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1. The DCCT/EDIC Research Group
The members of the DCCT/EDIC Research Group at the time of this publication follow:

Study Chairpersons - D.M. Nathan, B. Zinman (vice-chair), O. Crofford (past), S. Genuth
(past)

Clinical Centers

Albert Einstein College of Medicine - ]. Brown-Friday (past), J. Crandall (past), H. Engel
(past), S. Engel (past), H. Martinez (past), M. Phillips (past), M. Reid (past), H. Shamoon
(past), J. Sheindlin (past)

Case Western Reserve University - R. Gubitosi-Klug, L. Mayer, S. Pendegast, H. Zegarra, D.
Miller, L. Singerman, S. Smith-Brewer, M. Novak, ]. Quin (past), Saul Genuth (past), M.
Palmert (past), E. Brown (past), ]. McConnell (past), P. Pugsley (past), P. Crawford
(past), W. Dahms (deceased)

Weill Cornell Medical College - D. Brillon, M.E. Lackaye, S. Kiss, R. Chan, A. Orlin, M. Rubin,
V. Reppucci (past), T. Lee (past), M. Heinemann (past), S. Chang (past), B. Levy (past), L.
Jovanovic (past), M. Richardson (past), B. Bosco (past), A. Dwoskin (past), R. Hanna
(past), S. Barron (past), R. Campbell (deceased)



Henry Ford Health System - A. Bhan, D. Kruger, ].K. Jones, P.A. Edwards, A. Bhan, ].D.
Carey, E. Angus, A. Thomas, A. Galprin (past), M. McLellan (past), F. Whitehouse

(past)

International Diabetes Center - R. Bergenstal, M. Johnson, K. Gunyou, L. Thomas, .
Laechelt, P. Hollander (past), M. Spencer (past), D. Kendall (past), R. Cuddihy (past), P.
Callahan (past), S. List (past), J. Gott (past), N. Rude (past), B. Olson (past), M. Franz
(past), G. Castle (past), R. Birk (past), ]. Nelson (past), D. Freking (past), L. Gill (past), W.
Mestrezat (past), D. Etzwiler (deceased), K. Morgan (deceased)

Joslin Diabetes Center — L.P. Aiello, E. Golden, P. Arrigg, V. Asuquo, R. Beaser, L.
Bestourous, J. Cavallerano, R. Cavicchi, O. Ganda, O. Hamdy, R. Kirby, T. Murtha, D.
Schlossman, S. Shah, G. Sharuk, P. Silva, P. Silver, M. Stockman, J. Sun, E. Weimann, H.
Wolpert, L.M. Aiello (past), A. Jacobson (past), L. Rand (past), ]. Rosenzwieg (past)

Massachusetts General Hospital - D.M. Nathan, M.E. Larkin, M. Christofi, K. Folino, J.
Godine, P. Lou, C. Stevens, E. Anderson (past), H. Bode (past), S. Brink (past), C. Cornish
(past), D. Cros (past), L. Delahanty (past), A. deManbey (past), C. Haggan (past), J.
Lynch (past), C. McKitrick (past), D. Norman (past), D. Moore (past), M. Ong (past), C.
Taylor (past), D. Zimbler (past), S. Crowell (past), S. Fritz (past), K. Hansen (past), C.
Gauthier-Kelly (past)

Mayo Foundation - F.J. Service, G. Ziegler, R. Colligan (past), L. Schmidt (past), B. French
(past), R. Woodwick (past), R. Rizza (past), W.F. Schwenk (past), M. Haymond (past), J.
Pach (past), . Mortenson (past), B. Zimmerman (deceased), A. Lucas (deceased)

Medical University of South Carolina - L. Luttrell, M. Lopes-Virella, S. Caulder, C. Pittman,
N. Patel, K. Lee, M. Nutaitis, ]. Fernandes, K. Hermayer, S. Kwon, A. Blevins, . Parker, J.
Colwell (past), D. Lee (past), ]J. Soule (past), P. Lindsey (past), M. Bracey (past), A.
Farr (past), S. Elsing (past), T. Thompson (past), J. Selby (past), T. Lyons (past), S.
Yacoub-Wasef (past), M. Szpiech (past), D. Wood (past), R. Mayfield (past)

Northwestern University - M. Molitch, D. Adelman, S. Colson, L. Jampol, A. Lyon, M. Gill, Z.
Strugula, L. Kaminski, R. Mirza, E. Simjanoski, D. Ryan, C. Johnson, A. Wallia, S.
Ajroud-Driss, P. Astelford, N. Leloudes, A. Degillio, B. Schaefer (past)

University of California, San Diego - S. Mudaliar, G. Lorenzi, M. Goldbaum, K. Jones (past),
M. Prince (past) , M. Swenson (past), I. Grant (past) , R. Reed (past), R. Lyon (past), O.
Kolterman (past), M. Giotta (past), T. Clark (past), G. Friedenberg (deceased)

University of lowa - W.I. Sivitz, B. Vittetoe, ]. Kramer, M. Bayless (past), R. Zeitler (past), H.
Schrott (past), N. Olson (past), L. Snetselaar (past), R. Hoffman (past), ]. MacIndoe
(past), T. Weingeist (past), C. Fountain (past)

University of Maryland School of Medicine - S. Mendley, S. Johnsonbaugh, M. Patronas,
M. Carney, P. Salemi (past), R. Liss (past), M. Hebdon (past), D. Counts (past), T.

2



Donner (past), . Gordon (past), R. Hemady (past), A. Kowarski (past), D. Ostrowski
(past), S. Steidl (past), B. Jones (past)

University of Michigan - W.H. Herman, C.L. Martin, R. Pop-Busui, D.A. Greene (past), M.].
Stevens (past), N. Burkhart (past), T. Sandford (past), ]. Floyd (deceased)

University of Minnesota - ]. Bantle, N. Wimmergren, ]. Terry, D. Koozekanani, S.
Montezuma, B. Rogness (past), M. Mech (past), T. Strand (past), J. Olson (past), L.
McKenzie (past), C. Kwong (past), F. Goetz (past), R. Warhol (past)

University of Missouri - D. Hainsworth, D. Goldstein, S. Hitt, J. Giangiacomo (deceased)

University of New Mexico - D.S. Schade, ].L. Canady, M.R. Burge, A. Das, R.B. Avery, L.H.
Ketai, J.E. Chapin, M.L Schluter (past) J. Rich (past), C. Johannes (past), D. Hornbeck

(past)

University of Pennsylvania — M. Schutta, P.A. Bourne, A. Brucker, S. Braunstein (past), S.
Schwartz (past), B.]. Maschak-Carey (past), L. Baker (deceased)

University of Pittsburgh — T. Orchard, L. Cimino, T. Songer, B. Doft, S. Olson, D. Becker, D.
Rubinstein, R.L. Bergren, J. Fruit, R. Hyre, C. Palmer, N. Silvers (past), L. Lobes (past), P.
Paczan Rath (past), P.W. Conrad (past), S. Yalamanchi (past), ].Wesche (past), M.
Bratkowksi (past), S. Arslanian (past), J. Rinkoff (past), ]. Warnicki (past), D. Curtin
(past), D. Steinberg (past), G. Vagstad (past), R. Harris (past), L. Steranchak (past), J.
Arch (past), K. Kelly (past), P. Ostrosaka (past), M. Guiliani (past), M. Good (past), T.
Williams (past), K. Olsen (past), A. Campbell (past), C. Shipe (past), R. Conwit (past), D.
Finegold (past), and M. Zaucha (past), A.Drash (deceased)

University of South Florida - A. Morrison, ].I. Malone, M.L. Bernal, P.R. Pavan, N.
Grove, E.A. Tanaka (past), D. McMillan (past), ]. Vaccaro-Kish (past), L. Babbione
(past), H. Solc (past), T.]. DeClue (past)

University of Tennessee - S. Dagogo-Jack, C. Wigley, H. Ricks, A. Kitabchi, E. Chaum,
M.B. Murphy (past), S. Moser (past), D. Meyer (past), A. lannacone (past), S. Yoser
(past), M. Bryer-Ash (past), S. Schussler (past), H. Lambeth (past)

University of Texas Southwestern Medical Center at Dallas - P. Raskin, S. Strowig, M. Basco
(past), S. Cercone (deceased)

University of Toronto - B. Zinman, A. Barnie, R. Devenyi, M. Mandelcorn, M. Brent, S.
Rogers, A. Gordon, N. Bakshi, B. Perkins, L. Tuason, F. Perdikaris, R. Ehrlich (past), D.
Daneman (past), K. Perlman (past), S. Ferguson (past)

University of Washington - ]. Palmer, R. Fahlstrom, [.H.de Boer, J. Kinyoun, L. Van
Ottingham, S. Catton (past), J. Ginsberg (past)



University of Western Ontario - C. McDonald, J. Harth, M. Driscoll, T. Sheidow, J. Mahon
(past), C. Canny (past), D. Nicolle (past), P. Colby (past), ]. Dupre (past), I. Hramiak
(past), N.W. Rodger (past), M. Jenner (past), T. Smith (past), W. Brown (past)

Vanderbilt University - M. May, |. Lipps Hagan, A. Agarwal, T. Adkins, R. Lorenz (past), S.
Feman (past), L. Survant (deceased)

Washington University, St. Louis — N.H. White, L. Levandoski, G. Grand, M. Thomas, D.
Joseph, K. Blinder, G. Shah, D. Burgess (past), I. Boniuk (deceased), ]. Santiago
(deceased)

Yale University School of Medicine - W. Tamborlane, P. Gatcomb, K. Stoessel, P. Ramos, K.
Fong, P. Ossorio, ]. Ahern (past)

Clinical Coordinating Center

Case Western Reserve University - R. Gubitosi-Klug, C. Beck, S. Genuth (past), ]. Quin
(past), P. Gaston (past), M. Palmert (past), R. Trail (past), W. Dahms (deceased)

Data Coordinating Center

George Washington University, The Biostatistics Center - ]. Lachin, ]. Backlund, I. Bebu, B.
Braffett, L. Diminick, X. Gao, W. Hsu, K. Klumpp, P. Cleary (past), P. McGee (past), W.
Sun (past), S. Villavicencio (past), K. Anderson (past), L. Dews (past), Naji Younes
(past), B. Rutledge (past), K. Chan (past), D. Rosenberg (past), B. Petty (past), A.
Determan (past), D. Kenny (past), C. Williams (deceased)

National Institute of Diabetes and Digestive and Kidney Disease

National Institute of Diabetes and Digestive and Kidney Disease Program Office - C. Cowie,
C. Siebert (past)

Central Units

Central Biochemistry Laboratory (University of Minnesota) - M. Steffes, V. Arends, ]. Bucksa
(past), M. Nowicki (past), B. Chavers (past)

Central Carotid Ultrasound Unit (New England Medical Center) - D. O’Leary, ]. Polak, A.
Harrington, L. Funk (past)

Central ECG Reading Unit (University of Minnesota) — R. Crow (past), B. Gloeb (past), S.
Thomas (past), C. O'Donnell (past)

Central ECG Reading Unit (Wake Forest School of Medicine) - E.Z. Soliman, Z.M. Zhang, Y. Li,
C. Campbell, L. Keasler, S. Hensley, ]. Hu, M. Barr, T. Taylor, R. Prineas (past)

Central Neurologic Reading Center (University of Michigan, Mayo Clinic, Southern
Illinois University) - E.L. Feldman (past), ].W. Albers (past), P. Low (past), C.



Sommer (past), K. Nickander (past), T. Speigelberg (past), M. Pfiefer (past), M.
Schumer (past), M. Moran (past), ]. Farquhar (past)

Central Neuropsychological Coding Unit (University of Pittsburgh) - C. Ryan (past), D.
Sandstrom (past), T. Williams (past), M. Geckle (past), E. Cupelli (past), F. Thoma
(past), B. Burzuk (past), T. Woodfill (past)

Central Ophthalmologic Reading Center (University of Wisconsin) — R. Danis, B. Blodj, D.
Lawrence, H. Wabers, S. Gangaputra (past), S. Neill (past), M. Burger (past), J.
Dingledine (past), V. Gama (past), R. Sussman (past), M. Davis (past), L. Hubbard

(past)
Computed Tomography Reading Center (Harbor UCLA Research and Education

Institute) - M. Budoff, S. Darabian, P. Rezaeian, N. Wong (past), M. Fox (past), R.
Oudiz (past), L. Kim (past), R. Detrano (past)

Audiometry Reading Center (EpiSense, University of Wisconsin) — K. Cruickshanks, D.
Dalton, K. Bainbridge (National Institute on Deafness and Other Communication
Disorders)

Cardiac MR Reading Center (Johns Hopkins University, National Heart Lung and
Blood Institute) - J. Lima, D. Bluemke, E. Turkbey, R. ]. van der Geest (past), C.
Liu (past), A. Malayeri (past), A. Jain (past), C. Miao (past), H. Chahal (past), R.
Jarboe (past)

Editor, EDIC Publications - D.M. Nathan
Collaborators

Advanced Glycation End Products (Case Western Reserve University) - V. Monnier, D. Sell,
C. Strauch

Biomarkers (Cleveland Clinic) - S. Hazen, A. Pratt, W. Tang
Central Obesity Study (University of Washington) - ]. Brunzell, J. Purnell

Epigenetics (Beckman Research Institute of City of Hope Medical Center) - R. Natarajan, F.
Miao, L. Zhang, Z. Chen

Genetic Studies (Hospital for Sick Children) - A. Paterson, A. Boright, S. Bull, L. Sun, S.
Scherer (past)

Molecular Risk Factors Program Project (Medical University of South Carolina) - M.
Lopes-Virella, T.J. Lyons, A. Jenkins, R. Klein, G. Virella, A. Jaffa, R. Carter, ]. Stoner,
W.T. Garvey (past), D. Lackland (past), M. Brabham (past), D. McGee (past), D.
Zheng (past), R. K. Mayfield (past)

SCOUT (Veralight) - ]. Maynard (past)



UroEDIC (University of Washington, University of Michigan) - H. Wessells, A. Sarma, A.
Jacobson, R. Dunn, S. Holt, J. Hotaling, C. Kim, Q. Clemens, ]. Brown (past), K. McVary

(past)

2. Schedule of Retinal Examinations

During EDIC, each participant had a retinal examination every 4th year, based on
the year of enrollment into the DCCT. For example, a patient randomized in 1987 had
subsequent retinal examinations in EDIC (starting in 1994) during 1995 (8th anniversary),
1999 (12th anniversary) etc. In addition, the exam was performed in the entire cohort in
1997 (EDIC year 4) and 2003 (EDIC year 10).

3. Description of Models

Supplemental Table S1 shows the number of transitions from one visit (given by
the row state) to the next one (given by the column state). State 1 is no retinopathy and
no CSME and 5 is PDR or CSME. For example, there were 4898 visits where the
participant had no retinopathy and no CSME (state 1) and remained in state 1 at the next
visit, and 1823 cases where a participant in state 1 developed Mild NPDR (moved to state
2) at the next visit. There were 56 cases where a participant in state 3 progressed to state
4 at the next visit (374 row and 4th column entry). Similarly, there were 36 cases where a
participant in state 4 (SNPDR and no CSME) developed either PDR or CSME by the next
visit.

Table S2 presents the model-estimated conditional probability of the next
transition, if and when a subject does move from the current state at an examination. By
definition, a subject in state 1 (no retinopathy) has probability 1 that the retinopathy
status will worsen to state 2 if and when a transition from state 1 occurs. A subject in
state 2 who does transition then has a probability of 0.599 of improving back to state 1 or
0.401 of worsening to state 3. At state 3, if the subject does transition there is a 59%
chance of improving, 19% chance of moving to state 4 and 22% chance of reaching
PDR/CSME. A subject with SNPDR but no CSME is more likely to improve (71% chance)
than developing either PDR or CSME (29%).

Note that the model only attempts to estimate the probability of the 8 transitions
for which there are adequate numbers of observed transitions in Table S1. These are 1 to
2,2tolor3,3to2,40or5and4to3orbH.

On average subjects remained in state 1 for 1.87 years before transitioning to a
higher state (the sojourn time). Subjects remained in state 2 for 4.07 years, in state 3 for
1.63 years and state 4 for only 0.39 years. These times are per occasion within a state, not
the total time in that state. For example, the average time a patient stayed in the mild
state (2) was 4.07 years before transitioning to a different state, and a given subject could
have spent time in state 2 multiple times (i.e. after multiple “moves”). For state 4, the
mean sojourn time is only 0.39 years, in large part because patients at that level soon

6



receive pan-retinal laser therapy that transitions the subject to the absorbing state 5
(PDR or laser or CSME).

From these estimates, the model then provides an estimate of the probability of
the set of 20 possible transitions over a given time period, such as a 3 year period (Table
S3). For example, starting with no DR and no CSME, there is 31% chance the subject will
be in state 1 after 3 years, 60% chance in state 2, 7% chance in state 3, 0.3% in state 4
and 1.6% in state 5. Confidence intervals can also be computed.

Such a table of transition probabilities can then be computed for any time period
of interest. For illustration, Table S3 shows the probabilities of the 20 possible transitions
over a 1 and over a 2 year period. From a set of such tables, for example at each year, a
table with the specific transition probabilities of interest can be obtained. For example,
Table 1 of the manuscript presents the probabilities of transition from lesser states to the
most severe state (PDR/CSME) that in turn can guide decisions on the frequency of future
examinations. Those probabilities at years 1, 2 and 3 in Table 1 come directly from the
last column of the transitions probability table at years 1, 2 and 3 in Table S3.

We can also incorporate covariate effects in the model. Table 2 in the manuscript
shows the hazard ratio for each transition per unit increase in HbAlc %. Table S4 herein
presents the effect of other important covariates on these transitions with no adjustment
for other factors. Increasing current age was associated with a reduced risk of transition
among the lesser states (1-3) but with no significant effect on the probabilities of
transition to PDR/CSME. Increasing current BMI was associated with decreased risk of
both progression and regression from states 2 and 3 and with decreased risk of
progressing from 4 to 5. However, these effects are confounded by mean HbA1c values,
and all associations disappeared after adjustment except for transitions from 2 to 1 and 3
to 2. Increasing current duration of diabetes was associated with a decreased probability
of transitioning from 1 to 2, 2 to 1 and 3, 3 to 5 and 2. However, these associations are
confounded by age. After adjustment, only transitions from 3to 5,2 to 1 and 3 to 2
remained significant, while higher duration became positively correlated with transitions
from mild to moderate NPDR. Current hypertension was associated with some transitions
among the lesser states but not transitions to PDR/CSME. Some of these hypertension
hazard ratios were very large owing to the sparseness of transitions among those with
hypertension. Current hyperlipidemia was also associated with transitions among the
lesser states but not to PDR/CSME.

Table S5 then presents covariate effects on these transitions from a multivariate
model in which mean HbA1c, current age and current duration had significant effects,
with the other covariates having no to minimal effect. The strong effect of glycemia is
confirmed in the multivariate model, where higher HbA1c values are positively
associated with higher risk of all progressions except from state 3 to state 5, and with
lower chance of regression from state 2 to 1 and 3 to 2. Older age is associated with lower
rates of progression from state 1 to 2 and 2 to 3 and regression from 2 to 1 and 3 to 2.
Longer duration of diabetes is correlated with higher risk of progression from state 2 to 3
and 3 to 4, and with lower improvement from 2 to 1 and 3 to 2.



4. Cost-Benefit Analyses

A detailed description of the statistical methods employed in the cost-benefit
analysis is provided in a separate manuscript published in Biostatistics that is available
at:

https://doi.org/10.1093 /biostatistics /kxx009
The supplemental appendix for this Biostatistics paper also includes the R code used to
conduct the cost-effectiveness computations in that paper.

A technical report on which the Biostatistics paper is based, and the R code, are
also available at

http://www.bsc.gwu.edu/bsc/webpage.php?no=6&rnd=288
A brief description follows.

For the 4, 3, 1, 1 year and other schedules we consider the properties over a
period of 20 years into the future. Consider the progression from no-retinopathy (state
1) to PDR/CSME (state 5) using the (4, 3, 1, 1) year schedule. Since the participant is in
state 1 at the initial (current) visit (visit 1), the next examination (visit 2) is scheduled
after 4 years. At visit 2, the participant can be in any one of the 5 states. If the participant
is in state 1 (or state 2) at that time, then visit number 3 is scheduled after an additional 4
(or 3) years, for a total of 8 (or 7) years since the first visit. However, if the participant is
either in state 3 or 4 at the second visit, then the next examination is scheduled after 1
year, for a total of 5 years since the first visit. The procedure continues in the same
fashion until either the subject reaches PDR/CSME, or the time since the first visit
exceeds the 20 year time horizon.

For a given schedule, the Undetected Time (Tuy), refers to the elapsed time from
the actual onset of progression to PDR/CSME (assumed to occur in continuous time, i.e.
on a specific day) and the next examination. The less frequent the visits the longer the
progression to PDR/CSME would go undetected.

Given that a subject reached PDR/CSME, Bayes’ formula shows there is a 5.7%
chance the previous state was no-retinopathy, 7.2% chance mild NPDR, 23.8% moderate
NPDR and 63.3% severe NPDR. The cumulative incidence function of PDR/CSME is not
linear (Figure 1) so that the average time to the PDR/CSME event is not in the middle of
the interval between consecutive examinations. Taking this into account yields an
average undetected time of 1.24 years if PDR/CSME event occurred after a no-
retinopathy visit, 1.15 years after a mild NPDR visit, 0.53 years after a moderate NPDR
and 0.64 years after a severe NPDR visit. This leads to an overall average of undetected
time of 0.69 (=0.057*1.24+0.072*1.15+0.238*0.53+0.633*0.64) years,

The Number of Prior Visits (Nv) refers to the number of visits (exams) prior to
the detection of progression to PDR/CSME at an exam. The more frequent the visits, the
greater the number of negative prior visits before progression is detected. Over a 20-year
follow-up, approximately 31% of the subjects starting in state 1 will reach PDR/CSME
(Figure 1). The expected number of visits for a given screening frequency is obtained
using a Monte Carlo approach. Further details are provided in the technical report.


https://doi.org/10.1093/biostatistics/kxx009
http://www.bsc.gwu.edu/bsc/webpage.php?no=6&rnd=288

Let N denote the size of the population of type 1 diabetes (N=109), ¢, denote the
cost of a visit, and let ir; be the proportion of population in state i (i=1,2,3,4). Let n; denote
the number of visits before reaching the PDR/CSME state or exceeding the time horizon L
(L=20) when starting from state i under the screening schedule j, where i=1,2,3,4 and
Jj=1,2 corresponding to annual screening (j=1) and to the (4, 3, 0.5, 0.25) screening (j=2).
Then the average cost of the visits under screening schedule j is given by

Ci=c, N-(1—ms) T m; - nyj,
so that the difference in cost between the two screening schedules is
AC=c¢,"N-(1—ms) 'Z?:lﬂi " (i1 —Ny2) -
The expected number of visits separately by schedule and starting state is provided
below.

Schedule State 1 State 2 State 3 State 4
(1,1,1,1) 18.3808 17.8150 13.6478 10.3944
(4,3,0.5,0.25) 7.6558 7.9444 9.8120 8.8383

Assume 10% of the type 1 diabetes population has already reached the PDR/CSME state,
and of the remaining 90%, 25% are in the no retinopathy state, 25% in MiNPDR, 30% in
MoNPDR, and 20% in SNPDR. The average cost per subject with a time horizon of L=20
years is $2739.991under the (1,1,1,1) schedule, and $1550.036 under the (4,3,0.5,0.25)
schedule, for a 43.4% reduction in costs. Notice that the % reduction does not depend on
the cost of a visit ¢,. Considering the US T1D population is ~ 1 million, the annual
screening schedule requires approximately $2.46B over 20 years, while the (4,3,0.5,0.25)
schedule requires $1.39B, for a saving of $1.07B.

5. An Online Application

A Shiny application within R was developed to implement the methods described herein
and to facilitate the application of our findings in clinical practice. It can be accessed at
https://extapps.bsc.gwu.edu/shinypub/edic/retinopathy/.

Briefly, given patient level data, the goals are to:

1. describe the cumulative incidence of PDR/CSME based on a patient’s current
retinopathy status and historical mean HbA1c level; and

2. determine the time to the next examination such that the risk of reaching
PDR/CSME before that time is below a specified value.

The interface (called dashboard) contains two panels.

The left panel is used to capture the input data, namely the patient’s current
retinopathy status and mean HbA1c (HbAIc), and the cut-off value for the risk of
developing PDR/CSME before the next visit (Acceptable Probability). Once these input
values are selected, the estimated cumulative incidence of reaching PDR/CSME for that
patient is reported in the right panel.
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6. Model Fit Assessment

The proposed screening schedules are obtained using the distribution of the length of
time until reaching the PDR/CSME condition which requires an intervention. These
cumulative incidence functions are obtained by fitting a Markov model to the transitions
among the retinopathy states. Therefore checking the Markov model assumptions and the
model fit is important, and two approaches were investigated. The first approach
compared the non-parametric (model-free) estimates and the Markov model estimates of
the time to reaching the (absorbing) PDR/CSME state, while the second approach
considered whether a more general semi-Markov model provides a better fit than the
Markov model assuming exponentially distributed transition times.

It is important to note that in our application, subjects can move up and down among
the states (i.e. progress and regress), and that the retinopathy state for a patient is only
known at the time of a visit (i.e., panel data). In other words, the exact time when a
patient transitions from one retinopathy state to another is unknown, and more
important, not all transitions may have actually been observed.

For example, suppose a patient is in the no retinopathy state 1 at the first visit, and,
one year later, at the second visit, the patient is in the mild NPDR state 2. It follows that
the transition occurred within the first year, so that the sojourn time (i.e., the length of
time spent in one state before moving to a different state) for the no retinopathy state is
interval censored (all we know is that it is between 0 and 1 years). Now further assume
the same subject is in the moderate NPDR state 3 at the third visit, after an additional 3
years, i.e. at 4 years. The question is what is a reasonable estimate for the sojourn time
for the mild retinopathy state using this information? It seems that the upper bound is 4
years, and the lower bound is 1 year. However, it is not that simple. Consider the case
when the subject was in the mild NPDR state at visit 3, the same as the state at visit 2. It
might have happened that the patient remained in state 2 between visits 2 and 3, or that
the patient moved from state 2 to state 3 (or state 1) and then back to state 2. Thus, it is
not feasible to model sojourn times per-se.

Therefore, it is not possible to estimate non-parametrically the distribution of the
transition times among transient states. However, estimation of the time to reaching the
absorbing state (PDR/CSME) is feasible. To assess the Markov model fit, we compared the
non-parametric estimates of the time to PDR/CSME to the cumulative incidence functions
obtained using the Markov model fit.

More specifically, we considered the subjects who started in the no retinopathy state
at baseline, and estimated the time to reaching the PDR/CSME absorbing state. Since time
from no retinopathy to PDR/CSME is a mixture of exponentially distributed transition
times, it does not have a simple exponential distribution. However, this time (no
retinopathy to PDR/CSME) will be interval-censored for a subject who reached the
absorbing state during the follow-up and right-censored for a subject who did not.
Therefore the Turnbull non-parametric MLE of the cumulative incidence function for
interval censored data can be constructed for the time to reaching the absorbing state
when starting from the no retinopathy state.

The same approach can be used to calculate the Turnbull NPMLE for the time from
Mild retinopathy at baseline to PDR/CSME.

An important remark is in order. As explained in the Methods section, DCCT enrolled
subjects in two cohorts: the primary prevention cohort and the secondary intervention
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cohort. Inclusion criteria included no retinopathy for patients in the primary prevention
cohort and very mild to moderate NPDR in the secondary intervention cohort. Therefore,
at least initially, the estimated cumulative incidence in the combined DCCT cohort may
underestimate the incidence of PDR/CSME, and potentially more so in the primary
prevention cohort. Moreover, since one of the inclusion criteria for the primary
prevention cohort was no retinopathy at baseline, the results are presented separately by
cohort (primary vs. secondary).

The figure below depicts the Turnbull estimates (black solid line) and 95% pointwise
confidence intervals (grey solid lines) and the model based survival curves (dashed lines)
for time from no retinopathy to PDR/CSME in the primary prevention cohort (left panel)

and for the time from Mild retinopathy to PDR/CSME in the secondary intervention
cohort (right panel).
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There is good agreement between the model estimates and the Turnbull estimates,
and if anything, the model based predictions yield conservative guidelines.

We then investigated whether a semi-Markov model would provide a better fit. Semi-
Markov models allow the transition time to depend on the time since entry in the current
state. With the exception of some simpler models, such as progressive models when a
subject can only move to a more severe state, the computation of the likelihood becomes
very difficult. This applies to our case since subjects are allowed to transition to both
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more and less severe retinopathy states, and we deal with a relatively large number of
states (K=5).

In this situation it is more feasible to consider phase-type distributions for the sojourn
times. Briefly, each state is assumed to be governed by several latent progressive states
(i.e., no returns are allowed among the latent states). This approach can be modeled using
a hidden Markov model, please see Titman and Sharples (Biometrics, 2010, 66(3), 742-
752) for details.

We investigated this approach for our data. We were only able to fit a model with a
phase-type distribution with two latent states for the sojourn time distribution for the no
retinopathy state. The other models did not converge, which might suggest there was not
enough information to support the semi-Markov assumption.

The Markov model and the semi-Markov model provided virtually identical results.
The Akaike information criterion was 30119.94 (with 8 df) for the Markov model and
30118 (with 10 df) for the semi-Markov model. The cumulative incidence functions for
the time to the PDR/CSME state when starting from the no retinopathy state for the two
models are presented below (the cumulative incidence functions when starting from the
other states are the same in the two models), and they are virtually identical.

Time Markov Model Semi-Markov Model
(years)
Phase 1 Phase 2
1 0.00096 0.00086 0.00096
(0.00084,0.00109) (0.00073,0.00112) (0.00085,0.00110)
2 0.00594 0.00568 0.00599
(0.00531,0.00667) (0.00505,0.00678) (0.00538,0.00674)
3 0.01556 0.01517 0.01566
(0.01416,0.01724) (0.01364,0.01743) (0.01417,0.01745)
4 0.02892 0.02844 0.02907
(0.02635,0.03189) (0.02579,0.03187) (0.02642,0.03219)
5 0.04486 0.04434 0.04506
(0.04089,0.04923) (0.04048,0.04894) (0.04112,0.04933)

To summarize, the proposed screening schedules are based on estimates of the
cumulative incidence functions for the time to reaching the PDR/CSME retinopathy state,
which requires intervention. These incidence functions were obtained by fitting a Markov
model to the observed transitions over time among the retinopathy states (panel data).
The model-based cumulative incidence functions were found to adequately reflect the
observed data by directly comparing them to their non-parametric estimates. Moreover,
the Markov model assumption proved robust with respect to an alternative, more general,
semi-Markov model.
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7.  Supplemental Tables and Figures

Table S1. Observed number of transitions of the retinopathy status from one visit to the
next visit*.

From \To None MiNPDR | MoNPDR | SNPDR | PDR/CSME
1 No DR 4898 1823 9 1 3

2 Mild NPDR 1216 11510 854 17 227

3 Mod. NPDR 3 505 1076 56 238

4 Severe NPDR 0 4 33 11 36

*There were 23961 retinopathy assessment visits in the 1441 patients over the
period 1983 - 2011. No further transitions were possible for the 504 subjects who
reached PDR/CSME.

Table S2. Model estimated probability of the next transition if and when a subject
transitions from the current state at an examination, and the estimated sojourn time
while in each state (other than the final absorbing state PDR/CSME).

From \ To None | MiNPDR | MoNPDR | SNPDR | PDR/CSME
1No DR - 1.0 - - -

2 Mild NPDR 0.599 - 0.401 - -

3 Mod. NPDR - 0.589 - 0.188 0.223

4 Severe NPDR - - 0.710 - 0.290

5 PDR/CSME NA NA NA NA 0
Sojourn Time 1.867 4.066 1.629 0.389 -
(years)




Table S3. Model-estimated transition probabilities over a 1, 2 or 3 year period.

' Ylf:(:'m \ To: None MiNPDR MoNPDR SNPDR PDR/CSME
1 No DR 0.611 0.371 0.017 0.0004 0.001
2 Mild NPDR 0.102 0.823 0.067 0.002 0.006
3 Mod. NPDR 0.017 0.246 0.586 0.029 0.123
4 Severe NPDR 0.007 0.122 0.453 0.094 0.325
5 PDR/CSME NA NA NA NA 1
2 Years
From \ To: None MiNPDR MoNPDR SNPDR PDR/CSME
1 No DR 0.411 0.536 0.045 0.002 0.006
2 Mild NPDR 0.147 0.732 0.097 0.004 0.020
3 Mod. NPDR 0.046 0.357 0.373 0.020 0.205
4 Severe NPDR 0.025 0.225 0.316 0.022 0.412
5 PDR/CSME NA NA NA NA 1
3 Years
From \ To: None MiNPDR MoNPDR SNPDR PDR/CSME
1 No DR 0.307 0.605 0.070 0.003 0.016
2 Mild NPDR 0.166 0.681 0.110 0.005 0.037
3 Mod. NPDR 0.071 0.405 0.252 0.013 0.259
4 Severe NPDR | 0.044 0.275 0.211 0.012 0.459
5 PDR/CSME NA NA NA NA 1




Table S4. Unadjusted univariate models to assess each covariate effect individually on the risk
of transitions. Time-dependent covariates included current smoking, hypertension and
hyperlipidemia status (yes versus no), and current age, diabetes duration and BMI.

Current HbAlc

HR L U
State 1 - State 2 1.1145 1.0841 1.1458
State 2 - State 3 1.3020 1.2538 1.3522
State 3 - State 4 1.3536 1.1137 1.6451
State 3 - State 5 1.1724 1.0142 1.3553
State 4 - State 5 1.3276 0.9362 1.8825
State 2 - State 1 0.9569 0.9167 0.9989
State 3 - State 2 0.8837 0.8267 0.9447
State 4 - State 3 0.8444 0.6670 1.0690

Treatment Group (Conventional versus Intensive)

HR L U
State 1 - State 2 1.1909 1.0779 1.3158
State 2 - State 3 1.7203 1.4925 1.9829
State 3 - State 4 1.5987 0.5165 4.9480
State 3 - State 5 0.7381 0.5515 0.9880
State 4 - State 5 1.4543 0.2664 7.9369
State 2 - State 1 0.8196 0.7209 0.9319
State 3 - State 2 0.8550 0.6999 1.0445
State 4 - State 3 0.6599 0.1546 2.8162
Current Age (years)

HR L U
State 1 - State 2 0.9716 0.9665 0.9767
State 2 - State 3 0.9651 0.9583 0.9719
State 3 - State 4 0.9852 0.9338 1.0394
State 3 - State 5 1.0015 0.9854 1.0179
State 4 - State 5 1.0294 0.9388 1.1289
State 2 - State 1 0.9377 0.9312 0.9443
State 3 - State 2 0.9296 0.9189 0.9405
State 4 - State 3 1.0785 1.0105 1.1511




Gender (Male versus Female)

HR L U
State 1 - State 2 0.9793 0.8860 1.0825
State 2 - State 3 1.0433 0.9053 1.2022
State 3 - State 4 0.6670 0.3312 1.3430
State 3 - State 5 0.8034 0.6048 1.0671
State 4 - State 5 1.0226 0.3745 2.7923
State 2 - State 1 0.8678 0.7642 0.9854
State 3 - State 2 0.5995 0.4911 0.7319
State 4 - State 3 0.6576 0.2850 1.5173
Current Smoking (yes versus no)

HR L U
State 1 - State 2 1.0791 0.9266 1.2566
State 2 - State 3 1.0912 0.9165 1.2993
State 3 - State 4 1.0385 0.4313 2.5004
State 3 - State 5 1.1066 0.8453 1.4486
State 4 - State 5 0.7039 0.2224 2.2276
State 2 - State 1 0.8498 0.6795 1.0627
State 3 - State 2 0.8122 0.5919 1.1144
State 4 - State 3 0.5642 0.1856 1.7152
Current BMI (kg/m?)

HR L U
State 1 - State 2 1.0028 0.9883 1.0174
State 2 - State 3 0.9693 0.9537 0.9851
State 3 - State 4 0.8523 0.7788 0.9326
State 3 - State 5 1.0103 0.9707 1.0514
State 4 - State 5 0.8589 0.7583 0.9728
State 2 - State 1 0.9065 0.8890 0.9244
State 3 - State 2 0.8940 0.8706 0.9180
State 4 - State 3 0.9304 0.8483 1.0203
Duration of diabetes at baseline (per 1 month)

HR L U
State 1 - State 2 1.0074 1.0055 1.0094
State 2 - State 3 1.0099 1.0086 1.0113
State 3 - State 4 1.0033 0.9960 1.0106
State 3 - State 5 0.9982 0.9955 1.0009
State 4 - State 5 1.0030 0.9927 1.0134
State 2 - State 1 0.9864 0.9844 0.9885
State 3 - State 2 1.0101 1.0082 1.0120
State 4 - State 3 1.0035 0.9947 1.0124




Current duration of diabetes (per 1 year)

HR L U
State 1 - State 2 0.9628 0.9544 0.9714
State 2 - State 3 0.9791 0.9692 0.9891
State 3 - State 4 0.9619 0.8897 1.0400
State 3 - State 5 0.9599 0.9364 0.9840
State 4 - State 5 0.9386 0.8164 1.0791
State 2 - State 1 0.7760 0.7645 0.7876
State 3 - State 2 0.8774 0.8603 0.8948
State 4 - State 3 1.0521 0.9271 1.1939

Current Hypertension (=140/90 mmHg or medication use) versus not

HR L )
State 1 - State 2 0.4884 0.3813 0.6256
State 2 - State 3 0.7540 0.6238 0.9114
State 3 - State 4 1.4769 0.0001 17424.48
State 3 - State 5 0.9236 0.3101 2.7507
State 4 - State 5 0.7343 0.0111 48.6097
State 2 - State 1 0.2798 0.2176 0.3598
State 3 - State 2 0.4110 0.3211 0.5262
State 4 - State 3 2.0245 0 119849.6

Current Hyperlipidemia (=130 mg/dL or medication) versus not

HR L U
State 1 - State 2 0.7834 0.6799 0.9027
State 2 - State 3 0.9826 0.8420 1.1466
State 3 - State 4 0.6776 0.2755 1.6669
State 3 - State 5 1.1539 0.8707 1.5292
State 4 - State 5 1.0752 0.2901 3.9851
State 2 - State 1 0.6009 0.5053 0.7145
State 3 - State 2 0.5733 0.4533 0.7249
State 4 - State 3 1.1839 0.4233 3.3109




Table S5. Cumulative incidence of PDR/CSME (PDR) as a function of the initial (current)
level of retinopathy: none, mild NPDR (MINPDR), moderate NPDR (MONPDR) and severe
NPDR (SNPDR) in the overall cohort and then stratified by other covariates.

Overall (as in Table 1 of the manuscript)

MINPDR to MONPDR to
Time (years) None to PDR PDR PDR SNPDR to PDR
0.0833 0 0 0.0114 0.0566
0.1667 0 0.0002 0.0228 0.1039
0.25 0 0.0004 0.0340 0.1436
0.50 0.0001 0.0016 0.0661 0.2302
0.75 0.0004 0.0035 0.0957 0.2862
1 0.0010 0.0059 0.1225 0.3251
2 0.0059 0.0197 0.2049 0.4119
3 0.0156 0.0374 0.2592 0.4591
4 0.0289 0.0566 0.2969 0.4903
5 0.0448 0.0764 0.3248 0.5127
Mean HbA1c
MINPDR to MONPDR to SNPDR to
HbA1lc Time (years) | None to PDR PDR PDR PDR
0.0833 0 0 0.0083 0.0122
0.1667 0 0.0001 0.0162 0.0230
0.25 0 0.0001 0.0235 0.0327
0.50 0 0.0005 0.0432 0.0569
6% 0.75 0.0001 0.0011 0.0595 0.0762
1 0.0002 0.0019 0.0733 0.0920
2 0.0014 0.0057 0.1097 0.1333
3 0.0037 0.0102 0.1290 0.1547
4 0.0067 0.0148 0.1403 0.1669
5 0.0102 0.0194 0.1477 0.1748
0.0833 0 0 0.0102 0.0307
0.1667 0 0.0002 0.0202 0.0564
0.25 0 0.0003 0.0298 0.0782
0.50 0.0001 0.0013 0.0567 0.1274
8% 0.75 0.0004 0.0028 0.0807 0.1618
1 0.0008 0.0047 0.1022 0.1882
2 0.0048 0.0155 0.1670 0.2580
3 0.0123 0.0291 0.2094 0.3008
4 0.0227 0.0439 0.2390 0.3298
5 0.0351 0.0591 0.2611 0.3509




0.0833 0 0.0001 0.0129 0.0784
0.1667 0 0.0004 0.0263 0.1429
0.25 0 0.0009 0.0401 0.1962
0.50 0.0004 0.0034 0.0815 0.3094
10% 0.75 0.0012 0.0075 0.1216 0.3798
1 0.0027 0.0131 0.1590 0.4274
2 0.0168 0.0454 0.2800 0.5335
3 0.0434 0.0872 0.3652 0.5946
4 0.0791 0.1328 0.4279 0.6378
5 0.1202 0.1792 0.4766 0.6705
Current HbA1c
Current MINPDR to MONPDR to SNPDR to
HbA1c Time (years) | None to PDR PDR PDR PDR
0.0833 0 0 0.0071 0.0252
0.1667 0 0.0001 0.0140 0.0459
0.25 0 0.0001 0.0206 0.0633
0.50 0 0.0005 0.0389 0.1014
6% 0.75 0.0001 0.0011 0.0550 0.1269
1 0.0002 0.0018 0.0693 0.1459
2 0.0015 0.0060 0.1113 0.1936
3 0.0040 0.0111 0.1375 0.2212
4 0.0075 0.0168 0.1545 0.2388
5 0.0117 0.0226 0.1665 0.2508
0.0833 0 0 0.0099 0.0448
0.1667 0 0.0001 0.0196 0.0822
0.25 0 0.0003 0.0291 0.1139
0.50 0.0001 0.0012 0.0563 0.1835
8% 0.75 0.0003 0.0026 0.0812 0.2294
1 0.0007 0.0045 0.1037 0.2621
2 0.0045 0.0151 0.1736 0.3385
3 0.0118 0.0288 0.2204 0.3821
4 0.0220 0.0438 0.2532 0.4116
5 0.0344 0.0594 0.2778 0.4330




0.0833 0 0.0001 0.0139 0.0787
0.1667 0 0.0003 0.0280 0.1443
0.25 0 0.0008 0.0423 0.1991
0.50 0.0003 0.0030 0.0846 0.3177
10% 0.75 0.0010 0.0067 0.1247 0.3926
1 0.0022 0.0115 0.1618 0.4432
2 0.0135 0.0392 0.2792 0.5509
3 0.0350 0.0746 0.3591 0.6081
4 0.0641 0.1130 0.4159 0.6467
5 0.0979 0.1521 0.459 0.6749
DCCT Treatment Group
MINPDR to MONPDR to SNPDR to
Group Time (years) | None to PDR PDR PDR PDR
0.0833 0 0.0001 0.0081 0.0920
0.1667 0 0.0003 0.0174 0.1682
0.25 0 0.0007 0.0274 0.2316
0.5 0.0003 0.0030 0.0603 0.3664
Standard 0.75 0.0010 0.0069 0.0942 0.4482
1 0.0024 0.0123 0.1270 0.5008
2 0.0160 0.0450 0.2370 0.6006
3 0.0426 0.0880 0.3164 0.6491
4 0.0787 0.1347 0.3763 0.6826
5 0.1204 0.1820 0.4242 0.7085
0.0833 0 0.0001 0.0102 0.0631
0.1667 0 0.0002 0.0205 0.1154
0.25 0 0.0005 0.0309 0.1588
0.5 0.0002 0.0019 0.0615 0.2519
Intensive 0.75 0.0006 0.0042 0.0904 0.3102
1 0.0013 0.0072 0.1169 0.3496
2 0.0079 0.0245 0.2008 0.4351
3 0.0207 0.0468 0.2582 0.482
4 0.0383 0.0713 0.2996 0.5142
5 0.0592 0.0965 0.3315 0.5382




Sex

MINPDR to MONPDR to SNPDR to
Sex Time (years) | None to PDR PDR PDR PDR

0.0833 0 0 0.0105 0.0569
0.1667 0 0.0002 0.0210 0.1055
0.25 0 0.0004 0.0314 0.1471
0.50 0.0001 0.0015 0.0616 0.2407
Male 0.75 0.0004 0.0033 0.0899 0.3029
1 0.0009 0.0057 0.1162 0.3465
2 0.0058 0.0197 0.2006 0.4410
3 0.0155 0.0380 0.2597 0.4909
4 0.0293 0.0584 0.3024 0.5244
5 0.0461 0.0797 0.3348 0.5491
0.0833 0 0.0001 0.0130 0.0547
0.1667 0 0.0002 0.0257 0.0995
0.25 0 0.0005 0.0380 0.1367
0.50 0.0002 0.0018 0.0727 0.2165
Fernale 0.75 0.0005 0.0038 0.1034 0.2675
1 0.0011 0.0064 0.1302 0.3032
2 0.0063 0.0204 0.2067 0.3837
3 0.0160 0.0374 0.2522 0.4257
4 0.0291 0.0554 0.2820 0.4518
5 0.0442 0.0734 0.3038 0.4701




Age (current)

MINPDR to MONPDR to SNPDR to
Age Time (years) | None to PDR PDR PDR PDR
0.0833 0 0.0001 0.0111 0.0390
0.1667 0 0.0003 0.0216 0.0751
0.25 0 0.0006 0.0315 0.1084
0.5 0.0002 0.0022 0.0579 0.1937
20y 0.75 0.0007 0.0046 0.0803 0.2607
1 0.0015 0.0075 0.0994 0.3133
2 0.0083 0.0222 0.1525 0.4344
3 0.0194 0.0390 0.1850 0.4840
4 0.0334 0.0564 0.2081 0.5084
5 0.0491 0.0740 0.2267 0.5238
0.0833 0 0 0.0119 0.0632
0.1667 0 0.0002 0.0238 0.1113
0.25 0 0.0003 0.0357 0.1484
0.5 0.0001 0.0013 0.0700 0.2203
40y 0.75 0.0003 0.0029 0.1021 0.2625
1 0.0006 0.0049 0.1317 0.2929
2 0.0038 0.0171 0.2282 0.3780
3 0.0103 0.0333 0.2994 0.4389
4 0.0199 0.0518 0.3542 0.4856
5 0.0320 0.0715 0.3976 0.5226
0.0833 0 0 0.0124 0.0776
0.1667 0 0.0001 0.0247 0.1069
0.25 0 0.0002 0.0370 0.1228
0.5 0 0.0007 0.0726 0.1570
60y 0.75 0.0001 0.0015 0.1064 0.1879
1 0.0002 0.0026 0.1386 0.2173
2 0.0013 0.0095 0.2524 0.3215
3 0.0036 0.0194 0.3466 0.4079
4 0.0075 0.0315 0.4250 0.4800
5 0.0127 0.0450 0.4907 0.5408




Hypertension

MINPDR to MONPDR to SNPDR to
Status Time (years) | None to PDR PDR PDR PDR

0.0833 0 0 0.0115 0.0277
0.1667 0 0.0001 0.0228 0.0532
0.25 0 0.0003 0.0339 0.0768
0.50 0 0.0013 0.0660 0.1376
Yes 0.75 0.0002 0.0028 0.0962 0.1869
1 0.0004 0.0049 0.1246 0.2279
2 0.0025 0.0175 0.2220 0.3433
3 0.0075 0.0353 0.2978 0.4190
4 0.0154 0.0564 0.3573 0.4748
5 0.0264 0.0796 0.4049 0.5182
0.0833 0 0 0.0116 0.0622
0.1667 0 0.0002 0.0231 0.1140
0.25 0 0.0004 0.0344 0.1572
0.50 0.0001 0.0017 0.0666 0.2503
No 0.75 0.0005 0.0036 0.0957 0.3091
1 0.0010 0.0061 0.1216 0.3487
2 0.0062 0.0201 0.1979 0.4315
3 0.0160 0.0373 0.2451 0.4723
4 0.0291 0.0556 0.2766 0.4979
5 0.0445 0.0742 0.2998 0.5158




Hyperlipidemia

MINPDR to MONPDR to SNPDR to
Status Time (years) | None to PDR PDR PDR PDR
0.0833 0 0.0001 0.0127 0.0555
0.1667 0 0.0002 0.0253 0.1017
0.25 0 0.0005 0.0376 0.1405
0.50 0.0001 0.0017 0.0732 0.2253
Yes 0.75 0.0004 0.0038 0.1061 0.2808
1 0.0009 0.0065 0.1364 0.3204
2 0.0056 0.0223 0.2339 0.4159
3 0.0153 0.0432 0.3028 0.4744
4 0.0294 0.0666 0.3530 0.5159
5 0.0471 0.0912 0.3912 0.5468
0.0833 0 0 0.0110 0.0522
0.1667 0 0.0002 0.0219 0.0965
0.25 0 0.0004 0.0326 0.1343
0.50 0.0001 0.0015 0.0632 0.2193
No 0.75 0.0004 0.0033 0.0911 0.2758
1 0.0009 0.0056 0.1161 0.3156
2 0.0057 0.0185 0.1919 0.4027
3 0.0148 0.0347 0.2403 0.4471
4 0.0273 0.0522 0.2733 0.4752
5 0.0420 0.0701 0.2975 0.4950
Duration of Diabetes
None to MINPDR to | MONPDR to SNPDR to
Duration Time (years) PDR PDR PDR PDR
0.0833 0 0.0001 0.0190 0.1198
0.1667 0 0.0004 0.0362 0.2180
0.25 0 0.0008 0.0520 0.2987
0.50 0.0003 0.0027 0.0906 0.4657
5 years 0.75 0.0008 0.0053 0.1189 0.5609
1 0.0016 0.0084 0.1398 0.6165
2 0.0076 0.0214 0.1824 0.6919
3 0.0172 0.0353 0.2027 0.7092
4 0.0291 0.0499 0.2177 0.7180
5 0.0430 0.0654 0.2315 0.7253




None to MINPDR to | MONPDR to SNPDR to

Duration Time (years) PDR PDR PDR PDR
0.0833 0 0.0001 0.0158 0.0881

0.1667 0 0.0003 0.0310 0.1618

0.25 0 0.0006 0.0454 0.2236

0.50 0.0002 0.0023 0.0843 0.3571

10 years 0.75 0.0006 0.0049 0.1168 0.4391
1 0.0012 0.0081 0.1438 0.4915

2 0.0069 0.0244 0.2132 0.5816

3 0.0171 0.0437 0.2527 0.6151

4 0.0306 0.0642 0.2806 0.6357

5 0.0467 0.0854 0.3036 0.6519

0.0833 0 0 0.0107 0.0468

0.1667 0 0.0002 0.0213 0.0859

0.25 0 0.0004 0.0317 0.1189

0.50 0.0001 0.0014 0.0619 0.1922

20 years 0.75 0.0002 0.0030 0.0901 0.2406
1 0.0005 0.0052 0.1161 0.2755

2 0.0035 0.0181 0.2025 0.3633

3 0.0096 0.0356 0.2677 0.4219

4 0.0186 0.0557 0.3198 0.4683

5 0.0301 0.0774 0.3634 0.5073

0.0833 0 0 0.0071 0.0243

0.1667 0 0.0001 0.0142 0.0439

0.25 0 0.0002 0.0212 0.0601

0.50 0 0.0008 0.0419 0.0957

30 years 0.75 0.0001 0.0017 0.0618 0.1208
1 0.0002 0.0029 0.0809 0.1414

2 0.0014 0.0106 0.1507 0.2092

3 0.0041 0.0217 0.2104 0.2664

4 0.0084 0.0352 0.2626 0.3165

5 0.0141 0.0503 0.3089 0.3611




