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Abstract
Background/Aims This study examines the anecdotal impression that in diabetes eye screening there is a relationship
between number of consecutive missed screening appointments and the incidence of referable retinopathy at the next
screening appointment that is attended.
Methods A retrospective observational audit was conducted of data from 62,067 people who were due for annual diabetes
eye screening in the North East London Diabetes Eye Screening Programme between January 2010 and January 2017, and
who had missed at least one screening appointment within that time.
Results Missing 5 consecutive screening appointments increased the incidence of referable retinopathy from a programme
average of 4% up to 15%. The incidence of referable retinopathy in people missing 10 or more consecutive appointments
was ~20%. There was an association between younger age, male gender, type I disease, and being of African ethnicity with
increasing number of missed appointments.
Conclusions There was a strong association between the number of missed appointments and the proportion of patients
showing referable retinopathy at the next visit. Approaches to reduce the number of missed appointments may help to reduce
the incidence of referable retinopathy. These may be targeted at those showing the greatest non-attendance behaviour in the
current study.

Introduction

According to the World Health Organization, the pre-
valence of diabetes is rising; in 1980, there were 108 million
known cases and in 2014, 422 million [1]. Diabetic eye
disease is one of the leading causes of blindness among
working age adults in England and Wales [2], and diabetic
retinopathy (DR) is responsible for about 3.5% of cases of
sight loss in the UK [3]. Longer diabetes duration, poor
glycaemic and blood pressure control and elevated blood

lipid levels are strongly associated with DR onset and
progression [4].

The UK National Institute of Clinical Excellence (NICE)
recommends that diabetic patients aged 12 years old and
above, should have their eyes screened at the time of
diagnosis and at least annually thereafter for signs of
referable retinopathy [5, 6]. Management with panretinal
laser photocoagulation (for neovascular changes) [7], and
laser [8], steroid [9] or anti-VEGF therapy (for diabetic
macular oedema) [10], has been shown to provide better
outcomes if implemented earlier, so early detection of
treatable retinopathy is vital. Furthermore, detection of
progression of retinopathy, even before a referable stage,
may allow the opportunity for healthcare providers to advise
on management of blood sugar, lipids, hypertension and
other modifiable risk factors for retinopathy progression
[11].

There are data to suggest that patients who do not attend
for diabetes eye screening have poorer HbA1c and blood
pressure control and have been diagnosed with diabetes for
longer [12], all of which are factors for increased risk of
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diabetic eye disease [11, 13]. Anecdotally, there is a per-
ception that poor attendance is associated with a greater risk
of adverse outcome. There has only been one prior study
relating number of consecutive nonattendances in a UK
diabetic retinopathy screening service to risk of referable
retinopathy [14]. They reported that missing screening for
just 2 years among participants who had mild retinopathy at
their first screen was associated with increased likelihood of
having referable retinopathy or maculopathy when they
next attended.

The aim of the current study was to evaluate a large
dataset from a multi-ethnic, relatively deprived cohort in
North-East London to determine (1) the correlation (if any)
between the number of consecutive missed screening
appointments and the rate of referable retinopathy and, (2)
to examine the characteristics of those at greater risk of
nonattendance.

Materials and methods

Homerton University hospital provides the Diabetes Eye
Screening Service for north-east London. Data on people with
diabetes screened for diabetic retinopathy in the North East
London Diabetes Eye Screening Programme are stored in a
database which is compliant with national standards and
which is used to manage all aspects of diabetic eye screening
(Optomize, EMIS Health, Cambridge, UK). A retrospective
audit was undertaken of data obtained from the eye screening
software over a 7-year period from January 2010 to January
2017. NHS Research Ethical approval was not required for
this clinical audit. The audit was registered (No. 2166-2545)
by the Homerton University Hospital Quality and Risk
Department and approved by the Caldicott Guardian.
Approval was also obtained from the City University School
of Health Sciences Research Ethics Committee. All data were
fully anonymised and no patient identifiable data were made
available to anyone outside the clinical care team.

To be eligible for inclusion, patients were already
registered with diabetes in primary care in 2010, were due
for annual screening within the 2010–2017 timeframe, and
failed to attend for at least one appointment. Data for
screened patients were extracted from the Optomize soft-
ware database as part of an internal audit process using
semi-automated data collection algorithms (Structured
Query Language, SQL, codes) supplemented by validation
processes. The audit extracted information regarding the
number of consecutive nonattendances for each patient from
the timepoint of their first nonattendance until attendance or
the end of the audit period. If there were multiple strings of
missed appointments, data relating to the first series of
nonattendances within the timeframe were analysed. Addi-
tional data extracted included; age, gender, type of diabetes,

self-declared ethnicity and outcome of the first attended
appointment after the first series of nonattendances. Refer-
able patients included those who had signs of pre-
proliferative or proliferative diabetic retinopathy and those
with diabetic maculopathy (R2, R3a or M1, according to the
diabetic eye screening programme grading system) [15].
Non-referable patients were those with no diabetic retino-
pathy or maculopathy or with only background retinopathy
(R0M0 or R1M0). Patients who had unclear images were
recalled into a slit lamp examination clinic and their final
grading outcome was determined by the examining
optometrist.

Data analysis

All data analysis was conducted in SPSS (version 10, IBM
analytics). The raw data were coded and categorised by eth-
nicity, gender, referable/non-referable, age group, type of
diabetes and by number of consecutive nonattendances. Eth-
nicity was determined by the self-declared response of
patients, who selected from 17 categories, according to the
ethnicity classification system recommended by the Office for
National Statistics [16].

The distribution of continuous data was assessed for nor-
mality using the Kolmogorov–Smirnov test. A Pearson’s
correlation coefficient was calculated to assess the relationship
between age and the number of consecutive missed appoint-
ments. The Mann–Whitney U test was used to determine if
there was a significant difference in number of consecutive
missed appointments between those with a diagnosis of
referable and non-referable retinopathy at the next visit,
between type I and type II diabetes, and between genders, and
the Kruskal–Wallis test was conducted to determine if there
was a significant difference in nonattendance between age
groups and between ethnic groups. The Chi-Square (χ2) test
was used for comparison of proportions.

Results

During the study period, 62,067 patients failed to attend at
least one occasion, and thus were eligible for inclusion. Of
this cohort, 6078 patients (9.8%) were diagnosed with
referable retinopathy at their first visit after the string of
nonattendances. The distribution of age of the cohort was
not normally distributed (Kolmogorov–Smirnoff test, p=
0.027), with the histogram showing a peak frequency at the
age of around 56–60 years, with a second peak at around 70
years (see Fig. 1). The median age of the cohort (at their
first visit after their nonattendance) was 57 years (47–68
IQR), 54.5% were male and 45.5% were female. 3106
patients (5.0%) were diagnosed with type I diabetes (med-
ian age 34 years, 25–47 IQR), whilst 57497 (92.6%) were
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diagnosed with type II diabetes (median age 58 years,
48–69 IQR). The age of the individuals with type II diabetes
was significantly higher than that of those with type I dis-
ease (Mann–Whitney U test, U= 28011869.0, p < 0.001).
The remaining individuals were either diagnosed with
Maturity Onset Diabetes of the Young (MODY, n= 49,
0.08%), or the type of diabetes was not specified.

The range of consecutive nonattendances varied from
1–34 (median 1, 1–2 IQR). The consecutive nonattendance
data were non-normally distributed, being heavily skewed
towards the lower numbers (see Fig. 2, solid line).

In Fig. 2, the dotted line represents the proportion of par-
ticipants with referable retinopathy at the next attended
screening appointment as a function of the number of

consecutive missed appointments. It is clear from this visual
representation that the proportion of patients with referable
retinopathy increased as the number of missed screening
appointments increased. Missing 5 consecutive screening
appointments increased the risk of referable retinopathy being
found at the next appointment from a programme average of
4% up to ~15%. Missing 10 or more consecutive appoint-
ments was associated with a risk of ~20%. Accordingly, the
average length of the string of missed appointments in people
with referable retinopathy at the next visit (Median 2, 1–3
IQR) was significantly higher than in those with non-referable
retinopathy (Median 1, 1–2 IQR; Mann–Whitney U test, U=
140298746.5, p ≤ 0.001). However, the solid line in Fig. 2
also shows that, as the number of consecutive missed

Fig. 1 Histogram showing
distribution of age of cohort.
The two arrows indicate two
peaks in the distribution, at
around 56 years and 70 years
of age.

Fig. 2 Graph illustrating the
relationship between number
of consecutive missed
appointments and percentage
of referable cases. The number
of patients ascribed to each
number of consecutive missed
appointments (solid line), and
the percentage of patients who
were referable at their next
appointment as a function of the
total number of consecutive
missed appointments (dotted
line) are shown.
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appointments increased, so the number of patients decreased.
There were fewer than 100 patients each for the numbers of
missed appointments exceeding 13.

When considered by type of diabetes, the number of missed
appointments was significantly higher for type I (median 2,
range 1–34, 1–3 IQR), than for type II disease (median 1, range
1–34, 1–2 IQR; Mann–Whitney U test, U= 77843106.0, p ≤
0.001). The graphical representation of the percentage referable
retinopathy against number of consecutive missed appoint-
ments (Fig. 3) also shows that a higher proportion of type I
patients was referable for a given number of missed appoint-
ments (for example, after two missed appointments ~10% of
patients with type II diabetes had referable retinopathy, com-
pared to 20% of those with type I diabetes).

With respect to demographic factors, there was a sig-
nificant difference in the number of consecutive missed
appointments between genders, with males having a higher
average number of consecutive missed appointments
(Median 1, 1–2 IQR) than females (Median 1, 1–2 IQR);
Mann–Whitney U test, U= 469124134.0, p ≤ 0.001). Also,
a significantly higher proportion of males were referable at
their next appointment (10.7%) than females (8.7%; Chi-
squared test; Χ2 (2) = 67.829, p ≤ 0.001).

There was a small but significant negative correlation
between age and the number of missed appointments (Pear-
son’s r=−0.065, p ≤ 0.001). When patients were grouped by
age (see Table 1), there was a statistically significant differ-
ence in the number of nonattendances per age group,
(Kruskal–Wallis H test; χ2 (8)= 398.76, p ≤ 0.001). The
22–31 year old group had the highest number of non-
attendances (median 2, 1–3 IQR), whilst the older adults
≥92years had the lowest tendency to fail to attend (median 1,
1–2 IQR). When type I and type II diabetes are considered
separately, the significant correlation between age and number

of missed appointments remains for type II (Pearson’s r=
−0.049, p ≤ 0.001), but not type I disease (p= 0.103).

The distribution of the population between ethnic groups
can be seen in Table 2. There was a statistically significant
difference in the median number of nonattendances between
ethnic groups (Kruskal–Wallis H test; χ2 (16)= 581.521, p ≤
0.001). The highest number of nonattendances was recorded
for the ‘White & Black African - mixed’, ‘Any other Black
Background’, ‘African’, ‘White and Black Caribbean-mixed’,
and ‘Any Other White’ (all median 2, 1–3 IQR). However,
the median number of consecutive nonattendances ranged
between 1 and 2 for all ethnic groups.

Discussion

This retrospective observational study indicated that failure
to attend multiple consecutive screening appointments is

Fig. 3 Graph illustrating the
relationship between number
of consecutive missed
appointments and percentage
of referable cases, split by
disease type. The number of
patients ascribed to each number
of consecutive missed
appointments by disease type
(solid line type II, dashed line
type I), and the percentage of
patients who were referable at
their next appointment as a
function of the total number of
consecutive missed
appointments (closed circles
type II, open circles type I)
are shown.

Table 1 The distribution of participants across age groups, and the
calculated results of Kruskal–Wallis test for number of consecutive
missed appointments per age group.

Age group
(years)

n Mean rank Median missed
appointments

IQR

12–21 674 32847.56 1 1–3

22–31 2115 34963.27 2 1–3

32–41 6668 32718.62 1 1–3

42–51 13671 31827.22 1 1–3

52–61 16965 30971.80 1 1–2

62–71 11416 29710.89 1 1–2

72–81 7919 29618.82 1 1–2

82–91 2472 29505.54 1 1–2

≥92 167 28251.05 1 1–2
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associated with an increased risk of referable retinopathy
being diagnosed at the next screening appointment. There
was evidence that demographic factors such as age, gender
and ethnicity have a significant effect upon risk of multiple
failures to attend appointments.

Within the North East London Diabetes Eye Screening
Service, if patients miss their appointment, they are offered
another appointment automatically. Patients are offered
further appointments at increasing intervals (from one
month upwards) until they miss a third appointment, when
there will be a gap of about six months before the cycle of
appointment invitations starts over (after each missed
appointment, a letter of invitation is sent to encourage the
patient to call for a new appointment). In this study, patients
who had failed to attend 10 consecutive appointments were
nearly 3 times more likely to have referable retinopathy at
their next appointment than individuals who had only
missed one appointment.

The only prior published study relating number of con-
secutive nonattendances in a UK diabetic retinopathy
screening service to risk of referable retinopathy had a
smaller patient database of 6556 participants based in south-
east London [14]. Their patient demographic varied from
this study in that most of their participants were of white
ethnic origin followed by Caribbean then African, and the
greatest proportion of participants were in the age group
65–74 years. In contrast, after ‘White British’ (21.6%),
patients who identified as ‘Bangladeshi’ formed the largest
part of the current cohort (17.7%), and the majority of

participants fell within a younger 52–61 (27.3%) age-group.
Despite these population differences, the relationship
between increased risk of referable retinopathy and number
of consecutive missed appointments was clear in both
studies.

This strong relationship between increasing number of
consecutive missed appointments and the chance of refer-
able retinopathy being diagnosed at the next visit may be, in
part, because these patients are also missing other healthcare
appointments. In one study, diabetic patients showing
nonattendance behaviour with their dietician were also more
likely to miss appointments with other care givers [17]. It
may also reflect a generally lower level of compliance to
lifestyle advice in people with a tendency to miss appoint-
ments, and the missed opportunity to provide lifestyle
advice before retinopathy has reached the referable stage.
The findings of this study are in accordance with a report
that, amongst other factors, poorer glycaemic control was
more frequent in those who had infrequent attendance at
clinic [18].

The individuals with type I diabetes in this study com-
prised ~5% of the study sample. This proportion was
slightly lower than expected as type I diabetes constitutes
~8% of cases of diabetes in the wider UK population [19].
This is almost certainly due to the marked ethnic hetero-
geneity in the population, many people originating from
communities with a high prevalence of type 2, but a lower
prevalence of type 1 than is found in the white north Eur-
opean population [20].

Within the study sample, people with type I diabetes
showed a significantly greater number of consecutive
missed appointments than those with type II disease. This
could reflect a higher level of health complications and
co-morbidities associated with type I disease [21],
meaning that a subset of patients with this condition will
have numerous other medical appointments and health
complications to manage. The patients with type I disease
were also significantly younger than those with type II
disease. Therefore, another possible explanation for the
significantly higher number of missed appointments in
this cohort was that the younger patients may find greater
difficulty in getting time off work, or time away from their
mandatory daily activities. This finding is consistent with
published data suggesting that 57% of people with type I
diabetes, as opposed to 41% of people with type II, fail to
attend at least eight of the nine basic annual health checks
which are recommended for people with diabetes [22],
and that 20% of people with type I vs. 40% of people with
type II diabetes are meeting treatment targets to reduce
risk of complications [22]. For all numbers of consecutive
missed appointments, people with type I diabetes
were more likely to be referable at the next visit. This
reflects the fact that the global prevalence of diabetic

Table 2 The distribution of participants across ethnicity groups, and
the calculated results of Kruskal–Wallis test for number of consecutive
missed appointments per ethnicity group.

Ethnic group n Mean rank Median IQR

White & Black African 195 34888 2 1–3

Any other Black Background 658 34714 2 1–3

African 5922 34334 2 1–3

White & black Caribbean 211 34296 2 1–3

Any other White Background 3453 33180 2 1–3

Pakistani 6121 32247 1 1–3

Any other Mixed Background 224 31705 1 1–2

White Irish 460 31348 1 1–2

Any other Ethnic Group 2100 31264 1 1–2

Caribbean 4592 31176 1 1–2

Not Specified 2977 31122 1 1–2

Any Other Asian Background 3605 30550 1 1–2

Bangladeshi 11011 30005 1 1–2

White & Asian 57 29899 1 1–2

Indian 6743 29775 1 1–2

White British 13426 29716 1 1–2

Chinese 300 27745 1 1–2
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retinopathy is much higher in type I than type II disease
(77% vs. 25% [4],).

In the current study, there was a small but significant
trend for males to have a higher number of missed
appointments. In contrast, Forster et al. [14]. found that
missing screening appointments was not associated with
gender [14]. Another audit of diabetes eye screening offered
to 21,797 patients in Oxfordshire, indicated that uptake was
actually higher for men (83.2%) than for women (81.5%)
[23]. This contrasting finding suggests that the tendency for
men to be less compliant may not be consistent across
populations. As age increased in the current cohort, the
number of consecutive nonattendances decreased. Patients
between ages 22–31 years were most likely to fail to attend,
whilst the elderly aged ≥92 years had the lowest tendency to
fail to attend. Other studies have also reported that younger
patients are more likely to have nonattendance behaviour
[12, 14, 23]. When the distribution of age in the cohort of
patients missing at least one appointment was considered,
the peak frequency was at around 56 years, with a second
smaller peak at around 70 years. It is possible that the first
peak reflects the increased problems associated with finding
time to attend appointments for those in the working age
category, whilst the second peak may be reflective of co-
morbidities which begin to become more prevalent in this
age group [21], making attendance of appointments more
challenging. Within this study, patients of black and African
ethnicities showed a small but statistically significantly
greater number of consecutive nonattendances than patients
of other ethnicities. Studies in other aspects of healthcare
have also indicated that non-Caucasian ethnicity may be a
risk factor for nonattendance of appointments [24]. Others
have reported that certain psychosocial variables may also
play a role in nonattendance, such as lower risk perception
related to diabetes [17]. This could form the basis of future
studies in this area.

This evidence suggests that any strategies which can be
used to increase uptake of screening appointments may help
to reduce risk of onset of referable retinopathy. There is
substantial evidence that advice on lifestyle interventions
such as reduction of body mass index and dietary changes
may help to avert the risk of referable retinopathy [4].
Attendance to appointments provides an opportunity to
proffer this advice. Approaches have been considered to
help to increase uptake in some services. Contacting indi-
viduals by telephone and discussing causes for missed
appointments may help understanding of the process of
screening and the insidious effects of diabetes. Many
screening services now send out automated appointments
according to software databases. A reminder closer to the
appointment date (for example SMS test messaging) may
help to increase uptake [25]. Sending patients pre-booked
appointments rather than an invitation to book an

appointment may also help uptake [26]. Allowing patients
to alter appointments online may, in future, also make the
programme more accessible.

As discussed above, people with diabetes are expected to
attend at least nine basic annual health checks, in addition to
any additional appointments required when complications
develop [22]. Another way to improve attendance may be to
attempt to reduce the patient burden by consolidating
screening tests into one visit. Patients of working age in
particular may find it easier to schedule a reduced number
of hospital visits.

This study from the third largest diabetes eye screening
programme in England provides clarity on the association
between non-attendance for screening and adverse clinical
outcomes. The strength of this manuscript is that it analyses
a large data set to demonstrate this point. The findings also
suggest that interventions could be focused on those most
likely to fail to attend such as; younger patients, people with
type I disease, males and people of African origin. This may
be useful as a benchmark for what to expect when rolling
out a DR screening service, and for anticipating which
patients might not attend. Limitations are that it was
restricted to north-east London and thus the findings might
not reflect national trends. Duration and type of diabetes,
smoking, diet and other risk factors were not considered.
Further research could involve looking at which boroughs
were most vulnerable to referable retinopathy or most likely
not to attend. This may offer some insight into the effect of
socioeconomic status on attendance behaviour.

Summary

What was known before

● A previous study indicated that, in a patient database in
South East London, missing diabetes eye screening
appointments was associated with an increased risk of
referable retinopathy at the next appointment. The
current study included a larger patient cohort with a
different ethnicity and age demographic to determine
whether this finding was generalisable.

What this study adds

● This retrospective observational study indicated that
failure to attend multiple consecutive screening appoint-
ments is associated with an increased risk of referable
retinopathy being diagnosed at the next screening
appointment. Despite the differences between this cohort
and the previously published study, the association was
consistent. The findings also suggested that interventions
to improve attendance could be focused on those most
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likely to fail to attend such as; younger patients, people
with type I disease, males and people of African origin.
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