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Abstract

 Objective—To assess in older persons with concomitant health conditions the impact of 

retinopathy on mortality.

 Design—Population-based prospective cohort study.

 Participants—4966 individuals aged 67–96 years old (43.2% male) from the Age, Gene/

Environment Susceptibility-Reykjavik Study (AGES-RS).

 Methods—Retinopathy was evaluated from digital fundus images (2002–2006) using the 

modified Airlie House adaptation of the Early Treatment Diabetic Retinopathy Study protocol. 

Mortality was assessed through September 2013 (cause-of-death assigned through 2009). Cox 

proportional hazards regression models, with age as the time scale, estimated the association 

between retinopathy and death while controlling for risk factors and the presence of concomitant 

health conditions.

 Main Outcome Measures—Mortality from all-causes and cardiovascular disease (CVD).
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 Results—Among the 4966 participants, 503 (10.1%) had diabetes and 614 (12.4%) had 

retinopathy at baseline. A subset of these, 136 (2.7%), had both diabetes and retinopathy. After a 

median follow-up of 8.6 years, 1763 persons died, 276 (45.0%) with retinopathy and 1487 

(34.2%) without retinopathy, of whom 76 and 162 persons, respectively, also had diabetes. There 

were 366 deaths from CVD through 2009; 72 (11.7%) in persons with retinopathy and 294 (6.8%) 

without retinopathy. In multivariable analyses, retinopathy was significantly associated with all-

cause mortality [Hazard Ratio (HR) 1.26 (95% Confidence Interval (CI): 1.10, 1.43); p<0.01] and 

CVD-related mortality [HR 1.57 (95% CI: 1.20, 2.06); p<0.01]. Findings were more striking in 

men: all-cause HR 1.33 (95% CI: 1.11, 1.60) and CVD HR 1.81 (95% CI: 1.25, 2.63). Risk of 

mortality was further increased among those with retinopathy concomitant with microalbuminuria 

[all-cause HR 1.70 (95% CI: 1.03, 2.23) and CVD HR 2.04 (95% CI: 1.27, 3.28)] and those with 

retinopathy, microalbuminuria and diabetes [all-cause HR 2.01 (95% CI: 1.22, 3.31) and CVD HR 

5.24 (95% CI: 1.91, 14.42)]. History of clinical stroke increased the risk of CVD-related mortality 

among persons with retinopathy [HR 3.30 (95% CI: 2.05, 5.32)], particularly those with 

retinopathy and diabetes [HR 5.38 (95% CI: 1.80, 16.06)].

 Conclusions—Even minimal retinopathy was a significant predictor of increased mortality in 

older persons, particularly men, irrespective of diabetes status. Persons with retinopathy may 

warrant closer clinical management of general health.
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 INTRODUCTION

Retinopathy, a common condition, has been independently associated with several adverse 

health conditions, including diabetes, hypertension, coronary heart disease, and chronic 

kidney disease.1–8 In the Age, Gene/Environment Susceptibility – Reykjavik Study (AGES-

RS), retinopathy was present in one or both eyes in 27% of participants with diabetes 

mellitus and 10.7% of those without diabetes; among the latter group, microalbuminuria was 

the only statistically significant factor associated cross-sectionally with increased risk of 

retinopathy.9 Another analysis from the same cohort showed that retinopathy was associated 

with multiple cerebral microbleeds, particularly in participants with diabetes.10 Results from 

the Lipid Research Clinic’s Coronary Primary Prevention Trial suggested that retinopathy 

predicts coronary heart disease in high risk men, independent of other risk factors,5 and 

more recently, the Chronic Renal Insufficiency Cohort Study demonstrated, after adjustment 

for a wide array of risk factors, a strong cross-sectional association between severity of 

retinopathy and chronic kidney disease.3

Retinopathy has also been associated with an increased risk of mortality, specifically, 

cardiovascular disease (CVD)-related mortality, in older adults.11–17 The Beijing Eye 

Study11 followed 3224 Chinese participants with a mean age of 56 years (range 40–101 

years) over five years and found the mortality rate among the 8.8% of persons who, at 

baseline, had retinopathy was twice that of those without retinopathy. Similarly, the Blue 

Mountains Eye Study12 followed 2967 participants aged 49+ years over 12 years and 

reported retinopathy to be a significant predictor of coronary heart disease deaths in the 
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28.6% of persons with retinopathy and diabetes and the 9.7% of persons with retinopathy 

without diabetes. In the Ibaraki Prefectural Health Study in Japan,13 87,890 participants 

aged 40–79 years were followed for 15 years, and retinopathy was a significant risk factor 

for death due to cardiovascular causes independent of other cardiovascular risk factors, 

including hypertension.

Further, among individuals with diabetes, a Finnish cohort study of persons aged 45–64 

years suggested that retinopathy predicted all-cause, cardiovascular, and coronary disease 

related mortality in men and women14 while a meta-analysis of 20 studies involving 

retinopathy determined that the presence of retinopathy was associated with an increased 

risk of all-cause mortality and cardiovascular events in diabetic patients.15 Data from the 

Third National Health and Nutrition Survey reported a synergistically increased all-cause 

mortality risk among adults having both retinopathy and chronic kidney disease.16

It is unclear why retinopathy, particularly mild signs that are the most common, would be 

associated with mortality. We speculate that the influence of common concomitant age-

related health conditions, particularly diabetes and cardiovascular disease, may affect 

associations between retinopathy and mortality, but there are few published reports on the 

topic. The current study extends previous work on retinopathy in the well-phenotyped 

AGES-RS cohort of Icelandic elders by investigating the relationship between retinopathy 

and mortality in the context of concomitant health conditions.

 METHODS

 Study Population

The AGES-RS is a population-based prospective cohort study designed to investigate the 

contribution of interacting genetic and environmental factors on common age-related 

conditions and has been described in detail elsewhere.18 Participants were recruited between 

2002 and 2006 from randomly selected, surviving men and women born between 1907 and 

1935 (n=11,549) from the Reykjavik Study that was initiated by the Icelandic Heart 

Association (IHA) in 1967. Of the 5764 individuals (aged 67 years or older) examined as 

part of the AGES-RS, retinal images were collected from 4994 (86.6%) persons. Ungradable 

or incomplete images from both eyes excluded 28 participants from retinopathy assessment, 

resulting in an analytic sample of 4966 persons for the current study.

In adherence to the Tenets of the Declaration of Helsinki, the AGES Study was approved by 

the Icelandic National Bioethics Committee (VSN: 00–063), the Icelandic Data Protection 

Authority, Iceland, and by the Institutional Review Board for the National Institute of Aging, 

National Institutes of Health, USA. Written informed consent was obtained from all 

participants.

 Retinal Examination

Following pharmacologic dilation of the pupils, a Canon CR6 nonmydriatic camera (US 

Canon Inc, Lake Success, NY) with a Canon D60 camera back was used to capture two 45-

degree images of each retina, one centered on the optic disc (field 1) and the other centered 

on the fovea (field 2), from both eyes using a standardized protocol. Procedures have been 
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described in detail.19 Graders, masked to health status, at the Ocular Epidemiology Reading 

Center at the University of Wisconsin evaluated retinal images using EyeQ Lite image 

processing software (Digital Healthcare Inc., Cambridge, UK) and the modified Airlie 

House Classification adaption of the Early Treatment Diabetic Retinopathy Study 

protocol20, the same retinopathy grading method used for the Multi-Ethnic Study of 

Atherosclerosis.21

Retinopathy lesions were classified as definite if the grader was at least 90% certain that a 

retinal lesion was present, and once classified as definite, a retinopathy level was assigned to 

the lesion based on the presence of hard exudates (HE), dot or blot hemorrhages (HEM), 

microaneurysms (MA), cotton wool spots (CWS), intraretinal microvascular abnormalities 

(IRMA), venous beading (VB), and new vessels.21 Grading levels were categorized as no 

retinopathy (levels 10–13, findings of no or questionable retinopathy), mild non-proliferative 

retinopathy (levels 14–31, findings indicative of HE, IRMA, CWS or VB without MA or 

HEM; MA only; HEM only), moderate-to-severe non-proliferative retinopathy (levels 41–

51, findings of MA and at least one other of these lesions CWS, IRMA, VB or HEM; 

multiple MA) or proliferative retinopathy (levels 60–80, findings indicative of fibrous 

proliferation; panretinal photocoagulation laser scars; vitreous hemorrhage). Unless 

otherwise stated, retinopathy was dichotomized as no retinopathy or any retinopathy (levels 

14–80) for the participant’s worse eye (i.e. the eye with the most severe retinopathy lesion). 

If fundus images were unavailable or ungradable for one eye, the retinopathy level from the 

other eye was used. Since retinopathy signs in the presence of diabetes and hypertension 

share many similarities,22 care was taken not to attribute an underlying cause of the 

retinopathy but rather to consider concomitant conditions which co-occurred with it.

 Mortality Outcome

Records for AGES-RS participants were linked, with the permission of the Icelandic Data 

Protection Authority, to the complete adjudicated registry of deaths of all Icelanders, dying 

in country and abroad, whose names appear in the Icelandic National Roster maintained by 

Statistics Iceland (http://www.statice.is/Statistics/Population/Births-and-deaths), from which 

IHA ascertained mortality events. All-cause mortality was assessed through September 27, 

2013, but cause-of-death was available only for deaths recorded through December 31, 2009 

when Icelandic funding for such classification ceased. IHA determined cause-of-death due 

to CVD using guidelines from the SCORE project23 and the International Classification of 

Disease (ICD) (versions 9), where deaths with the following ICD codes: 401 through 414, 

426 through 443, and 798.1 and 798.2, with the exception of the following codes for 

definitely non-atherosclerotic causes of death: 426.7, 429.0, 430.0, 432.1, 437.3, 437.4, and 

437.5, were attributed to CVD.

 Assessment of Participant Characteristics

A wide array of information was assessed through detailed in-person interviews and clinical 

examinations. Education was dichotomized as completed secondary school or less than 

secondary school. Smoking status was classified as never smoked, former smoker, or current 

smoker. Hypertension was defined as a self-reported history of hypertension, use of 

antihypertensive drugs, or blood pressure ≥ 140/90 mm Hg. Body mass index (BMI) was 
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calculated as weight (kg) divided by height (meters) squared. Self-reported health status was 

determined from the interviewed participant’s response when asked to rate it using a Likert 

scale (e.g. excellent, very good, good, fair, or poor), and subsequently, dichotomized as poor 

or good (not poor). A three-step procedure was used to identify cases of dementia, which 

were adjudicated in a consensus conference adhering to international guidelines.24 Cognitive 

status was dichotomized into impaired (dementia/mild cognitive impairment) and not 

impaired for the purposes of this analysis. Self-reported history of difficulty walking or use 

of walking aids was used to define a walking disability. Fasting blood serum was collected, 

and total cholesterol (mmol/L), high-density lipoprotein (HDL) cholesterol (mmol/L), 

triglycerides (mmol/L), glucose (mmol/L), and HbA1c (%) were analyzed on a Hitachi 912 

(Mito, Japan), using reagents from Roche Diagnostics (Mannheim, Germany) and following 

the manufacturer’s instructions.9 A standard from Roche Diagnostics and also an in-house 

serum standard were used to determine a coefficient of variation (%) for each measurement. 

They are, respectively, for total cholesterol 2.5% and 2.9%, HDL 3.5% and 2.1%, 

triglycerides 2.7% and 2.2%, and glucose 1.9% and 2.0%. For HbA1c, the % coefficient of 

variation using the manufacturer’s standard was 3.1%. Diabetes mellitus was determined by 

a self-reported history of diabetes, use of glucose-modifying medications, or HbA1c level of 

≥ 6.5%. Self-reported history of angina and CVD were determined from participant’s 

interview response (yes or no). Documented hospital reports of a myocardial infarction, 

coronary artery bypass surgery, or angioplasty were used to ascertain a participant’s record 

of a clinical cardiovascular event (yes or no). All adjudicated cases of clinical stroke, from 

prior to entry into the AGES study and following entry into the study through December 31, 

2012, were determined from hospital records. Microalbuminuria was defined as a urine 

albumin: creatinine ratio (UACR) ≥ 30 mg/g, and chronic kidney disease (CKD) was 

considered to be present if the participant had an estimated glomerular filtration rate 

(eGFR)25 < 60 ml/min/1.73m2. Cerebral microbleeds and brain infarcts, presence of and 

number, were detected by a neuroradiologist from magnetic resonance imaging (MRI) and 

characterized by trained radiographers at IHA as none, single or multiple (≥ 2) using a 

detailed grading protocol.26 Total brain tissue volume was estimated by summing grey 

matter, white matter, and white matter lesion volumes from brain MRIs and was corrected 

for total intracranial volume in order to calculate a standardized percentage tissue volume.26

 Statistical Analysis

Statistical analyses were conducted using SAS version 9.3 (SAS Institute, Cary, North 

Carolina, USA). Differences between groups with and without retinopathy data and by 

retinopathy status, adjusting for age and sex, were tested using analysis of covariance 

(ANCOVA) and logistic regression. Kaplan-Meier plots were generated to illustrate age-

adjusted mortality risk by retinopathy status over the ten year follow-up period for men and 

women separately. Hazard ratios (HR) for all-cause mortality, and specifically, due to CVD, 

and retinopathy were estimated using Cox proportional hazards regression. Age was used as 

the time scale in all regression analyses instead of follow-up time, allowing the Cox 

proportional hazards models to compare risk for persons of comparable age in order to 

mitigate the substantial impact of increasing age on mortality risk.
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Risk factors significantly associated with retinopathy or mortality due to any cause in 

preliminary analyses (p<0.05) were included in multivariable models and these included sex, 

smoking status, BMI, hypertension, diabetes, self-reported health status, cognitive status, 

walking disability, number of medications, and serum total cholesterol. Self-reported history 

of angina and cardiovascular disease were also included in multivariable analyses for 

cardiovascular-disease related mortality. Additionally, in order to examine the specific 

influence of kidney dysfunction (e.g. chronic kidney disease and microalbuminuria) and 

cerebrovascular conditions (e.g. total brain tissue volume, cerebral microbleeds, brain 

infarcts, and clinical stroke) on the associations between retinopathy and mortality, the 

interactions between each condition and retinopathy were formally tested and separate 

regression models were utilized to adjust for these factors. Stratified analyses were also 

performed for men and women to account for sex differences and to assess the dual impact 

of concomitant health conditions and retinopathy on mortality. Cox proportional hazards 

models were tested for violations of proportionality assumptions by graphical inspection and 

by generating time-dependent covariates using the interactions of each variable with the 

logarithm of the follow-up time. No violations were found. Other variables examined in 

preliminary analyses, but ultimately excluded as important to the association between 

retinopathy and mortality due to lack of significance included marital status, physical 

activity, depressive symptomology, self-reported history of falls, hearing impairment, cod 

liver oil use, antidepressant use, aspirin use, glucose level, self-reported history of cancer or 

arthritis, hand osteoarthritis, coronary calcium score, and Vitamin D levels.

All analyses were two-sided at the 95% confidence level with hazard ratio (HR) and 

confidence intervals (CI) reported.

 RESULTS

Characteristics of participants with and without data on retinopathy are reported in 

Supplemental Table A. Study participants with retinopathy data included in this analysis 

(N=4966) were significantly younger and more likely to be male compared to the 798 

excluded participants. After adjusting for age and sex, included participants were also 

significantly more likely to be better educated, a former smoker, currently consume alcohol, 

and have a greater total brain tissue volume but were less likely to currently smoke, self-

report poor health, be cognitively impaired, have a walking disability, take more 

medications, have diabetes, have had a stroke, or have low serum HDL cholesterol. Among 

participants with data on retinopathy, 96.7% had graded images from both eyes.

Retinopathy was present at the baseline examination in 614 (12.4%) of the 4966 study 

participants; of whom, 593 (11.9%) had mild non-proliferative retinopathy, 16 (0.3%) had 

moderate-to-severe non-proliferative retinopathy, and 5 (0.1%) had proliferative retinopathy. 

Of those with retinopathy, 96.6% exhibited mild signs of disease, predominantly blot/dot 

hemorrhages or microaneurysms. Due to the small number of advanced cases of retinopathy, 

all analyses considered retinopathy as yes or no. Only 136 persons (22.1%) with retinopathy 

at baseline also had diabetes (all but 17 individuals had mild signs of retinopathy). During 

the ten-year follow-up period (median follow-up 8.6 years, range 3–10 years), 1763 (35.5%) 

individuals died (900 men and 863 women). The mean time-to-death from baseline exam 
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was 4.8 years and the mean age-at-death was 84.0 years. Through 2009, 860 deaths 

occurred, of which 366 (42.6%) were attributed to CVD. Mean time-to-death and mean age-

at-death did not differ significantly by retinopathy status, but persons with retinopathy were 

significantly more likely to die compared to peers of comparable age and sex. Figure 1 

depicts mortality by retinopathy status, over the ten year follow-up period, stratified by sex 

and adjusted for age. Mortality risk was more pronounced for men compared to women, 

suggesting that separate analyses for men and women were warranted.

Among individuals who died, 15.7% had retinopathy at the baseline exam (16.1% of men 

and 15.2% of women). Participants with retinopathy who died during follow-up were not 

significantly older at baseline than participants without retinopathy (79.5±5.7, range 67–92 

years, versus 79.1±5.6, range 67–96 years, p=0.34); however, they were more likely to be in 

poorer health (e.g. self-report of poor health and greater medication use) and have 

concomitant health conditions, such as hypertension, diabetes, chronic kidney disease, 

microalbuminuria, and clinical stroke. Characteristics for those who died are provided by 

retinopathy status, stratified by sex, in Table 1.

In multivariable Cox proportional hazards regression models, the relationship between 

retinopathy and certain concomitant health conditions on mortality was also apparent (Table 

2). Results from initial analytic models that included the mortality-susceptibility risk factors 

(age, sex, smoking status, BMI, hypertension, diabetes, self-reported health status, cognitive 

status, walking disability, number of medications, serum total cholesterol, and for CVD-

related mortality analyses, self-reported history of CVD and angina) suggested that having 

retinopathy significantly increased the risk of mortality [HR 1.26 (95% CI: 1.10, 1.43)], 

particularly CVD-mortality [HR 1.57 (95% CI: 1.20, 2.06)]. Among men, those with 

retinopathy had a significantly higher risk of mortality compared to those without 

retinopathy [all-cause HR 1.33 (95% CI: 1.11, 1.60) and CVD HR 1.81 (95% CI: 1.25, 

2.63)]. Mortality risk was also elevated for women with retinopathy but was not statistically 

significantly different compared to women without retinopathy.

In subsequent models (Table 2), indicators of kidney dysfunction (chronic kidney disease 

and microalbuminuria) and cerebrovascular conditions (total brain tissue volume, cerebral 

microbleeds and brain infarcts) were included. These concomitant conditions mitigated 

some of the mortality risk attributed to retinopathy; nonetheless, the resulting associations 

between retinopathy and mortality due to any cause and CVD remained statistically 

significant when data for men and women were combined, as well as when men were 

examined alone (p<0.05). Increased risk of death attributable to retinopathy was further 

attenuated when clinical stroke was considered, although it remained statistically significant 

in men [all-cause HR 1.28 (95% CI: 1.04, 1.57) and CVD HR 1.74 (95% CI: 1.14, 2.66)].

Interactions between retinopathy and the health conditions microalbuminuria and clinical 

stroke were tested in the final all-cause and CVD models, and no statistically significant 

interactions for either condition in any of the models were found, suggesting that the 

relationship between retinopathy and mortality was consistent in persons with and without 

the health condition. Nonetheless, the impact on mortality of having both retinopathy and 

the condition may be greater than that which is seen in participants not having the health 
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condition. In stratified analyses assessing the impact of concomitant kidney dysfunction, 

specifically microalbuminuria, with retinopathy on mortality (Table 3), individuals with both 

retinopathy and microalbuminuria were at significantly increased risk of all-cause and CVD-

related mortality compared to those without retinopathy and microalbuminuria [all-cause HR 

1.70 (95% CI: 1.30, 2.23) and CVD HR 2.04 (95% CI: 1.27, 3.28)] while only having 

retinopathy but not microalbuminuria did not significantly increase risk of mortality [HR 

1.08 (95% CI: 0.91, 1.27)]. This relationship between retinopathy and microalbuminuria on 

mortality was particularly evident among persons with diabetes [HR 2.01 (95% CI: 1.22, 

3.31)], but mortality risk was also elevated in those without diabetes [HR 1.52 (95% CI: 

1.08, 2.14)]. Risk of mortality associated with retinopathy concomitant with 

microalbuminuria was also significantly elevated among persons with hypertension [HR 

1.71 (95% CI: 1.30, 2.25) and was elevated but not statistically so among the few 

normotensive people [HR 1.88 (95% CI: 0.25, 13.97)]. Risk of mortality among men with 

retinopathy and concomitant microalbuminuria was also significantly greater [all-cause HR 

2.06 (95% CI: 1.44, 2.94) and CVD HR 4.12 (95% CI: 2.21, 7.68)] compared to men 

without either condition; this was most predominant when co-present with diabetes or 

hypertension. Women who died were considerably less likely than men to have 

microalbuminuria or when present to have it concomitant with retinopathy. Furthermore, 

women did not exhibit similarly significant increased risk of death associated with 

retinopathy when concomitant with microalbuminuria compared to men.

Clinical stroke, equally common among men and women who died, mitigated the 

association between retinopathy and increased risk of death in multivariable analyses (Table 

2). Investigating this further in stratified analyses (Table 4), there was, in men and women 

combined and in men only, a significant association between retinopathy and all-cause 

mortality irrespective of the co-presence of clinical stroke [compared to persons without 

retinopathy and clinical stroke: for all participants, HR 1.22 (95% CI: 1.03, 1.44) retinopathy 

without clinical stroke and HR 1.41 (95% CI: 1.05, 1.90) retinopathy and clinical stroke, and 

for men, HR 1.32 (95% CI: 1.06, 1.65) retinopathy without clinical stroke and HR 1.65 

(95% CI: 1.07, 2.56) retinopathy and clinical stroke; all p<0.05]. In contrast, although CVD-

mortality risk was increased in persons with retinopathy and no clinical stroke [HR1.64 

(95% CI: 1.12, 2.40), p<0.05], persons with concomitant retinopathy and clinical stroke 

were much more likely to die of CVD than their counterparts without retinopathy and 

clinical stroke [HR 3.30 (95% CI: 2.05, 5.32), p<0.01], particularly in men [HR 4.49 (95% 

CI: 2.26, 8.90), p<0.01], although the association was also significant in women [HR 2.91 

(95% CI: 1.47, 5.78), p<0.01]. Among persons without diabetes, retinopathy was associated 

with CVD-mortality only in persons with concomitant retinopathy and clinical stroke [HR 

3.34 (95% CI: 1.92, 5.81), p<0.01, for all participants; HR 3.18 (95% CI: 1.26, 8.05), p<0.05 

for men only; and HR 3.85 (95% CI: 1.88, 7.88), p<0.01, for women]. Among persons with 

diabetes, retinopathy with and without clinical stroke was associated with increased risk of 

CVD-mortality [HR 5.38 (95% CI: 1.80, 16.06) and HR 3.23 (95% CI: 1.26, 8.33), 

respectively]. When stratified by sex, the risk attributable to retinopathy was statistically 

significant, irrespective of the presence of clinical stroke, only for men. Women with 

retinopathy but no clinical stroke history experienced significantly increased risk of CVD-

mortality, but while elevated, when concomitant retinopathy and clinical stroke were present, 
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the association between retinopathy and increased mortality was not statistically significant. 

Among persons with hypertension, retinopathy with and without clinical stroke was 

significantly associated with all-cause mortality in all persons [HR 1.52 (95% CI: 1.12, 2.07) 

and HR 1.30 (95% CI: 1.09, 1.54), respectively] but was more strongly associated with 

CVD-mortality [HR 3.88 (95% CI: 2.36, 6.38) and HR 1.75 (95% CI: 1.18, 2.59), 

respectively]. In men with concomitant retinopathy, hypertension and clinical stroke, the risk 

of CVD-mortality was significantly elevated [HR 4.71 (95% CI: 2.35, 9.47), p<0.01] and the 

same was true for women [HR 3.61 (95% CI: 1.70, 7.68), p<0.01]. There were only eight 

normotensive participants with clinical stroke who also had retinopathy, too few to assess 

risk.

 DISCUSSION

Our findings show that mortality risk due to any cause, and specifically CVD, was 

significantly increased in older persons with retinopathy compared to similarly-aged 

individuals without retinopathy, even after adjusting for diabetes, hypertension, and other 

factors, like smoking, which are commonly associated with decreased survival. This was 

particularly true in men. Women with retinopathy had a higher but not statistically 

significantly increased risk of dying relative to women of comparable age without 

retinopathy. Furthermore, our results show that retinopathy concomitant with 

microalbuminuria or history of clinical stroke posed higher mortality risk than was observed 

with retinopathy alone, and it was irrespective of diabetes status.

The current study corroborates findings from published studies examining the association 

between retinopathy and mortality in studies of persons with and without 

diabetes.11–14, 31–33 Results from a population-based cohort study of Chinese adults, aged 

40–101 years (mean age 56.1 years), suggested that in addition to older age, male sex, and 

living in a rural region, retinopathy was a risk factor for increased mortality over a five year 

period.11 Similarly, the Beaver Dam Eye Study found that retinopathy was associated with 

decreased survival over 14 years in men and women without diabetes, aged 43–84 years, 

with the strongest association reported for ischemic heart disease mortality.31 The 

relationship between CVD-mortality and retinopathy was also significant in another analysis 

from the Beaver Dam Eye Study that found retinopathy predicted 10-year cardiovascular 

mortality independent of other retinal lesions, blood pressure, diabetes, glycosylated 

hemoglobin and other risk factors, and even for persons without a history of myocardial 

infarction or stroke.32 Increased cardiovascular mortality risk (over a 14 year follow-up 

period) was also independently associated with mild hypertensive retinopathy among men 

and women with and without hypertension in the Ibaraki Prefectural Health Study.13

It is well known, however, that CVD and retinopathy are complications of diabetes,27–29 and 

multiple studies have considered the impact of retinopathy on mortality risk, particularly 

resulting from CVD, in persons with diabetes.15–17,30 Proliferative retinopathy predicted all-

cause, CVD, and CHD death in Finnish men and women, aged 45–64 years, with diabetes 

mellitus who were free of CVD at baseline, even after adjustment for traditional CVD risk 

factors, glycemic control, duration of diabetes, and proteinuria.15 In the Wisconsin 

Epidemiologic Study of Diabetic Retinopathy, retinopathy was strongly associated with all-
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cause and ischemic heart disease mortality in persons with early and late onset diabetes, 

when controlling for age and sex.30 Mortality risk was mitigated when other factors were 

included, but the presence of severe retinopathy in individuals with diabetes remained a 

significant indicator for increased risk of ischemic heart disease death. Among those with 

diabetes in the current study, retinopathy was a significant risk factor for mortality due to 

any cause and, specifically CVD, consistent with these earlier findings. However, while the 

relationship was stronger among persons with diabetes, there were considerably more 

persons with retinopathy in our sample who did not have diabetes. In this latter group, signs 

of retinopathy were exclusively mild, yet this group also exhibited increased risk of death 

due to all-causes and CVD.

The current study attempts to unravel patterns of multi-morbidity that are common in old 

age and if better understood may provide insight into the conditions which co-occur and 

ultimately result in poor health. Previous reports indicated that kidney disease and reduced 

total brain volume predicted mortality in the Icelandic population by increasing risk of 

cardiovascular and cerebrovascular disease.34–35 In a separate analysis, microalbuminuria 

was found to be a statistically significant factor associated with increased risk of retinopathy 

in participants without diabetes.9 This analysis therein considered the overall influence of 

retinopathy on mortality, as well as possible joint interactive effects of microalbuminuria, a 

marker of kidney dysfunction, and clinical stroke, an indicator of reduced functional brain 

volume, and considered the possibility that there might be sex-specific differences 

influenced by whether or not diabetes was also present. As a result, the current study’s sex-

specific results extend findings from a recent analysis of National Health and Nutrition 

Examination Survey (NHANES) 1988–1994 data reporting that in the presence of chronic 

kidney disease, retinopathy was a strong predictor of all-cause and CVD-related mortality in 

the adult population,14 as well as earlier results suggesting that the joint impact of 

retinopathy and macroalbuminuria or proteinuria significantly increased the risk of death on 

individuals with diabetes.36–37

The association between retinopathy and decreased survival was more prominent in men 

than women in our analysis involving older people, reflecting, in part, differential patterns of 

multi-morbidity, with men exhibiting more concomitance of conditions. Hence, rather than 

representing true biological differences between the sexes, point estimates elevated above 

one but not statistically significant for women due to wide confidence intervals may reflect 

the smaller number of women with these constellation of conditions, and given a larger 

sample of women, confidence intervals around the estimates may narrow becoming more 

consistent with results seen in men. Studies reporting on sex differences in retinopathy and 

mortality analyses are limited,15, 38 but in contrast to our results, a Finnish study examining 

CVD-mortality in men and women with diabetes found that proliferative retinopathy 

predicted all-cause, CVD, and CHD mortality in all participants and in women alone, 

independent of current smoking, hypertension, total cholesterol, HDL cholesterol, glycemic 

control of diabetes, duration of diabetes, and proteinuria.15 Participants in that study were, 

however, younger (ages ranged from 45–64 years) and all had type 2 diabetes.

The mechanisms underlying a direct association between retinopathy and mortality is not 

known. Retinopathy may be a biomarker indicative of structural or functional abnormalities 
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in the systemic microvasculature, particularly in organs such as the kidney, heart and brain, 

related to endothelial dysfunction.12 It may also represent the severity of an individual’s 

allostatic load of cardiovascular risk factors, including smoking, hypertension, dyslipidemia, 

obesity, chronic kidney disease, and microalbuminuria, all of which have been associated 

with retinopathy in persons with and without diabetes.33 Consistent with this notion, men in 

our study were significantly more likely to have retinopathy, a history of cardiovascular 

disease, clinical evidence of a previous cardiovascular event, diabetes, microalbuminuria, 

and multiple brain infarcts compared to the women. Furthermore, men were also more likely 

to have multiple conditions concurrently compared to women, indicating poorer health and a 

greater propensity toward decreased survival.

The current study’s strengths include a large, randomly selected, population-based cohort of 

older adults, retinal examinations that were completed following standardized objective 

protocols with grading of retinopathy masked to the health status of participants, a vast 

range of data on participant characteristics and concomitant health conditions, and linkage to 

a complete, adjudicated registry of deaths with no loss to follow-up, as well as access to 

hospital data. Limitations include the availability of cause-of-death only through December 

31, 2009, the cross-sectional study collection of health characteristics at a single time point 

in a cohort with European ancestry, and a possible selection bias between persons who 

completed the retinal examination and those who did not, all of which could have influenced 

the results. Additionally, data on clinical stroke events were collected and adjudicated only 

through December 31, 2012, which may have resulted in an underestimate of the number of 

strokes occurring throughout the entire follow-up period. The relatively small number of 

cases of diabetes with retinopathy could also be considered by some a study limitation, but 

fortunately for the populace, the low limitation is that the rate of hypertension in this sample 

of Icelandic elders was very high and although 78.7% of participants reported use of 

hypertensive medications and we adjusted for hypertension in our analytic models, we were 

unable to assess fully the impact of retinopathy and concomitant conditions specifically in 

normotensive persons.

In conclusion, findings from this study suggest that persons with retinopathy are at increased 

risk of mortality, particularly due to CVD. Concomitant health conditions in old age such as 

kidney dysfunction, cerebrovascular disease, and diabetes further increased risk of death 

among those with retinopathy, particularly for men. While the underlying reasons for the 

association between retinopathy and decreased survival remain unclear, it is possible that 

even minimal retinopathy indicates more extensive disease in the microcirculation that 

warrants referral for closer clinical management of general health in order to reduce the risk 

of clinical cardiovascular events and therein prolong healthy survival. Detailed study of mid-

life factors will prove useful to ascertain the biology underlying how retinopathy, kidney 

dysfunction, diabetes, and hypertension come to manifest concomitantly and impact on 

survival in late life.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kaplan-Meier Plot for All-Cause and Cardiovascular Disease Related Mortality Rates 
by Retinopathy Status in Men and Women, Adjusted for Age
All-cause mortality was assessed through September 27, 2013; CVD-related mortality was 

assessed through December 31, 2009.
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Table 2

Cox Proportional Hazards Regression Models of All-Cause and Cardiovascular Disease Related Mortality by 

Retinopathy Status, Overall and by Sex

Retinopathy,
Present versus Absent

Model 1
(HR and 95% CI)

Model 2
(HR and 95% CI)

Model 3
(HR and 95% CI)

Model 4
(HR and 95% CI)

All-Cause Mortality

    All Participants 1.26 (1.10, 1.43)** 1.20 (1.05, 1.37)** 1.16 (1.01, 1.35)* 1.12 (0.97, 1.30)

    Men 1.33 (1.11, 1.60)** 1.30 (1.08, 1.57)** 1.30 (1.06, 1.60)* 1.28 (1.04, 1.57)*

    Women 1.19 (0.98, 1.44) 1.13 (0.93, 1.38) 1.04 (0.84, 1.30) 0.98 (0.78, 1.22)

Cardiovascular-Disease
Related Mortality

    All Participants 1.57 (1.20, 2.06)** 1.46 (1.11, 1.93)** 1.42 (1.05, 1.93)* 1.24 (0.91, 1.69)

    Men 1.81 (1.25, 2.63)** 1.72 (1.18, 2.50)** 1.81 (1.19, 2.73)** 1.74 (1.14, 2.66)**

    Women 1.37 (0.92, 2.07) 1.31 (0.87, 1.99) 1.20 (0.76, 1.91) 0.95 (0.59, 1.53)

HR=hazard ratio; CI = confidence interval;

*
p-value < 0.05;

**
p-value < 0.01.

All-cause mortality was assessed through 27 September 2013 and cardiovascular disease related mortality was assessed through 31 December 
2009.

Model 1 adjusted for age, sex, smoking status, BMI, hypertension, diabetes, self-reported health status, cognitive status, walking disability, number 
of medications, and serum total cholesterol. For cardiovascular disease related mortality analyses, it further adjusted for self-reported history of 
angina or cardiovascular disease.

Model 2 adjusted for all variables in model 1 and microalbuminuria and chronic kidney disease.

Model 3 adjusted for all variables in model 2 and total brain tissue volume (corrected for intracranial volume), cerebral microbleeds, and brain 
infarcts.

Model 4 adjusted for all variables in model 3 and clinical stroke.
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