Demographic charac-
teristics of the sample included
in the analysis of risk of
referable eye disease at an
incident screen, and number
of years of screening non-atten-
dance before re-attending

a Test of independent association
of deprivation, duration of dia-
betes, sex, age and diabetes type
on non-attendance

Characteristic Screened
each year,
n (%)

Did not attend
in 1 year before
re-attending, n (%)

Did not attend for
2 consecutive years
before re-attending, n (%)

p valuea

Deprivation quintile 0.001

Least and 2nd least 63 (78.8) 17 (21.3) 0 (0)
3rd 323 (69.0) 129 (27.6) 16 (3.4)

4th 1,259 (61.2) 715 (34.7) 84 (4.1)

5th (most) 1,139 (61.1) 615 (33.0) 110 (5.9)

Diabetes duration (years) <0.001

≤4 1,370 (62.5) 738 (33.7) 83 (3.8)
5–9 951 (64.5) 450 (30.5) 73 (5.0)

10–14 234 (61.6) 123 (32.4) 23 (6.1)

15–19 80 (63.0) 40 (31.5) 7 (5.5)

≥20 52 (62.7) 25 (30.1) 6 (7.2)

Unknown 97 (45.1) 100 (46.5) 18 (8.4)

Sex 0.242

Male 1,372 (61.1) 767 (34.2) 105 (4.7)
Female 1,410 (63.5) 705 (31.8) 105 (4.7)

Unknown 2 (33.3) 4 (66.7) 0 (0)

Age group (years) <0.001

12–17 8 (66.7) 3 (25.0) 1 (8.3)
18–34 50 (44.6) 51 (45.5) 11 (9.8)

35–44 185 (51.1) 152 (42.0) 25 (6.9)

45–54 514 (56.3) 349 (38.2) 50 (5.5)

55–64 701 (64.6) 343 (31.6) 41 (3.8)

65–74 706 (66.5) 314 (29.6) 41 (3.9)

75–84 508 (67.6) 208 (27.7) 35 (4.7)

≥85 112 (64.4) 56 (32.2) 6 (3.5)

Diabetes type <0.001

Type 1 89 (58.9) 53 (34.9) 10 (6.6)
Type 2 2,661 (62.8) 1,385 (32.7) 192 (4.5)

Not recorded 34 (42.5) 38 (47.5) 8 (10.0)
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high level of uptake of screening, with non-attendance de-
creasing over time. Participants’ deprivation, duration of dia-
betes, age and type of diabetes were associated with missed
screening, but missing screening was not restricted to any
particular sociodemographic group. The greatest proportion
of participants who missed 2 years of screening was in the age
group 18–34 years. We think this is likely to reflect the highly
mobile young population resident in the three boroughs under
investigation. Participants might have missed screening either
because they did not attend or because they were not invited.

Strengths and limitations of the study The longitudinal na-
ture of the data allowed us to examine the effect of non-
attendance on the risk of STDR over time and account for
participants’ previous screening results in our analysis. The
data included all participants new to the programme in 2008
who were invited and attended for screening over a 4 year
period in a population-based screening service. For this
reason the findings are likely to reflect what is occurring in
routine clinical practice at least in this area of London. As the
screening service is based in three deprived and ethnically
heterogeneous south London boroughs, it may not be repre-
sentative of the English screening population. Non-attendance
may in part be explained by list inflation, although this is
likely to have reduced following a national initiative to re-
move duplicate patients from primary care records [19, 20].
Participants included in this study were a reduced group of the
population invited for screening who had attended for screen-
ing in 2008. As most of these participants had been diagnosed
with diabetes within the last 4 years, the results may be most
applicable to patients who are new to screening. While it
would be interesting to examine the risk of STDR and non-
attendance among a population who were less recently diag-
nosed or among those who have never attended for screening,
this was not the focus of the present analysis. We also only
presented the demographic characteristics of a sample of
participants from 2008. Although it is informative to look at
the characteristics of participants who did not attend again
over the period, we have previously presented this data else-
where in a similar population [8].

Findings of other studies The findings of the present study
apply to individuals who fail to attend for screening; the
same result may not be found if screening intervals are
increased across the entire screening population. Patients
who do not take care to attend for screening every year
may also not attend to other aspects of their diabetes self-
care, with possibly less satisfactory metabolic and blood
pressure control. Clinical and organisational factors may also
play a role in non-attendance and the outcomes of non-
attendance, although we do not have the data to explore this
here. A systematic review of interventions to improve uptake
of diabetic eye screening found that the interventions that

were effective increased patients’ and clinicians’ awareness
of screening, improved access to healthcare, introduced
computer-based registration or reminder systems, facilitated
local collaborations between service providers, and devel-
oped community-based healthcare systems [21].

Some research has suggested that biennial screening may
be suitable for some patients [22, 23]. Olafsdottir and
Stefansson [22] reported that only participants with previ-
ously detected eye disease developed STDR within 2 years
(although the sample was small; N=296). Another study of
1,322 patients with type 2 diabetes did not observe any
patients developing severe non-proliferative or proliferative
retinopathy by 3 year follow-up if they had no retinopathy at
baseline [24]. Misra et al [12], examining a larger sample,
found that patients were no more likely to have referable
retinopathy or maculopathy if they were screened every
18–24 months compared with every 12–18 months. Our
results suggest that those patients who miss 1 or more years
of screening represent a high-risk group with a greater
chance of re-attending having developed retinopathy. Fail-
safe procedures to trace non-attenders (including notifying
patients’ GPs) are recommended by the English diabetic eye
screening programme, although procedures are specific to
each local service as there are no national guidelines.

We conclude that patients with previously detected reti-
nopathy are at increasing risk of developing STDR if they do
not attend for screening annually. Fail-safe procedures
should include tracing of non-attenders who have evidence
of established retinopathy.
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