SUPPLEMENTARY DATA

ESM Table 1. TRIPOD Checklist for Prediction Model Validation

Section/Topic Item Checklist Item Page
Title and
abstract
Title 1 Identify the study as developing and/or validating a multivariable prediction model, the target 1
population, and the outcome to be predicted.
Abstract 2 Provide a summary of objectives, study design, setting, participants, sample size, predictors, 2
outcome, statistical analysis, results, and conclusions.
Introduction
Background and 3a Explain the medical context (including whether diagnostic or prognostic) and rationale for 3
objectives developing or validating the multivariable prediction model, including references to existing
models.
3b Specify the objectives, including whether the study describes the development or validation of 3
the model or both.
Methods
Source of data 4a Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), 5, Table 1
separately for the development and validation data sets, if applicable.
4b Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of 5
follow-up.
Participants 5a Specify key elements of the study setting (e.g., primary care, secondary care, general population) | 5
including number and location of centres.
5b Describe eligibility criteria for participants. 5
5c Give details of treatments received, if relevant. NA
Outcome 6a Clearly define the outcome that is predicted by the prediction model, including how and when 5
assessed.
6b Report any actions to blind assessment of the outcome to be predicted. 5
Predictors 7a Clearly define all predictors used in developing or validating the multivariable prediction model, | 5,6
including how and when they were measured.
7b Report any actions to blind assessment of predictors for the outcome and other predictors. 5
Sample size 8 Explain how the study size was arrived at. 5, Figure 1
Missing data 9 Desc-ribe-how mi-ssing gata wef’e handled. (e.g., ciomplete-case analysis, single imputation, 6
multiple imputation) with details of any imputation method.
Statistical analysis | 10c For validation, describe how the predictions were calculated. 6,7
methods
10d Specify all measures used to assess model performance and, if relevant, to compare multiple 6,7
models.
10e Describe any model updating (e.g., recalibration) arising from the validation, if done. 7
Risk groups 11 Provide details on how risk groups were created, if done. 7
12 For validation, identify any differences from the development data in setting, eligibility criteria, 8,

Development vs.

validation

outcome, and predictors.

Supplemental
table

Results




Participants 13a Describe the flow of participants through the study, including the number of participants with 8, Figure 1
and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be
helpful.
13b Describe the characteristics of the participants (basic demographics, clinical features, available 6, Figure 1,
predictors), including the number of participants with missing data for predictors and outcome. Supplemental
Table 7
13c For validation, show a comparison with the development data of the distribution of important -
variables (demographics, predictors and outcome).
Model 16 Report performance measures (with Cls) for the prediction model. 9, Figure 3,
performance Figure 4
Model-updating 17 If done, report the results from any model updating (i.e., model specification, model Figure 4
performance).
Discussion
Limitations 18 Discuss any limitations of the study (such as non-representative sample, few events per 10,11
predictor, missing data).
Interpretation 19 For validation, discuss the results with reference to performance in the development data, and 11
any other validation data.
19b Give an overall interpretation of the results, considering objectives, limitations, results from 11,12
similar studies, and other relevant evidence.
Implications 20 Discuss the potential clinical use of the model and implications for future research. 12
Other
information
Supplementary 21 Provide information about the availability of supplementary resources, such as study protocol, N
information Web calculator, and data sets.
Funding 22 Give the source of funding and the role of the funders for the present study. 11

From: Collins GS, Ogundimu EO, Altman DG. Sample size considerations for the external validation of a
multivariable prognostic model: a resampling study. Stat Med 2016;35(2):214-26. doi: 10.1002/sim.6787




ESM Table 2. Search string
PUBMED

(("Retinal Diseases"[Mesh] OR "Vision Disorders"[Mesh] OR blindness[tiab] OR retinopath*[tiab] OR vision
impairement[tiab] OR visual impairement[tiab] OR vision disorder*[tiab] OR visual disorder*[tiab]) AND (Validat*[tiab]
OR validit*[tiab] OR Predict*[tiab] OR Rule*[tiab] OR (Decision*[tiab] AND (Model*[tiab] OR Clinical[tiab])) OR
(Prognostic[tiab] AND (History[tiab] OR Variable*[tiab] OR Criteriatiab] OR Score[tiab] OR Scores*[tiab] OR
Characteristic*[tiab] OR Finding*[tiab] OR Factor*[tiab] OR Model*tiab])) OR risk score*[tiab] OR risk
assessment*[tiab] OR algorithm*[tiab]) AND ("Diabetes Mellitus"[Mesh] OR diabetes[tiab] OR (diabetic*[tiab] AND (non
insulin depend*[tiab] OR noninsulin depend*[tiab] OR noninsulindepend*[tiab] OR non insulindepend*[tiab])) OR
dm2[tiab] OR niddm[tiab] OR dm 2[tiab] OR t2d*[tiab] OR dm type 2[tiab] OR type 2 diabet*[tiab] OR type two
diabet*[tiab] OR type Il diabet*[tiab] OR dm type II[tiab])) NOT ("Animals"[Mesh] NOT "Humans"[Mesh])

EMBASE

'retina disease'/exp OR 'visual disorder'/exp OR blindness:ab,ti OR retinopath*:ab,ti OR 'vision impairement'ab,ti OR
'visual impairement':ab,ti OR 'vision disorder*":ab,ti OR 'visual disorder*"ab,ti

AND

validat*:ab,ti OR validit*:ab,ti OR predict*:ab,ti OR rule*:ab,ti OR (decision* NEAR/3 (model* OR clinical)):ab,ti
OR (prognostic NEAR/3 (history OR variable* OR criteria OR

score OR scores* OR characteristic* OR finding* OR factor* OR model*)):ab,ti OR 'risk score*":ab,ti OR 'risk
assessment*":ab,ti OR algorithm*:ab,ti

AND

'diabetes mellitus'/exp OR diabetes:ab,ti OR (diabetic* NEAR/3 (‘non insulin depend*' OR 'noninsulin

depend*' OR noninsulindepend* OR 'non insulindepend*')):ab,ti OR dm2:ab,ti OR niddm:ab,ti OR 'dm 2":ab,ti

OR t2d*:ab,ti OR 'dm type 2":ab,ti OR 'type 2 diabet*":ab,ti OR 'type two diabet*':ab,ti OR 'type ii diabet*":ab,ti
OR 'dm type ii":ab,ti

# NOT ([animals]/lim NOT [humans]/lim)




ESM Table 3. Characteristics of the prediction models for retinopathy in type 2 diabetes

models

Reference Origin Population | Sample size Events Model Prediction | Outcome
cohort horizon
Aspinall et al (1983) [1] Scotland T1D/T2D 295 86 Logistic 7 years Any form of retinopathy
Clarke et al (2004) [2] UK T2D 3,642 NR Weibull lifetime Blindness
Aspelund et al (2011) [3] | Iceland, UK, | T1D/T2D T1D: 634 T1D: 235 | Weibull 5 years DME or PDR
USA T2D: 929 T2D: 61
Semeraro et al (2011)[4] | ltaly T2D 5,034 569 Cox 1234 DR (not further specified)
years
Mehlsen et al (2012) [5] Denmark T1D/T2D T1D: 1,275 T1D:171 | Logistic 3 years Treatment of DME/PDR
T2D: 3,572 T2D:388
Tanaka et al (2013) [6] Japan T2D 1,748 415 Cox 5 years Intraretinal microvascular
abnormalities and venous changes/
New vessels vitreous haemorrhage,
fibrous proliferation and retinal
detachment
Scanlon et al (2015) [7] UK T1D/T2D 7,012 606 Cox 5 years Referable DR and Referable
diabetic maculopathy
Hippisley-Cox and UK T1D/T2D 454,575 8,063 Cox 10 years Blindness
Coupland (2015) [8]
Basu et al (2017) [9]
- Model 1 USA/ T2D 9,635 901 Cox 10 years Retinopathy requiring
Canada photocoagulation or vitrectomy
- Model 2 USA/ T2D 9,635 1,476 Cox 10 years Cataract extraction
Canada
- Model 3 USA/ T2D 9,635 3,559 Cox 10 years Three-line reduction in visual
Canada acuity
- Model 4 USA/ T2D 9,635 776 Cox 10 years Severe vision loss (<20/200 visual
Canada acuity by Snellen chart)
- Model 5 USA/ T2D 9,635 168 Cox 10 years Composite of photocoagulation,
Canada vitrectomy, or severe vision loss
Dagliati et al (2018) [10] | ltaly T2D 943 118 Logistic 3,5,and 7 | Specific lesions at dilated
years fundoscopy
Garcia-Finana et al UK T1D/T2D T1D: 651 T1D: 66 Generalised linear 1 year Moderate/severe pre-proliferative
(2019)[11] T2D: 12,452 T2D: 275 | mixed-effects model DR or proliferative DR and/or
and Markov chain maculopathy
Monte Carlo model
Ochs et al (2019) [12] UK T1D/T2D T1D: 19,070 NR Generalised linear 5 years Referable DR: ETDRS scale
T2D: 220,276 models and survival retinopathy grade 3 or 4, or

maculopathy grade 2

T1D: type 1 diabetes; T2D: type 2 diabetes; DME: diabetic macular oedema; PDR: proliferative diabetic

retinopathy; DR: diabetic retinopathy; ETDRS: Early Treatment Diabetic Retinopathy Study




ESM Table 4. Predictors in the models included in the systematic review

Aspinall et al (1983) [1]
Clarke et al (2004() [2]
Aspelund et al (2011) [3]
Semeraro et al (2011_[4]
Mehlsen et al (2012) [5]
Tanaka et al (2013) [6]
Scanlon et al (2015) [7]
Hippisely-Cox and coupland
(2015) [81

Basu et al model 1 (2017) [9]
Basu et al model 5 (2017) [9]
Dagliati et al (2018) [10]
Garcia-Finana et al (2019) [11]

Ochs et al (2019) [12]

Sociodemographic

Age

Sex °

Deprivation .

Ethnicity

Lifestyle

Smoking status

BMI °

Age at diagnosis °

Diabetes duration . . ° ° ° ° .

Type of diabetes . .

Postprandial blood glucose .

Biomedical

HbAlc ° . ° . ° °

Systolic blood pressure . °

Total cholesterol °

HDL

Cholesterol/HDL ratio .

Serum creatinine °

Albumin-creatinine ratio °

Albuminuria °

Creatinine clearance °

Comorbidities

History of CVD

Chronic renal disease .

Proteinuria .

Medication use

Antihypertensive drugs

Glucose lowering drugs °

Eye exam

Presence of retinopathy . ° °

Colour discrimination .

Hard exudates °

Haemorrhages °

Other

Attendance previous appointment




ESM Table 5. Results of the assessment of risk of bias and concerns for applicability

Risk of Bias
participants | predictors | outcome | analysis overall Risk of Bias
Aspinall et al (1983) [1] + + ? - high
Clarke et al (2004) [2] + + + ? unclear
Aspelund et al (2011) [3] + + + ? unclear
Semeraro et al (2011) [4] + + + - high
Mehlsen et al (2012) [5] + + + ? unclear
Tanaka et al (2013) [6] - + + ? high
Scanlon et al (2015) [7] + + + ? unclear
Hippisley-Cox and Coupland (2015) [8] | + + + ? unclear
Basu et al (2017) [9] - + + + high
Dagliati et al (2018) [10] - + + ? high
Garcia-Finana et al (2019) [11] + + + - high
Ochs et al (2019) [12] + + + - high
Applicability
participants predictors | outcome Overall concerns for
applicability
Aspinall et al (1983) [1] + - + high
Clarke et al (2004) [2] - + + high
Aspelund et al (2011) [3] + + + low
Semeraro et al (2011)[4] + + + low
Mehlsen et al (2012) [5] + - + high
Tanaka et al (2013) [6] - + + high
Scanlon et al (2015) [7] + + + low
Hippisley-Cox and Coupland (2015) [8] | + + + low
Basu et al (2017) [9] - + + high
Dagliati et al (2018) [10] + + + low
Garcia-Finana et al (2019)[11] + + + low
Ochs et al (2019) [12] + + + low

+ indicates low risk of bias/low concern regarding applicability; — indicates high risk of bias /high concern regarding
applicability; and ? indicates unclear risk of bias /unclear concern regarding applicability.



ESM Table 6. Models excluded for validation in the Diabetes Care System cohort

Model

Reason for exclusion

Aspinall et al (1983) [1]

The main predictor variables are not available in the DCS cohort: Yellow-blue
color discrimination, Blood glucose control: mean of previous six postprandial

blood glucose values, and proteinuria (not further specified).

Clarke et al (2004) [2]

The algorithm for retinopathy is part of larger simulation model, and could not

be applied to the Diabetes Care System cohort

Mehlsen et al (2012) [5]

The model mainly uses variables that are not available in the Diabetes Care

System cohort: number of retinal haemorrhages, number of hard eduxates

Basu et al, model 2-4 (2017) [9]

Three of the five models of Basu use outcomes that are less applicable to the
DCS cohort: cataract extraction, three-line reduction in visual acuity, or severe

vision loss

Garcia-Finana et al (2019)[11]

Application to the Diabetes Care System cohort was limited due to model

design.

Ochs et al (2019) [12]

Application to the Diabetes Care System cohort was limited due the inclusion

of variables containing information on retinopathy in both eyes.




ESM Table 7. Number of observed retinopathy events for each quintile of predicted risk

Q1 Q2 Q4 Q5

EURODIAB grade > 2

Semeraro et al (2011)[4] 11 21 33 33 139
Scanlon et al (2015) [7] 6 13 22 23 173
Dagliati et al (2018) [10] 41 62 35 35 64
EURODIAB grade >3

Aspelund et al (2011) [3] 5 6 9 20 104
Tanaka et al (2013) [6] 5 8 12 22 97
EURODIAB grade > 4

Hippisley-Cox and Coupland (2015) [8] | 7 14 13 8 41
Basu et al, model 1 (2017) [9] 2 4 4 16 57
Basu et al, model 5 (2017) [9] 2 7 9 18 47

ESM Table 8. Performance of the models in the Diabetes Care System cohort using a ten-year horizon

Referable retinopathy

(312 cases)

Sight-threatening retinopathy

(181 cases)

Photocoagulated/ proliferative retinopathy
(118 cases)

Aspelund et al (2011) [3]

0.72(0.71, 0.74)

0.81 (0.80, 0.98)

0.88 (0.87, 0.89)

Semeraro et al (2011)[4]

0.73(0.72, 0.75)

0.80 (0.78, 0.81)

0.84 (0.83, 0.86)

Tanaka et al (2013) [6]

0.75 (0.74, 0.76)

0.80 (0.78, 0.82)

0.83 (0.81, 0.85)

Scanlon et al (2015) [7]

0.70 (0.68, 0.71)

0.75(0.73,0.77)

0.75 (0.72, 0.77)

Hippisley-Cox and Coupland
(2015) [8]

0.66 (0.65, 0.68)

0.69 (0.67, 0.71)

0.69 (0.66, 0.71)

Basu et al, model 1 (2017) [9]

0.68 (0.67, 0.70)

0.75(0.73,0.77)

0.79(0.77, 0.81)

Basu et al, model 5 (2017) [9]

0.64 (0.63, 0.66)

0.69 (0.68, 0.71)

0.74(0.72, 0.76)

Dagliati et al (2018) [10]

0.50 (0.49, 0.52)

0.50 (0.48, 1.52)

0.51 (0.48, 0.53)

Discriminative ability of the models for prediction of referable diabetic retinopathy (Eurodiab grade > 2), sight-

threatening diabetic retinopathy (Eurodiab grade > 3), and photocoagulated of proliferative diabetic retinopathy

(Eurodiab grade > 4) in the Diabetes Care System cohort. Results are presented as C-statistics (95% CI).




ESM Table 9. Performance of the models in the Diabetes Care System according to presence of

retinopathy signs at baseline

Referable retinopathy

Sight-threatening retinopathy

Photocoagulated/ proliferative

retinopathy

No DR DR No DR DR No DR DR
N 10,222 493 10,222 598 10,222 652
Cases (%) 141 (1.4%) 96 (19.5%) 58 (0.6%) 86 (14.4%) 17 (0.2%) 66 (10.1%)

Aspelund et al (2011) [3]

0.67 (0.65, 0.69)

0.60 (0.58, 0.63)

0.70 (0.69, 0.74)

0.70 (0.68, 0.73)

0.76 (0.72, 0.80)

0.72 (0.70, 0.74)

Semeraro et al (2011)[4]

0.72 (0.70, 0.74)

0.67 (0.64, 0.69)

0.74(0.71, 0.77)

0.73(0.71, 0.76)

0.85 (0.81, 0.89)

0.72 (0.69, 0.74)

Tanaka et al (2013) [6]

0.75 (0.73, 0.77)

0.66 (0.63, 0.68)

0.75(0.72, 0.78)

0.72 (0.69, 0.74)

0.86 (0.83, 0.90)

0.69 (0.67,0.72)

Scanlon et al (2015) [7]

0.74 (0.72, 0.76)

0.66 (0.63, 0.69)

0.76 (0.73, 0.79)

0.73(0.71, 0.76)

0.84 (0.79, 0.89)

0.70 (0.67, 0.73)

Hippisley-Cox and
Coupland (2015) [8]

0.65 (0.63, 0.62)

0.60 (0.56, 0.64)

0.63 (0.59, 0.67)

0.61 (0.56, 0.66)

0.65 (0.58, 0.72)

0.57 (0.51, 0.62)

Basu et al, model 1
(2017) [9]

0.68 (0.66, 0.71)

0.61 (0.59, 0.64)

0.72 (0.68, 0.75)

0.70 (0.67, 0.72)

0.80 (0.75, 0.84)

0.70 (0.68, 0.73)

Basu et al, model 5
(2017) [9]

0.69 (0.64, 0.68)

0.57 (0.54, 0.59)

0.68 (0.65, 0.71)

0.64 (0.61, 0.66)

0.74(0.69, 0.79)

0.66 (0.64, 0.69)

Dagliati et al (2018) [10]

052 (0.50, 0.55)

0.47 (0.45, 0.50)

0.51 (0.47, 0.54)

050 (0.48, 0.53)

0.54 (0.47, 0.61)

051 (0.48, 0.55)

DR=diabetic retinopathy. Discriminative ability of the models for prediction of referable diabetic retinopathy

(Eurodiab grade > 2). sight-threatening diabetic retinopathy (Eurodiab grade > 3). and photocoagulated of

proliferative diabetic retinopathy (Eurodiab grade > 4) in the Diabetes Care System cohort. Results are presented as

C-statistics and 95% confidence intervals.




Articles identified through
Pubmed and Emase: 9853

v
Articles screened for title
and abstract: 6907
[

v

v
Full text articles assessed
for eligibility: 103
|

v

Included:
Studies: 12
Numer of models: 16

-
»

l

Models eligible for external
validation in DCS: 8

v

Duplicates removed: 2946

Articles excluded: 4311

Excluded based on full text: 91
- No prediction model: 32

- Cross-sectional design: 16
- Validation study: 10

- Conference abstract: 14

- Other: 19

Exclusion of models for validation: 8

Exclusion of people with insufficient

Diabetes Care System
type 2 diabetes cohort 1997 —2017:N=13,955

|

A

follow-up on retinopathy status: N= 3,044
(due to mortality: N=740)

k4
N=10,911
|

Exclusion of people with baseline:
- Photocoaculated retinopathy: N= 37

v

People at risk for:
Photocoaculated retinopathy: N= 10,874

[

A

Further exclusion of people with baseline:
- Sight-threatening retinopathy: N= 54

L 4
People at risk for:
Sight-threatening retinopathy: N= 10,820
|

Further exclusion of people with baseline: <
- Referable diabetic retinopathy: N=105

v

People at risk for:
Referable diabetic retinopathy: N=10,715

ESM Figure 1. Flow diagram of selection of studies that described the development of a prediction model

for the risk of retinopathy based on a systematic literature search (A), and the selection of studies and

study population for external validation (B)
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HbA 1c
Sex
Diabetes duration
Systolic blood pressure
Age

Presence of retinopathy
Total cholesterol
Serum creatinine
Glucose lowering drugs
Antihypertensive drugs
Type of diabetes
Ethnicity
BMI

HDL
Albumin-creatinine ratio
History of CVD
Smoking status
Deprivation
Cholesterol/HDL ratio
Creatinine clearance
Albuminuria

Chronic renal disease

0 1 2 3 4 5 6 7 8 9
Number of models that included the predictor

ESM Figure 2. Overview of predictors included in the retinopathy models selected for external validation
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Risk of Bias I
Analysis I
Outcome [

Predictors
Participants ]
0% 20% 40% 60% 80% 100%

Low ®High ®Unclear

Concerns for applicability

Outcome

Predictors

Participants

0% 20% 40% 60% 80% 100%

ESM Figure 3. Summary of the risk of bias and concerns for applicability of the retinopathy prediction
models
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ESM Figure 4. Calibration plots after recalibration of the models predicting referable diabetic retinopathy
(EURODIAB grade > 2) (A), sight-threatening diabetic retinopathy (EURODIAB grade > 3) (B), and
photocoagulated diabetic retinopathy (EURODIAB grade > 4) (C) in the Diabetes Care System cohort.
The plots depict the observed mean risk against the predicted mean retinopathy risk within quintiles of the
predicted risk.
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