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Objective To investigate the association between retinopathy and chronic kidney disease.

Methods In this observational, cross-sectional study, 2605 patients of the Chronic Renal Insufficiency Cohort
(CRIC) study, a multicenter study of chronic kidney disease, were offered participation. Nonmydriatic fundus
photographs of the disc and macula in both eyes were obtained in 1936 of these subjects. The photographs were
reviewed in a masked fashion at a central photograph reading center using standard protocols. Presence and
severity of retinopathy (diabetic, hypertensive, or other) and vessel diameter caliber were assessed by trained
graders and a retinal specialist using protocols developed for large epidemiologic studies. Kidney function
measurements and information on traditional and nontraditional risk factors for decreased kidney function were
obtained from the CRIC study.

Results Greater severity of retinopathy was associated with lower estimated glomerular filtration rate after
adjustment for traditional and nontraditional risk factors. The presence of vascular abnormalities usually
associated with hypertension was also associated with lower estimated glomerular filtration rate. We found no
strong direct relationship between estimated glomerular filtration rate and average arteriolar or venular calibers.

Conclusions Our findings show a strong association between severity of retinopathy and its features and level of
kidney function after adjustment for traditional and nontraditional risk factors for chronic kidney disease,
suggesting that retinovascular pathology reflects renal disease.

Photography of the ocular fundus allows direct visualization of the retinal vasculature. Because retinal vascular
abnormalities may reflect similar vascular changes in the kidneys, heart, and other tissues, ocular photography
may provide a noninvasive method for assessing the vascular condition of the kidneys. Indeed, several studies have
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shown associations between retinopathy and nephropathy among subjects with diabetes mellitus1-6 and systemic
hypertension.7,8

The Chronic Renal Insufficiency Cohort (CRIC) study is a multicenter, longitudinal cohort study of adults with
chronic kidney disease (CKD), a condition affecting more than 27 million Americans.9-11 Retinopathy in CRIC
(RCRIC) is an ancillary study of the association between retinopathy and CKD.

We previously reported that nearly half of study participants had fundus pathology that was associated with CKD
risk factors.12 We now report on a variety of retinopathy features, including measurements of retinal vascular
calibers, and their association with CKD. We evaluate whether retinopathy status provides information on kidney
function that is independent of the information provided by known risk factors.

The design of the parent CRIC study has been reported previously.10,11 Participants for RCRIC were recruited
during a CRIC visit at 6 of the 7 CRIC clinical centers. All 2605 CRIC participants from these 6 sites were offered
participation. From June 2006 to May 2008, 1936 participants were photographed. The study was approved by
the institutional review boards of the participating institutions, and written consent was obtained.

Photographs were obtained by nonophthalmic personnel trained by the Fundus Photograph Reading Center. Most
photography sessions coincided with CRIC visits. A Canon CR�DGI Non-Mydriatic Retinal Camera (Canon Inc) was
used to obtain 45° digital, color fundus photographs. Participants were seated in a darkened room for 5 minutes to
induce physiologic papillary dilatation. No dilatory pharmacologic compounds were used. Two images, 1 centered
on the macula and 1 on the optic disc, were obtained from each eye.

Retinopathy and retinal vessel caliber assessment protocols
Digital photographs were mailed to the RCRIC Fundus Photograph Reading Center at the University of
Pennsylvania, where they were assessed by trained graders and a retinal specialist. Standard protocols with
standardized photographic field definitions were used to evaluate fundus pathology including retinopathy
(diabetic, hypertensive, or other) and measurement of the diameter of the major retinal arterioles and venules.
Images were viewed on color-calibrated monitors by a single grader. Graders were masked to all other information
about the participants. Because the graders were unaware of the diabetic or hypertensive status of the
participants, retinopathy was evaluated without assumption of cause.

The Early Treatment of Diabetic Retinopathy Study (ETDRS) and the Atherosclerosis Risk in Communities (ARIC)
fundus photographic grading protocols13,14 were used to assess retinopathy. The Multi-Ethnic Study of
Atherosclerosis protocol was used for the evaluation of macular edema from nonstereo color photographs.15 These
grading protocols have been previously used in diabetic and nondiabetic populations. The following retinal
abnormalities were graded by referring to standard photographs: microaneurysms, retinal hemorrhages,
hemorrhages and/or microaneurysms, retinal hemorrhage type (flame or blot), drusen, hard exudates, cotton-wool
patches or soft exudates, intraretinal microvascular abnormalities, new vessels on or within 1-disc diameter of the
disc, new vessels elsewhere, fibrous proliferation, and scars from previous panretinal photocoagulation or focal
photocoagulation. Other ocular conditions were graded: central vein occlusion, branch retinal vein occlusion,
central artery occlusion, branch artery occlusion, disciform macular degeneration, and chorioretinal scar other than
photocoagulation scar.

Methods
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An ETDRS severity score for retinopathy was assigned for each eye.14 The score is on an ordinal scale and is not a
continuous variable. Scores were classified as normal (<14), very mild nonproliferative retinopathy (14�20),
nonproliferative retinopathy (35�53), and proliferative retinopathy (≥60). The score of the eye with the more
advanced retinopathy was used as the participant's score; when the grading of only 1 eye was available, the score
of that eye was used. A total of 116 participants had photographs that could not be graded for both eyes. In this
group, 38 participants had photographs in which no features could be detected in both eyes. The other 78
participants had photographs that were blurry or dark, and although some mild retinopathy features were present,
an accurate grading could not be assigned because more advanced retinopathy features were not discernible.

The intragrader and intergrader reliability for retinopathy grading was assessed in 200 eyes of 100 participants.
Weighted κ for the participants' ETDRS scores were 0.77 (95% CI, 0.67�0.88) for intragrader agreement and 0.80
(95% CI, 0.69�0.91) for intergrader agreement. These values are consistent with the reproducibility reported by
ETDRS.14

Assessment of arteriovenous nicking and arteriolar sheathing, features associated with systemic hypertension,
were graded according to the ARIC protocol.13 For the assessment of macular edema, graders searched for signs of
edema and leakage such as rings of organized hard exudate, localized areas of color change, and a deviation of the
normal pathway of the retinal blood vessels.15

Image processor measurements of arteriolar and venular diameters were performed according to the ARIC
protocol, using interactive vessel analysis software developed at the University of Wisconsin.13 Graders overlaid a
grid centered on the disc to establish the distance from the optic nerve. Vessels were measured within an annulus
spanning 0.5- to 1-disc diameter from the edge of the disc. Graders identified the major arterioles and venules and
chose segments for measurement according to the vessel's sharpness and straightness. The diameters of up to 6
arterioles and 6 venules were averaged, and an overall arteriole-venular ratio13 was calculated.

The intragrader and intergrader reliability for retinal vessel caliber assessment was assessed in 98 eyes of 50
subjects. The intraclass correlation coefficient for intragrader agreement was 0.96 (95% CI, 0.93�0.98) for
arteriolar diameters and 0.99 (95% CI, 0.98�0.99) for venular diameters. The intraclass correlation coefficient for
the intergrader agreement was 0.89 (95% CI, 0.80�0.94) for arterioles and 0.97 (95% CI, 0.95�0.98) for venules.

Data analyses
We compared baseline characteristics for participants with ungradable and gradable photographs. We used t tests
to compare continuous variables and Fisher exact tests to compare the distributions of categorical variables.
Participants with ungradable photographs were included in a separate retinopathy category. Analyses involving
retinopathy categories did not assume ordering among the categories.

The relationship between fundus features and estimated glomerular filtration rate (eGFR) was assessed by analysis
of variance techniques and multiple linear regression using stepwise model selection to identify independent risk
factors. Data values from the CRIC annual visit that was closest to the date of photography were used in the
analyses of risk factors. One set of multivariate models included traditional risk factors for CKD (age,
race/ethnicity, systolic blood pressure, diabetes mellitus status, and 24-hour urine protein). A second set of
models included traditional factors plus the following nontraditional risk factors: anemia status (yes or no), use of
angiotensin receptor blockers (yes or no), any self-reported cardiovascular disease (yes or no), body mass index
(calculated as weight in kilograms divided by height in meters squared), cyclase-activating parathyroid hormone
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level (continuous measure), and smoking status (never, former, or current). Only those nontraditional risk factors
meeting the .05 selection criterion were retained in the model.

For the analysis of the association between vascular diameter and eGFR, the averages of the vascular diameters
from both eyes were calculated for each subject; when measurements were available for only 1 eye, the
measurements of that eye were used. Comparisons of eGFR among 4 quartiles of vessel diameters were assessed
by analysis of variance as well as by regression analysis with adjustment by traditional risk factors only and by
traditional plus nontraditional risk factors. Hypertension was defined as either systolic blood pressure of 140 mm
Hg or greater, diastolic blood pressure of 90 mm Hg or greater, or use of antihypertensive medications. Diabetes
mellitus was defined as either a fasting glucose level of 126 mg/dL or greater (to convert to micromoles per liter,
multiply by 0.0555), random glucose level of 200 mg/dL or greater, or use of insulin or antidiabetic medication.11

Estimated glomerular filtration rate was calculated using the Modification of Diet in Renal Disease equation.10,11,16

A log transformation was applied to the values for 24-hour urine protein because the distribution was highly
skewed. The test of interaction of retinopathy with diabetes mellitus was assessed separately by including
retinopathy, diabetes, and the interaction terms between diabetes and retinopathy in the statistical model. A
similar test of interaction between retinopathy with urine protein was also performed.

A total of 1936 of 2605 eligible participants (74%) were photographed. Their characteristics have been described
in a previous report.12 Mean systolic blood pressure, prevalence of diabetes mellitus, proportion of women, and
body mass index were significantly lower, while average eGFR was significantly higher in participants who had
photographs, indicating that participants photographed were healthier than those not photographed.12

Among the 1936 participants with baseline photographs, 1820 (94%) had photographs that were of sufficient
quality to allow ETDRS severity retinopathy scoring in 1 or both eyes, and 1599 participants (82.6%) had
photographs on which measurement of retinal vessel caliber could be carried out in 1 or both eyes.

In comparison to the 1820 participants who had gradable photographs, the 116 participants who had ungradable
photographs were older and had significantly lower average eGFR, higher systolic blood pressure, and lower
diastolic blood pressure. They were also more likely to be African American and have higher prevalence rates of
diabetes mellitus, hypertension, and cardiovascular disease (Table 1).

Table 1. Comparisons of Demographic and Clinical Characteristics in Participants With and
Without Gradable Fundus Photographs
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ETDRS RETINOPATHY SCORE AND eGFR
Among 925 participants with diabetes mellitus, 456 (49%) had retinopathy, and among 1011 participants without
diabetes mellitus, 115 (11%) had retinopathy (P < .001; Table 2). There were 182 participants with neither diabetes
mellitus or hypertension and 4 (2%) had mild retinopathy

Table 2. Crude and Adjusted Mean eGFR for Each ETDRS Retinopathy Category Overall and by Diabetes
Status
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Among all participants, the presence of retinopathy was associated with lower eGFR (P < .001; univariate analysis;
Table 2), with the highest eGFR observed in patients without retinopathy and the lowest eGFR in the patients with
proliferative retinopathy; this association remained after adjustment by traditional and nontraditional risk factors
(P = .005). Similar relationships were observed for diabetic participants (P < .007; Table 2). For persons without
diabetes mellitus, this association was significant for the univariate analysis (P < .001) and after adjustment for
traditional factors (P < .001) but not after adjustment of both traditional and nontraditional risk factors (P = .35;
Table 2). There was no significant interaction of diabetes mellitus on the association of retinopathy and eGFR
(P = .75). There was also no interaction with low (<500 mg) and high (≥500 mg) 24-hour urine protein (P = .98),
implying that the association of retinopathy and eGFR was not modified by proteinuria level.

When retinopathy features contributing to the ETDRS score were considered individually, each was significantly
associated with lower eGFR (Table 3). These associations remained significant for most features after adjustment
for traditional and nontraditional risk factors, although there was a decrease in the range of mean eGFR within the
categories of each individual retinopathy feature (Table 3). The number of retinal hemorrhages and intraretinal
microvascular abnormalities were identified through stepwise multiple regression as independently associated
with eGFR (Table 4).

Table 3. Crude and Adjusted Mean eGFR for Individual ETDRS Retinopathy Features in All 1936 Subjects
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Table 4. Multivariate Analysis of ETDRS Retinopathy Features With eGFR for All Participants

 


Sections


PDF


Share

https://jamanetwork.com/downloadimage.aspx?image=https://cdn.jamanetwork.com/ama/content_public/journal/ophth/24876/ecs120029t2.png?Expires=1758025528&Signature=MZN3jft7SevIuIJ-qcE2ujHtF~2NbHuu-hp6xOtMPmpCUBwFuqY-FMI6NP-oCBm7O5dujdqUEaWj170hXdmULbA2W~1Psr5UtRHd4NbyQZVCY4uzD~SoQisGXSNaF~jGhYfUR1en9JjKUTpVM3IPAIbhniKifldbJ9ISnl18BfVwERljIZPNoJHt~8TNOh2jH-u~DtyEymCeb5OxymoFwKF98OULNZFWFJ0emqRsYWRqBGKP5fgSKte-Bmt8NXRt2a-0e9ymb805r1J2Z9O4ktAuef1KXdDVwm8Q1MBB1MFMoW4jdnFFIKzhTLt4mXJo2Ozo8uQOxsAepiGRChQSsg__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA&sec=32689210&ar=1357922&imagename=&siteId=17
https://cdn.jamanetwork.com/ama/content_public/journal/ophth/24876/ecs120029t2.png?Expires=1758025528&Signature=MZN3jft7SevIuIJ-qcE2ujHtF~2NbHuu-hp6xOtMPmpCUBwFuqY-FMI6NP-oCBm7O5dujdqUEaWj170hXdmULbA2W~1Psr5UtRHd4NbyQZVCY4uzD~SoQisGXSNaF~jGhYfUR1en9JjKUTpVM3IPAIbhniKifldbJ9ISnl18BfVwERljIZPNoJHt~8TNOh2jH-u~DtyEymCeb5OxymoFwKF98OULNZFWFJ0emqRsYWRqBGKP5fgSKte-Bmt8NXRt2a-0e9ymb805r1J2Z9O4ktAuef1KXdDVwm8Q1MBB1MFMoW4jdnFFIKzhTLt4mXJo2Ozo8uQOxsAepiGRChQSsg__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://jamanetwork.com/downloadimage.aspx?image=https://cdn.jamanetwork.com/ama/content_public/journal/ophth/24876/ecs120029t3.png?Expires=1758025528&Signature=bieRlAJxmibo5Z7CEVsF7UPMDgraZlA9NyJv5xLqkQUEFKTxkD2ik29d9y0zJvmCBneEmIHklpSqbDPHWxzZmFxOYkTnlNy9-vZwcfNtvHqsaR8qHKcytxDN5ZT55ycEaXIXIs17h3FbCIIuXySU-ecQWJtKc9c55juW774K2kHSDjBejq61kBnZfXengjL5ZSdxkLYJmdDAo4VdV6RyZQBtrgASnSh2p5CreBgpHcymUdO6fX1APgpK3AK6GY5Iu9gp-kWKqsaU4JxRJhGlD~JQlMaz1MtfsTuqzI3gv3hj7wSxClKnLJggDbnKJhPbz6GjLomJq9sYQV~j9gsPxw__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA&sec=32689213&ar=1357922&imagename=&siteId=17
https://cdn.jamanetwork.com/ama/content_public/journal/ophth/24876/ecs120029t3.png?Expires=1758025528&Signature=bieRlAJxmibo5Z7CEVsF7UPMDgraZlA9NyJv5xLqkQUEFKTxkD2ik29d9y0zJvmCBneEmIHklpSqbDPHWxzZmFxOYkTnlNy9-vZwcfNtvHqsaR8qHKcytxDN5ZT55ycEaXIXIs17h3FbCIIuXySU-ecQWJtKc9c55juW774K2kHSDjBejq61kBnZfXengjL5ZSdxkLYJmdDAo4VdV6RyZQBtrgASnSh2p5CreBgpHcymUdO6fX1APgpK3AK6GY5Iu9gp-kWKqsaU4JxRJhGlD~JQlMaz1MtfsTuqzI3gv3hj7wSxClKnLJggDbnKJhPbz6GjLomJq9sYQV~j9gsPxw__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://jamanetwork.com/downloadimage.aspx?image=https://cdn.jamanetwork.com/ama/content_public/journal/ophth/24876/ecs120029t4.png?Expires=1758025528&Signature=TKUKXucJYw-XuXW3IS8RglJqLQvaVLbQWy768y-B5tGnFNbDh~ck7rKcgeUeKarTRD7xYV9MzsHtuU80t1ZrAjYPf~FyXAPTTlQii96f6rNDTQl9-ZXJhFOW-7R7zpFJURPy-xzR-HTMhRcgEHqI27b30zbCROv~uI04OKQXUzxR9zMO2yPIulD55080lr8x7nWkU-DraLgdk0l1qnJAp458UPysxN4XAnVxzRHCS9QKK7Ywo9c1mEeCFtlKoIM8aSpGVF~DT7Go7K~PTH9s0b8qiVKxXutIAmc4BNNMQP1jnjYqgKSp38XysxV9kxQo6pY2Kq1ng04zSGW4m~UDrg__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA&sec=32689214&ar=1357922&imagename=&siteId=17


Table 4. Multivariate Analysis of ETDRS Retinopathy Features With eGFR for All Participants

Table 4. Multivariate Analysis of ETDRS Retinopathy Features With eGFR for All Participants

Go to Figure in Article

OTHER RETINAL FEATURES AND eGFR

Among features typically associated with hypertension, arteriolar sheathing was the only feature significantly
associated with decreased eGFR after adjustment for risk factors (Table 5). Participants with sheathing had a mean
eGFR of 28.5 mL/min/1.73 m2 vs a mean of 42.1 mL/min/1.73 m2 in participants without sheathing. Participants
with arteriovenous abnormalities had a mean eGFR of 37.3 mL/min/1.73 m2 vs a mean of 42.2 mL/min/1.73 m2 in
participants without these abnormalities (P < .001); however, the difference in means decreased and did not
remain significant after adjustment for traditional and nontraditional risk factors (P = .33; Table 5).

Table 5. Crude and Adjusted Mean eGFR for Retinopathy Features Not Contributing to the ETDRS Score
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Participants with macular edema had lower mean eGFR in the univariate analysis but not after adjustment by
traditional risk factors (Table 5). Participants with focal laser photocoagulation scars had lower eGFR in both
univariate analysis and after adjustment by traditional risk factors (Table 5), although the association was no
longer statistically significant (P = .25) after adjustment by both traditional and nontraditional risk factors.

Among all participants, mean caliber of retinal veins and arteriole-venular ratio were significantly associated with
eGFR (P values for overall difference = .01 and .02, respectively; univariate analysis; Table 6), although the
relationships were not monotonic. These relationships remained statistically significant after adjustment for
traditional risk factors (Table 6) but not after adjustment for both traditional and nontraditional risk factors (Table
6). The average caliber of retinal arterioles was not associated with eGFR.

Table 6. Crude and Adjusted Mean eGFR for Each Quartile of IVAN Caliber Measurements for 1599
Participants
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To our knowledge, this is the first comprehensive study of retinal pathology in a cohort of patients with CKD with a
wide range of kidney dysfunction. Our findings show a significant association between worse ETDRS retinopathy
scores and lower eGFR. This association remains significant after adjustment for both traditional and
nontraditional CKD risk factors, suggesting that severity of retinopathy provides additional information on severity
of CKD. The association is stronger among participants previously diagnosed as having diabetes mellitus.
Nondiabetic participants with retinopathy have lower eGFR but not to a statistically significant degree. Other
studies have shown associations between retinal and kidney disease but without adjustment for the high number
of risk factors included in this analysis.2,6,7

Most of the retinopathy features contributing to the ETDRS score were associated with reduced kidney function
when considered without regard to other retinopathy features (Table 3). Multivariate analyses demonstrated that
retinal hemorrhage count and intraretinal microvascular abnormalities were independently associated with lower
eGFR (Table 4). Arteriolar sheathing caused by hypertension was associated with lower eGFR, whereas there was
no association with arteriovenous abnormalities, which are also thought to be caused by hypertension.

Our findings support the hypothesis that common mechanisms may cause both retinal and renal vascular
changes.8 Retinal pathologic features are associated with inflammatory processes17,18 and endothelial
dysfunction,17 leading to circulatory abnormalities and reduced vascular reactivity.19,20 Both retinopathy and
nephropathy involve thickening of basement membrane6 and muscular layers and increased leakage.21 These
pathologic and hemodynamic abnormalities may occur throughout the body and their effects on the retinal
vasculature may be useful indicators of cumulative microvascular damage from hypertension, inflammation,
diabetes mellitus, and other processes.17,22,23 Furthermore, a recent study has suggested common inherited
susceptibilities to retinopathy and CKD in diabetic patients.24

The results of our study show only a marginal association between retinal venular caliber and kidney function that
could be owing to limited power. Although the relationship was not monotonic, in general, smaller venular caliber
was weakly associated with lower eGFR, and adjustment for traditional and novel factors weakened the
associations. No such relationships were seen when participants with diabetes mellitus were assessed separately
(data not shown). Retinal venular dilatation has been associated with progression of diabetic retinopathy,25 poor
glycemic control,26 obesity, inflammation, and endothelial dysfunction.17 Possibly, the effects of reduced kidney
function may counteract the effects of diabetes mellitus on vascular diameter; therefore, no strong association
between eGFR and venular calibers was observed.

Several studies have shown arteriolar narrowing related to current and past blood pressure.27-29 Similar changes
have been observed in myocardial arterioles30,31 and kidney arterioles.32 We detected no significant association in
our study between retinal arteriolar caliber and eGFR (Table 6). The fact that nearly 90% of our study group was
hypertensive, with most receiving medications, may have blunted an association. Sabanayagam et al33 found a
cross-sectional association between arteriolar narrowing and lower eGFR in one study but did not detect an
association with risk for progression of CKD.32

The fact that some of the participants of our study had ungradable photographs is a limitation of our study.
However, ungradable photographs were associated with decreased renal function. Decreased media clarity by
cataracts, vitreous hemorrhage, retinal detachment, and small pupils contribute to poor photographic quality. In
addition, ill patients are less likely to sit quietly and maintain fixation. Another study has reported that eyes with
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ungradable photographs have more eye pathology,13 suggesting that there was important information in the fact
that photographs were ungradable.

One must be cautious in the interpretation of our results. We cannot exclude the possibility that the relationship
between retinopathy and eGFR is driven by a direct damage of hypertension on the retinal vasculature. Although
we have used current systolic blood pressure as a covariate for our adjustments, it is possible that this relationship
is confounded by the history of hypertension, which is not fully addressed in this study. In addition, we do not
have a good characterization of the cause of kidney disease to be able to assess the impact of this factor on the
relationship between retinopathy and eGFR.

In summary, our study demonstrates a strong association between retinopathy and decreased kidney function,
highlighting the need for eye evaluations in patients with CKD. Our data are consistent with the hypothesis that
retinovascular pathology may reflect renal vascular pathology, although they do not prove this relationship
because of the cross-sectional nature of our study. Further investigations are needed to evaluate whether the
presence of retinopathy in patients with CKD offers information of prognostic value regarding accelerated loss of
kidney function.

Correspondence: Juan E. Grunwald, MD, University of Pennsylvania Medical School, 51 North 39th St,
Philadelphia, PA 19104 (juangrun@mail.med.upenn.edu).

Submitted for Publication: October 28, 2011; final revision received April 27, 2012; accepted May 2, 2012.

Author Contributions: Dr Grunwald had full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Chronic Renal Insufficiency Cohort Study Investigators: Harold I. Feldman, MD, MSCE (principal investigator), J.
Richard Landis, PhD, Dina H. Appleby, MS, Shawn Ballard, MS, Denise Cifelli, MS, Robert M. Curley, MS, Jennifer
Dickson, Marie Durborow, Stephen Durborow, Melanie Glenn, MPH, Asaf Hanish, MPH, Christopher Helker, MSPH,
Elizabeth S. Helker, RN, Amanda Hyre Anderson, PhD, MPH, Marshall Joffe, MD, PhD, MPH, Scott Kasner, MD,
MSCE, FAHA, Stephen E. Kimmel, MD, MSCEm, Shiriki Kumanyika, PhD, MPH, Carissa Mazurick, MS, Emile R.
Mohler III, MD, Steven R. Messe, MD, Lisa Nessel, MSS, MLSP, Nancy Robinson, PhD, Leigh Rosen, MUEP, J. Sanford
Schwartz, MD, Sandra Smith, Sandra Smith, Joan Stahl, MS, Kelvin Tao, PhD, MS, Valerie L. Teal, MS, Xin Wang, MS,
Dawei Xie, PhD, Peter Yang, PhD, Xiaoming Zhang, MS (University of Pennsylvania Scientific and Data Coordinating
Center); Raymond R. Townsend, MD (principal investigator), Manjunath Balaram, Thomas P. Cappola, MD, ScM,
Debbie Cohen, MD, Magdalena Cuevas, Ebenezer Daniel, MBBS, MS, MPH, Mark J. Duckworth, Daniel L. Dries, MD,
Virginia Ford, MSN, CRNP, Colin M. Gorman, Juan Grunwald, MD, Holly M. Hannah, Peter A. Kanetsky, PhD, MPH,
Radhakrishna Kallem, Lucy Kibe, MS, Mary B. Leonard, MD, MSCE, Maureen Maguire, PhD, Stephanie McDowell,
Kathleen McWilliams, John Murphy, MD, Muredach Reilly, MB, Sylvia E. Rosas, MD, Wanda M. Seamon, Angie
Sheridan, MPH, Karen Teff, MD, Gui Shuang Ying, PhD (University of Pennsylvania Medical Center); Lawrence J.
Appel, MD, MPH (principal investigator), Cheryl Anderson, PhD, MPH, Jeanne Charleston, RN, Nyya Etheredge,
Bernard Jaar, MD, MPH, Kelly Mantegna, Carla Martin, Edgar Pete Miller, MD, Patience Ngoh, Julia Scialla, MD,
Steve Sozio, MD, MHS, Sharon Turban, MD, MHS, Hemalatha Venkatesh (Johns Hopkins University); Jeffrey Fink,
MD, MS (co-principal investigator), Wanda Fink, RN, BSN, Afshin Parsa, MD, MPH, Beth Scism, Stephen Seliger, MD,
MS, Matthew Weir, MD (University of Maryland); Mahboob Rahman, MD (principal investigator), Mirela A. Dobre,

Article Information


Sections


PDF


Share

mailto:juangrun@mail.med.upenn.edu


MD, MPH (co-principal investigator), Valori Corrigan RN, Renee Dancie, CMA, Genya Kisin MA, Radhika Kanthety,
Louise Strauss, RN, Jackson T. Wright Jr, MD, PhD (University Hospitals of Cleveland Case Medical Center); Jeffrey
Schelling, MD (co-principal investigator), Patricia Kao, MD (co-principal investigator), Ed Horowitz, MD (co-
principal investigator), Jacqui Bjaloncik, Theresa Fallon, John R. Sedor, MD, Mary Ann Shella, RN, BSN, Jacqueline
Theurer, J. Daryl Thornton, MD, MPH (MetroHealth Medical Center); Martin J. Schreiber, MD (co-principal
investigator), Jon Taliercio, DO (co-principal investigator), Martha Coleman, RN, BSN, Lara Danziger-Isakov, MD,
MPH, Richard Fatica, MD, Sandra Halliburton, PhD, Carol Horner, RN, BSN, Teresa Markle, BS, Mohammed A. Rafey,
MD, MS, Melanie Ramos, RN, Annette Russo, Stephanie Slattery, RN, Rita Spirko, RN, MSN, Kay Stelmach, RN,
Velma Stephens, LPN (Cleveland Clinic Foundation); Akinlolu Ojo, MD, PhD (principal investigator), Baskaran
Sundaram, MD, Jeff Briesmiester, Denise Cornish-Zirker, BSN, Crystal Gadegbeku, MD, Nancy Hill, Kenneth
Jamerson, MD, Matthias Kretzler, MD, Bruce Robinson, MD, Rajiv Saran, MD, Bonnie Welliver, BSN, CNN, Jillian
Wilson, Eric Young, MD, MS (University of Michigan at Ann Arbor); Susan P. Steigerwalt, MD, FACP (co-principal
investigator), Keith Bellovich, DO, Jennifer DeLuca, Sherry Gasko, BSRN, Gail Makos, RN, MSN, Chantal Parmelee,
Shahan Smith, Kathleen Walls (St John's Health System); John M. Flack, MD, MPH (co-principal investigator),
James Sondheimer, MD, Jennifer Mahn, Mary Maysura, Stephen Migdal, MD, M. Jena Mohanty, MD, Yanni Zhuang,
BSN (Wayne State University); James P. Lash, MD (principal investigator), Jose Arruda, MD, Carolyn Brecklin, MD,
Eunice Carmona, BA, Janet Cohan, MSN, Michael Fischer, MD, MSPH, Anne Frydrych, MS, RD, Amada Lopez,
Claudia Lora, MD, Monica Martinez, Adriana Matos, Alejandro Mercado, Brenda Moreno, Patricia Meslar, MSN, Ana
Ricardo, MD, MPH, Thomas Stamos, MD, Eve Van Cauter, PhD (University of Illinois at Chicago); Jiang He, MD, PhD
(principal investigator), Brent Alper, MD, Vecihi Batuman, MD, Lydia A. Bazzano, MD, PhD, Bernadette Borja, Jing
Chen, MD, MSc, Catherine Cooke, Patrice Delafontaine, MD, Karen B. DeSalvo, MD, MPH, MSc, Jacquelyn Dolan,
Vivian A. Fonseca, MD, Lee Hamm, MD, Michelle R. Hurly, RN, BSN, Eva Lustigova, MPH, Paul Muntner, PhD, Shea
Shelton, Claire Starcke, Adriana Valencia, MPH, Paul Whelton, MD, MSc (Tulane University Health Science Center);
Alan S. Go, MD (principal investigator), Lynn M. Ackerson, PhD, Pete Dorin, MPA, Daniel Fernandez, Nancy G.
Jensvold, MPH, Joan C. Lo, MD, Juan D. Ordonez, MD, MPH, Rachel Perloff, Thida Tan, MPH, Daphne Thompson,
Gina M. Valladares, Annette Wiggins, RN, Diana B. Wong, RN, MPH, Jingrong Yang, MA (Kaiser Permanente of
Northern California); Chi-yuan Hsu, MD, MSc (co-principal investigator), Glenn M. Chertow, MD, MPH, Nisha
Bansal, MD, Manju Kurella, MD, MPH, Michael G. Shlipak, MD, MPH, Kristine Yaffe, MD, (University of California,
San Francisco); John W. Kusek, PhD, Andrew S. Narva, MD (National Institute of Diabetes and Digestive and Kidney
Diseases); Kathy Faber-Langendoen, MD, Bryce A. Kiberd, MD, Elisa T. Lee, PhD, Julia Lewis, MD, William
McClellan, MD, MPH, Timothy Meyer, MD, David Nathan, MD, John B. Stokes, MD, Herman Taylor, MD, Peter W.
Wilson, MD (Scientific Advisory Committee); Vallabh Shah, PhD (University of New Mexico); Dominic Raj, MD, DM
(George Washington University); Myles Wolf, MD, MMSc (University of Miami); Paul M. Ridker, MD (consultant;
Harvard School of Medicine); Daniel J. Rader, MD, Anna DiFlorio, Steve Master, MD, PhD, Ted Mifflin, Linda Morrell,
Megan L. Wolfe (University of Pennsylvania Central Lab); Phillip Hall, MD, Henry Rolin, Sue Saunders (Cleveland
Clinic GFR Lab); Mathew Budoff, MD, Chris Dailing (University of California, Los Angeles EBT Reading Center);
Elsayed Z. Soliman, MD, MSc, MS, Zhu-Ming Zhang, MD (Wake Forest ECG Reading Center); Martin St. John Sutton,
MBBS, Martin G. Keane, MD, FACC, FAHA (University of Pennsylvania Echo Reading Center).

Financial Disclosure: The authors of this article have no relationship with companies that have financial interest in
the information contained in this article. Dr Townsend is a consultant for Roche, GlaxoSmithKline, and NiCox. Dr
Feldman has a contract with RTI International Amgen.

Funding/Support: This study was funded by grants R01 DK 74151, UL1 RR�024134, MO1 RR�16500, UL1 RR-
024989, MO1 RR�000042, UL1 RR�024986, UL1 RR�029879, and UL1 RR�024131 from the National Institutes of


Sections


PDF


Share



1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Health; the Vivian S. Lasko Research Fund; the Nina C. Mackall Trust; and Research to Prevent Blindness.

Additional Contributions: We acknowledge the participation of the clinical research units of the 6 participating
centers that collected much of the data used to describe the population and used as covariates.

Klein R, Klein BEK. Vision disorders in diabetes. In: Diabetes in America. Bethesda, MD: National Institute of
Diabetes and Digestive and Kidney Diseases; 1995:293�338. NIH publication 95�1468

Kofoed-Enevoldsen A, Jensen T, Borch-Johnsen K, Deckert T. Incidence of retinopathy in type I (insulin-
dependent) diabetes: association with clinical nephropathy.  J Diabet Complications. 1987;1(3):96-
992969913
PubMed | Google Scholar | Crossref

Diabetes Control and Complications Trial Research Group.  The effect of intensive treatment of diabetes on
the development and progression of long-term complications in insulin-dependent diabetes mellitus.  N
Engl J Med. 1993;329(14):997�9868366922
PubMed | Google Scholar

Chavers BM, Mauer SM, Ramsay RC, Steffes MW. Relationship between retinal and glomerular lesions in
IDDM patients.  Diabetes. 1994;43(3):441�4468314018
PubMed | Google Scholar

Klein R, Klein BE, Moss SE, Cruickshanks KJ, Brazy PC. The 10-year incidence of renal insufficiency in people
with type 1 diabetes.  Diabetes Care. 1999;22(5):743�75110332675
PubMed | Google Scholar

The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications
Research Group.  Retinopathy and nephropathy in patients with type 1 diabetes four years after a trial of
intensive therapy.  N Engl J Med. 2000;342(6):381�38910666428
PubMed | Google Scholar

Wong TY, Coresh J, Klein R,  et al.  Retinal microvascular abnormalities and renal dysfunction: the
Atherosclerosis Risk in Communities Study.  J Am Soc Nephrol. 2004;15(9):2469�247615339997
PubMed | Google Scholar

Sabanayagam C, Shankar A, Koh D,  et al.  Retinal microvascular caliber and chronic kidney disease in an
Asian population.  Am J Epidemiol. 2009;169(5):625�63219092170
PubMed | Google Scholar

Coresh J, Selvin E, Stevens LA,  et al.  Prevalence of chronic kidney disease in the United
States.  JAMA. 2007;298(17):2038�204717986697
PubMed | Google Scholar

Feldman HI, Appel LJ, Chertow GM,  et al; Chronic Renal Insufficiency Cohort (CRIC) Study
Investigators.  The Chronic Renal Insufficiency Cohort (CRIC) Study: design and methods.  J Am Soc
Nephrol. 2003;14(7):(suppl 2)  S148�S15312819321
PubMed | Google Scholar

References


Sections


PDF


Share

https://www.ncbi.nlm.nih.gov/pubmed/2969913
https://scholar.google.com/scholar_lookup?title=Incidence%20of%20retinopathy%20in%20type%20I%20%28insulin-dependent%29%20diabetes%3A%20association%20with%20clinical%20nephropathy.&author=A%20Kofoed-Enevoldsen&author=T%20Jensen&author=K%20Borch-Johnsen&author=T%20Deckert&publication_year=&journal=J%20Diabet%20Complications&volume=&pages=
https://doi.org/10.1016/S0891-6632(87)80064-8
https://www.ncbi.nlm.nih.gov/pubmed/8366922
https://scholar.google.com/scholar_lookup?title=The%20effect%20of%20intensive%20treatment%20of%20diabetes%20on%20the%20development%20and%20progression%20of%20long-term%20complications%20in%20insulin-dependent%20diabetes%20mellitus.&publication_year=&journal=N%20Engl%20J%20Med&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/8314018
https://scholar.google.com/scholar_lookup?title=Relationship%20between%20retinal%20and%20glomerular%20lesions%20in%20IDDM%20patients.&author=BM%20Chavers&author=SM%20Mauer&author=RC%20Ramsay&author=MW%20Steffes&publication_year=&journal=Diabetes&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/10332675
https://scholar.google.com/scholar_lookup?title=The%2010-year%20incidence%20of%20renal%20insufficiency%20in%20people%20with%20type%201%20diabetes.&author=R%20Klein&author=BE%20Klein&author=SE%20Moss&author=KJ%20Cruickshanks&author=PC%20Brazy&publication_year=&journal=Diabetes%20Care&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/10666428
https://scholar.google.com/scholar_lookup?title=Retinopathy%20and%20nephropathy%20in%20patients%20with%20type%201%20diabetes%20four%20years%20after%20a%20trial%20of%20intensive%20therapy.&publication_year=&journal=N%20Engl%20J%20Med&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/15339997
https://scholar.google.com/scholar_lookup?title=Retinal%20microvascular%20abnormalities%20and%20renal%20dysfunction%3A%20the%20Atherosclerosis%20Risk%20in%20Communities%20Study.&author=TY%20Wong&author=J%20Coresh&author=R%20Klein&publication_year=&journal=J%20Am%20Soc%20Nephrol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/19092170
https://scholar.google.com/scholar_lookup?title=Retinal%20microvascular%20caliber%20and%20chronic%20kidney%20disease%20in%20an%20Asian%20population.&author=C%20Sabanayagam&author=A%20Shankar&author=D%20Koh&publication_year=&journal=Am%20J%20Epidemiol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/17986697
https://scholar.google.com/scholar_lookup?title=Prevalence%20of%20chronic%20kidney%20disease%20in%20the%20United%20States.&author=J%20Coresh&author=E%20Selvin&author=LA%20Stevens&publication_year=&journal=JAMA&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/12819321
https://scholar.google.com/scholar_lookup?title=The%20Chronic%20Renal%20Insufficiency%20Cohort%20%28CRIC%29%20Study%3A%20design%20and%20methods.&author=HI%20Feldman&author=LJ%20Appel&author=GM%20Chertow&publication_year=&journal=J%20Am%20Soc%20Nephrol&volume=&pages=


11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lash JP, Go AS, Appel LJ,  et al; Chronic Renal Insufficiency Cohort (CRIC) Study Group.  Chronic Renal
Insufficiency Cohort (CRIC) study: baseline characteristics and associations with kidney function.  Clin J Am
Soc Nephrol. 2009;4(8):1302�131119541818
PubMed | Google Scholar

Grunwald JE, Alexander J, Maguire M,  et al; The CRIC Study Group.  Prevalence of ocular fundus pathology
in patients with chronic kidney disease.  Clin J Am Soc Nephrol. 2010;5(5):867�87320299372
PubMed | Google Scholar

Early Treatment Diabetic Retinopathy Study Research Group.  Grading diabetic retinopathy from
stereoscopic color fundus photographs: an extension of the modified Airlie House classification: ETDRS
report number 10.  Ophthalmology. 1991;98(5):(suppl)  786�8062062513
PubMed | Google Scholar

Hubbard LD, Brothers RJ, King WN,  et al; Atherosclerosis Risk in Communities Study Group.  Methods for
evaluation of retinal microvascular abnormalities associated with hypertension/sclerosis in the
Atherosclerosis Risk in Communities Study.  Ophthalmology. 1999;106(12):2269�228010599656
PubMed | Google Scholar

Wong TY, Klein R, Islam FM,  et al.  Diabetic retinopathy in a multi-ethnic cohort in the United States.  Am J
Ophthalmol. 2006;141(3):446�45516490489
PubMed | Google Scholar

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D.Modification of Diet in Renal Disease Study
Group.  A more accurate method to estimate glomerular filtration rate from serum creatinine: a new
prediction equation.  Ann Intern Med. 1999;130(6):461�47010075613
PubMed | Google Scholar

Klein BE, Knudtson MD, Tsai MY, Klein R. The relation of markers of inflammation and endothelial
dysfunction to the prevalence and progression of diabetic retinopathy: Wisconsin Epidemiologic Study of
Diabetic Retinopathy.  Arch Ophthalmol. 2009;127(9):1175�118219752427
PubMed | Google Scholar

Wong TY, Islam FM, Klein R,  et al.  Retinal vascular caliber, cardiovascular risk factors, and inflammation:
the Multi-Ethnic Study of Atherosclerosis (MESA).  Invest Ophthalmol Vis Sci. 2006;47(6):2341-
235016723443
PubMed | Google Scholar

Grunwald JE, Riva CE, Sinclair SH, Brucker AJ, Petrig BL. Laser Doppler velocimetry study of retinal
circulation in diabetes mellitus.  Arch Ophthalmol. 1986;104(7):991�9962942132
PubMed | Google Scholar

Grunwald JE, Riva CE, Brucker AJ, Sinclair SH, Petrig BL. Altered retinal vascular response to 100% oxygen
breathing in diabetes mellitus.  Ophthalmology. 1984;91(12):1447�14526084214
PubMed | Google Scholar

Olson J. Diabetes Mellitus. In: Jennette JC, Olson JL, Schwartz MM, Silva FG, eds. Hepinstall's Pathology of
the Kidney. 5th ed. Philadelphia, PA: Lippincott-Raven; 1998:1247�1287


Sections


PDF


Share

https://www.ncbi.nlm.nih.gov/pubmed/19541818
https://scholar.google.com/scholar_lookup?title=Chronic%20Renal%20Insufficiency%20Cohort%20%28CRIC%29%20study%3A%20baseline%20characteristics%20and%20associations%20with%20kidney%20function.&author=JP%20Lash&author=AS%20Go&author=LJ%20Appel&publication_year=&journal=Clin%20J%20Am%20Soc%20Nephrol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/20299372
https://scholar.google.com/scholar_lookup?title=Prevalence%20of%20ocular%20fundus%20pathology%20in%20patients%20with%20chronic%20kidney%20disease.&author=JE%20Grunwald&author=J%20Alexander&author=M%20Maguire&publication_year=&journal=Clin%20J%20Am%20Soc%20Nephrol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/2062513
https://scholar.google.com/scholar_lookup?title=Grading%20diabetic%20retinopathy%20from%20stereoscopic%20color%20fundus%20photographs%3A%20an%20extension%20of%20the%20modified%20Airlie%20House%20classification%3A%20ETDRS%20report%20number%2010.&publication_year=&journal=Ophthalmology&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/10599656
https://scholar.google.com/scholar_lookup?title=Methods%20for%20evaluation%20of%20retinal%20microvascular%20abnormalities%20associated%20with%20hypertension%2Fsclerosis%20in%20the%20Atherosclerosis%20Risk%20in%20Communities%20Study.&author=LD%20Hubbard&author=RJ%20Brothers&author=WN%20King&publication_year=&journal=Ophthalmology&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/16490489
https://scholar.google.com/scholar_lookup?title=Diabetic%20retinopathy%20in%20a%20multi-ethnic%20cohort%20in%20the%20United%20States.&author=TY%20Wong&author=R%20Klein&author=FM%20Islam&publication_year=&journal=Am%20J%20Ophthalmol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/10075613
https://scholar.google.com/scholar_lookup?title=A%20more%20accurate%20method%20to%20estimate%20glomerular%20filtration%20rate%20from%20serum%20creatinine%3A%20a%20new%20prediction%20equation.&author=AS%20Levey&author=JP%20Bosch&author=JB%20Lewis&author=T%20Greene&author=N%20Rogers&author=D%20Roth&publication_year=&journal=Ann%20Intern%20Med&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/19752427
https://scholar.google.com/scholar_lookup?title=The%20relation%20of%20markers%20of%20inflammation%20and%20endothelial%20dysfunction%20to%20the%20prevalence%20and%20progression%20of%20diabetic%20retinopathy%3A%20Wisconsin%20Epidemiologic%20Study%20of%20Diabetic%20Retinopathy.&author=BE%20Klein&author=MD%20Knudtson&author=MY%20Tsai&author=R%20Klein&publication_year=&journal=Arch%20Ophthalmol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/16723443
https://scholar.google.com/scholar_lookup?title=Retinal%20vascular%20caliber%2C%20cardiovascular%20risk%20factors%2C%20and%20inflammation%3A%20the%20Multi-Ethnic%20Study%20of%20Atherosclerosis%20%28MESA%29.&author=TY%20Wong&author=FM%20Islam&author=R%20Klein&publication_year=&journal=Invest%20Ophthalmol%20Vis%20Sci&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/2942132
https://scholar.google.com/scholar_lookup?title=Laser%20Doppler%20velocimetry%20study%20of%20retinal%20circulation%20in%20diabetes%20mellitus.&author=JE%20Grunwald&author=CE%20Riva&author=SH%20Sinclair&author=AJ%20Brucker&author=BL%20Petrig&publication_year=&journal=Arch%20Ophthalmol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/6084214
https://scholar.google.com/scholar_lookup?title=Altered%20retinal%20vascular%20response%20to%20100%25%20oxygen%20breathing%20in%20diabetes%20mellitus.&author=JE%20Grunwald&author=CE%20Riva&author=AJ%20Brucker&author=SH%20Sinclair&author=BL%20Petrig&publication_year=&journal=Ophthalmology&volume=&pages=


22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sun C, Wang JJ, Mackey DA, Wong TY. Retinal vascular caliber: systemic, environmental, and genetic
associations.  Surv Ophthalmol. 2009;54(1):74�9519171211
PubMed | Google Scholar

Parving HH, Viberti GC, Keen H, Christiansen JS, Lassen NA. Hemodynamic factors in the genesis of diabetic
microangiopathy.  Metabolism. 1983;32(9):943�9496350816
PubMed | Google Scholar

Arar NH, Freedman BI, Adler SG,  et al; Family Investigation of Nephropathy and Diabetes Research
Group.  Heritability of the severity of diabetic retinopathy: the FIND�Eye Study.  Invest Ophthalmol Vis
Sci. 2008;49(9):3839�384518765632
PubMed | Google Scholar

Roy MS, Klein R, Janal MN. Retinal venular diameter as an early indicator of progression to proliferative
diabetic retinopathy with and without high-risk characteristics in African Americans with type 1 diabetes
mellitus.  Arch Ophthalmol. 2011;129(1):8�1521220623
PubMed | Google Scholar

Ikram MK, Janssen JA, Roos AM,  et al.  Retinal vessel diameters and risk of impaired fasting glucose or
diabetes: the Rotterdam Study.  Diabetes. 2006;55(2):506�51016443787
PubMed | Google Scholar

Tso MOM, Jampol LM. Pathophysiology of hypertensive retinopathy.  Ophthalmology. 1982;89(10):1132-
11457155524
PubMed | Google Scholar

Ashton N, Peltier S, Garner A. Experimental hypertensive retinopathy in the monkey.  Trans Ophthalmol Soc
U K. 1969;88:167�1864989799
PubMed | Google Scholar

Garner A, Ashton N, Tripathi R, Kohner EM, Bulpitt CJ, Dollery CT. Pathogenesis of hypertensive retinopathy:
an experimental study in the monkey.  Br J Ophthalmol. 1975;59(1):3�44804913
PubMed | Google Scholar

Tanaka M, Fujiwara H, Onodera T,  et al.  Quantitative analysis of narrowings of intramyocardial small
arteries in normal hearts, hypertensive hearts, and hearts with hypertrophic
cardiomyopathy.  Circulation. 1987;75(6):1130�11393552306
PubMed | Google Scholar

Mosseri M, Yarom R, Gotsman MS, Hasin Y. Histologic evidence for small-vessel coronary artery disease in
patients with angina pectoris and patent large coronary arteries.  Circulation. 1986;74(5):964�9723769180
PubMed | Google Scholar

Burchfiel CM, Tracy RE, Chyou PH, Strong JP. Cardiovascular risk factors and hyalinization of renal arterioles
at autopsy: the Honolulu Heart Program.  Arterioscler Thromb Vasc Biol. 1997;17(4):760�7689108792
PubMed | Google Scholar

Sabanayagam C, Shankar A, Klein BE,  et al.  Bidirectional association of retinal vessel diameters and
estimated GFR decline: the Beaver Dam CKD Study.  Am J Kidney Dis. 2011;57(5):682�69121439697
PubMed | Google Scholar

Sections


PDF


Share

https://www.ncbi.nlm.nih.gov/pubmed/19171211
https://scholar.google.com/scholar_lookup?title=Retinal%20vascular%20caliber%3A%20systemic%2C%20environmental%2C%20and%20genetic%20associations.&author=C%20Sun&author=JJ%20Wang&author=DA%20Mackey&author=TY%20Wong&publication_year=&journal=Surv%20Ophthalmol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/6350816
https://scholar.google.com/scholar_lookup?title=Hemodynamic%20factors%20in%20the%20genesis%20of%20diabetic%20microangiopathy.&author=HH%20Parving&author=GC%20Viberti&author=H%20Keen&author=JS%20Christiansen&author=NA%20Lassen&publication_year=&journal=Metabolism&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/18765632
https://scholar.google.com/scholar_lookup?title=Heritability%20of%20the%20severity%20of%20diabetic%20retinopathy%3A%20the%20FIND-Eye%20Study.&author=NH%20Arar&author=BI%20Freedman&author=SG%20Adler&publication_year=&journal=Invest%20Ophthalmol%20Vis%20Sci&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/21220623
https://scholar.google.com/scholar_lookup?title=Retinal%20venular%20diameter%20as%20an%20early%20indicator%20of%20progression%20to%20proliferative%20diabetic%20retinopathy%20with%20and%20without%20high-risk%20characteristics%20in%20African%20Americans%20with%20type%201%20diabetes%20mellitus.&author=MS%20Roy&author=R%20Klein&author=MN%20Janal&publication_year=&journal=Arch%20Ophthalmol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/16443787
https://scholar.google.com/scholar_lookup?title=Retinal%20vessel%20diameters%20and%20risk%20of%20impaired%20fasting%20glucose%20or%20diabetes%3A%20the%20Rotterdam%20Study.&author=MK%20Ikram&author=JA%20Janssen&author=AM%20Roos&publication_year=&journal=Diabetes&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/7155524
https://scholar.google.com/scholar_lookup?title=Pathophysiology%20of%20hypertensive%20retinopathy.&author=MOM%20Tso&author=LM%20Jampol&publication_year=&journal=Ophthalmology&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/4989799
https://scholar.google.com/scholar_lookup?title=Experimental%20hypertensive%20retinopathy%20in%20the%20monkey.&author=N%20Ashton&author=S%20Peltier&author=A%20Garner&publication_year=&journal=Trans%20Ophthalmol%20Soc%20U%20K&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/804913
https://scholar.google.com/scholar_lookup?title=Pathogenesis%20of%20hypertensive%20retinopathy%3A%20an%20experimental%20study%20in%20the%20monkey.&author=A%20Garner&author=N%20Ashton&author=R%20Tripathi&author=EM%20Kohner&author=CJ%20Bulpitt&author=CT%20Dollery&publication_year=&journal=Br%20J%20Ophthalmol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/3552306
https://scholar.google.com/scholar_lookup?title=Quantitative%20analysis%20of%20narrowings%20of%20intramyocardial%20small%20arteries%20in%20normal%20hearts%2C%20hypertensive%20hearts%2C%20and%20hearts%20with%20hypertrophic%20cardiomyopathy.&author=M%20Tanaka&author=H%20Fujiwara&author=T%20Onodera&publication_year=&journal=Circulation&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/3769180
https://scholar.google.com/scholar_lookup?title=Histologic%20evidence%20for%20small-vessel%20coronary%20artery%20disease%20in%20patients%20with%20angina%20pectoris%20and%20patent%20large%20coronary%20arteries.&author=M%20Mosseri&author=R%20Yarom&author=MS%20Gotsman&author=Y%20Hasin&publication_year=&journal=Circulation&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/9108792
https://scholar.google.com/scholar_lookup?title=Cardiovascular%20risk%20factors%20and%20hyalinization%20of%20renal%20arterioles%20at%20autopsy%3A%20the%20Honolulu%20Heart%20Program.&author=CM%20Burchfiel&author=RE%20Tracy&author=PH%20Chyou&author=JP%20Strong&publication_year=&journal=Arterioscler%20Thromb%20Vasc%20Biol&volume=&pages=
https://www.ncbi.nlm.nih.gov/pubmed/21439697
https://scholar.google.com/scholar_lookup?title=Bidirectional%20association%20of%20retinal%20vessel%20diameters%20and%20estimated%20GFR%20decline%3A%20the%20Beaver%20Dam%20CKD%20Study.&author=C%20Sabanayagam&author=A%20Shankar&author=BE%20Klein&publication_year=&journal=Am%20J%20Kidney%20Dis&volume=&pages=


View Full Text | Download PDF


Sections


PDF


Share

https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1357922
https://jamanetwork.com/journals/jamaophthalmology/articlepdf/1357922/ecs120029_1136_1144.pdf

