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Abstract 

Objectives: Diabetes mellitus type 2 (DM2) is one of the leading causes of morbidity and 
mortality owing to its role in the development of cardiovascular disease. This study sought to 
evaluate the relationship between diabetic retinopathy (DR) and myocardial ischemia using 
myocardial perfusion imaging (MPI).  

 
Materials and Methods: Thirty-three patients with DM2 (age =59 ± 8 years) were examined for 
evidence of DR. The subjects were divided into two groups on the basis of the presence [DR(+)] 
or absence [DR(-)] of diabetic retinopathy. MPI was performed for all the patients as well.  
 
Results: Eighteen and fifteen patients were categorized as DR(+) and DR(-), respectively. 
Ischemia was significantly more frequent in the DR(+) group than in the DR(-) group (p <0.05). 
There was also a positive association between the grade of retinopathy and the grade of ischemia 
(odds ratio (OR)[confidence interval (CI)95%] =7.1 [1.7-29.6], p =0.007). Severe 
nonproliferative/proliferative DR was independently related to the summed difference and 
summed stress scores (β=13.2, p =0.024 and β=15.4, p =0.013, respectively). 
 
Conclusion:  The results of our study suggest that the presence of DR increases the risk of 
abnormal perfusion and the degree of retinopathy is correlated with the extent and severity of 
ischemia in patients with DM2. (Iranian Heart Journal 2013; 13(4):6-14 ). 
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Background 
Diabets mellitus (DM) is known as the most 
common metabolic disorder on a global 
scale. Type 2 diabetes mellitus (DM2) 
accounts for more than 90% of all cases. 
Coronary artery disease (CAD) is known as 
the leading cause of premature morbidity 
and mortality in DM2 patients insofar as it is 
responsible for 75% of all cardiovascular-
related deaths [1-2]. Moreover, CAD is 
associated with an unfavorable prognosis in 
diabetic patients and is usually more 
advanced at the time of diagnosis, partly as a 
result of silent myocardial ischemia [3]. The 
ever-increasing incidence of DM and the 
higher risk of cardiovascular-related events 
in its sufferers raise the necessity for 
screening ischemic heart disease in this 
population.  
For all the debate over the advisability of 
large-scale screening in asymptomatic 
individuals with diabetes, positive screening 
tests and aggressive treatment have 
significant implications in the clinical 
management of these patients [4]. Indeed, 
the American Diabetes Association (ADA), 
in addressing the significance of the early 
diagnosis of CAD, recommended 
specialized screening for diabetic patients 
deemed high risk [1, 5, 6]. Over the years, 
multiple simple and inexpensive clinical 
markers have been proposed in order to 
identify a subgroup of diabetic patients at 
higher risk; these markers include retinal 
vasculopathy [7],  micro/macro albuminuria 
[8], peripheral neuropathy, C-reactive 
protein, hemoglobin A1c, lipoprotein (a) [9], 
peripheral arterial disease [10], and cardiac 
autonomic dysfunction [11].  
Many of these variables have a limited 
practical use in diabetic patients because of 
either their high prevalence in this 
population or their suboptimal diagnostic 
accuracy and inconsistent association with 
ischemia in various published studies [4, 7]. 
The presence of diabetic retinopathy as an 

early and frequent sign of vascular 
complication has been shown to correlate 
with the risk for macroangiopathies, which 
incorporate CAD [11, 12].  
Myocardial perfusion imaging (MPI) has 
greatly improved the diagnosis of CAD 
amongst clinically suspected patients [13]. 
Hence, we investigated the association 
between the presence of diabetic retinopathy 
along with its severity and myocardial 
perfusion abnormalities in DM2 patients.  
A significant association would allow the 
usage of diabetic retinopathy as an indicator 
for the detection of diabetic patients at an 
increased risk for myocardial perfusion 
abnormalities and as a marker for the 
selection of a subgroup of diabetic patients, 
in whom non-invasive screening with MPI 
would be warranted.  
 
Material and Methods 
This study included 45 DM2 patients, 12 of 
whom met our exclusion criteria, comprising 
a history of myocardial infarction or  known 
coronary artery disease, heart failure, 
uncontrolled hypertension (>180/100 mm 
Hg),  ketoacidosis, acute dysregulation of 
DM or HbA1c >9.5%,  severe chronic or 
acute illness,  type 1 diabetes mellitus, and 
known non-diabetic retinal disease. 
Therefore, following approval by the 
institutional Ethics Committee, 33 DM2 
patients (7 men, 26 women, aged 46-70 
years with a duration of 9.1 ± 7.8 years) 
with no history of prior myocardial 
infarction or revascularization consented to 
undergo concurrent fundoscopy in addition 
to MPI between April and February 2011 in 
Rajaie Cardiovascular, Medical and 
Reasearch Center. 
 All the patients underwent two-day stress-
rest protocol, using 99mTc-Sestamibi with 
an injection dose of 740 MBq in each phase 
of the study. Post-stress images were 
obtained either after exercise (16 cases) or 
after the intravenous administration of 
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Dipyridamole (17 cases), according to 
standard protocols [14]. A series of two 
acquisitions, comprised of post-stress and 
resting-state acquisitions, was performed for 
all the patients. 
Single-photon emission computed 
tomographic (SPECT) acquisitions were 
conducted in the step-and-shoot mode with 
32 thirty-second projections, a zoom factor 
of 1.46, and in a non-circular 180° arc (45° 
RAO-to-LPO) with a PHILIPS BrightView 
dual-head gamma camera (USA), equipped 
with low-energy, high-resolution (LEHR) 
collimators and an automated body contour 
detection system. Gated MPI was carried out 
for all the subjects in the post-stress phase 
with an acceptance window of 30%. All the 
data were stored in a 64×64×16 computer 
matrix and reconstructed with three-
dimensional ordered subset expectation 
maximization (3D-OSEM), using two 
iterations and eight subsets [15].  
The rotating raw images of all the 
participants were seen visually, and studies 
with motion artifacts or low-count density 
were excluded.  
The reconstructed and reoriented images 
were then read independently by two 
experienced nuclear physicians, blinded to 
the results of fundoscopy, using the 
AutoQUANT® 7.0 software for cardiac 
quantification and functional analysis.  
All the images were analyzed both visually 
and semi-quantitatively on the basis of 17-
segment scoring. The summed difference 
score (SDS) was used for a semi-
quantitative evaluation of myocardial 
ischemia, and ischemia was classified as 
mild (SDS≤8), moderate (8<SDS≤12), and 
severe (SDS>13).  
 
Fundoscopic Examination 
The presence of diabetic retinopathy was 
assessed by an experienced ophthalmologist 
through fundoscopic examination, following 
mydriasis with Mydrax® 1% in patients 

with no contraindication. The patients were 
thereafter divided into two groups of DR(+) 
and DR(-) on the basis of the presence or 
absence of diabetic retinopathy, 
respectively.  
Retinopathy was classified as mild 
nonproliferative, moderate nonproliferative, 
and severe nonproliferative/proliferative 
subgroups according to a guideline-based 
algorithm.  
 
Statistics 
The chi-squared test was employed for the 
categorical and the Student t-test and Mann-
Whitney U test for the numerical variables. 
Multiple linear regression and ordinal 
logestic regression models were also used to 
investigate adjusted associations between 
the variables. The sample population was 
also calculated by power analysis.  
Kappa statistics and Bland-Altman plots 
were generated in order to determine the 
level of agreement between the two 
observers. The data were described as mean 
± standard deviation (SD) and as count (%) 
for the interval and the categorical variables, 
respectively.  
A p value of less than 0.05 was considered 
statistically significant. The data were 
managed and analyzed via Statistical 
Program for Social Sciences (SPSS 15.0 

for Windows, SPSS Inc. Chicago, Illinois). 
Stata 8 SE for Windows (Stata Corporation, 
Texas, USA) was also utilized for statistical 
modeling. 
 
Results 
Thirty-three patients (26 women and 7 men) 
at a mean age of 59 ± 8 years were recruited 
in the study. Of this total, 18 (54.5%) had 
retinopathy (10 with mild nonproliferative, 3 
with moderate nonproliferative, and 5 with 
severe nonproliferative or proliferative 
diabetic retinopathy), whereas the remaining 
15 (45.5%) patients had no evidence of 
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retinopathy in fundoscopic examination. The 
background and demographic descriptive 
data are listed in Table 1 and the descriptive 
data are presented in Table 2. 
The DR(+) patients had a significantly 
longer duration of diabetes (p value =0.001), 
more frequent but shorter duration of 
hypertension (p value =0.017 and p value 
=0.040, respectively), and more myocardial 
ischemia (p value =0.010) than did the DR  
(-) patients. No significant difference was 
noted in age, sex, body mass index, 
symptoms of patients or other risk factors 
between the two groups.  
The comparisons of the clinical 
characteristics and the risk factors between 
the DR(+) and DR(-) groups are shown in 
Table 3. There was a significant difference 
in the incidence of stress-induced ischemia 
between the two groups, and the onset of 
ischemia was greater in the DR(+) 
population (p value =0.004).  

Amongst the patients in the DR(+) group, 10 
(55.6%) had mild, 2 (11.1%) moderate, and 
3 (16.7%) severe stress-induced myocardial 
ischemia (Table 4). 
The ordinal logistic regression also showed 
a positive association between the grade of 
retinopathy and the grade of inducible 
myocardial ischemia (OR [CI95%]=7.1[1.7-
29.6], p value =0.007)(Table5).SDS 
(β=13.2, p value =0.024) and SSS (β=15.4, p 
value =0.013) were found to be related to 
the severity of retinopathy in the linear 
regression analysis.  
According to the kappa statistics and Bland-
Altman plots, there was a high interobserver 
agreement. All the kappa values exceeded 
0.8 and both observers were within the 
acceptable range (mean difference ± 2 SD) 
in the Blant-Altman plots (figure 1).  
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Background and demographic descriptive data 
 (n = 33) 

Age (year) 59 ± 8 
Gender (F/M) 26/7(79/21) 
Positive for retinopathy 18(54.5) 
Negative for retinopathy 15(45.5) 
Retinopathy grading 
Mild nonproliferative 
Moderate nonproliferative 
Severe 
nonproliferative/proliferative 

 
10(30.3) 

3(9.1) 
5(15.2) 

Positive for ischemia 21(63.6) 
Hypertension 14(42.4) 
Hypercholesterolemia 15(45.5) 
Family history 7(21.2) 
Smoking 4(12.1) 
Body mass index (kg/m2) 28.8±4.7 
Duration of diabetes (Year) 9.1±7.8 
Duration of hypertension 
(Year) 

4.6±2.6 

Statistics are numbers (%) or mean ± standard deviation 
 

Table 3. Comparison of clinical characteristics and risk factors 
between DR(+) and DR(-) Groups 
 DR(-) 

n=15 
DR(+) 
n=18 

P value 

Age (year) 59±4.7 59±10.1 0.818 
Gender (F/M) 13/2 13/5 0.312 
Body mass index (kg/m2) 28.8±3.4 28.9±5.5 0.982 
Duration of diabetes (Year) 4.4±4.1 12.8±8.1 0.001 
Hypertension 3(20) 11(61.1) 0.017 
Duration of hypertension (Year) 6.6±1.9 3.7±2.5 0.040 
Hypercholesterolemia 9(60) 6(33.3) 0.126 
Family history 3(20) 4(22.2) 0.876 
Smoking 2(13.3) 2(11.1) 0.846 

Statistics are numbers (%) or mean ± standard deviation 
Significant P values in bold 
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Discussion 
The results of the present study underscore a 
relationship between the presence and 
degree of diabetic retinopathy and the extent 
and severity of ischemic heart disease 
detected by gated MPI. Therefore, the 
presence and severity of diabetic retinopathy 
are helpful in predicting the occurrence of 
myocardial perfusion abnormalities in the 
DM2 patients that are screened for CAD. 
The findings of our study are in accordance 
with those of previous epidemiologic 
studies, which have demonstrated that 
patients with diabetic retinopathy have a 
higher probability of developing 
cardiovascular disease, including CAD [11, 
16]. The five-year follow-up of the Milan 
Study on Atherosclerosis and Diabetes 
(MiSAD) showed that diabetic retinopathy 
was an independent predictor of cardiac 

events [17]. Cheung et al. demonstrated that 
in DM2 patients, the presence of retinopathy 
signs was associated with a higher risk of 
coronary heart disease events of both fatal 
and non-fatal types, independent of 
glycemic levels, cardiovascular risk factors, 
and large vessel atherosclerosis. This 
association appears to be graded with 
retinopathy severity and was significant in 
both genders, even in non-hypertensive 
patients [18]. 
Yoon et al. investigated the relation of 
diabetic retinopathy with coronary ischemia, 
using thallium myocardial perfusion 
scintigraphy, and reported that in 
symptomatic diabetic patients, the presence 
of diabetic retinopathy significantly 
increased the risk of developing myocardial 
perfusion abnormalities [13]. In a recent 

Table 2. MPI results: Descriptive data (n = 33) 
Negative for ischemia 

Mild ischemia 
Moderate ischemia 

Severe ischemia 

12(36.4) 
16(48.5) 

2(6.1) 
3(9.1) 

Statistics are numbers (%) 
 

Table 4. Comparison of MPI findings between DR (+) and DR (-) 
Groups 

 Negative for 
Retinopathy 

n = 15 

Positive for 
Retinopathy 

n = 18 

P value 

Negative for ischemia 9(60) 3(16.7) 0.004 

Positive for ischemia 6(40) 15(83.3) 

Mild ischemia 6(40) 10(55.6) 
Moderate ischemia 0 2(11.1) 
Severe ischemia 0 3(16.7) 

Statistics are numbers (%) / Significant P values in bold 

Table 5. Ordinal logistic regression analysis for 
association between grade of ischemia and grade of 

retinopathy, adjusted for age, sex and duration of 
diabetes 

 Odds 
Ratio 

Confidence 
Interval 95% 

P value 

Grade of retinopathy 7.1 1.7-29.6 0.007 

Age 0.9 0.9-1 0489 

Sex 0.8 0.1-4.8 0.818 

Duration of diabetes 0.9 0.8-1.1 0.914 

Significant P values in bold 
 

 
Figure 1- Blant-Altman plot for assessment the agreement between 

the two readers on summed difference 
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study by Yamada et.al, a significant 
association was found between the 
proliferative retinopathy and increased risk 
of CAD, even after adjustment for classical 
coronary risk factors [19]. Tryniszewski et 
al. demonstrated that a comprehensive 
ophthalmologic assessment of the 
progression of diabetic retinopathy in DM2 
patients might be an indicator of myocardial 
perfusion abnormalities, detected by MPI 
[20]. It has also been shown that diabetic 
retinopathy is an independent risk marker 
for subclinical atherosclerosis in newly 
diagnosed DM2 patients; consequently, the 
presence of diabetic retinopathy may raise 
the need for a more careful cardiovascular 
assessment, even in the early stages of the 
disease [21]. 
Although the population of our study was 
composed of both symptomatic and 
asymptomatic patients, the result of our 
study can also support the findings of the 
Cosson et al. study, which showed that the 
prediction of silent myocardial ischemia 
could be improved by considering the 
presence of retinopathy in DM2 patients 
[22].  
CAD can be present in diabetic patients with 
atypical or even non-related symptoms, 
increasing the associated morbidity and 
mortality. Therefore, the early diagnosis of 
CAD has considerable importance in 
diabetic patients. Fundoscopic examination 
is a simple, non-invasive, and routinely 
employed technique drawn upon in the 
follow-up of diabetic patients. Our study 
demonstrated that the risk of abnormal 
myocardial perfusion was associated with 
the presence and the degree of diabetic 
retinopathy in DM2 patients and MPI could 
be used as a non-invasive method and of 
widespread use in the detection of 
myocardial ischemia in this group of 
patients. To the best of our knowledge, our 
study is the first investigation of its kind to 
evaluate the degree of diabetic retinopathy 

with the extent and severity of myocardial 
ischemia, using MPI study via the gated 
SPECT method.    
Despite the fact that the patient’s age and 
duration of diabetes can potentially play a 
role in the prevalence of diabetic retinopathy 
[23], our multivariate linear regression 
analysis, encompassing the patients’ age, 
duration of diabetes, and other employed 
parameters in the model, demonstrated that 
diabetic retinopathy was a significant 
independent risk factor allied to ischemic 
burden, as shown by SSS and SDS.   
First and foremost amongst the limitations 
of the present study, seeking to demonstrate 
the correlation between diabetic retinopathy 
and ischemic heart disease, is that the 
presence or absence of CAD was not 
confirmed via selective coronary 
angiography in patients with normal or near 
normal MPI results. It has been proposed 
that restricted coronary flow reserve can be 
present in diabetes patients in the absence of 
angiographic coronary artery stenosis [24]; 
be that as it may, multiple studies have 
reported that the diagnostic accuracy of MPI 
in CAD detection for diabetics is 
comparable to that in non-diabetic subjects 
[25-26]. 
Despite the fact that the number of patients 
in the present study seems to be a limiting 
factor, in view of the results power, it can be 
concluded that the sample population was 
sufficient and the results shown here seem to 
be promising. 
 
Conclusion 
It is advisable that MPI be conducted for all 
DM2 patients who suffer form diabetic 
retinopathy to investigate the presence of 
ischemic heart disease and to identify those 
likely to benefit from further diagnostic or 
therapeutic procedures for CAD.   
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