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Aims: We aimed to evaluate the association between diabetic microangiopathy and sub-

clinical atherosclerosis as a marker of cardiovascular disease (CVD) risk in patients with

newly diagnosed type 2 diabetes.

Methods: A total of 142 newly diagnosed type 2 diabetics who were free from CVD underwent

evaluation of diabetic microangiopathy. Subclinical atherosclerosis was assessed by mea-

suring carotid intima-media thickness (IMT), and the 10-year absolute risk of CVD was

estimated using the UK Prospective Diabetes Study (UKPDS) Risk Engine.

Results: Subclinical atherosclerosis was found in 27 subjects (19.0%). The rates of hyperten-

sion and diabetic retinopathy were significantly higher among patients with subclinical

atherosclerosis. The UKPDS 10-year risk for CVD was significantly increased in subjects with

subclinical atherosclerosis. Old age, hypertension and the presence of diabetic retinopathy

showed a significant association to subclinical atherosclerosis after further adjustments for

gender, body mass index, smoking status, HbA1c, HDL cholesterol, LDL cholesterol and the

presence of diabetic nephropathy.

Conclusions: This study shows that diabetic retinopathy is an independent risk marker for

subclinical atherosclerosis in patients with newly diagnosed type 2 diabetes. We suggest

that a diagnosis of diabetic retinopathy may warrant a more careful cardiovascular assess-

ment even in the early stages of diabetes.
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1. Introduction

Early detection of atherosclerotic diseases in asymptomatic

patients with type 2 diabetes has been emphasized and can

lead to a reduction in mortality and morbidity from future

cardiovascular disease (CVD) [1,2]. It is established that the

clock for atherosclerosis starts ticking before the onset of

diabetes and that metabolic disturbances during the predia-

betic period contribute to an increased risk of CVD in patients
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with impaired glucose tolerance and established diabetes [3].

Thus, several emerging biomarkers and non-invasive mea-

sures of early atherosclerosis have received considerable

attention in type 2 diabetes [4,5].

Growing evidence indicates that diabetic microangiopathy

has a predictive value for CVD risk in patients with type 2

diabetes. Such evidence is supported by a ‘‘common soil’’ for

the development of micro- and macro-angiopathy in type 2

diabetes [6]. Since the Framingham Heart and Eye Study
reserved.
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proposed a link between retinopathy and atherosclerotic

disease in type 2 diabetes, the importance of diabetic

retinopathy beyond visual impairment has been well recog-

nized [7]. Recently, diabetic retinopathy has been suggested to

be a predictive risk marker for diabetic macroangiopathy [8,9].

In addition, the strong association between diabetic nephrop-

athy and macroangiopathy is becoming increasingly apparent,

and the presence of diabetic neuropathy including cardiovas-

cular autonomic neuropathy is closely associated with arterial

stiffness or carotid intima-media thickness (IMT) in type 2

diabetes [10,11].

On the other hand, although diabetic microangiopathy has

been associated with an increased risk of CVD in type 2

diabetes, such an association was not unexpected because

micro- and macro-angiopathy have several shared cardiovas-

cular risk factors. Several previous studies also showed a

limited and unequivocal association between diabetic micro-

and macro-angiopathy after adjusting for traditional cardio-

vascular risk factors [12–14]. Thus, it is still unclear whether

diabetic microangiopathy can be independently associated

with macroangiopathy and used as a marker of atherosclerotic

process in patients with less confounding cardiovascular risk

factors, especially in the early stage of diabetes.

At the time of first diagnosis of diabetes, micro- and macro-

angiopathy frequently coexist; up to 30% of patients already

have subclinical atherosclerosis [15,16]. The Insulin Resistance

Atherosclerosis (IRAS) study and the risk factors in IGT for

Atherosclerosis and Diabetes (RIAD) subgroup study clearly

showed that patients with newly diagnosed type 2 diabetes

have a higher risk of subclinical atherosclerosis than healthy

controls, but the association of diabetic microangiopathy with

subclinical atherosclerosis was inconclusive [17,18]. Advances

in our understanding of these features have stimulated

interest in the evaluation of the association of diabetic

microangiopathy with subclinical atherosclerosis in patients

with newly diagnosed type 2 diabetes. The assessment of

cardiovascular risk in patients with newly diagnosed type 2

diabetes could be an important component of clinical care,

allowing the implementation of targeted preventive treat-

ments for patients who are at high risk of CVD.

For macroangiopathy, carotid IMT measurement and

carotid plaque (CP) detection are becoming widely accepted

ways to evaluate atherosclerosis and predict CVD in patients

with type 2 diabetes [19,20]. We therefore performed a cross-

sectional study to evaluate the association of diabetic

microangiopathy with increased carotid IMT or the presence

of CP as a surrogate marker of subclinical atherosclerosis in

patients with newly diagnosed type 2 diabetes.

2. Methods and materials

2.1. Subjects

In this cross-sectional study, 157 consecutive patients who

visited the outpatient diabetic center of St. Mary’s Hospital and

were diagnosed for the first time with diabetes within the

duration of the study (between March 2008 and March 2010)

were recruited. The American Diabetic Association criteria for

diagnosis of type 2 diabetes are routinely used in our center.
We also examined whether patients had known that they had

diabetes or a secondary cause of diabetes and whether they

were on medications that could affect glucose tolerance. To

evaluate the status of subclinical atherosclerosis in the

present study, we excluded 15 patients who were definitively

diagnosed with cerebrovascular and cardiovascular events at

baseline; the remaining 142 patients were evaluated. The

study protocol was carried out in compliance with the

principles of the Declaration of Helsinki as revised in 2000

and was approved by the Internal Review Board of St. Mary’s

Hospital.

2.2. Study of anthropometry and biochemistry

At the time of the first diagnosis of type 2 diabetes,

anthropometric measurements, blood pressure (BP), baseline

laboratory data, resting 12-lead electrocardiography, carotid

IMT measurement and evaluation of diabetic microangio-

pathy were performed for each patient. Body mass index (BMI)

was calculated as the weight divided by the square of the

height (kg/m2). Prior to the determination of BP, the subjects

were asked to rest for 10 min. While seated, systolic BP and

diastolic BP were measured. Arterial hypertension was defined

as a systolic BP � 140 mmHg and/or a diastolic BP � 90 mmHg

or use of anti-hypertensive drugs. Blood samples were

obtained on the morning after an overnight fast. Hemoglobin

A1c (HbA1c) was determined by high-performance liquid

chromatography. Fasting plasma glucose levels were mea-

sured using sodium fluoride tubes and analyzed using the

hexokinase method. Serum C-peptide levels were measured

using an enzyme-linked immunosorbent assay. The degree of

insulin resistance was determined by homeostasis model

assessment (HOMA-B and HOMA-IR) using the HOMA2

calculator (www.dtu.ox.ac.uk). Total cholesterol (TC) and

triglyceride levels were measured via an enzymatic calori-

metric test, high-density lipoprotein (HDL) cholesterol was

measured via the selective inhibition method and low-density

lipoprotein (LDL) cholesterol was calculated via the Friedewald

formula: [TC � {HDL cholesterol + (triglyceride/5)}].

2.3. Evaluation of diabetic microangiopathy

The presence of retinopathy was determined by a trained

ophthalmologist via ophthalmoscopy after pupillary dilata-

tion using 0.5% tropicamide. The color photographic docu-

mentation of two 45 retinal fields was made by a photo

camera. Two photographs of each eye were taken for every

patient. The final diagnosis with respect to the presence of

retinopathy was based on both ophthalmoscopy and photo-

graphic documentation. The eye evaluation and the analysis

of the photographs for the entire group were performed by an

experienced ophthalmologist who was blinded to our study.

Based on this examination, retinopathy was classified into

three categories as follows: absent, mild to moderate non-

proliferative retinopathy (NPDR) and severe NPDR or prolifer-

ative retinopathy (PDR). The albumin–creatinine ratio (ACR)

was calculated for first-voided spot urine samples. The

presence of diabetic nephropathy was defined as microalbu-

minuria (ACR: 30–300 mg/mg creatinine) or overt proteinuria

(ACR: over 300 mg/mg creatinine). Neuropathic signs were



Table 1 – Baseline characteristics of the subjects.

Total (N = 142)

Age (y) 52.4 � 13.6

Sex (M/F) 97/45

BMI (kg/m2) 25.2 � 3.7

Systolic BP (mmHg) 128.5 � 16.9

Diastolic BP (mmHg) 80.6 � 11.6

HbA1c (%) 8.2 � 2.0

Fasting plasma glucose (mg/dL) 158.9 � 54.0

Total cholesterol (mg/dL) 177.6 � 37.6

Triglyceride (mg/dL) 153.7 � 100.7

HDL cholesterol (mg/dL) 47.7 � 11.8

LDL cholesterol (mg/dL) 101.0 � 33.2

Carotid IMT (max) (mm) 0.77 � 0.28

Abbreviations: BMI, body mass index; BP, blood pressure; IMT,

intima-media thickness. Data are expressed as means � SD.
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assessed using the Michigan Neuropathy Screening Instru-

ment (MNSI), a validated instrument used to identify

symptoms and signs of clinically evident neuropathy. The

presence of diabetic neuropathy was defined as a score over

2.0 on the MNSI [21].

2.4. Assessment of subclinical atherosclerosis

Measurement of carotid IMT was performed using a high-

resolution B-mode ultrasonography system (Logiq; GE Medical

Systems, Milwaukee, WI, USA) and an electrical linear

transducer midfrequency of 7.5 MHz; the assessment was

performed by an experienced radiologist who was blinded to

all clinical information. During the ultrasonographic exam,

carotid IMT and the presence of CP were recorded. Initially, a

region about 10 mm proximal to the bifurcation in the

common carotid artery was identified. IMT was defined as

the distance between the leading edges of the first echogenic

line and the second echogenic line in the far arterial wall.

Scanning of the common carotid artery was performed using

longitudinal and transverse views. When an optimal image

was obtained, it was frozen in the end-diastolic phase to

minimize variability during the cardiac cycle. IMT was

measured bilaterally from three contiguous sites about

5 mm and 10 mm proximal to the carotid bulb. Three

determinations of the IMT were conducted at the site of the

greatest thickness and at locations 10 mm distal and proximal.

These three determinations were averaged and expressed as

the mean IMT. The highest value among the mean IMTs was

used for analysis. According to the joint European Society of

Hypertension (ESH)/European Society of Cardiology (ESC)

guidelines, subclinical atherosclerosis was defined by abnor-

mally increased IMT or the presence of CP. Carotid IMT with a

level higher than 0.9 mm indicates abnormally increased IMT.

The presence of CP was defined as a focal increase in thickness

of 0.5 mm or 50% of the surrounding IMT value. [22].

2.5. Estimation of cardiovascular risk

The 10-year absolute risk of CVD for each subject was

calculated using the UK Prospective Diabetes Study (UKPDS)

Risk Engine (www. dtu.ox.ac.uk), which has been proposed as

a type 2 diabetes-specific CVD risk assessment tool that

predicts the occurrence of the first event of fatal or non-fatal

coronary heart disease (CHD) [23]. Variables include age, sex,

smoking status, duration of diabetes, systolic BP, atrial

fibrillation, total and HDL cholesterol and HbA1c levels.

2.6. Statistical analysis

All data are presented as the mean � SD. After the Kolmo-

gorov–Smirnov test for normality, comparison of significant

differences in continuous and categoric variables for study

subjects with and without subclinical atherosclerosis was

carried out by an independent t-test and chi-square test,

respectively. Because triglyceride levels and ACR were

markedly skewed, log-transformed values were used to

perform the analysis. To evaluate an independent association

between diabetic microangiopathy and subclinical atheroscle-

rosis, different models were constructed using multivariate
logistic regression analyses by adjusting for confounding risk

variables. Analyses were performed using SPSS version 16.0

(SPSS, Chicago, IL), and P < 0.05 was considered statistically

significant.

3. Results

3.1. Study subjects

The clinical and biochemical characteristics of the study

subjects are presented in Table 1. The mean age of the subjects

was 52.4 � 13.6 years, BMI was 25.2 � 3.7 kg/m2 and HbA1c

levels were 8.2 � 2.0%. There were no significant differences

between men and women. Among 142 subjects with newly

diagnosed type 2 diabetes, 27 (19.0%) had subclinical athero-

sclerosis [i.e., increased carotid IMT (>0.9 mm) or the presence

of CP]. During the evaluation of diabetic microangiopathy, 21

(14.7%) had mild to moderate NPDR (no severe NPDR or PDR),

25 (17.6%) had diabetic nephropathy (23 had microalbuminuria

and 2 had overt proteinuria) and 15 (13.3%) had diabetic

neuropathy.

3.2. Comparison of the characteristics of the subjects
according to the presence or absence of subclinical
atherosclerosis

Table 2 shows that subjects with subclinical atherosclerosis

were more likely to be older (P < 0.0001) and have higher

systolic BP (P = 0.016) than those without subclinical athero-

sclerosis. Hypertension (P for trend = 0.001) and diabetic

retinopathy (P for trend < 0.0001) were significantly associated

with subclinical atherosclerosis. There was a tendency for

conventional CVD risk factors, such as HbA1c, LDL cholesterol,

the TC/HDL ratio and ACR, and the proportion of diabetic

nephropathy or neuropathy to be increased in patients with

subclinical atherosclerosis, although this trend was not

statistically significant. No significant differences were found

for gender, smoking status or HOMA index in the groups with

and without subclinical atherosclerosis. We then compared

the carotid IMT as a continuous variable in the groups with

and without diabetic retinopathy. We found that carotid IMT

http://www.%20dtu.ox.ac.uk/


Table 2 – Comparison of clinical characteristics in the groups without and with subclinical atherosclerosis.

C-IMT � 0.9 mm and CP (�) C-IMT > 0.9 mm or CP (+) P

(n = 115) (n = 27)

Age (y) 50.2 � 13.5 61.9 � 9.9 <0.0001

Sex (M/F) 78/37 19/8 0.798

BMI (kg/m2) 25.4 � 3.8 24.4 � 2.9 0.216

Smoking, n (%) 23 (20.0%) 4 (14.8%) 0.537

Systolic BP (mmHg) 126.7 � 14.3 135.4 � 23.5 0.016

Diastolic BP (mmHg) 80.2 � 11.5 82.0 � 12.3 0.500

Hypertension, n (%) 29 (25.2%) 16 (59.2%) 0.001

HbA1C (%) 8.0 � 2.0 8.8 � 2.3 0.114

Fasting plasma glucose (mg/dL) 159.0 � 56.2 158.4 � 44.5 0.965

Fasting C-peptide (ng/mL) 2.45 � 1.25 2.26 � 1.14 0.478

HOMA-B 63.2 � 44.8 53.6 � 32.3 0.316

HOMA-IR 2.22 � 1.13 2.04 � 1.05 0.463

Total cholesterol (mg/dL) 177.3 � 38.0 178.9 � 36.3 0.839

Triglyceridea (mg/dL) 2.13 � 0.22 2.07 � 0.19 0.192

HDL cholesterol (mg/dL) 48.0 � 11.8 46.3 � 12.1 0.486

LDL cholesterol (mg/dL) 99.7 � 33.4 106.4 � 32.7 0.347

TC/HDL ratio 3.83 � 0.97 4.06 � 1.15 0.290

ACRa (mg/mg creatinine) 1.22 � 0.43 1.28 � 0.38 0.519

MNSI score 1.07 � 1.37 1.28 � 1.30 0.490

Diabetic neuropathy, n (%) 14 (12.5%) 5 (20.0%) 0.346

Diabetic retinopathy, n (%) 11 (9.5%) 10 (37.0%) <0.0001

Diabetic nephropathy, n (%) 19 (16.5%) 6 (22.2%) 0.494

Abbreviations: C-IMT, carotid intima-media thickness; CP, carotid plaque; BMI, body mass index; BP, blood pressure; HOMA, homeostasis model

assessment; TC, total cholesterol; ACR, albumin–creatinine ratio; MNSI, Michigan Neuropathy Screening Instrument. Data are obtained from

an independent t-test or chi-square test with the P-value calculated for trends.
a Log-transformed variables.
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values were significantly higher in patients with diabetic

retinopathy than in those without (0.92 � 0.23 vs. 0.74 � 0.28;

P < 0.0001, data not shown)

3.3. Association between subclinical atherosclerosis and
the risk of future CVD

To assess the predictive value of carotid IMT measurements

for future risk of CHD in our subjects, we compared the

absolute risk of CHD, based on the UKPDS risk engine,

according to the presence or absence of subclinical athero-

sclerosis (Table 3). The UKPDS risk values for CHD were

significantly increased in the subgroup with subclinical

atherosclerosis compared to that without (P < 0.0001). In
Table 3 – Ten-year risk of cardiovascular disease
estimated by the UK Prospective Diabetes Study risk
engine according to the presence of subclinical athero-
sclerosis.

C-IMT � 0.9 mm
and CP (�)

C-IMT > 0.9 mm
or CP (+)

P

CHD risk 12.6 � 11.0 26.0 � 17.4 <0.0001

<10% 55 (55.5%) 4 (16.0%) <0.0001

10–20% 25 (25.2%) 8 (32.0%)

>20% 19 (19.1%) 13 (52.0%)

Abbreviations: C-IMT, carotid intima-media thickness; CP, carotid

plaque; CHD, coronary heart disease. Data are obtained from an

independent t-test or chi-square test with the P-value calculated

for trends.
addition, when subjects were classified into three subgroups

according to their level of absolute risk of CHD for the

following 10 years (<10%, 10–20%, >20%), there was a

significant association of subclinical atherosclerosis with

increasing levels of CHD risk (P for a trend < 0.0001).

3.4. Association between diabetic retinopathy and
subclinical atherosclerosis

To evaluate the effect of atherosclerosis-related risk factors

including diabetic microangiopathy on subclinical atheroscle-

rosis, we further performed multivariate logistic regression

analysis using increased IMT or presence of CP as the

dependent variable. As shown in Table 4, the presence of

diabetic retinopathy (P = 0.012) was independently associated

with subclinical atherosclerosis after adjustments for age,

gender, HT, BMI, smoking status and the presence of diabetic

nephropathy. As expected, old age (P = 0.003) and HT

(P = 0.042) were significantly associated with subclinical

atherosclerosis. Even after further adjustments for HbA1c,

HDL cholesterol and LDL cholesterol, these findings remained

significant.

4. Discussion

The purpose of this study was to determine the relationship

between diabetic microangiopathy and subclinical atheroscle-

rosis, defined by increased carotid IMT or the presence of CP, in

patients with newly diagnosed type 2 diabetes who were free

from CVD. In this study, we report that diabetic retinopathy is



Table 4 – Independent association between diabetic
retinopathy and subclinical atherosclerosis.

C-IMT > 0.9 mm or CP (+)

B P O.R (95% CI)

Unadjusted

Diabetic retinopathy 1.716 0.001 5.561 (2.050–15.090)

Model 1

Age (yr) 0.077 0.003 1.080 (1.026–1.136)

Hypertension 1.166 0.042 3.209 (1.041–9.894)

Diabetic retinopathy 1.618 0.012 5.043 (1.427–17.821)

Model 2

Age (yr) 0.078 0.005 1.082 (1.025–1.142)

Hypertension 1.298 0.037 3.660 (1.082–12.381)

Diabetic retinopathy 1.882 0.007 6.570 (1.679–25.711)

Abbreviations: C-IMT, carotid intima-media thickness; CP, carotid

plaque. Data are obtained from logistic regression analyses after

the following adjustments: model 1 includes age, gender, smoking

status, hypertension, body mass index and the presence of

diabetic nephropathy and retinopathy; model 2 includes additional

parameters (HbA1c, FPG, HDL cholesterol and LDL cholesterol); B,

constant; O.R, odds ratio; CI, confidence interval.

d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 9 1 ( 2 0 1 1 ) 2 5 3 – 2 5 9 257
independently associated with subclinical atherosclerosis, a

well-established cardiovascular risk factor, even after adjust-

ing for traditional cardiovascular risk factors and diabetic

nephropathy in newly diagnosed type 2 diabetic patients. We

also found that 19% of newly diagnosed type 2 diabetic

patients already have subclinical atherosclerosis and have an

increased risk of future CHD events as estimated by the UKPDS

10-year risk engine. As predicted, old age and hypertension

were identified as additional independent risk factors for

subclinical atherosclerosis in newly diagnosed type 2 diabetic

patients.

Many lines of evidence have shown that diabetic retinopa-

thy is associated with CVD risk and non-invasive measures of

subclinical atherosclerosis, including carotid IMT or CP,

arterial stiffness and the coronary calcium score [24–28].

Similar to our findings, diabetic retinopathy was found in 116

of 590 (19.6%) subjects and was significantly associated with

the carotid IMT and augmentation index but was independent

of the duration of diabetes, HbA1c, lipid profiles and micro-

albuminuria in the Chennai Urban Rural Epidemiology Study

(CURES) [26]. In addition, in the Atherosclerosis Risk in

Communities (ARIC) study and the Wisconsin Epidemiological

Study of Diabetic Retinopathy (WESDR), diabetic retinopathy

was associated with a two- to three-fold higher risk of CVD

independent of various risk factors. Additionally, the severity

of diabetic retinopathy was associated with increased mortal-

ity risk in both type 1 and 2 diabetes [27,28]. These studies,

however, were performed in patients with known diabetes, a

long disease duration, poor glycemic control and more

confounding cardiovascular risk factors than the patients in

our study. So far, even though the significance of the findings

remained after adjustment for the duration of diabetes in

these studies, the relationship between diabetic retinopathy

and atherosclerotic processes has been unclear in newly

diagnosed type 2 diabetes patients. Therefore, the strength of

our finding is its focus on newly diagnosed type 2 diabetic

subjects, in whom we revealed an independent association
between diabetic retinopathy and subclinical atherosclerosis

in the early stage of diabetes.

Notably, our findings were maintained even after adjust-

ing for diabetic nephropathy. Because diabetic nephropathy

is a well-established cardiovascular risk factor, the indepen-

dent contribution of retinopathy to CVD risk tends to be

attenuated after adjusting for this variable. In the Valpolicella

Heart Diabetes Study, the adjustment for hypertension and

macroalbuminuria attenuated the initial observed associa-

tion between retinopathy and incident CVD [8]. Our findings

agree with the concept that the pathogenic mechanisms

responsible for the association between diabetic nephropa-

thy and CVD risk and between diabetic retinopathy and CVD

risk may be dissimilar. Instead, diabetic retinopathy may

serve as an independent predictor of CVD risk in type 2

diabetes [29].

The exact mechanisms underlying the association between

diabetic retinopathy and atherosclerotic disease are poorly

understood, but it is suggested that diabetic micro- and macro-

angiopathy in the early stage of diabetes could be induced by

endothelial dysfunction. Recently, Malecki et al. showed that

diabetic retinopathy was associated with increased IMT and

decreased flow-mediated dilatation (a marker of endothelial

dysfunction), and suggest that impaired endothelial function

may be a common pathway of micro- and macro-angiopathy

in type 2 diabetes [30]. As newly diagnosed diabetics undergo

early functional changes within the vascular system, our

findings support the idea that early functional vascular

changes may be a common mechanism of diabetic retinopa-

thy and macroangiopathy.

This study has limitations stemming from its small sample

size and cross-sectional design. First, we cannot reveal a

causal relationship among diabetic retinopathy and subclini-

cal atherosclerosis and CVD risk. Second, because the study

sample was derived from one center, our findings must be

applied with caution to the newly diagnosed type 2 diabetic

population. However, most other epidemiologic studies have

not included as many newly diagnosed type 2 diabetics as our

study, and the prevalence of diabetic retinopathy in our study

was similar to that in other previous studies [17,18,31,32].

Third, we did not find an association between the presence of

diabetic nephropathy and subclinical atherosclerosis, even

though the rate of diabetic nephropathy exhibited an

increasing trend. Our findings may be limited by the relatively

small number of subjects with overt proteinuria. Further

investigations of these questions will be necessary in a large-

population study.

In conclusion, our data show that newly diagnosed type 2

diabetic patients without a history of CVD exhibit a high

prevalence of subclinical atherosclerosis that may be indi-

rectly linked to an increased risk of CVD. Our findings support

the idea that atherosclerosis starts before the diagnosis of

diabetes is established. Moreover, we reveal that diabetic

retinopathy is an independent risk marker for subclinical

atherosclerosis in patients with newly diagnosed type 2

diabetes. We suggest that patients with diabetic retinopathy

at the time of their first diagnosis of diabetes require careful

cardiovascular assessment because of the possible association

between retinopathy and CVD risk.
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Laakso M. Retinopathy predicts coronary heart disease
events in NIDDM patients. Diabetes Care 1996;19:1445–8.

[13] Faglia E, Favales F, Calia P, Paleari F, Segalini G, Gamba PL,
et al. Cardiac events in 735 type 2 diabetic patients who
underwent screening for unknown asymptomatic coronary
heart disease: 5-year follow-up report from the Milan Study
on Atherosclerosis and Diabetes (MiSAD). Diabetes Care
2002;25:2032–6.

[14] Targher G, Bertolini L, Zenari L, Lippi G, Pichiri I, Zoppini G,
et al. Diabetic retinopathy is associated with an increased
incidence of cardiovascular events in Type 2 diabetic
patients. Diabet Med 2008;25:45–50.

[15] Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE,
Cull CA, et al. Association of glycaemia with macrovascular
and microvascular complications of type 2 diabetes (UKPDS
35): prospective observational study. BMJ 2000;321:405–12.

[16] Barzilay JI, Spiekerman CF, Kuller LH, Burke GL, Bittner V,
Gottdiener JS, et al. Prevalence of clinical and isolated
subclinical cardiovascular disease in older adults with
glucose disorders: the Cardiovascular Health Study.
Diabetes Care 2001;24:1233–9.

[17] Wagenknecht LE, D’Agostino Jr RB, Haffner SM, Savage PJ,
Rewers M. Impaired glucose tolerance, type 2 diabetes, and
carotid wall thickness: the Insulin Resistance
Atherosclerosis Study. Diabetes Care 1998;21:1812–8.

[18] Temelkova-Kurktschiev TS, Koehler C, Leonhardt W,
Schaper F, Henkel E, Siegert G, et al. Increased intimal-
medial thickness in newly detected type 2 diabetes: risk
factors. Diabetes Care 1999;22:333–8.

[19] Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M.
Prediction of clinical cardiovascular events with carotid
intima-media thickness: a systematic review and meta-
analysis. Circulation 2007;115:459–67.

[20] Bernard S, Serusclat A, Targe F, Charrière S, Roth O, Beaune
J, et al. Incremental predictive value of carotid
ultrasonography in the assessment of coronary risk in a
cohort of asymptomatic type 2 diabetic subjects. Diabetes
Care 2005;28:1158–62.

[21] Feldman EL, Stevens MJ, Thomas PK, Brown MB, Canal N,
Greene DA. A practical two-step quantitative clinical and
electrophysiological assessment for the diagnosis and
staging of diabetic neuropathy. Diabetes Care 1994;17:1281–
9.

[22] Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R,
Germano G, et al. 2007 Guidelines for the management of
arterial hypertension: The Task Force for the Management
of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of
Cardiology (ESC). Eur Heart J 2007;28:1462–536.

[23] Group UKPDS. The UKPDS Risk Engine: a model for the risk
of coronary heart disease in type 2 diabetes (UKPDS 56).
ClinSci 2001;101:671–9.

[24] Klein R, Marino EK, Kuller LH, Polak JF, Tracy RP, Gottdiener
JS, et al. The relation of atherosclerotic cardiovascular
disease to retinopathy in people with diabetes in the
Cardiovascular Health Study. Br J Ophthalmol 2002;86:84–
90.

[25] Norgaz T, Hobikoglu G, Aksu H, Guveli A, Aksoy S, Ozer O,
et al. Retinopathy is related to the angiographically
detected severity and extent of coronary artery disease in
patients with type 2 diabetes mellitus. Int HeartJ
2005;46:639–46.

[26] Rema M, Mohan V, Deepa R, Ravikumar R. Association of
carotid intima-media thickness and arterial stiffness with
diabetic retinopathy: the Chennai Urban Rural
Epidemiology Study (CURES-2). Diabetes Care 2004;27:1962–
7.

[27] Cheung N, Wang JJ, Klein R, Couper DJ, Sharrett AR, Wong
TY. Diabetic retinopathy and the risk of coronary heart
disease: the Atherosclerosis Risk in Communities Study.
Diabetes Care 2007;30:1742–6.

[28] Klein BE, Klein R, McBride PE, Cruickshanks KJ, Palta M,
Knudtson MD, et al. Cardiovascular disease, mortality, and
retinal microvascular characteristics in type 1 diabetes:
Wisconsin Epidemiologic Study of Diabetic Retinopathy.
Arch Int Med 2004;64:1917–24.

[29] Gimeno-Orna JA, Faure-Nogueras E, Castro-Alonso FJ,
Boned-Juliani B. Ability of retinopathy to predict



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 9 1 ( 2 0 1 1 ) 2 5 3 – 2 5 9 259
cardiovascular disease in patients with type 2 diabetes
mellitus. Am J Cardiol 2009;103:1364–7.

[30] Malecki MT, Osmenda G, Walus-Miarka M, Skupien J,
Cyganek K, Mirkiewicz-Sieradzka B, et al. Retinopathy in
type 2 diabetes mellitus is associated with increased
intima-media thickness and endothelial dysfunction. Eur J
Clin Invest 2008;38:925–30.
[31] Sigurdardottir V, Fagerberg B, Hulthe J. Preclinical
atherosclerosis and inflammation in 61-year-old men with
newly diagnosed diabetes and established diabetes.
Diabetes Care 2004;27:880–4.

[32] Fong DS, Aiello L, Gardner TW, King GL, Blankenship G,
Cavallerano JD, et al. Diabetic retinopathy. Diabetes Care
2003;26(Suppl. 1):s99–102.


	Diabetic retinopathy is associated with subclinical atherosclerosis in newly diagnosed type 2 diabetes mellitus
	Introduction
	Methods and materials
	Subjects
	Study of anthropometry and biochemistry
	Evaluation of diabetic microangiopathy
	Assessment of subclinical atherosclerosis
	Estimation of cardiovascular risk
	Statistical analysis

	Results
	Study subjects
	Comparison of the characteristics of the subjects according to the presence or absence of subclinical atherosclerosis
	Association between subclinical atherosclerosis and the risk of future CVD
	Association between diabetic retinopathy and subclinical atherosclerosis

	Discussion
	Acknowledgements
	Conflict of interest
	References


