
ONLINE FIRST

EPIDEMIOLOGY

SECTION EDITOR: LESLIE HYMAN, PhD

Changes in Retinal Vessel Diameter and Incidence
and Progression of Diabetic Retinopathy
Ronald Klein, MD, MPH; Chelsea E. Myers, MStat; Kristine E. Lee, MS;
Ronald Gangnon, PhD; Barbara E. K. Klein, MD, MPH

Objective: To describe the relationship of change in reti-
nal vessel diameters to the subsequent 6-year incidence
and progression of diabetic retinopathy (DR) and inci-
dence of proliferative diabetic retinopathy (PDR) and
macular edema (ME) in persons with diabetes mellitus.

Design: A total of 1098 persons with diabetes who had
DR graded from fundus photographs and had computer-
assisted measurements of the central retinal arteriolar
equivalent (CRAE) and central retinal venular equiva-
lent (CRVE) participated in examinations in 1980-
1982, 1984-1986, and 1990-1992.

Results: During the first 4-year period, the mean change
in CRAE and CRVE was −0.37 and 2.54 µm, respec-
tively. The 6-year incidence and progression of DR and
the incidence of PDR and ME from 1984-1986 to 1990-
1992 were 56%, 39%, 15%, and 11%, respectively. In mul-
tivariate analyses, while controlling for duration, diabe-
tes type, and other factors, an increase of 10 µm in CRVE
from 1980-1982 to 1984-1986 was associated with in-

creases in the 6-year incidence of DR (odds ratio [OR],
1.26; 95% CI, 1.10-1.43), progression of DR (OR, 1.21;
95% CI, 1.12-1.30), incidence of PDR (OR, 1.19; 95%
CI, 1.07-1.32), and incidence of ME (OR, 1.16; 95% CI,
1.03-1.31). No interactions of these associations by dia-
betes type were found (data not shown). Change in CRAE
was unrelated to the incidence or progression of DR (data
not shown).

Conclusions: Independent of DR severity level, glyce-
mic control, and other factors, widening of the retinal
venular but not arteriolar diameter was associated with
subsequent incidence and progression of DR. The CRVE
may provide additional information regarding the risk
of incidence and progression of DR beyond traditional
risk factors.
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P ERSONS WITH DIABETES MELLI-
tus are at risk of developing
diabetic retinopathy (DR)
and having it progress to pro-
liferative diabetic retinopa-

thy (PDR) and macular edema (ME) with
visual loss.1 Although traditional risk fac-
tors (eg, glycosylated hemoglobin [HbA1c]
concentration, blood pressure, and dura-
tion of diabetes) have been shown to be
statistically significantly associated with
the incidence and progression of DR, they
explain only a limited amount of the
risk of developing these complications.2

Other indicators of increased risk have
been suggested, including retinal vessel
diameters.3-5

Wider retinal venules had been shown
in some studies to provide additional in-
formation, independent of retinopathy se-
verity, hyperglycemia, hypertension, and
other factors, regarding the risk of pro-
gression but not incidence of DR.3,4,6,7 The
relationship of retinal arteriolar diam-

eters to the incidence and progression of
DR has been less consistent.3,4,6-8 These ob-
servations were usually based on a single
measurement of retinal vessel diameter at
baseline. In this report, we examine the re-
lationship of change in retinal vessel di-
ameter during a 4-year interval to the in-
cidence and progression of DR in the next
6 years in people with diabetes participat-
ing in the Wisconsin Epidemiologic Study
of Diabetic Retinopathy (WESDR).

METHODS

STUDY POPULATION

The population, which has been described in
previous reports, consisted of a probability
sample selected from 10 135 diabetic patients
who received primary care in an 11-county area
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in southern Wisconsin from 1979 to 1980.9-16 This sample was
composed of a younger-onset group with type 1 diabetes (all pa-
tients diagnosed as having diabetes before 30 years of age who
took insulin, n=1210) and an older-onset group with type 2 dia-
betes (a sample of persons diagnosed as having diabetes at or af-
ter 30 years of age who were treated with diet, oral hypoglyce-
mic agents, and/or insulin, n=1780). Of those selected, 2366
individuals (996 with type 1 diabetes and 1370 with type 2 dia-
betes) participated in the baseline examination. Data used in the
analyses included all participants from both groups (n=1098)
who participated in the baseline (1980-1982),10,11 4-year fol-
low-up (1984-1986),12,13 and 10-year follow-up (1990-1992)14;
had gradable fundus photographs in at least one eye for DR and
for measurement of retinal vessel diameter; and did not meet one
of the criteria for exclusion involving both eyes (Figure1). Cen-
tral retinal arteriolar equivalent (CRAE) and central retinal venu-
lar equivalent (CRVE) were considered ungradable if one of the
largest 6 arterioles or venules, respectively, was not gradable. Rea-
sons for nonparticipation and comparisons between partici-
pants and nonparticipants at baseline and all the follow-up ex-
aminations have been presented elsewhere.10-14 The principal
reason for nonparticipation was death.

PROCEDURES

The baseline and follow-up examinations were performed in a
mobile examination van in or near the cities where the partici-
pants resided. All examinations followed a similar protocol that
was approved by the institutional human subjects committee
of the University of Wisconsin and that conformed to the te-
nets of the Declaration of Helsinki. The pertinent parts of the
ocular and physical examinations included measuring blood
pressure,17 measuring height and weight, measuring refractive
error using the Early Treatment Diabetic Retinopathy Study
(ETDRS) protocol, dilating the pupil, determining the pres-
ence of cataract using standard lens photographs, taking 30°
stereoscopic color fundus photographs of 7 standard fields,18,19

performing a semiquantitative determination of protein levels
in the urine using Labstix (Ames), and determining HbA1c lev-

els from a capillary blood sample.20 A structured interview was
conducted by the examiners, including questions on smoking
and specific medications for control of hyperglycemia and blood
pressure. If there was any question about medication use or medi-
cal history, it was verified by a physician’s report.

GRADING PROTOCOLS

Grading protocols for DR have been described in detail else-
where14,21 and are modifications of the ETDRS adaptation of the
modified Airlie House classification of DR.22,23 Interobserver and
intraobserver variations and the validity of the systems have been
evaluated, and the results have been presented elsewhere.14,21-23

DEFINITIONS

For each eye, the maximum grade in any of the 7 standard pho-
tographic fields was determined for each of the lesions and used
in defining the retinopathy levels, varying from level 10 (no
retinopathy) to level 60 or greater (proliferative retinopathy);
definitions have appeared elsewhere.22,23 The retinopathy level
for a participant was derived by concatenating the levels for the
2 eyes, giving the eye with the higher level greater weight. This
scheme provided a 15-step DR severity scale.

The incidence of any retinopathy was estimated from all eyes
that had no retinopathy at the first follow-up examination (se-
verity level of 10) and were examined again at the following
examination. Progression to PDR was estimated from all eyes
free of this complication at the second examination. For eyes
with no or only nonproliferative retinopathy, progression was
defined as the instance of an increase in the severity of reti-
nopathy by 2 steps or more along the 15-step scale from the
second to the third examination.

We defined ME as thickening of the retina with or without
partial loss of transparency within 1 disc diameter from the cen-
ter of the macula24 or the presence of focal photocoagulation
scars in the macular area associated with a history of develop-
ment of ME as documented by stereoscopic fundus photo-

Participants seen at WESDR 1, 2, 31298

Right Eyes

Eyes with no laser treatment at WESDR 1 or 2 at
risk for at least 1 end point

1121

Eyes excluded because change in
CRAE and change in CRVE were
both ungradable

84

Exclusions
Eyes for laser at WESDR 1 or 2150
Eyes for PDR at WESDR 212
Eyes ungradable at WESDR 214
Eye for disc swelling1

1098 Individuals included
Both eyes973
Right eye only64
Left eye only61

Eyes with change in either CRAE or CRVE graded1037
With change in CRAE only7
With change in CRVE only10
With change in both CRAE and CRVE1020

Participants seen at WESDR 1, 2, 31298

Left Eyes

Eyes with no laser treatment at WESDR 1 or 2 at
risk for at least 1 end point

1123

Eyes excluded because change in
CRAE and change in CRVE were
both ungradable

89

Exclusions
Eyes for laser at WESDR 1 or 2147
Eyes for PDR at WESDR 213
Eyes ungradable at WESDR 213
Eye for disc swelling1
Eye for optic nerve drusen1

Eyes with change in either CRAE or CRVE graded1034
With change in CRAE only14
With change in CRVE only8
With change in both CRAE and CRVE1012

Figure 1. Participation and reasons for exclusion in the study. CRAE indicates central retinal arteriolar equivalent; CRVE, central retinal venular equivalent;
PDR, proliferative diabetic retinopathy; and WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy. 1, 2, and 3 indicate the examination phase number.
WESDR 1 is the baseline (1980-1882); WESDR 2, 4-year follow-up (1984-1986); and WESDR 3, 10-year follow-up (1990-1992).
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graphs. The incidence of ME was estimated from data for all
eyes that had no ME and had not been treated previously with
photocoagulation at the second examination and were exam-
ined again at the third examination.

Diameters of retinal vessels were measured after convert-
ing the photographs of field 1 to digital images. All retinal ar-
terioles and venules were measured in the area between half
and 1 disc diameter from the optic disc margin using a com-
puter-assisted program. Computer-assisted measurements of
individual arterioles and venules were each combined accord-
ing to formulas developed by Parr and Spears25 and modified
by Hubbard et al26 and Knudtson et al27 as mean diameters of
the 6 largest retinal arterioles (CRAE) and venules (CRVE) in
that eye. Intraclass correlation coefficients were extremely
high (�0.90) for both intergrader and intragrader compari-
sons for both arteriolar and venular measurements (data not
shown). Individuals treated with photocoagulation or that
had retinal vein or arterial occlusion or other nondiabetic
ocular disease affecting the retinal blood vessels were ex-
cluded (n=200).

DEFINITION OF RELATED FACTORS

Age was defined as the age at the time of the baseline exami-
nation in 1980-1982. Age at diagnosis of diabetes was defined
as the age at the time the diagnosis was first recorded by a phy-
sician in the patient’s medical record or in a hospital record.
The duration of diabetes was defined as the period between the
age at diagnosis and the age at the baseline examination.

The means of both systolic and diastolic blood pressures were
the means of the last 2 of 3 measurements obtained according
to the protocol of the Hypertension Detection and Follow-up
Program.17 Hypertensionwasdefinedasameansystolicbloodpres-
sure of 140 mm Hg or higher and/or a mean diastolic blood pres-
sure of 90 mm Hg or higher and/or a history of taking antihyper-
tensivemedicationat the timeofexamination.Meanarterialblood
pressure(MABP)wasdefinedas(systolicbloodpressure�[2�dia-
stolicbloodpressure])÷3.Bodymass indexwasdefinedasweight
in kilograms divided by the square of height in meters. Protein-
uria was defined as a urine protein concentration of 0.03 g/dL or
greater (to convert to grams per liter, multiply by 10).

Table 1. Baseline Characteristics of Individuals Included and Excluded in the Wisconsin Epidemiologic Study
of Diabetic Retinopathy (1980-1982)

Risk Factor

Included (n = 1098) Excluded (n = 1268)

P ValueaNo. Mean or % SD No. Mean or % SD

Age, mean, y 1098 40.9 20.2 1268 59.5 19.9 �.001
Sex, % �.001

Female 589 53.6 629 49.6
Male 509 46.4 639 50.4

Body mass index, meanb 1098 26.0 5.9 1258 27.0 5.5 �.001
Diabetes duration, mean, y 1098 10.7 8.2 1268 15.1 9.8 �.001
Glycosylated hemoglobin A1c, % 1036 9.4 2.0 1184 9.5 2.0 �.001
Systolic blood pressure, mean, mm Hg 1094 128.6 20.2 1259 145.8 26.7 �.001
Diastolic blood pressure, mean, mm Hg 1092 78.5 10.7 1253 79.4 12.8 .007
Hypertension, %c �.001

No 667 61.0 385 30.6
Yes 426 39.0 875 69.4

Smoking status, % .07
Never 669 60.9 691 54.5
Past 227 20.7 339 26.7
Current 202 18.4 238 18.8

Cataract status, right eye, % �.001
No/questionable 661 62.6 304 26.3
Less than standard 1 368 34.8 647 56.1
Standard 1 or greater 27 2.6 203 17.6

Refraction, right eye, mean 1060 −0.49 2.2 1026 0.2 2.3 .10
Diabetic retinopathy level, % �.001

None 495 45.1 372 29.4
Mild 469 42.7 435 34.4
Moderate 99 9.0 149 11.8
Proliferative 35 3.2 307 24.3

Macular edema present, right eye, % �.001
No 1038 97.5 882 86.8
Yes 27 2.5 134 13.2

Poor focus, right eye, % �.001
No 1034 94.7 973 82.0
Yes 58 5.3 214 18.0

Nephropathy present, %
No 980 91.2 864 73.5 �.001
Yes 94 8.8 312 26.5

CRAE, right eye, mean, µm 1098 163.0 15.1 1113 154.1 17.9 �.001
CRVE, right eye, mean, µm 1097 243.9 23.8 1122 237.4 29.2 .47

Abbreviations: CRAE, central retinal arteriolar equivalent; CRVE, central retinal venular equivalent.
aAdjusted for age.
bCalculated as weight in kilograms divided by height in meters squared.
cDefined as systolic blood pressure of 140 mm Hg or higher and/or diastolic blood pressure of 90 mm Hg or higher and/or use of antihypertensive medication.
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Smokers were identified as persons answering yes to hav-
ing smoked 100 cigarettes or more in their lifetime and fur-
ther categorized as current smokers if they had not stopped
smoking at the current examination. Cataract was classified as
none/questionable, less than a photographic standard of 1, a
photographic standard of 1 or more, or cataract surgery. Re-
fraction was performed using a modification of the ETDRS pro-
tocol and modeled in categories as moderately to highly my-
opic (�−3 diopters [D]), mildly myopic (−3 to �−1 D),
emmetropic (−1 to 1 D), mildly hyperopic (�1 to 3 D), and
hyperopic (�3 D). Nephropathy was defined as a history of kid-
ney transplantation, proteinuria, or dialysis.

STATISTICAL ANALYSIS

The changes in the CRAE and CRVE were computed between
the baseline 1980-1982 examination and the 1984-1986 four-
year follow-up examination, whereas the 6-year incidence of
DR, PDR, and ME and the progression of DR were computed
between the 1984-1986 and 1990-1992 examinations. Gener-
alized estimating equation models with independent correla-
tion structure were used to analyze the relationship of changes
in CRAE and CRVE to each diabetic outcome using eye-
specific data.28 Univariate analyses examined a 10-µm change
in CRAE and CRVE with the 6-year incidence of DR out-
comes. Multivariable analyses additionally controlled for sex,
diabetes type, and duration, and changes in retinal photo-
graph focus, cataract status, refraction, HbA1c concentration,
MABP, diabetic nephropathy status, smoking status, body mass
index, and retinopathy severity level (except in analyses for in-
cident DR).

Change in area under the receiver operating characteristic
curve (AUC) was used to measure improvement in prediction
when change in CRVE was added to the model based on tra-
ditional DR risk factors using the method described by
DeLong et al29 using right eyes only. Results were similar for
left eyes (data not shown). Integrated discrimination improve-
ment (IDI) was also computed following the method de-
scribed by Pencina et al.30

RESULTS

Basline characteristics of the cohort are presented in
Table 1. Persons were excluded if they did not partici-
pate in the 1984-1986 and/or 1990-1992 examination
(n=1077), had photocoagulation for PDR or ME in both
eyes at the 1980-1982 or 1984-1986 examinations
(n=121), did not have gradable retinal vessels in at least
one eye (n=58), were not at risk for any of the diabetic
outcomes in either eye (n=20), or had nondiabetic reti-
nal vascular conditions in both eyes (eg, retinal vein or
arterial occlusion) (n=1). Persons included in the study
were younger (40.9 vs 59.5 years of age, P� .001), had
shorter duration of diabetes (10.7 vs 15.1 years, P� .001),
had lower systolic (128.6 vs 145.8 mm Hg, P� .001) and
diastolic (78.5 vs 79.4 mm Hg, P=.007) blood pressure,
and were less likely to have hypertension (39% vs 69%,
P� .001) and PDR (3% vs 24%, P� .001) compared with
nonparticipants.

Between 1984-1986 and 1990-1992, the 6-year inci-
dence of DR was 56%, progression of DR was 39%, in-
cidence of PDR was 15%, and the 6-year incidence of ME
was 11%. The mean change in CRAE between 1980-
1982 and 1990-1994 was −0.37 µm (SD, 11.3 µm; range,
−73.0 to 81.4 µm), and the mean change in CRVE was

2.54 µm (SD, 17.3 µm; range, −108.0 to 78.5 µm). Change
in CRAE and CRVE between the right and left eyes was
correlated (Figure 2).

The univariate relationships of 4-year change in CRAE
and CRVE to the 6-year cumulative incidence of retinal
outcomes are presented in Table 2. Increasing CRAE
was not associated with any of the DR outcomes, whereas
increasing CRVE was associated with increases in all DR
outcomes. While controlling for sex, diabetes type, and
duration, and change in cataract status, refraction, im-
age focus, HbA1c concentration, MABP, smoking status,
diabetic nephropathy, body mass index, and DR level (only
in the models of progression of DR and incidence of PDR
and ME outcomes), the associations of CRVE but not
CRAE remained statistically significant (Table 3). These
relationships remained when CRAE was added to the
CRVE model (data not shown), but an inverse relation-
ship of change in CRAE was found (odds ratio per 10
µm, 0.77; 95% CI, 0.65-0.91; P=.003) for the 6-year in-
cidence of PDR when CRVE was added to the CRAE
model. No other significant interactions of type or du-
ration of diabetes or MABP with change in CRAE or CRVE
were found. When analyses were rerun by type of dia-
betes, no statistically significant differences were found
in any of the relationships of CRAE or CRVE to any of
the DR end points (data not shown).
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Figure 2. Correlation of change between the right and left eyes of
participants from baseline to the 4-year follow-up in the Wisconsin
Epidemiologic Study of Diabetic Retinopathy. A, Central retinal venular
equivalent (CRVE). B, Central retinal arteriolar equivalent (CRAE).
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The highest increase and highest incremental gain in
the AUC was noted when including change in CRVE in
the model that included risk factors for incidence of DR
(Table4), which was not statistically significant (P=.25).
However, analysis using the IDI method showed that add-
ing CRVE significantly increased the predictive ability
of the model.

COMMENT

The data reported herein provide unique, long-term,
population-based information regarding the relation-
ship of the change in CRAE and CRVE measurements
to the subsequent incidence and progression of DR dur-
ing 6 years of follow-up in people with diabetes. We found
that change in CRVE but not CRAE was statistically sig-
nificantly associated with the subsequent incidence and
progression of DR, independent of other risk factors.

Our finding that increasing CRVE is associated with
subsequent higher risk of incident DR may be due to the
strong association of wider CRVE with endothelial dys-
function, inflammatory changes, and hyperglycemia, all

of which are factors involved in the pathogenesis of DR.31-34

Our findings are consistent with the results from a small
study that examined change in retinal vessel diameter with
incidence of DR.35 In that study involving 45 children with
type 1 diabetes, eyes with retinal venular widening greater
than 10 µm during the follow-up period were more likely
to develop other signs of retinopathy more often than pa-
tients with less or no change in the venular diameter. All
the other epidemiologic studies3-8 that have examined
these relationships were based on one measurement of
retinal vessel diameter before the incidence or progres-
sion of DR. Roy et al7 and others3,4 showed a direct as-
sociation of CRVE measured once at baseline with the
6-year incidence of DR in persons with type 1 diabetes,
whereas in the WESDR cohort we did not find an asso-
ciation of a single measurement of CRVE at baseline with
the 4-year incidence of DR. Others36 have suggested that
widening of retinal arteriolar diameters before the onset
of retinopathy would increase the risk of incident reti-
nopathy due to a breakdown in autoregulation. Al-
though Cheung et al8 found a direct relationship of CRAE
with the incidence of DR in persons with type 2 diabe-
tes, we found no association of change (either widening
or narrowing) in the arteriolar diameter with the subse-
quent incidence of DR.

Our findings suggest that change in retinal venular di-
ameter measurements in those without retinopathy may
have prognostic value before the development of DR, in-
dependent of type or duration of diabetes, glycemic con-
trol, blood pressure, and other traditional risk factors.
Although the increase in AUC of 2.7% for inclusion of
change in CRVE in the model was small and did not reach
statistical significance, it compares favorably with other
potential predictive factors used for other end points (eg,
C-reactive protein and serum high-density lipoprotein
cholesterol levels) when added to the Framingham risk
score for coronary heart disease in the Atherosclerosis
Risk in Communities study.30,37,38 It was a significant pre-
dictor of incidence and progression using an alternative
approach, the IDI method, which suggested that adding
information from change in CRVE to traditional risk vari-
ables (eg, HbA1c concentration) substantially improves
the discrimination between those who do and do not de-
velop DR during a 6-year period. There is a need to fur-
ther study whether measuring change in retinal venular

Table 2. Univariate Relationship of Change in CRAE and CRVE to Incidence and Progression of DR and Incidence of ME and PDR

Vessel Measurement No. at Risk No. of Events Odds Ratio (95% CI) P Value

Change in CRAE, per 10 µm
Incidence of DR 663 370 1.13 (0.97-1.32) .13
Progression of DR 1968 761 1.07 (0.97-1.18) .15
Incidence of ME 1885 199 1.10 (0.96-1.26) .16
Incidence of PDR 1968 297 0.89 (0.78-1.03) .11

Change in CRVE, per 10 µm
Incidence of DR 665 373 1.14 (1.01-1.28) .03
Progression of DR 1963 761 1.13 (1.05-1.22) �.001
Incidence of ME 1884 197 1.20 (1.09-1.32) �.001
Incidence of PDR 1963 296 1.17 (1.05-1.31) .004

Abbreviations: CRAE, central retinal arteriolar equivalent; CRVE, central retinal venular equivalent; DR, diabetic retinopathy; ME, macular edema;
PDR, proliferative diabetic retinopathy.

Table 3. Multivariate Relationships of Change
in CRAE and CRVE to Incidence and Progression
of DR and Incidence of ME and PDRa

Vessel Measurement Odds Ratio (95% CI) P Value

Change in CRAE, per 10 µm
Incidence of DR 1.17 (0.97-1.40) .10
Progression of DR 1.11 (0.99-1.24) .08
Incidence of ME 1.05 (0.89-1.23) .56
Incidence of PDR 0.90 (0.78-1.03) .13

Change in CRVE, per 10 µm
Incidence of DR 1.26 (1.10-1.43) �.001
Progression of DR 1.21 (1.12-1.30) �.001
Incidence of ME 1.16 (1.03-1.31) .004
Incidence of PDR 1.19 (1.07-1.32) �.001

Abbreviations: CRAE, central retinal arteriolar equivalent; CRVE, central
retinal venular equivalent; DR, diabetic retinopathy; ME, macular edema;
PDR, proliferative diabetic retinopathy.

aControlling for sex, diabetes type, and duration, and change in cataract
status, refraction, image focus, glycosylated hemoglobin concentration,
mean arterial blood pressure, smoking status, diabetic nephropathy, body
mass index, and DR level in the models of progression of DR and incidence
of PDR and ME outcomes.
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diameter is a cost-effective approach to improving pre-
diction of risk resulting in change in management (eg,
how often a patient without retinopathy should be seen)
and whether such changes ultimately result in further re-
duction of loss of vision due to these changes.5,39

The association in the WESDR of an increase in the
venular diameter with progression of DR and incidence
of PDR and ME, independent of retinopathy severity, was
not unexpected and is consistent with data from earlier
studies.3,4,35,40-46 Increase in venular diameter in eyes with
retinopathy is thought to result from retinal hypoxia47

and from lactate accumulation resulting from hypergly-
cemia.48 Retinal venous caliber abnormalities were im-
portant predictors of visual loss due to progression of reti-
nopathy in the Diabetic Retinopathy Study.49 Developers
of the classification system at the Airlie House meeting
in 1969 were aware of retinal venular widening as a prog-
nostic sign but chose to ignore it in scale “because it was
considered too nonspecific and difficult to evalu-
ate.”50(p215) Retinal venous beading, a more qualitative mea-
sure and a sign of irregular venular dilation, was used
instead to define the severe nonproliferative retinopa-
thy severity levels of 47 and 53 in the ETDRS severity
scale.24,51 It was significantly associated with progres-
sion of proliferative disease in the Diabetic Retinopathy
Study and the ETDRS.23,24

In the WESDR, the association of change in CRVE to
the 6-year progression of DR remained independent of pre-
vious change in DR, MABP, diabetic nephropathy, and gly-
cemic control, suggesting that larger venous caliber pro-
vides information regarding risk independent of the current
ETDRS system used to classify retinopathy severity level.
Although the increases in AUC of 2.3% for progression
of DR and 1.3% for incidence of PDR were small, the IDI
values suggested some value in including these measures
for better prognostic assessment beyond measuring only
DR severity and other traditional risk factors.

Our study has many strengths. The population is large
and involves both types of diabetes, the distribution of se-
verity of retinopathy based on objective recording of DR
and ME using stereoscopic fundus photographs of 7 stan-
dard fields is broad, and there was a low refusal rate. In
addition, standardized protocols of measurement, includ-
ing computer-assisted measurement of retinal vessel cali-
ber, were consistent over time. However, caution must be
exercised in interpreting the findings in the present study.
Relationships may have been attenuated by selective sur-

vival. Retinopathy severity and retinal arteriolar narrow-
ing and venular widening have been shown to be related
to mortality.52 This finding would reduce the strength of
the associations between narrowing of the CRAE and pro-
gression of disease and incident PDR and ME.

In summary, measurement of change in CRVE may
provide additional information regarding incidence and
progression of DR and risk of development of PDR and
ME than DR severity by itself in persons with type 1 and
type 2 diabetes. The association of change in CRVE with
the incidence of DR raises the question of whether mea-
surement of CRVE will provide an even earlier clini-
cally meaningful stage of DR before the onset of micro-
aneurysms and blot hemorrhages.
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