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ABSTRACT

Objective The aim of present study was to evaluate our
clinical decision support system (CDSS) for predicting risk
of diabetic retinopathy (DR). We selected randomly a real
population of patients with type 2 diabetes (T2DM) who
were attending our screening programme.

Methods and analysis The sample size was 602
patients with T2DM randomly selected from those who
attended the DR screening programme. The algorithm
developed uses nine risk factors: current age, sex, body
mass index (BMI), duration and treatment of diabetes
mellitus (DM), arterial hypertension, Glicated hemoglobine
(HbA1c), urine—albumin ratio and glomerular filtration.
Results The mean current age of 67.03+10.91, and
272 were male (53.2%), and DM duration was 10.12+6.4
years, 222 had DR (35.8%). The CDSS was employed

for 1year. The prediction algorithm that the CDSS uses
included nine risk factors: current age, sex, BMI, DM
duration and treatment, arterial hypertension, HbA1c,
urine—albumin ratio and glomerular filtration. The area
under the curve (AUC) for predicting the presence of any
DR achieved a value of 0.9884, the sensitivity of 98.21%,
specificity of 99.21%, positive predictive value of 98.65%,
negative predictive value of 98.95%, o error of 0.0079 and
B error of 0.0179.

Conclusion Our CDSS for predicting DR was successful
when applied to a real population.

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease that
affects 382million patients worldwide (2013
data) and is projected to increase to 592 million
adults by 2035."“ It is one of the leading causes
of blindness in young adults worldwide.”

The most important ocular complication of
DM is diabetic retinopathy (DR), a common
cause of blindness in Europe.” DR screening
for DM populations is carried out using a
non-mydriatic fundus camera, which is a very
cost-effective method.* Screening had been
recommended by various medical societies.””’

Our programme was rolled out in 2007,
which included general practitioners and
endocrinologists.” The screening programme
has four non-mydriatic fundus camera units,
which are available to screen 3109 patients with

.8 Marc Baget-Bernaldiz?

Key messages

What is already known on this topic?

» Currently, the diagnostic aid algorithms for diabetic
retinopathy screening are not standardised, which
makes adherence to screening techniques low.

What this study adds?

» The present algorithm helps to improve the screen-
ing for diabetes retinopathy by personalising the
times between retinographies.

How this study might affect research, practice

or policy?

» The results will allow personalising the screening
time of patients with diabetes, increasing adherence
to screening.

DM in our healthcare area (HCA). Despite the
proximity of our units, we are still only able to
evaluate each patient once every 2.5 years, on
average, meaning that only 30% of patients can
be fully evaluated each year.” Similar frequen-
cies are reported from other countries.'’ '

To improve the screening service tools are
being developed that allow automatic analysis
ofimages and evaluate DR risk factors for each
patient. Our research team has developed
a prediction algorithm (a clinical decision
support system (CDSS)) based on nine risk
factors'” and has tested it for a population
of patients with type 2 diabetes (T2DM)."”
The tool used information contained in the
patient’s electronic health record (EHR).

The aim of the present study was to evaluate
our CDSS for predicting risk of DR and to
compare the results with those yielded previ-
ously in the building and testing phases.

MATERIALS AND METHODS

Setting

The reference population in our HCA is
247174 and 17 792 (7.1%) of those who
are registered patients with DM. Our DR
screening programme has been ongoing since
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1 January 2007 for patients with T2DM and is described
more completely elsewhere.”’

Design

A prospective, population-based study conducted between
1 October 2020 and 30 September 2021 recruited 602
patients with T2DM randomly from around 6000 patients
that we screen annually.9

Power of the study

According to our epidemiologist, we needed 325 patients
with T2DM to achieve the detection of a +3% increase in
risk and 95% accuracy.

Method

Our CDSS for DR was originally built from a sample of
patients with T2DM taken from an overall DM population
of our HCA. Briefly, the construction of the algorithm
was based on a statistical analysis system that uses decision
trees, which requires two basic parameters: the number
of trees in the forest and the number of attributes at each
node. To determine the number of trees and the number
of nodes, sensitivity (S) and specificity (SP) analyses were
carried out, together with concordance with the predic-
tion of DR."” Following these analyses, it was determined
that 200 trees were required with three attributes (or
risk factors) at each node. After applying the statistical
analyses through decision trees and applying fuzzy rules,
the following were considered the most significant nine
variables: current age, sex, body mass index (BMI), DM
duration and treatment, arterial hypertension, HbAlc
in per cent, microalbuminuria and glomerular filtration
rate determined by the CKD-EPI formula. The testing
yielded an area under the curve (AUC) of 0.826, with an
S of 84%, SP of 88.5%, positive predictive value (PPV) of
63.8% and negative predictive value (NPV) of 95.8% for
patients with DM."

Screening for DR is carried out by taking one initial
45° field retinograph, centred on the fovea. If DR is
suspected, three more retinographs of 45° are taken, one
field centred on the macula, another on the optic disc
and a third on the superior temporal to the macula. This
third field corresponds with Joslin Vision Network field
NM-2, providing a more peripheral image of the retina."*

In the present study, DR is classified thus as: (1) no
DR; (2) very mild DR defined as microaneurysms only or
level ETDRS 20; (3) moderate DR defined as more than
just microaneurysms but less than severe DR or ETDRS
levels 31-47 and (4) severe DR defined as any of the
following: extensive intraretinal haemorrhage in each of
four quadrants (>20) and/or definite venous beading in
2+ quadrants and/or prominent IRMA in 1+ quadrant or
proliferative DR ETDRS levels 53-85."

Technique

The CDSS was used by two primary care general prac-
titioners, an ophthalmologist and an endocrinologist,
none of them having had any relationship with the

original construction of the model. They were limited to
checking whether the application of the algorithm was
consistent with the results obtained from the patients
retinographs and whether the data included in the algo-
rithm were correct and corresponded with the observed
results of the risk of developing DR.

The medical and laboratory results were extracted
from the EHR of each patient, always considering the
last value recorded. The non-analytical data were taken
from the report by the doctor who physically examined
the patient.

Inclusion criteria
Patients with T2DM.

Exclusion criteria
Patients with other specific types of diabetes or with gesta-
tional DM.

Statistical methods

Data evaluation and analysis was made using SPSS V.22.0
statistical software atasignificance of p<0.05. The frequen-
cies and percentages corresponding to the qualitative
variables were calculated. Quantitative variables were
expressed as arithmetic mean+SD (in symmetric distribu-
tions) or as median and interquartile range (in skewed
distributions). Qualitative variables were compared using
the % test. In normal distributions, continuous quantita-
tive variables were compared using parametric tests, the
Student’s t-test was used in the case of group-to-group
variables or the ANOVA analysis if there were more than
two groups. The receiver operating characteristic (ROC)
analysis determined the variables that best fitted the
model prediction. Finally, the analysis of the variables
depending on DM duration was carried out using the
Cox survival analysis.

We measured the screening performance of the study
using a confusion matrix/contingency. Given a classified
data set, there were four basic combinations of actual and
assigned: correct positive assignments, or true positives
(TP), correct negative assignments, or true negatives,
incorrect positive assignments, or false positives, and
incorrect negative assignments, or false negatives (FN).

The statistical evaluation of the data set included: S, SP,
PPV or precision, NPV, positive false discovery rate or type
1 error (o), negative false discovery rate or type 2 error
(B) and the AUC or diagnostic effectiveness expressed as
a proportion of correctly classified subjects.

RESULTS

Demographic variables of sample size

From 1 October 2020 to 31 September 2021, a total of
602 patients with T2DM were recruited randomly from
5783 screened at the non-mydriatic fundus camera units.
Table 1 shows the characteristics of the patient sample.
The mostimportant values were current age (67.03+10.91
years), DM duration (10.12+6.41 years) and the HbAlc
value (7.49%+2.48%).
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Table 1

Variable

Descriptive values of the sample

Mean of current age 67.03+10.91 years

Sex male 330/602 (54.81%)
DM duration 10.12+6.41 years
Arterial hypertension 116/602 (19.26%)
Body mass index 28.31+5.879

DM treatment 46 (7.4%)

Diet 445 (73.98)

Oral antidiabetic insulin 111 (17.9%)
Mean of HbA1c 7.49%+2.48%
eGFR 82.61+47.25
UACR 39.83+171.39

Values are presented as number or mean+SD and range. We also
describe the incidence of diabetic retinopathy and its different
types.

DM, diabetes mellitus; eGFR, estimated glomerular filtration rate;
HbA1c, glicated hemoglobine; UACR, urine albumine creatinine
ratio.

Prevalence of DR
A total of 222 patients with T2DM (36.87%) had some
form of DR. Mild DR was present in 111 patients
(18.43%), moderate DR in 72 patients (11.96%), severe
DR in 36 patients (5.8%) and proliferative DR in 3
patients (0.5%).

Statistical study of risk variables

Table 2 gives the risk factor values in the univariable anal-
ysis. DM duration and DM treatment, presence of arterial
hypertension, BMI, HbAlc and UACR values were signif-
icant factors, but not age (p=0.077), sex (p=0.396) and
estimated glomerular filtration rate (eGFR) (p=0.154).

The multivariable statistical analysis

Figure 1 shows the ROC curve analysis of variables and
the positive predictive variables for DR: sex, HbAlc value,
insulin DM treatment, urine—albumin ratio and arterial
hypertension. eGFR is over the diagonal and current age
with NPV (less age more DR risk, more age less DR risk)
are under the diagonal.

Table 3 shows Cox’s proportional survival analysis. The
introduction of different variables with DM duration as
a time variable is significant in the univariate statistical
study. Sex is not significant in the survival analysis.

Statistical analysis of confusion matrix/contingency
Table 4 gives the results of the matrix confusion analysis
for predicting any form of DR. SP and S have high values,
99.21% and 98.21%, respectively, with a good AUC of
0.9884, and a minimal alpha and beta error, with values
of 0.0179 and 0.0079, respectively. All FN are patients
with mild DR, with less than four microaneurysms.

Table 4 also shows the differences between the previous
testing phase results and the present study results after
applying the algorithm to a real non-selected DM

population. The differences show an improvement in the
scores of the CDSS for the diagnosis of DR. The predic-
tions are much more effective than in the original testing
model, especially in S and the PPV, or precision, of the
algorithm, which increased from 84% and 63.8% to
98.21% and 98.65%, respectively.

Also, the alpha (type 1) and beta (type 2) errors
dropped from 0.115 to 0.0079 and from 0.16 to 0.0179
respectively. Likewise, the AUC of the system increased
from 0.876 to 0.988, an almost perfect score.

Follow-up prediction

The CDSS that we have developed tells us that we must

carry out screening as follows (the 218 cases with DR as

TP by the system are excluded):

1. Screening at 6 months: four cases with FN detected by
the algorithm.

. Screening at 12 months: 211 patients (35%).

. Screening at 18 months: two cases (0.3%).

. Screening at 24 months: 127 patients (21.06%).

. Screening at 36 months: 40 cases (6.6%).

Of the 380 who did not have DR and had to be screened,
211 patients (55.53%) were given a follow-up visit 1year
later and 169 patients (44.47%) were scheduled for more
than 1year later.

Ot W~ 00 N

DISCUSSION

A specific vascular complication of DM is DR, which is
strongly linked to the duration of the disease and the
level of glycaemic and arterial hypertension control.
DR is the most common cause of new cases of blindness
among adults aged 20-74 years in developed countries.

Screening with non-mydriatic cameras is effective in
detecting itand many countries have developed extensive
screening programmes. Various medical societies recom-
mend an annual review of the fundus be carried out so
that DR can be detected early in its evolution. Despite the
involvement of general practitioners, endocrinologists
and ophthalmologists, annual screening has proven to be
very difficult to carry out. Currently, patients are screened
on average every 2-3 years, not annually, it is important
therefore to develop diagnostic systems that can support
personalised screening regimes based on an individual’s
various clinical risk factors. To attempt to achieve this, we
have developed a prediction algorithm that allows us to
grade a patient’s risk of developing DR and then recom-
mend suitable screening intervals. Having successfully
built and validated the algorithm using test populations,
the objective of the present study was to carry out a pilot
test on a real population of patients with T2DM.

Our results show that the CDSS for DR that we have
developed'” " is effective when applied to a real popula-
tion of patients with T2DM. The statistical analyses have
yielded values higher than those obtained previously in
the development, validation and testing phases, with an
AUC value of 0.988. Compared with the testing values,
S scores in the real population increased from 88.5% to
98.21% and the PPV from 63.8% to 98.65%. The results

Romero-Aroca P, et al. BMJ Open Ophth 2022;7:€000974. doi:10.1136/bmjophth-2022-000974 3



Open access

||

Values Two-tailed Student’s t-test/ANOVA/»2
No DR 68.3+10.48 p=0.077, F=38.14
DR 64.87+11.31
No DR 177/380 (46.57 %) p=0.396, OR 1.1 (95% CI 0.89 to 1.36)
DR 95/222 (43.69%)
No DR 8.32+5.04 p<0.001, F=2.54
DR 13.20+7.25
No DR 28.35+6.52 p=0.046 F=3.98
DR 28.64+4.57
No DR 6.86+2.72 p=0.011, F=6.52
DR 8.54+1.46
No DR 10.46+64.33 p<0.001, F=111.47
DR 90.10+62.23
No DR 83.87+41.06 p=0.154, F=2.03
DR 80.45+56.33
No DR 37/387 (9.56%) p<0.001, OR 2.21 (95% CI 1.68 to 2.90)
DR 79/222 (35.58%)
No DR 6/380 (1.57%) p<0.001, OR 2.45 (95% CI 1.79 to 2.97)
DR 105/222 (47.29%)

ANOVA, analysis of variance; DM, diabetes mellitus; DR, diabetic retinopathy; eGFR, estimated glomerular filtration rate; F, function of
Snedecor; HbA1c, glicated hemoglobine; UACR, urine albumine creatinine ratio.

1, allowed us to personalise screening. Thus, of the 380 who
did not have DR and had to be screened, 211 patients
— (55.53%) were given a follow-up visit 1year later and 169
o / e patients (44.47%) were scheduled for more than 1year
—ﬁ1_¢ ) later.
! Egmﬂwmemn There are currently three other prediction CDSS being
L reatment

developed and pilot studies have been published. The
g original concept was put forward in Iceland by Aspe-
5, 0.4 lund et al,16 in 2011, which is the most extensive CDSS
designed to determine DR risk. It recommends sched-
/ uling screening based on the type and duration of DM,
0] HbAlc and systolic blood pressure. Another CDSS, devel-
oped by Scanlon et alin Gloucester, UK,17 use the current
age of the patient, levels of HbAlc and total serum

%0 02 04 06 oe 10 cholesterol as variables.
DM Duratian Aspelund et als model has been tested on different
Figure 1 ROC curve analysis. BMI, body mass index; DM, populations from Spain,'® the Netherlands'’ and the
diabetes mellitus; eGF, estimated glomerular filtration; ROC, UK,” with AUC values varying from 0.7429 to 0.8030 for
receiver operating characteristic; UACR, urine albumine mixed populations of TIDM and T2DM and 0.8330 for

creatinine ratio.

=
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95,0% IC.

Inferior

95,0% IC .
Superior

B Wald Sig. Exp(B)

Age -0.030 22.468 0.000 0.971 0.959 0.983

eGFR 0.000 9.289 0.042 1.121 1.030 1.990

Arterial hypertension 0.002 33.784 0.000 2.432 1.802 3.283

DM treatment 0.019 0.016

0.000 3.019 1.761 4.363

BMI, body mass index; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA1c, glicated hemoglonine; UACR, urine

albumine creatinine ratio.

T2DM only. For accuracy, all of those values are lower
than our AUC of 0.9884.

The two models by Aspelund et al and Scanlon et al
were further tested in Ireland in pilot study by Smith ez
al,”" with a sample of 2929 patients. Smith reported that
both were acceptable predictors of sight-threatening DR
(STDR), with an AUC of 0.74 for the Aspelund et al’s
model and 0.77 for the Scanlon et al’'s model, both values
again being lower than the present study. It is important
to note, however, that those two models only predict the
risk of STDR, no other grades of DR as our model does.
Prediction of risk of lower grades of DR would present
an opportunity to slow down the evolution of DR and
perhaps even prevent it with strict control of glycaemia
and blood pressure.

Another CDSS, developed by Broadbent et al,”* ** also
known as the Liverpool Risk Calculation Engine (LRCE),
is based on the grade of DR, DM duration, HbAlc and

cholesterol levels, the value of systolic blood pressure, sex
and age at DM diagnosis. The statistical analysis reported
an AUC of 0.88 at 6months to 0.91 at 24 months. S values
varied from 0.61 at 6months to 0.82 at 24 months, and
theSP varied from 0.93 at 6 months to 0.81 at 24 months.
As in the two previously mentioned models, LRCE does
not detect the risk of developing incipient forms of DR,
only the risk of STDR. In summary, we can affirm that the
results yielded from the present study allow us to person-
alise screening schedules ranging from 6 months, in the
case of significant risk, to 36 months for those at low risk.
We have adjusted our CDSS to include what we consider
the most significant risk factor in the development of DR,
DM duration. Thus, in the case of patients with a DM
duration of up to 10 years, if the predicted risk is low,
we recommend the next screening at 36 months; with a
longer DM duration of 10-15 years, the recommendation
is 24 months and for durations of more than 15 years,

Study of any diabetic retinopathy

Current study results

Original algorithm

SP 99.21% (95% Cl, 97.70 to 99.99)

88.5% (95% Cl, 88.29 to 88.72)

NPV 98.95% (95% ClI, 83.46 to 84.49) 95.8% (95% Cl, 95.68 to 95.96)

Error B 0-0179 0.16

FN, false negatives; FP, false positives; TN, true negatives; TP, true positives.

(3]
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screening control must be annual. This will allow us to
reduce the number of patients who attend DR screening
centres and reduce waiting lists. Screening intervals in
the present study have reduced by 44.47%, like other
studies, such as the Smith et al’s pilot study,”’ who report
a 40% reduction in frequency achievable using Aspelund
et al's model.

Regarding the cost effectiveness of personalised
screening, many studies have been published.” * As
screening can be extended to two or 3years, the cost
burden would reduce accordingly. We can affirm that with
the use of risk algorithms, we can modify the screening
programmes in such a way that they include their use and
in this way the screening interval can be safely extended;
without having to use the subjective method of stating
that if patients have good control, screening can be
extended to two or 3years, as stated in some previous
publications.”***

A limitation of the present study is that it has been
carried out on a sample of only 602 patients, therefore,
although being representative of our population, errors
might occur as the system is applied to a greater number
of patients. Another limitation is that the system has been
developed with patients of exclusively Caucasian origin,
so results should not necessarily be extrapolated to other
populations.

In conclusion, the clinical diagnosis support system for
DR that our team has developed has proven to be effi-
cient for a random sample of patients with DM; however,
it needs to be tested for other populations.

Patient and public involvement
No patients were involved in the design of our study.
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