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Abstract

Aims: The aim was to determine the effect of the COVID-19 pandemic on dia-
betic retinopathy and referral rates in the English National Health Service (NHS)
Diabetic Eye Screening Programme (DESP).

Methods: Non-patient identifiable data are submitted centrally from the 57 re-
gional centres in the NHS DESP on a quarterly basis and analysed using STATA,
comparing 01/04/2019-31/03/2020 and 01/04/2021-31/03/2022. Patient charac-
teristics were analysed from National Diabetes Audit (NDA) data.

Results: There were 2,274,635 grades from the 57 centres in 2019-2020 and
2,199,623 grades in 2021-2022. The proportion of eyes with referable DR increased
from 3.1% in 2019-2020 to 3.2% in the 2021-2022 NHS year (p <0.01) with a small
increase in the level of non-referable DR from 24.6% to 24.8% (p <0.01). The me-
dian proportion of ungradable eyes in 2019-2020 was 2.6% (IQR: 2.3% to 3.3%)
increasing to 3.1% (IQR: 2.5% to 3.7%) in 2021-2022. NDA data demonstrated that
the proportions with type 1 diabetes receiving eye screening were higher in the
latter year (8.3% vs. 7.3%).

Conclusion: The COVID-19 pandemic was associated with small increases in
referable retinopathy rates from 3.1% to 3.2%, non-referable DR from 24-6% to
24.8% and an increase in the ungradable image rate from 2.6% to 3.1%, the latter
increase possibly being caused by untreated cataract during the pandemic. Risk
stratification of invitations in the recovery period was believed to have contrib-
uted to keeping the referable rates low and supports a similar approach in exten-
sion of the screening interval for low-risk groups.
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1 | INTRODUCTION

The English National Health Service (NHS) Diabetic Eye
Screening Programme (DESP) commenced in 2003." It
was reported” in the year 2009-2010 that, for the first time
in almost 5 decades, diabetic retinopathy was no longer
the leading cause of blindness in working age adults in
England and Wales, and a major contributor was consid-
ered to be the introduction of the NHS DESP, with further
reductions in the following 10years.’

The established pathways® in the English NHS are
routine digital screening (RDS), digital surveillance
(DS), slit lamp bio-microscopy (SLB), one of which is
offered annually to all people with diabetes in England
over the age of 12years except for a small number who
are suspended or excluded.’ An invitation to screening
could be a fixed appointment or it could be an invitation
to make an appointment. All images are graded accord-
ing to standardised criteria with each eye being classi-
fied into an R (retinopathy) and an M (maculopathy)
level (Table S1) which determine whether the patient
is referred or not. Referable grades are R1IM1, R2MO,
R2M1, R3aM0, R3aM1 or R3sM1. Non-referable grades
are ROMO, R1IMO and R3sMO.

In 2016, the United Kingdom National Screening
Committee (UK NSC) made the recommendation® that
a 2-year screening interval could be implemented within
diabetic eye screening (DES). Due to the COVID-19 pan-
demic, this change was delayed until 2023, to allow all
local DES services to restore their service to pre-pandemic
levels of capacity. However, services did undertake some
risk-stratification in the recovery period according to the
guidance issued by Public Health England on 20th May
2020 entitled ‘Risk stratified hierarchy for local services on
rescheduling diabetic eye screening during the COVID-19
response’. This prioritised pregnant women, those who
had never been screened and those with retinopathy at
their last screening attendance.

The analysis in this study was undertaken to under-
stand the effect on referrals over the COVID-19 period
and assess retinopathy levels in the year 2019-2020 before
COVID-19 and in the 2021-2022 NHS year when most
screening programmes had been fully restored.

2 | METHODS

2.1 | Study design and data sources

This study used nationwide data from all 57 diabetic eye
screening programmes (DESPs) in England who must
submit data quarterly according to a pre-specified data set
according to national guidance.” The data were extracted

What's new?

« What is known?
During the Covid-19 pandemic progression of
diabetic retinopathy was demonstrated due to
delayed hospital follow-up appointments and
in a small previous screening study.

+ What this study has found?
The data demonstrate that the COVID-19 pan-
demic was associated with small increases in
referable retinopathy rates from 3.1% to 3.2%,
non-referable DR from 24-6% to 24.8% and in
the ungradable image rate from 2.6% to 3.1%,
may have been caused by an increase in num-
bers with untreated cataract.

« Implications of the study

This study provides support for extension of
the screening interval to two yearly in low-risk
groups.

directly using a Visual Basics for Application code from
two approved DES management software suppliers in
England, NEC OptoMize® and InHealth Intelligence
Spectra’ to calculate programme performance levels
against national standards.'

Any programme-identifiable data were removed be-
fore any analysis for this study. The data set contained
aggregate data for all grading outcomes for the years
1 April 2019 to 31 March 2020 and 1 April 2021 to 31
March 2022, respectively, across all centres. NHS year
quarters are defined as April-June, July-September,
October-December and January-March for quarters 1
to 4 (Q1-Q4), respectively.

The 2019-2020 NHS year and its respective grading out-
comes were the final year not impacted by the COVID-19
pandemic and the 2021-2022 NHS year was the first year
post-COVID-19 onset that risk-stratified service changes
implemented as part of the COVID-19 response did not
apply for the entire cohort of patients. Routine screening
was stopped with the national lockdown on 16 March
2020 when there was an instruction to avoid all non-
essential contact. Data from the 2020-2021 NHS year were
not included in the analysis of diabetic retinopathy lev-
els because of risk stratification but were included in the
analysis of referrals.

To identify whether the characteristics of those
screened were different between the two time peri-
ods, data from the National Diabetes Audit! (NDA) for
2019/2020 and 2021/2022 were analysed. This provides
data on the people who have received eye screening using
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data recorded in primary care health records and from
lists received by eye screening programmes. The standard
annual NDA data collection time period is 1 January in
year 1 to 31 March in year 2.

2.2 | Statistical analysis of grading
outcomes

Grading outcomes from the 57 English DESPs were ana-
lysed from the programme performance reports.

Numbers and proportions of referrals to the Hospital
Eye Service (HES) for diabetic retinopathy, splitting these
into urgent referrals (HESU) and routine referrals (HESR)
from RDS, SLB and DS clinics.

Grading outcomes were assessed and compared be-
tween 2019-2020 and 2021-2022 NHS years and defined
by the English NHS DESP grading criteria'®'* which are
shown in Table S1. Each eye is graded with a retinopathy
level (R), and the presence or absence of maculopathy
(M level) and photocoagulation scars (P level). Any di-
abetic retinopathy ‘DR’ is defined as the detected pres-
ence of any feature(s) of DR. ‘Referable DR’ at screening
is defined as the presence of any of the retinal features
which constitute NDESP levels R2, R3 or M1. Visual
acuity is measured with Snellen or Log MAR which is
a logarithm of the minimum angle of resolution. Those
people with poor-quality images are referred for exam-
ination by slit lamp biomicroscopy, with numbers and
proportions assessed.

To take account of multiple testing, a Bonferroni cor-
rection was made on all hypothesis tests. A two-sample
test of proportions was performed to assess changes in
the proportions of grading outcomes. An equality of
medians test was used to compare the median number
of total image sets graded. Cohen's h effect size coeffi-
cients were presented with p-values, where appropriate.
Adjusted statistical significance was defined as p <0.01,
accounting for a Bonferroni correction to account for
multiple testing.

A parameter that we termed the percentage backlog
calculation was derived to indicate recovery from delays
caused by the pandemic. In this parameter, the denomina-
tor was the estimated backlog of screens in each quarter
as defined as the mean number of screens pre-Covid with
the addition of any non-screened eyes from the previous
quarter. The numerator was the total number of screens
in the quarter. Specific individuals were not able to be fol-
lowed throughout the time period, so the backlog figures
remain as an estimate.

All grading outcomes analysis was performed in STATA
18 (StataCorp. 2023. Stata Statistical Software: Release 18.
College Station, TX: StataCorp LLC).

DIABETIC KA

2.3 | Statistical analysis of the
characteristics of those taking up retinal
screening

The difference in the median age and duration of diag-
nosed diabetes between 2019/2020 and 2021/2022 was
tested using Mann-Whitney U tests. The difference in
the proportions of people attending eye screening by type
of diabetes, sex, ethnicity and quintile of socio-economic
deprivation was assessed using chi-squared tests. Analysis
of retinal screening take-up characteristics was performed
in the SAS Enterprise Guide.

2.4 | Information governance

Data, including NDA and NHS DESP data, are collected
and used in line with NHS England's purposes as required
under the statutory duties outlined in the NHS Act 2006
and Health and Social Care Act 2012. There is controlled
access by appropriately approved individuals to data held
on secure data environments entirely within the NHS
England infrastructure. Data were processed for specific
purposes only, including operational functions, service
evaluations and service improvement. The data have been
disseminated to NHS England under Directions issued
under Section 254 of the Health and Social Care Act 2012.
Ethics committee approval is not required for these spe-
cific purposes. Exclusion from the NDA is activated by an
‘opt-out’ system, the National Data Opt-out Service.'* All
numbers taken from the NDA are rounded to the nearest
5 to protect individuals' confidentiality. The NHS DESP
data are all anonymised and do not contain any linked
data.

3 | RESULTS

Data were available from all 57 diabetic eye screening
programmes (DESPs) in England. In 2019-2020, a total
of 2,274,635 individuals had their image sets graded and
2,199,623 in 2021-2022.

The number of appointments in RDS, SLB and DS was
lower in the first quarter of the 2020-2021 NHS year com-
pared to previous quarters when routine screening was
stopped with the national lockdown on 16 March 2020.
There was a percentage decrease of 99.2% and 98.0% for
RDS and SLB, respectively, between Q1 of 2019-2020 and
Q1 of 2020-2021. The percentage decrease in the number
of appointments was less at 62.2% for the DS clinics be-
tween the same time periods (Figure 1, Table 1).

There was a dramatic decrease in the number of pa-
tients attending RDS from 531,453 in Q4 of 2019-20 to
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FIGURE 1 Number of patients attending RDS, SLB and digital surveillance.

4757 in Q1 following cessation of screening on 16 March
2020, increasing to 201,133 in Q2 of 2020-2021. The cor-
responding numbers attending DS reduced from 39,174
in Q4 of 2019-2020 to 14,945 in Q1, increasing to 50,467
in Q2 of 2020-2021. Many services maintained their DS
clinics during Q1 of 2020-2021 even though they stopped
their RDS. The number of referrals from RDS and DS into
HES routinely (HESR) and urgently (HESU) is shown in
Figure S1 that demonstrates the high numbers of referrals
from the DS pathway before the main pandemic unfolded
and during the pandemic. If one excludes those in the SLB
pathway, the routine referrals from digital surveillance
were 4864 of a total of 11,034 referrals (44.1%) in Q4 of
2019-2020, 992 of 1061 (93.5%) in Q1 and 5606 of 8918
(62.9%) in Q2 of 2020-2021. The urgent referrals from dig-
ital surveillance were 1156 of 2439 (47.4%) in Q4 of 2019,
840 of 906 (92.7%) in Q1 and 1766 of 2662 (66.3%) in Q2 of
2020-2021 (Figure S1).

By the end of the 2021-2022 NHS year, post-restoration
of services, the percentage of eyes with referrals from RDS,
SLB and DS in all pathways returned to pre-COVID-19
levels.

The number of appointments offered in RDS, SLB and
DS, continued to increase throughout the 2021-22 NHS
year, reaching the same number of appointments offered
in Q4: 2021-2022 as pre-COVID quarters, Table 1, al-
though we recognise that there would have been an in-
crease in numbers of people with diabetes in that time
period.

Despite the number of appointments offered return-
ing to pre-COVID levels, there were still a small num-
ber of services that were still considered to have some

backlogs in offering routine (RDS) screening appoint-
ments. Eighteen out of 57 services were still considered
to have a backlog as of 31 March 2022, with the pro-
portion of appointments unable to be booked within
6weeks of the expected appointment date varying be-
tween 0.4% and 14.0%, with all services recovered by
September 2022.

In the description of grades of eyes below this is based
on the eye with the most severe level of retinopathy. By the
end of 2021-2022, there were only small changes in the
percentages of eyes with any DR (ROMO), and the percent-
age of eyes with referable DR. For eyes receiving a grade
ROMO, there were 70.9% of total grades given in 2019-2020
and 70.5% in 2021-2022. There were 26.2% of eyes given a
grade with any DR in the 2019-2020 NHS year with 26.4%
of eyes with any DR in the 2021-2022 NHS year. The pro-
portion of eyes with referable DR was 3.1% in 2019-2020
and 3.2% in the 2021-2022 NHS year (Table 2).

There was an increase from 69,441 (3.1%) to 69,597
(3.2%) referrals equating to a percentage increase of 0.2%
(Table 2). The proportion of referrals varied slightly across
centres with a median percentage change of 4.4% (IQR:
—6.0% to 16.7%) (Table 2). Of the 57 centres, one centre
had an increase of >30% and one centre had a decrease of
>30% between the two NHS years (Figure S2).

Overall, there were statistically significant changes in
the percentage of grades of referable DR before and after
the COVID-19 pandemic (p<0.01), however, the effect
size was lower than Cohen's convention for small effect
size (Cohen's h: <0.01). If the rate of referrals had re-
mained the same as the 2019-2020 NHS year, we would
expect only 67,151 referrals in the 2021-2022 NHS year.
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TABLE 2 Changes in the number of patients given each grade
in the worst eye from 2019-2020 to 2021-2022 NHS years.

2021-22 NHS
N (col %) 2019-20 NHS Year  Year
Number of 2,274,635 2,199,623
Grades Given
Any DR 594,952 (26-2) 580,721 (26-4)
Referable DR 69,441 (3-1) 69,597 (3-2)
ROMO 1,611,949 (70-9) 1,550,508 (70-5)
RIMO 525,511 (23-1) 511,124 (23-2)
R1IM1 49,663 (2-2) 49,936 (2-3)
R2MO 6172 (0-3) 5633 (0-3)
R2M1 7191 (0-3) 7704 (0-4)
R3SMO 1123 (<0-1) 941 (<0-1)
R3SM1 536 (<0-1) 566 (<0-1)
R3AMO 1748 (<0-1) 1705 (<0-1)
R3AM1 3008 (0-1) 3112 (0-1)
Ungradable 67,734 (3-0) 68,394 (3-1)

The increase in referrals led to an additional 2437 patients
across the country with referable DR.

Of the eyes that were seen to be non-referable, the pro-
portion of eyes who were graded R1IMO in the 2019-2020
was 24.6% and this showed a small increase to 24.8% in
2021-2022 NHS year (p<0.01; Cohen's h: <0.01). There
was little variation between centres. The median propor-
tion of eyes across centres was 25.3% (IQR: 23.3%-26.5%)
in the 2019-2020 NHS year and 24-9% (IQR: 23.3%-27.3%)
in the 2021 NHS year (Table 2).

For the 57 DESPs, the median number of image sets
graded within each centre in the 2019-2020year was
32,592-5 (IQR: 22,073-56,393) compared to the similar
median of 30,910 (IQR: 22,428-52,205) in the 2021-2022
NHS year. Overall, the percentage change in the number
of image sets graded between 2019-2020 and 2021-2022
was a decrease of 3.3% (p<0.71). The median percent-
age change in the number of grades between centres was
—2.1% (IQR: —11.2%-3.5%). There were three centres with
a percentage decrease of >20%, including one centre with
a percentage decrease of >30%. There was one centre with
a percentage increase of >20% (Figure S3).

Compared to other measures of change in grading out-
comes, the differences in the proportion of grades given as
ungradable had more variation between centres. The me-
dian proportion of eyes graded as ungradable in 2019-2020
was 2-6% (IQR: 2.3-3.3%) and this increased to a median of
3.1% (IQR: 2.5%-3-7%) (p=0.28; Cohen's h: <0.01) in the
2021-2022 NHS year. Within centres, the median percent-
age change in the proportion of eyes deemed ungradable
between 2019-2020 and 2021-2022 was 6.8% (IQR: —12.2%

TABLE 3 Proportion of people receiving eye screening by type
of diabetes, socio-economic deprivation and ethnicity, 2019/20 and
2021/22 (15-month time periods).

2019/2020 2021/2022
n %o n %o
Type of diabetes
Type 1 diabetes 200,280 7.3 205,515 8.3
Type 2 diabetes 2,538,480 92.1 2,246,225 90.8
Other or unknown types 1015 0.6 1010 0.9
of diabetes
Socio-economic deprivation
Most deprived 630,675 229 560,215 22.6
Second most deprived 611,260 22.2 548,305 22.2
Third most deprived 570,245 20.7 514,765 20.8
Second least deprived 513,640 18.6 463,040 18.7
Least deprived 420,750 15.3 379,550 15.3
Missing 8740 0.3 8820 0.4
Ethnicity
White 1,974,125 71.6 1,757,245 71.0
Mixed 28,055 1.0 28,090 1.1
Asian 361,315 13.1 342,840 13.9
Black 123,980 4.5 123,705 5.0
Other 51,835 1.9 48,515 2.0
Unknown 215,995 7.8 174,295 7.0

to 31.7%). There were six centres that had a decrease in the
number of ungradable images of >30% from the 2019-2020
to 2021-2022 NHS years. There were 16 centres who had an
increase in ungradable images >30% from the 2019-2020
to 2021-2022 NHS year. There was one centre that had an
increase in over 125% of ungradable images between the
2years, which has been highlighted in red in Figure S4.

A total of 3,644,725 and 3,799,890 people aged 12years
or older were included in the 2019/2020 and 2021/2022
National Diabetes Audits, respectively. The number of
people with a record of having received eye screening was
2,739,775 (75.2%) between 1 January 2019 and 31 March
2020 and 2,452,750 (64.5%) between 1 January 2021 and 31
March 2022. The median age of people receiving screening
in 2019/20 was 65years (IQR 53-75) and 64 years (IQR 53—
75) in 2021/2022 (p <0.005). Median duration was 7years
(IQR 2-14) in 2019/20 and 7years (IQR 3-15) in 2021/2022
(p<0.005). The proportion of people who received eye
screening who had type 1 diabetes was higher (8.3% vs.
7.3%) and the proportion with type 2 diabetes was lower
(90.8% vs. 92.1%) in 2021/22 than in 2019/20 (p<0.005).
There were statistically significant but minimal differences
in the proportion of people who received eye screening by
quintile of socio-economic deprivation and by ethnicity
(p<0.005 for both characteristics) (see Table 3).
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4 | DISCUSSION

These analyses have demonstrated small increases in
grades of retinopathy attained via the NHS DESP in
people with diabetes in England in the post-COVID-
19-onset year 2021-2022 when services were being re-
stored compared to the pre-COVID-192019-2020 year.
Although the numbers are large and the effect size is
small, the total number of screenings is also slightly
smaller. These results are therefore compatible with
the expected small increase in progression of those
with background DR, with 70% of the cohort having no
diabetic retinopathy at baseline. Comparison of demo-
graphic characteristics between 2year cohorts shows
that there were proportionally slightly more people with
type 1 diabetes screened, and the median age of those
screened was slightly younger, with no meaningful dif-
ferences in other characteristics.

The disparity in numbers receiving eye screening be-
tween the English NHS DESP figures and the NDA fig-
ures is mostly because the English NHS DESP provides
data over the 12-month period from 1 April in year 1 to
31 March in year 2 and the NDA provides data over a 15-
month time-period from 1 January in year 1 to 31 March
in year 2.

The number of people with diabetes continues to rise
but the number of appointments offered in the 2021-
22year had not risen and the attendance rates were disap-
pointing at 56%-60%. This may have been because there
were still some concerns of patients in attending these
appointments in the aftermath of the Covid-19 pandemic.
There was considerable variation between centres but, as
the data were anonymised, we did not wish to speculate
on the reasons. It is uncertain why the proportions with
type 1 diabetes receiving eye screening were higher in the
latter year (8.3% vs. 7.3%).

The strengths of this study are the large numbers with
whole national diabetes population data. The limita-
tions are that data are not linkable at the individual pa-
tient level, the use of different data sources (NHS DESP
and NDA data) and slightly different time periods (12 vs.
15months) to compare patient characteristics and the lim-
itation of the uniqueness of the NHS DESP.

The COVID-19 pandemic resulted in significant mor-
tality directly and indirectly related to the infection.'>'°
Romero-Aroca reported'’ on a screening study that re-
ported a slight increase in cases of the most severe forms
of DR, beginning in the year 2021.

Screening services made a conscious effort to continue
the DS pathway, which contains the more severe retinop-
athy levels R1IM1, R2MO and R2M1, during the Covid-19
pandemic. The DS pathway became an even higher
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contributor to the referral rate with 992 of 1061 (93.5%)
routine referrals and 840 of 906 (92.7%) urgent referrals in
Q1 of 2020-2021.

Screening services used the previous research on the
risk of progression of diabetic retinopathy in pregnancy,'®
in those who had never been screened" and those with
retinopathy at their last screening attendance® to priori-
tise invitations in the Covid recovery phase. This stratifica-
tion was similar to what the NHS Diabetic Eye Screening
Programme had recommended for their extension of the
screening interval in low-risk groups. The proportion of
eyes with referable DR only increased from 3.1% in 2019-
2020 to 3.2% in the 2021-2022 NHS year (p <0.01; Cohen's
h: <0.01) which endorsed this stratification approach.
There was a small increase in the level of nonreferable DR
from 24.6% to 24.8% (p<0.01; Cohen's h: <0.01). This is
not surprising, given the reports'® of reduction in perfor-
mance of the eight care processes of monitoring diabetes
in primary care in England during the pandemic and the
reported association®! with incident diabetic retinopathy.

The median proportion of eyes graded as ungradable in
2019-2020 was 2-6% (IQR: 2.3%-3.3%) and this increased
in 2021-2022 to a median of 3.1% (IQR: 2.5%-3.7%) with
a doubling in some centres. The cessation and reintroduc-
tion of cataract surgery/services during and following the
pandemic, and regional variations, may have accounted
for the increases.

The English NHS DESP recovered from the pan-
demic quicker than many other services in England with
all services recovered to their previous invitation levels
by September 2022 with further increases in invitation
numbers over the following 12months in line with the
increased number of people with diabetes. There is very
strong oversight of screening by the regional programme
boards and, services that were not recovering were hav-
ing to give regular progress reports and timelines for im-
provement to NHS England. This helped to stimulate the
increased activity.

To conclude, there was some evidence that the
COVID-19 pandemic and resulting lifestyle, healthcare
and societal changes were associated with increases in re-
ferable retinopathy rates from 3.1% to 3.2% and in the level
of non-referable DR from 24.6% to 24.8% in the screen-
ing population in England. However, these changes were
small and, while statistically significant, in terms of usual
year-on-year variation, were not necessarily clinically
significant. This suggests that the prioritisation of the
higher-risk groups in the screening recovery phase of the
pandemic was successful and provides further support for
the planned introduction of extended screening intervals
for the English NHS DESP, which uses a very similar risk
stratification approach.
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