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Objective: Diabetic retinopathy (DR) was reported to have higher prevalence of coronary 
heart disease (CHD) and stroke compared with people without DR. However, whether DR 
had similar effects on CHD and stroke in US adults with diabetes was not well known. This 
study was to compare the association between DR, CHD and stroke in US adults with 
diabetes using the 2015 Behavioral Risk Factor Surveillance System (BRFSS).
Methods: Respondents with diabetes aged over 18 years and undergone a fundus examina-
tion over the past 2 years were included in this study. DR, CHD and stroke were self- 
reported. A weighted hierarchical logistic regression was used to examine the association of 
DR with CHD and stroke.
Results: A total of 21,049 respondents with diabetes aged over 18 years having under-
gone a fundus examination over the past 2 years were included in the analysis. There 
were 4690 people reported having CHD, accounting for the weighted prevalence 22.1%. 
The weighted prevalence of stroke was 9.6%. There was 28.3% of CHD people who had 
DR which was higher than that in people without CHD. Differences in weighted 
frequency distributions of gender, age category (over 45 years or not), current smoking, 
hypercholesterolemia, hypertension and insulin treatment were significantly different 
between the CHD and without CHD groups (p<0.001). Similar results were found in 
people with stroke. Logistic analysis showed that DR was related to CHD and stroke 
(crude OR =1.876, 2.263, respectively, p all <0.001). After adjusting other variables, 
these associations persisted (Adjusted OR=1.632 (95% CI=1.625–1.639), 1.846 (95% 
CI=1.836–1.856), respectively, p all<0.001).
Conclusion: The BRFSS 2015 data indicated that DR was not only associated with CHD 
but also associated with stroke in US adults with diabetes, independently of other risk factor. 
DR might be more strongly associated with stroke than with CHD.
Keywords: diabetes, diabetic retinopathy, coronary heart disease, stroke, risk factor

Introduction
According to the statistical reports of the American Heart Association in 2019 
(based on the data of NHANES from 2013 to 2016), the prevalence of cardiovas-
cular diseases (including coronary heart disease (CHD), heart failure, and stroke) in 
American adults older than 20 years of age is 9.0%.1 Cardiovascular diseases are 
the leading cause of death in adults. Diabetes mellitus (DM) is an important risk 
factor for cardiovascular diseases. Patients with DM are not only susceptible to 
cardiovascular diseases but also have microvascular complications unique to DM.
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Diabetic retinopathy (DR) is one of the important dia-
betic microvascular complications. It was reported that 
about 4.1 million US adults aged over 40 years had DR.2 

The mechanisms of DR are related with hyperglycemia, 
oxidative stress, hypertension, dyslipidemia, inflammation, 
etc.3 There are common mechanisms in DR and cardio-
vascular diseases, for example, hyperglycemia, hyperten-
sion, dyslipidemia and inflammation are all related with 
DR and cardiovascular diseases.4,5

Previous studies found that proliferative DR was 
related to the severity of calcification of the coronary 
artery.6 DR was also found to be related to an increased 
CHD event incidence in type 2 diabetes in a cohort study.7 

There were several studies showing that DR was asso-
ciated with stroke risk in US people with diabetes.8–10 

However, whether DR had similar effects on the CHD 
and stroke in US adults with diabetes was not well 
known. There was a lack of studies to compare the effects 
of DR on CHD and stroke. The Behavioral Risk Factor 
Surveillance System database (BRFSS) was a large-scale 
investigation. The aim of this study was to analyze the 
2015 BRFSS from adults with diabetes who had under-
gone a fundus examination in which the pupils were 
dilated over the past 2 years to ensure the reliability of 
self-reported DR diagnosis and to compare the association 
between DR, CHD and stroke in US adults with diabetes.

Methods
BRFSS is a US national telephone survey, which is 
a health-related survey collecting health-related risk beha-
viours, chronic diseases and use of preventive services of 
US residents. BRFSS is conducted every year, and it is the 
largest health survey in the world. Data was collected by 
both landline and cellular telephone interviews.11 

Questions used in this study in the 2015 BRFSS survey 
include age, race, ethnicity, education, overweight, smok-
ing and chronic disease history.

The 2015 BRFSS data were de-identified data and 
available to the public. The data were available from the 
US Centers for Disease Control and Prevention website.

Age (<45 year or ≥45 year), race (White only, Black 
only, American Indian or Alaskan Native only, Asian only, 
Native Hawaiian or other Pacific Islander only, other race 
only, multiracial), ethnicity (Hispanic, Latino/a, or Spanish 
origin or no), education (did not graduate high school, 
graduated high school, attended college or technical 
school, graduated from college or technical school), over-
weight (body mass index (BMI)<25kg/m2 or BMI ≥25kg/ 

m2), and current smoking were categorized according to 
the original variables in the questionnaire.

Chronic diseases were all self-reported. CHD was 
defined if the respondent answered yes to the question “has 
a doctor, nurse, or other health professional ever told you 
had angina or coronary heart disease?” or if the respondent 
answered yes to the question “ever told you had a heart 
attack, also called a myocardial infarction?” Stroke was 
defined if the respondent answered yes to the question “has 
a doctor, nurse, or other health professional ever told you 
had a stroke”. Diabetes was defined if the respondent 
answered yes to the question “ever told you have diabetes”. 
DR was defined if the respondent’s answer was yes to the 
question “has a doctor ever told you that diabetes has 
affected your eyes or that you had retinopathy”.

In the 2015 BRFSS survey, the response rate from 
cellular telephone and landline telephone is 46.4% and 
47.7%, respectively.12 Unknown responses or non- 
responses were coded as missing in questions included in 
the study, and there were 21,049 subjects with diabetes 
who had undergone a fundus examination in which the 
pupils were dilated over the past 2 years included in the 
analysis after removing missing values.

Statistical Analysis
The records in the 2015 BRFSS survey data was weighted 
using raking weighting methodology.13 Each respondent 
was assigned final weight. SPSS 25.0 was used to 
analyse the BFRSS data. The weighted percentages were 
calculated. Categorical data between groups was analyzed 
using weighted Chi-square test. Weighted logistic regres-
sion analysis was utilized to analyse the association 
between DR, CHD and stroke. Odds ratios (OR) and 
corresponding 95% confidence intervals (CIs) were calcu-
lated. The significance level was set at p< 0.05, and all 
tests were two-sided.

Results
Clinical Characteristics in CHD 
Respondents
There were 21,049 respondents reporting having diabetes 
and having undergone a fundus examination over the past 2 
years. There were 4690 people who reported having CHD, 
accounting for the weighted prevalence 22.1%. Among 
these respondents with diabetes, 3990 respondents reported 
having DR. The weighted prevalence of DR was 19.8%.
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Compared with women, the weighted prevalence of men 
was higher (38.3% vs 61.7%, p<0.001) in CHD respondents. 
In the CHD group, 97.5% of respondents were aged over 45 
years. Differences in the weighted percentages of smoking, 
education attainment, race, and ethnicity were statistically 
significant between the non-CHD and the CHD groups 
(p<0.001). More respondents were current smokers in the 
CHD group (14.8%) compared with that in the non-CHD 
group (12.8%, p<0.001). There was 21.6% of respondents in 
the CHD group who did not graduate high school, which 
was higher than the non-CHD group. More people were 
white in the CHD group (78.7%) compared with that in 
the non-CHD group (71.7%). However, less respondents 
were Latino in the CHD group (5.6%) than in the non- 
CHD group (7.9%, p<0.001, Table 1).

The weighted prevalence of hypercholesterolemia was 
higher in the CHD group than in the non-CHD group (77.3% 
vs 63.7%, p<0.001). Moreover, 84.5% of respondents in the 
CHD group had hypertension and the weighted percentage is 
much higher than that in the non-CHD group (73.5%, 

p<0.001). There was more respondents in the CHD group 
having DR (28.3%) compared with respondents without 
CHD (17.4%, p<0.001). However, there was no significant 
difference in the weighted prevalence of overweight (BMI 
≥25kg/m2) between the CHD group and the group without 
CHD (p>0.05, Table 1).

Clinical Characteristics in Stroke 
Respondents
Among the 21,049 respondents with diabetes, 2055 people 
reported having stroke and the weighted prevalence of stroke 
was 9.6%. In the stroke group, the weighted prevalence of 
men was higher compared with women (52.4% vs 47.6%, 
p<0.001). There were 96.3% of respondents aged over 45 
years in the stroke group. Differences in the weighted per-
centages of smoking, education attainment, race, and ethni-
city were statistically significant between the without and 
with stroke groups (p<0.001). More respondents were cur-
rent smokers in the stroke group (17.9%) compared with that 
in the group without stroke (12.8%, p<0.001). There was 

Table 1 Clinical Characteristics Between the Coronary Heart Disease Group and the Non-Coronary Heart Disease Group

Without CHD 
(n=16,359)

CHD 
(n=4690)

χ2 p

Male, n, (weighted %) 7151 (49.1%) 2655 (61.7%) 91,072.905 <0.001

Female, n, (weighted %) 9208 (50.9%) 2035 (38.3%)
Age ≥45 years, n, (weighted %) 15,402 (88.5%) 4633 (97.5%) 133,236.182 <0.001

Current smoking, n, (weighted %) 1816 (12.8%) 621 (14.8%) 4742.669 <0.001

Race, n, (weighted %) 45,538.560 <0.001

White only 12,213 (71.7%) 3755 (78.7%)

Black only 2603 (21.0%) 570 (15.9%)
American Indian or Alaskan Native only 354 (2.0%) 99 (1.9%)

Asian only 454 (2.6%) 71 (1.6%)

Native Hawaiian or other Pacific Islander only 172 (0.3%) 47 (0.7%)
Other race only 298 (2.2%) 70 (1.2%)

Multiracial 42 (0.1%) 5 (0.0%)

Education, n, (weighted %) 25,439.704 <0.001

Did not graduate High School 1623 (17.0%) 583 (21.6%)

Graduated High School 5172 (32.4%) 1546 (33.1%)
Attended College or Technical School 4633 (31.2%) 1338 (28.9%)

Graduated from College or Technical School 4902 (19.4%) 1216 (16.5%)

Latino, n, (weighted %) 967 (7.9%) 195 (5.6%) 10,723.080 <0.001

Body mass index ≥25kg/m2, n, (weighted %) 13,976 (86.5%) 4023 (86.5%) 2.699 0.100

Diabetic retinopathy, n, (weighted %) 2754 (17.4%) 1236 (28.3%) 107,074.628 <0.001
Hypercholesterolemia, n, (weighted %) 10,501 (63.7%) 3547 (77.3%) 119,441.501 <0.001

Hypertension, n, (weighted %) 12,248 (73.5%) 4006 (84.5%) 94,775.786 <0.001

Insulin treatment, n, (weighted %) 5031 (30.8%) 2010 (42.2%) 83,125.474 <0.001

Abbreviation: CHD, coronary heart disease.
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26.7% of respondents in the stroke group who did not 
graduate high school, which was higher than in the group 
without stroke. However, less respondents were Latino in 
the stroke group (6.8%) than that in the non-stroke group 
(7.4%, p<0.001, Table 2).

The weighted prevalence of hypercholesterolemia and 
hypertension were higher than those in the group without 
stroke (74.9% vs 65.8%, 84.5% vs 75.0%, p all <0.001). 
Moreover, 43.8% of respondents in the stroke group took 
insulin treatment (p<0.001). More respondents in the stroke 
group had DR (33.7%) compared with respondents without 
stroke (18.3%, p<0.001). However, people whose BMI was 
below 25kg/m2 had higher weighted prevalence of stoke com-
pared to those whose BMI was above 25kg/m2 (p<0.001, 
Table 2).

Logistic Analysis
Logistic analysis showed that DR was related to CHD (crude 
OR =1.876, 95% CI=1.869–1.883, p<0.001). After adjusting 
age ≥45 years, race, low education, insulin treatment, current 
smoking, gender, overweight, hypercholesterolemia, Latino 

and hypertension variables, this association persisted 
(Adjusted OR=1.632, 95% CI=1.625–1.639, p<0.001). Age 
≥45 years, race, low education, insulin treatment, current 
smoking, overweight, hypercholesterolemia, male, Latino 
and hypertension were also associated with CHD (p<0.001).

When stroke was the dependent variable, logistic analy-
sis showed that DR was related to stroke (crude OR =2.263, 
95% CI=2.251-2.274, p<0.001). After adjusting age ≥45 
years, race, low education, insulin treatment, current smok-
ing, gender, overweight, hypercholesterolemia, Latino and 
hypertension variables, this association persisted (Adjusted 
OR=1.846, 95% CI=1.836–1.856, p<0.001). Age ≥45 years, 
race, low education, insulin treatment, current smoking, 
overweight, hypercholesterolemia, male, Latino and hyper-
tension were also associated with stroke (p<0.001).

Discussion
The analysis of BRFSS 2015 data indicated that 19.8% of 
respondents with diabetes self-reported having DR. 
Moreover, 22.1% of respondents reported having CHD 
and 9.6% of respondents reported having stroke. 

Table 2 Clinical Characteristics Between the Without and with Stroke Group

Without Stroke 
(n=18,994)

Stroke 
(n=2055)

χ2 p

Male, n, (weighted %) 8871 (51.8%) 935 (52.4%) 127.470 <0.001

Female, n, (weighted %) 10,123 (48.2%) 1120 (47.6%)
Age ≥45 years, n, (weighted %) 18,016 (89.9%) 2019 (96.3%) 34,539.827 <0.001

Body mass index ≥25kg/m2, n, (weighted %) 16,282 (86.8%) 1717 (84.2%) 4012.217 <0.001

Current smoking, n, (weighted %) 2142 (12.8%) 295 (17.9%) 15,886.362 <0.001

Race, n, (weighted %) 25,298.078 <0.001

White only 14,521 (73.8%) 1447 (67.7%)
Black only 2759 (19.3%) 414 (25.3%)

American Indian or Alaskan Native only 396 (1.9%) 57 (3.2%)

Asian only 481 (2.4%) 44 (1.5%)
Native Hawaiian or other Pacific Islander only 191 (0.4%) 28 (0.4%)

Other race only 336 (2.0%) 32 (1.6%)

Multiracial 42 (0.1%) 5 (0.1%)

Education, n, (weighted %) 61,218.717 <0.001

Did not graduate High School 1896 (17.1%) 310 (26.7%)
Graduated High School 6018 (32.3%) 700 (34.8%)

Attended College or Technical School 5400 (31.2%) 571 (25.7%)

Graduated from College or Technical School 5646 (19.4%) 472 (12.8%)

Latino, n, (weighted %) 1068 (7.4%) 94 (6.8%) 468.923 <0.001

Diabetic retinopathy, n, (weighted %) 3367 (18.3%) 623 (33.7%) 106,464.879 <0.001
Hypercholesterolemia, n, (weighted %) 12,540 (65.8%) 1508 (74.9%) 26,603.049 <0.001

Hypertension, n, (weighted %) 14,500 (75.0%) 1754 (84.5%) 35,378.382 <0.001

Insulin treatment, n, (weighted %) 6171 (32.2%) 870 (43.8%) 44,075.574 <0.001
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Respondents with CHD or stroke had a higher prevalence 
of DR. Besides, DR was associated with CHD in adult DM 
respondents and those with stroke. Our data also suggested 
that DR may increase the risk of CHD by about 60% and 
the risk of stroke by 85% in adult DM respondents.

DR is one of the main microvascular complications in 
DM patients. Different studies on the prevalence of DR 
have reported different results. In this study, the weighted 
prevalence of DR was 19.8%, which was similar to the 
results of DM patients in the American Indians and 
Alaskan Natives and Cardiovascular Health Study,14,15 

but higher than that in a study on US people over 40 
years old,16,17 which was consistent with reports of other 
countries18 and may be related to the difference of the 
selected population.

CHD and stroke are crucial macrovascular complications 
in DM patients and the main causes of death in type 2 DM 
patients.19 DR, CHD and stroke have common risk factors, 
such as hyperglycemia, hyperlipidemia, and hypertension.20–22 

In clinical practice, DM patients tend to present with DR and 
macrovascular complications at the same time.

There have been some reports on DR and CHD in 
patients with diabetes. In the US atherosclerosis risk in 
communities (ARIC) study that enrolled 1524 middle- 
aged type 2 DM patients without CHD or stroke, after an 
average follow-up of 7.8 years, it was found that DR was 
associated with an increased risk of CHD events and was 
independent of known risk factors.7 Additionally, cohort 
studies on adult Asian populations found that DR increased 
the risk of all-cause and cardiovascular death in DM 
patients.23 Moreover, a meta-analysis involving eight pro-
spective studies revealed that vision-threatening DR 
increased the risk of fatal CHD events.24 There were several 
studies reporting the association between DR and stroke in 
US diabetes. In a population-based cohort study conducted 
in Wisconsin, DR was related to stroke mortality in elder- 
onset DM people.8 In a nested case-control study enrolled 
2124 persons with diabetes in California, DR was found to 
be an independent risk factor for nonembolic stroke.9 In 
another population-based cohort study of 1617 US middle- 
aged people with diabetes, it was shown that DR predicted 
the incidence of ischemic stroke in people with diabetes.10 

However, there was lack of studies to compare the effects of 
DR on CHD and stroke in US diabetes population.

In this analysis of BRFSS database, the associations 
between DR, CHD and stroke in US adult respondents 
with diabetes was compared. We found that 28.3% of 
CHD people had DR and 33.7% of stroke people had DR, 

which was higher than that in people without CHD or stroke, 
respectively. In addition, this study also found that DR was 
not only associated with CHD but also with stroke. We 
found that education, gender, BMI, and smoking were all 
associated with DR. Still, CHD and stroke were associated 
with DR after adjusting for these factors, suggesting that DR 
was associated with CHD and stroke. Moreover, when com-
paring the association between DR, CHD and stroke, DR 
was found to be more strongly associated with stroke than 
with CHD in diabetes respondents. DR might increase the 
risk of stroke in US adults with diabetes by 85%.

This study has a few limitations. Firstly, this is an inves-
tigative study. All data were self-reported by respondents, 
which may result in underestimation of the prevalence of 
chronic diseases compared with clinical studies based on 
laboratory tests. Secondly, although the risk factors of 
CHD and stroke, such as age and overweight, were included 
in the study, laboratory test results of other risk factors, such 
as glycosylated hemoglobin, were missing.18 Thirdly, the 
DM type of the respondents in the study was not clear, and 
type 1 or type 2 DM could not be determined. DM and DR 
were self-reported, without specific fundus examination 
results. However, in order to improve the accuracy of the 
DR self-report, only patients who had undergone a fundus 
examination in which the pupils were dilated over the past 
two years were included in this study for analysis. Therefore, 
the diagnosis of DR was reliable. Besides, fatal CHD and 
stroke patients were not included in this study, so the pre-
valence of CHD and stroke in adult DM patients reported in 
this study may be lower than the actual prevalence.

Cross-sectional analysis of BRFSS showed that 22.1% 
of diabetes respondents had CHD and 9.6% of diabetes 
respondents had stroke. After adjusting for age, over-
weight, smoking, and other factors, DR was still asso-
ciated with CHD and stroke. Moreover, DR might be 
more strongly associated with stroke than with CHD.
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