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Relationship between retinopathy and asymptomatic
atherosclerosis determined by measurement of carotid

intima-media thickness in patients with type 2 diabetes mellitus
Karotis intima medya kalınlığı ile belirlenen semptomsuz aterosklerozun

tip 2 diabetes mellituslu hastalarda retinopati ile ilişkisi
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Objective: Presence of diabetic retinopathy (DR) may be 
used as an early marker of atherosclerosis in type 2 diabe-
tes mellitus (DM) patients. This study aimed to investigate the 
relationship between the presence of DR and carotid intima-
media thickness (CIMT), which is an indicator of early athero-
sclerosis in patients with type 2 DM.
Methods: Thirty DM patients with retinopathy (DR group), 
28 DM patients without retinopathy (non-DR group), and 27 
healthy controls (control group) were included in the study. 
CIMT was assessed using a high-resolution B-mode ultraso-
nography device.
Results: Mean CIMT was found to be 0.9±0.17 mm in the 
DR group, 0.8±0.16 mm in the non-DR group, and 0.7±0.13 
mm in the control group. CIMT was found to be statistically 
significantly higher in the DR group compared to the other 2 
groups (p<0.001). When multivariate analysis was performed, 
presence of DR still remained as an independent risk factor 
for increased CIMT values.
Conclusion: Presence of DR in type 2 DM patients is an 
independent risk factor in terms of increased CIMT, which 
is considered to be a finding of subclinical atherosclerosis. 
Therefore, we believe that type 2 DM patients with retinopathy 
should be closely followed in terms of cardiovascular events.

Amaç: Diyabetik retinopati (DR) varlığı tip 2 diabetes mellitus 
(DM) olan hastalarda aterosklerozun erken bir belirteci ola-
bilir. Bu çalışmada tip 2 DM’li hastalarda DR varlığı ile erken 
ateroskleroz belirteci olarak kullanılan karoris intima-medya 
kalınlığı (KIMK) arasındaki ilişkiyi inceledik.
Yöntemler: Bu çalışmaya retinopatisi bulunan 30 diyabetik 
hasta (DR grubu), retinopatisi olmayan 28 diyabetik hasta 
(nonDR grubu) ve 27 sağlıklı birey (kontrol grubu) alındı. Has-
taların KIMK ölçümleri yüksek çözünürlüklü B-mod ultason 
cihazı ile yapıldı.
Bulgular: Ortalama KIMK, DR grubunda 0.9±0.17 mm, 
nonDR grubunda 0.8±0.16 mm ve kontrol grubunda 0.7±0.13 
mm olarak ölçüldü. Karoris intima-medya kalınlığı ölçümleri 
DR grubunda diğer iki gruba kıyasla anlamlı olarak yüksek 
bulundu (p<0.001). Çok değişkenli analiz sonucunda da DR 
varlığı artmış KIMK için bağımsız bir öngördürücü olarak tes-
pit edildi.
Sonuç: Tip 2 DM’si bulunan hastalarda DR varlığı subklinik 
aterosklerozun bir göstergesi olarak kabul edilen KIMK ile iliş-
kili bulunmuştur. Bu nedenle retinopatisi bulunan tip 2 DM’li 
hastalar kardiyovasküler olaylar açısından yakından takip 
edilmelidir.

ABSTRACT ÖZET



Diabetes mellitus (DM) is a major risk factor for 
cardiovascular system pathologies, including 

atherosclerosis.[1] A positive relationship has been es-
tablished between major risk factors for the cardio-
vascular system and presence and severity of athero-
sclerosis; however, many individuals with these risk 
factors are clinically asymptomatic, which leads to 
difficulties in risk classification in terms of athero-
sclerotic diseases and detection of subclinical athero-
sclerosis. Presence of diabetic retinopathy (DR) may 
be used as an early indicator of atherosclerosis in type 
2 DM patients.

Since micro- and macroangiopathies are respon-
sible for DM-related morbidity, many risk factors in-
cluding hyperglycemia and arterial hypertension also 
affect the cardiovascular system. It has been proposed 
that vascular complications of diabetes have com-
mon pathological mechanisms, including endothelial 
dysfunction.[2] Atherosclerosis affects large arteries 
earlier than medium-sized vessels. The most impor-
tant changes which “emerge and are detected” in the 
early subclinical period of atherosclerotic disease 
include endothelial dysfunction as well as increased 
intima-media thickness (IMT), which is observed in 
the whole arterial bed.[3] Endothelial dysfunction and 
the increase in IMT can be determined by several 
methods, including ultrasonography. Thus, necessary 
therapeutic methods can be applied prior to the iden-
tification of advanced atherosclerotic involvement. 
Ultrasonographic methods which measure the thick-
ness of the intima-media of superficial large arter-
ies–including the femoral, carotid, and brachial arter-
ies–constitute a simple, inexpensive, non-invasive, 
and highly reproducible technique which can show 
endothelial dysfunction in the asymptomatic period of 
the atherosclerotic process as well as widespread ath-
erosclerosis, which develops in the same process.[4–6]

In this study, we aimed to investigate the relation-
ship between the presence of DR and carotid intima-
media thickness (CIMT), both of which possess simi-
lar pathogenetic mechanisms. 

METHODS

Fifty-eight type 2 DM patients who were evaluated 
for ophthalmological complications of diabetes and 
met the inclusion criteria were included in the study. 
Twenty-seven healthy patients who presented with 

a complaint of far-
sightedness and had 
no ocular or systemic 
pathology except for 
presbyopia were in-
cluded in the study as 
the control group. Twenty-seven diabetic patients 
who had no retinopathy were named as the non-DR 
group, and 31 patients who had DR were named as 
the DR group. Consent was obtained from all subjects 
included in the study. The methods of the study were 
approved by the ethics committee.

Exclusion criteria included chronic renal disease, 
hepatic disease, pulmonary disease, active infection, 
glaucoma, uveitis, or a history of ophthalmological 
surgery in the last year. 

A detailed medical history including cardiovas-
cular risk factors was obtained from each patient 
included in the study. Physical examination, elec-
trocardiogram, and effort test results of the patients 
were found to be normal. Detailed ophthalmological 
and physical examinations were performed. Colored 
fundoscopic images were taken of all patients, and 
fundus fluorescein angiography was performed when 
necessary. Hemoglobin A1c, fasting blood glucose, 
total cholesterol, low-density lipoprotein, high-densi-
ty lipoprotein, triglyceride, and creatinine values were 
measured (Table 1).

Doppler ultrasonographic examination was per-
formed by the same physician, who was blinded to the 
identity of the patient being evaluated. After patients 
lied down on the examination table in the supine po-
sition, their necks were supported with a pillow and 
their heads placed in hyperextension. LOGIC 9 ultra-
sonography device (GE Healthcare, Milwaukee, WI, 
USA) and a high-resolution linear array probe (5–12 
MHz wideband) were used for the measurement of 
IMT of the carotid arteries. Bilateral carotid artery 
IMT was measured from the posterior wall, 1 cm from 
the bifurcation. If a plaque was present in this region, 
measurement was performed in the proximal segment 
which did not contain a plaque. Calculations were 
performed manually by a single operator to minimize 
intraobserver variability.

Statistical analysis

Statistical analyses were performed utilizing SPSS 
15.0 software (SPSS Inc., Chicago, IL, USA). Power 

Retinopathy and asymptomatic atherosclerosis in patients with type 2 diabetes mellitus 25

Abbreviations:

CAD Coronary artery disease
CIMT Carotid intima-media thickness
DM Diabetes mellitus
DR Diabetic retinopathy
IMT Intima-media thickness



Turk Kardiyol Dern Ars26

analysis was conducted by using analysis of vari-
ance with G*power 3.1.9 program (probability of er-
ror=0.05) to determine the sample size with a power 
value of 0.8 (effect size=0.61), and total size of 30 
was calculated. The power value of our study was cal-
culated as 0.99. Numerical variables were expressed 
as mean±SD, and minimum-maximum values were 
expressed as numbers and percents. Kolmogorov-
Smirnov test was used to determine if the numeri-
cal values demonstrated a normal distribution. The 
homogeneity of group variances was examined via 
Levene’s test. One-way analysis of variance test was 
used to compare groups. Post-hoc comparisons with 
Tukey’s honest significant difference and Conover-
Iman’s multiple comparison tests were used for para-
metric and nonparametric variables, respectively. 
Chi-square and independent samples t-tests were used 
to compare the 2 experimental groups in cases such as 
insulin treatment and DM duration where the control 
group was not available for comparison. Linear re-
gression analysis was used for multivariate analysis. 
A p value of <0.05 was considered significant. 

RESULTS

Baseline characteristics of the patients are sum-
marized in Table 1. No statistically significant dif-
ference was found between the groups in terms of 
their lipid profiles (total cholesterol, low-density 
lipoprotein, high-density lipoprotein, triglyceride) 
and creatinine values. The duration of diabetes was 
significantly different between patients who had reti-
nopathy (12.6±6.92 years) and those who did not have 
retinopathy (8.4±5.31 years) (p<0.001). A statistically 
significant difference was found between the 2 groups 
in terms of use of insulin dependence (DR: non-DR, 
65%:26%, p=0.007) (Table 1).

Mean carotid intima-media value was found to be 
0.9±0.17 mm in the DR group, 0.8±0.16 mm in the 
non-DR group, and 0.7±0.13 mm in the control group. 
A significant difference was found between the pa-
tients with and without retinopathy in terms of CIMT 
(p<0.001). There was also a statistically significant 
difference between the DR group and control group 

Table 1. Baseline characteristics of patients

 Control group Non-DR DR p

 (n=27) (n=28) (n=30)

Age (years)* 54.4±5.61 52.0±5.81 56.9±5.92 0.007
  ψp=0.246 φp=0.252, δp<0.001 
Male sex (%)* 11 (40.7%) 11 (39.3%) 13 (43.3%) 0.951
Disease duration (years)** NA 8.4±5.23 12.8±4.84 <0.001
Insulin treatment, n (%)*** NA 8 (28.6%) 19 (63.3%) <0.001
Smoking, n (%)* 8 (29.6%) 9 (32.1%) 8 (26.7%) 0.900
Hypertension, n (%)* 9 (33.3%) 8 (28.6%) 10 (33.3%) 0.906
Total cholesterol (mg/dl)* 185.9±40.81 189.3±40.42 197.5±45.03 0.562
HDL cholesterol (mg/dl)* 43.9±6.53  38.9±10.12 47.3±23.21 0.123
LDL cholesterol (mg/dl)* 113.1±32.52 116.6±30.61 119.0±36.64 0.799
Triglycerides (mg/dl)* 152.9±64.75 163.4±62.86 162.1±97.27 0.861
Body mass index (kg/m2)* 24.9±1.62 26.1±2.41 27.5±1.41
  ψp<0.001 φp<0.001, δp=0.022 <0.001
Hemoglobin A1c (%)* 5.5±1.21 7.5±1.62 8.4±1.61
  ψp=0.254 φp<0.001, δp=0.083 <0.001
Serum creatinine (mg/dl) 0.7±0.12 0.7±0.11 0.7±0.21 0.735
DR: Diabetic retinopathy, NonDR: Diabetic patients without retinopathy; HDL: High density lipoprotein; LDL: Low density lipoprotein.
*One-way ANOVA; **independent samples t-test and ***chi-square tests were used for comparisons. Then post-hoc Tukey’s test was performed for the 
variables which had a p value of <0.05 in the ANOVA test. 
ψShows the comparisons between the control group and non-DR group; φShows the comparisons between the control group and DR group; δShows the 
comparisons between the non-DR group and DR group. P<0.05 was accepted as significant.



independent risk factor for increased CIMT in type 2 
DM patients.[8] In the ARIC study, CIMT was found to 
be significantly increased in patients with retinopathy.
[9] Our findings support these studies, and following 
multivariate analysis, presence of DR was one of the 
independent factors associated with increased CIMT. 
In contrast, Hoorn revealed that retinal microvascular 
disease was not an independent risk factor in terms 
of increased CIMT.[10] No relationship was found 
between retinopathy and early atherosclerosis in the 
CHS study, though a strong relationship was found 
between coronary arteries with positive clinical find-
ings and retinopathy.[11] The difference between the 
results of these studies may be explained by the differ-
ence of age between the subject groups used in these 
studies. While the age range of the subjects included 
in the ARIC study was 51–72 years, the age range in 
the CHS study was 69–102 years. In our study, we 
included younger patients, which might explain the 
significant association between DR and subclinical 
atherosclerosis.

Many studies have reported that CIMT is an in-
dicator of early atherosclerosis and is related with 
the presence of coronary artery disease (CAD).[12–16] 
CIMT shows an increase even at the onset of athero-
sclerosis and can be used as an early and non-inva-
sive marker of atherosclerosis. In our study, increased 
CIMT values and presence of carotid plaques were 
found in patients with DR, and presence of DR is an 

in terms of CIMT (p<0.001). No significant difference 
was found between the control group and the non-DR 
group in terms of CIMT (p=0.154).

After multivariate analysis was performed, pres-
ence of DR was independently associated with in-
creased CIMT (β=0.416, p=0.011). The results of 
multivariate analysis are shown in Table 2.

DISCUSSION

The present study shows that diabetic patients with 
retinopathy who do not have an overt cardiovascu-
lar disease have an increased atherosclerotic burden, 
which has been demonstrated by increased CIMT 
values. The association between presence of DR and 
CIMT was still present after multivariate analysis was 
performed, including major cardiovascular risk fac-
tors.

There is controversy in the literature regarding the 
association between subclinical atherosclerosis and 
diabetic retinopathy. Several studies reported findings 
similar to those of our study. In the CURES 2 study,[7] 
a strong relationship between retinopathy and CIMT 
was reported after several cardiovascular risk factors 
were adjusted. In a study performed by Malecki et al., 
CIMT was found to be higher in patients with retinop-
athy compared to patients without retinopathy, and it 
was concluded that the presence of retinopathy was an 

Table 2. Multivariate analysis including several risk factors of atherosclerosis to predict carotid intima-media thickness

 β value 95 % Confidence interval p

  Lower bound Upper bound 

Age (Years) 0.336 0.005 0.015 <0.001
Gender (Male) -0.128 -0.112 0.020 0.169
Hemoglobin A1c (%) -0.061 -0.018 0.027 0.616
Total cholesterol (mg/dl) 0.116 -0.001 0.002 0.483
High density lipoprotein cholesterol (mg/dl) -0.135 -0.004 0.001 0.187
Low density lipoprotein cholesterol (mg/dl) 0.318 0.001 0.004 0.063
Hypertension 0.018 -0.059 0.073 0.834
Cigarette smoking -0.042 -0.085 0.052 0.636
Presence of diabetic retinopathy 0.416 0.021 0.160 0.011
Disease duration(months) -0.004 -0.007 0.007 0.975
Body mass index (kg/m2) 0.108 -0.008 0.026 0.277
R2 is 0.496 for the carotid intima-media thickness model. Linear regression analysis was used for multivariate analysis.
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independent risk factor for increased CIMT, thus ath-
erosclerosis. Atherosclerosis is known to be a macro-
vascular complication of DM, but DR is accepted as a 
microvascular complication. Our finding of significant 
association between microvascular and macrovascular 
complications of DM has been confirmed in several 
studies in the literature. Framingham[17] showed that 
presence of retinopathy was related with presence of 
microangiopathy in type 2 DM patients. In younger 
subgroups, presence of retinopathy increases the risk 
of cardiovascular events by 15-fold. In the EURO-
DIAB study, it was determined that the frequency of 
cardiovascular events was higher in type 2 DM pa-
tients with retinopathy.[18] de Kreutzenberg et al. dem-
onstrated that retinopathy was significantly and inde-
pendently related with carotid plaques in type 2 DM 
patients.[19] Similarly, we found a relationship between 
the severity of microangiopathy and carotid athero-
sclerosis. Cheung et al. specified the presence of reti-
nopathy as an independent risk factor for cardiovas-
cular events and mortality related with cardiovascular 
events.[20] However, in the Valpolicella Heart Diabetes 
study, this correlation was not confirmed when risk 
factors including arterial hypertension were adjusted.
[21] Nor could Spijkerman et al. find a relationship be-
tween retinopathy and early vascular disease markers, 
and therefore emphasized that retinopathy had limited 
value in predicting development of CAD.[22]

There are some limitations of our study. First, the 
size of our study groups was not sufficient to estab-
lish rigorous conclusions. Second, direct relationship 
between retinopathy and macrovascular disease could 
not be demonstrated, due to the cross-sectional nature 
of the study. To assess the cardiovascular risk associ-
ated with a microvascular complication such as DR in 
patients with DM, longitudinal studies are warranted.

Conclusion 

We conclude that the presence of retinopathy is an 
independent risk factor in terms of increased CIMT 
in type 2 DM patients. It is well known that CIMT 
is an early marker of atherosclerosis, and it is related 
with CAD and CAD-related mortality. Therefore, we 
believe that type 2 DM patients with retinopathy are 
in an elevated risk group in terms of coronary and pe-
ripheral arterial disease, even when in in the asymp-
tomatic atherosclerosis period. In addition, we believe 
that the results of our study should be examined care-
fully in terms of emphasizing the importance of close 

follow-up of type 2 DM patients with retinopathy in 
terms of cardiovascular events.
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