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Background: We investigated the relationship between endothelial dysfunction and diabetic retinopathy (DR) in patients with
type 2 diabetes.

Methods: We used a cross-sectional design to examine 167 patients with type 2 diabetes mellitus. All patients underwent bio-
chemical and ophthalmological examination. We assessed endothelial dysfunction by a flow-mediated vasodilation method of
the brachial artery. Changes in vasodilation (flow-mediated vasodilatation, %FMD) were expressed as percent change over base-
line values.

Results: The mean +standard deviation of patient age was 54.1+8.6 years. The %FMD was significantly lower in patients with
DR than without DR. The prevalence of retinopathy decreased across increasing tertiles of %FMD. After adjusting for patients’
age, sex, diabetes duration, use of insulin, use of antihypertensive, antiplatelet, and lipid lowering medications, systolic blood
pressure, fasting plasma glucose, 2-hour plasma glucose, glycated hemoglobin, and urinary albumin excretion, participants with
a reduced %FMD were more likely to have DR (odds ratio, 11.819; 95% confidence interval, 2.201 to 63.461; P=0.004, compar-
ing the lowest and highest tertiles of %FMD).

Conclusion: Endothelial dysfunction was associated with DR, which was most apparent when the endothelial dysfunction was
severe. Our study provides insights into the possible mechanism of the influence of endothelial dysfunction on the development

of DR.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is becoming increasingly
prevalent worldwide. Morbidity and mortality of T2DM are
caused primarily by vascular complications: microangiopathy
and macroangiopathy. Therefore, in addition to strict glycemic
control, regular screenings and early detection of diabetic vas-
cular complications are essential for reducing the morbidity
and mortality of patients with type 2 diabetes.

In addition to conventional cardiovascular risk factors, en-
dothelial dysfunction is important in the early pathophysiolo-

gy of vascular complications [1]. Beyond its role as simply a
passive barrier for blood vessels, the endothelium has impor-
tant physiological functions that are mediated by the release
of vasoactive factors responsible for regulating vessel wall
tone, cellular growth, homeostasis, and inflammation. Broadly
speaking, the term endothelial dysfunction refers to an im-
pairment of the ability of the endothelium to properly main-
tain vascular homeostasis, and it may be an important deter-
minant of altered vascular reactivity [2]. Arguably, the most
critical mediator of endothelium-derived molecules is nitric
oxide (NO) [3], and the earliest and most important marker of
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endothelial dysfunction is represented by a reduction in NO
bioactivity. The most widely-used technique for assessing sys-
temic endothelial function is called “flow-mediated vasodila-
tation” (FMD). This noninvasive method is based on the prin-
ciple that physiological increases in blood flow and endothelial
shear stress induce vasodilatation, which are mainly mediated
by an increased endothelial NO release. FMD is known to be
endothelium-dependent and gives a reliable measure of endo-
thelial function in peripheral arteries [4].

Endothelial dysfunction is considered the first step in the
progression of accelerated atherosclerosis [5]. In addition to
the relationship with macrovascular complications [6-9], en-
dothelial dysfunction also has been associated with the devel-
opment of microalbuminuria [10], which itself is strongly con-
nected with retinopathy in patients with type 2 diabetes [11].
This finding suggests that endothelial dysfunction might affect
the development of diabetic microvascular complications.
However, relatively few studies have examined the relationship
between endothelial function and diabetic retinopathy (DR),
and varying conclusions between studies have made the rela-
tionship even more ambiguous [12-14].

The purpose of this study was to investigate and clarify the
association between the presence of DR and endothelial dys-
function as measured by FMD in type 2 diabetic patients.

METHODS

Participants

In the current study, 214 subjects with type 2 diabetes aged 25
to 75 years were recruited between March 2010 and March
2011 from the university-affiliated diabetes center at St. Vin-
cent’s Hospital in South Korea. A detailed questionnaire was
used to obtain participant information, including medical his-
tory, current cigarette smoking status and the use of antihyper-
tensive, antiplatelet, and lipid-lowering medications. The pa-
tients” height and weight were measured to determine their
body mass index (BMI). Participants were excluded if they had
a history of coronary artery or cerebrovascular disease, acute
infections, chronic liver disease, heart failure, malignancy, un-
controlled diabetes (glycated hemoglobin [HbAlc] >10%),
uncontrolled hypertension (systolic blood pressure >160 mm
Hg or diastolic blood pressure >100 mm Hg), or had used ste-
roid agents or thiazolidinedione within the preceding 3 months.
All other treatments (insulin, antihypertensive, antiplatelet,
and lipid-lowering medications) had been maintained for at
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least 3 months. The study protocol was approved by the ethics
committees of the participating centers. All patients signed in-
formed consent statements.

Laboratory examination

Blood samples were collected from all subjects after they had
fasted for 12 hours, and standard lipid parameters (total cho-
lesterol, triglyceride, high density lipoprotein-cholesterol),
blood glucose and HbA1c were measured. Fasting and 2-hour
postprandial plasma glucose levels were measured using an
automated enzymatic method and HbAlc levels were deter-
mined by high-performance liquid chromatography with a
reference range of 4.4% to 6.4%. The urinary albumin excre-
tion rate was measured by enzyme immunoassay using immu-
noturbidimetry (Eiken, Tokyo, Japan).

Assessment of DR

For detection of DR, participants had a standardized clinical
examination and retinal photography. DR was graded from
the digital retinal photographs at the retinal vascular imaging
center by graders masked to the participants’ clinical details. A
DR severity score was assigned to each eye according to the
modified Airlie House Classification system [15]. The patients
were assigned to one of two groups: no evidence of DR or pres-
ence of DR at any stage.

Measurement of endothelial function

The FMD of the brachial artery was measured by ultrasound
according to the guidelines described by Corretti et al. [16].
After the patients fasted for 12 hours (including caffeine, nico-
tine, and alcohol) vascular measurement was performed. A GE
Vivid 7 Dimensions ultrasound system (GE Healthcare, Mil-
waukee, WI, USA) equipped with a 12-MHz ultrasound probe
was used to measure the internal diameter of the brachial ar-
tery by one examiner at a position several centimeters from the
elbow, where the artery could be easily located. After the pa-
tient rested for 15 minutes, the mean diameter (D0) was mea-
sured. A pneumatic tourniquet on the right forearm was inflat-
ed to apply at least 50 mm Hg above the systolic blood pressure
for 4 to 5 minutes. A second mean diameter (D1) scan was
performed after the cuff was deflated. A nitroglycerin (NTG)
tablet (0.3 mg) was then administered sublingually, and an im-
age was recorded 3.5 to 5 minutes later. Measurements of each
vessel's diameter were taken from the anterior to the posterior
intima at the end of diastole as measured by the R wave on a

263



Yun JS, et al.

dmj

continuously recorded electrocardiogram. The diameter of the
brachial artery was calculated as the average diameter of tripli-
cate measurements. The percent FMD (%FMD) of the brachial
artery was expressed as the percent increase in the maximal
vessel diameter after cuff deflation within 120 seconds relative
to that of the baseline diameter. The percent NTG-mediated
vasodilation (%NMD) was expressed as the percent increase in
the diameter three minutes after administration of NTG com-
pared to that of the baseline diameter. In our laboratory, the in-
traobserver variability for repeated measurements of resting
brachial diameters was 0.04+0.05 mm [17].

Statistical analysis

Data are presented either as mean+standard deviation or, in
the case of a skewed distribution, as median (interquartile
range). In addition, categorical data are expressed as number
(%). The baseline clinical parameters were compared by #-test
and Mann-Whitney U test for continuous variables, and by
chi-square test for categorical variables. The change in %FMD
was categorized into tertiles. A test for trends in the demo-
graphic and biochemical characteristics across tertiles was
performed using linear or logistic regression analyses. The as-
sociation of FMD with the presence of DR was examined by
multiple logistic regression analysis adjusted for age and sex
(model 1), as well as for variables that had a significant differ-
ence between patients with and without DR (model 2), and
then further adjusted for %NMD. The statistical analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC,
USA). P values of less than 0.05 were considered significant.

RESULTS

The main clinical characteristics and laboratory data of the
groups are presented in Table 1. Total 167 patients (90 men
and 77 women) were enrolled in this study. Their mean age
was 54.1+8.6 years, and their mean HbA1c level and mean di-
abetic duration were 7.5%+1.0% and 7.3+6.0 years, respec-
tively (Table 1).

Twenty-nine patients (17.4%) had DR. There were three pa-
tients who had proliferative DR, and we did not make a sepa-
rate DR group, because of the small number (1.8%) of patients
for this analysis. As shown in Table 1, those with DR had a sig-
nificantly longer diabetic duration. Moreover, the use of anti-
hypertensive and antiplatelet medications, as well as insulin
treatments was greater in patients with DR than in those with-
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out. Furthermore, patients who developed DR had signifi-
cantly higher fasting and 2-hour plasma glucose, HbAlc level,
and urinary albumin excretion rates.

The mean value of %FMD in the study population was 3.85%.
We also analyzed endothelial response according to other
variances. %FMD showed a significant difference between the
sexes (3.29%+5.36% for men vs. 6.02%+7.17% for women,
P=0.01), but age showed only a weak correlation with FMD
response, and was not statistically significant (r=-0.140, P=
0.071). There were no differences in other variables, such as
medications, diabetic duration, BMI, blood pressure, and lipid
profiles between male and female groups, except insulin use
(4.4% vs. 16.9%, P=0.008). There were also no significant
differences of %FMD in endothelial dysfunction between
people who did and did not take medications, such as insulin
(4.67%£6.51% vs. 3.40%+5.27%, P=0.436), angiotensin con-
verting enzyme inhibitor (ACEI), angiotensin-II receptor
blocker (ARB) (4.91%+6.34% vs. 3.45%+6.48%, P=0.205),
antiplatelet agent (5.10% +6.34% vs. 4.16%+6.43%, P=0.353),
and lipid lowering agent (4.99%+6.30% vs. 3.45%+6.54%,
P=0.159), all of which can affect endothelial function. The
%FMD was significantly lower in patients with DR than with-
out DR (P<0.001). However, there was no significant differ-
ence in NTG-induced dilation between the two groups (Table 1).

We analyzed the patients’ clinical characteristics according
to the %FMD tertiles. The patients were grouped into three
tertiles (first tertile, lower response; second tertile, intermedi-
ate response; third tertile, higher response). The prevalence of
retinopathy decreased with increasing %FMD tertile (Table 2).
However, there were no significant differences in medication
use, such as insulin, antihypertensive agent, lipid-lowering
agent, or antiplatelet agents among the tertile groups. In addi-
tion, there were no differences in smoking, diabetic duration,
blood pressure, fasting, and 2-hour plasma glucose, HbAlc,
lipid profiles, or urinary albumin excretion by %FMD tertile.

To examine the independent associations between key risk
factors and the incidence of DR, a multiple logistic regression
analysis was performed. Due to the skewed distribution of the
%FMD, tertiles were applied for this variable with the lowest
tertile being the reference category. We found that the dura-
tion of diabetes, HbAlc value, and urinary albumin excretion
rate remained significantly associated with DR incidence (Ta-
ble 3). The lowest %FMD tertile showed an increased risk of
DR compared to the highest %FMD tertile, although the rela-
tionship between the intermediate and highest %FMD groups
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Table 1. Baseline clinical characteristics of the study patients
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Characteristic All patients With DR Without DR Pvalue®
No. 167 29 138
Female sex, % 46.1 51.7 449 0.321
Age, yr 54.1+8.6 56.2+7.1 53.6+8.8 0.139
Diabetes duration, yr 7.3%£6.0 12.4+6.4 6.2+5.3 <0.001
BMI, kg/m’ 25.2+34 249+34 25.2+34 0.598
SBP, mm Hg 126.2+11.8 130.0+12.8 1253+11.4 0.050
DBP, mm Hg 78.5+9.2 80.0+9.6 78.2%9.1 0.329
Current smoking 36 (21.6) 7 (24.1) 29 (21.0) 0.439
Use of lipid lowering medication 48 (28.7) 12 (41.4) 36 (26.1) 0.079
Statin 37(22.2) 10 (34.5) 24 (19.6) 0.089
Fenofibrate 11 (6.6) 2(6.9) 3(6.5) 0.941
Use of antiplatelet medication 98 (58.7) 23(79.3) 75 (54.3) 0.010
Use of ACEI or ARB 41 (24.6) 12 (41.4) 29 (21.0) 0.031
Diabetes treatment
Sulfonylurea 27 (16.2) 6(20.7) 21(15.2) 0.315
Metformin 34 (20.4) 9(31.0) 25 (18.1) 0.097
Sulfonylurea+metformin 60 (35.9) 11 (37.9) 49 (35.5) 0.481
Insulin 17 (10.2) 10 (34.5) 7(5.1) <0.001
FPG, mg/dL 136 (119-154) 155 (133-171) 133 (118-149) 0.004
2-hr PG, mg/dL 266.9+79.3 302.9£96.5 259.6+73.6 0.032
HbAlc, % 7.5+1.0 7.9+0.8 74+1.0 0.011
Total cholesterol, mg/dL 191.8+42.5 180.3£42.5 194.2+42.2 0.109
Triglyceride, mg/dL 118 (75-178) 100 (77-168.5) 126 (73-185) 0.679
HDL, mg/dL 449+8.9 47.0+9.0 444+8.8 0.151
Urinary albumin excretion, mg/g 19.89 (10.17-48.36) 38.97 (16.19-201.46) 17.41 (9.68-38.75) <0.001
FMD, % 3.85 (0.00-7.89) 0.65 (-0.33-4.20) 4.87 (0.60-8.58) <0.001
NMD, % 12.45 (6.91-17.91) 10.00 (5.23-15.87) 1333 (7.15-18.22) 0.263

Values are presented as mean +standard deviation, number (%), or median (interquartile range). P<0.05 was considered significant.

DR, diabetic retinopathy; BMIL, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACEIL, angiotensin converting en-
zyme inhibitor; ARB, angiotensin-II receptor blocker; FPG, fasting plasma glucose; 2-hr PG, 2-hour plasma glucose; HbAlc, glycated hemo-
globin; HDL, high density lipoprotein; FMD, flow-mediated vasodilation; NMD, nitroglycerin-mediated vasodilation.

*Comparing diabetic patients with and without diabetic retinopathy.

was not statistically significant. This association persisted after
turther adjustment for %NMD (data not shown).

DISCUSSION

In this study, we investigated the association of DR and endo-
thelial dysfunction in T2DM patients. We identified endothe-
lial dysfunction as an independent predictor of an increased
DR prevalence in patients with T2DM. As predicted, the
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%FMD was lower in DR patients than in T2DM subjects with-
out DR. After taking many other variables into account using
a multiple logistic analysis, severe endothelial dysfunction re-
mained an independent risk factor for DR.

There are several factors that can affect endothelial function.
Caballero et al. [18] suggested that %FMD was significantly
higher in female patients. In addition, there are many studies
on drugs that can affect endothelial function, such as insulin,
ACEI, ARB, and statin [19-21], and the recent studies argue
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Table 2. Clinical characteristics according to flow-mediated vasodilation % tertiles
Characteristic T1 (<1.35%) T2 (1.35%-5.95%) T3 (>5.95%) P for trend
No. 55 57 55
Women 21(38.2) 22 (38.6) 34 (61.8) 0.014
Age, yr 55.2+8.6 54.4+8.7 52.5+8.4 0.097
Diabetes duration, yr 7.9%6.3 7.6£5.8 6.4+59 0.198
BMI, kg/m2 25.1+3.2 25.842.9 24.6+4.0 0.446
SBP, mm Hg 126.2+12.4 128.0+11.9 124.2+10.8 0.381
DBP, mm Hg 78.1+9.1 79.4%£9.3 78.1£9.2 0.987
Current smoking 12 (21.8) 14 (24.5) 10 (18.2) 0.713
DM retinopathy 17 (30.9) 9(15.8) 3(5.5) 0.001
Use of ACEI or ARB 16 (29.1) 16 (28.1) 9(16.4) 0.225
Use of lipid-lowering agent 18 (32.7) 19 (33.3) 11 (20.0) 0.177
Use of antiplatelet agent 32(58.2) 41(71.9) 25 (45.5) 0.142
DM medication

Sulfonylurea 10 (18.2) 9(15.8) 8(14.5) 0.605

Metformin 10 (18.2) 13 (22.8) 11 (20.0) 0.813

Sulfonylurea+metformin 18 (32.7) 23 (40.4) 19 (34.5) 0.843

Insulin 8(14.5) 5(8.8) 4(7.3) 0.212
FPG, mg/dL 134.5 (122.0-151.5) 140.0 (117.5-162.5) 130.5 (116.0-155.0) 0.807
2-hr PG, mg/dL 278.1+£77.2 270.1+78.9 251.4+80.4 0.067
HbA1lc, % 7.6+1.0 74+1.0 74+1.1 0.205
Total cholesterol, mg/dL 188.6+37.9 131.2+75.6 193.0+40.7 0.590
Triglyceride, mg/dL 130.5 (79.0-185.0) 107.0 (67.5-193.5) 131.0 (78.0-174.0) 0.837
HDL, mg/dL 44.1+7.8 46.2+8.6 44.3+10.1 0.932
UAE, mg/g 22.00(11.26-48.68) 21.73 (10.71-52.94) 13.68 (9.37-42.46) 0.508

Values are presented as mean +standard deviation, number (%), or median (interquartile range). P<0.05 was considered significant.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; ACEI, angiotensin converting en-
zyme inhibitor; ARB, angiotensin-II receptor blocker; FPG, fasting plasma glucose; 2-hr PG, 2-hour plasma glucose; HbA ¢, glycated hemo-
globin; HDL, high density lipoprotein; UAE, urinary albumin excretion.

Table 3. Associations between % flow-mediated vasodilation
and diabetic retinopathy

%FMD tertile OR (95% CI) Pvalue
Model 1*  >5.95 1

1.35-5.95 3.531(0.878-14.202) 0.076

<1.35 8.526 (2.244-32.403) 0.002
Model 2°  >5.95 1

1.35-5.95 2.173 (0.393-12.016) 0.374

<1.35 11.819 (2.201-63.461) 0.004

FMD, flow mediated vasodilation; OR, odds ratio; CI, confidence in-
terval.

“Model 1, adjusted for age and sex, "Model 2, adjusted for covariates
in model 1 plus diabetes duration, use of insulin, use of angiotensin
converting enzyme inhibitor or angiotensin-II receptor blocker, anti-
platelet and lipid-lowering medications, systolic blood pressure, fast-
ing plasma glucose, 2-hour plasma glucose, glycated hemoglobin, and
urinary albumin excretion.
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that fenofibrate can also improve endothelial function of type
2 diabetic patients [22]. In our study, female patients showed a
tendency for increased FMD response, but the age of the pa-
tients and the use of medications had no influence on endo-
thelial function.

We observed that diabetic patients with retinopathy showed
more severely impaired FMD than diabetic patients without
retinopathy. However, we found that patients who had DR
demonstrated longer durations of diabetes, poorer glucose
control, and an increased use of medications. Taking all of
these considerations into account, we adjusted for sex, age, di-
abetic duration, medications, fasting plasma glucose, HbAlc,
and urinary albumin excretion; as a result, endothelial dys-
function was associated with DR. In addition, we found that
the group with a low response to %FMD was 10 times more
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likely to have DR than those with a high response to %FMD,
but the intermediate-response %FMD group did not demon-
strate statistical significance. This means that endothelial dys-
function could affect the development of DR, specifically in
patients with severe endothelial dysfunction. However, this
study was cross-sectional; therefore, these findings cannot
prove the association between early endothelial dysfunction
and DR. In contrast with previous studies [13,23], in our
study, the %FMD (endothelial-dependent vasodilation) was
unaffected by adjusting for % NMD (endothelial-independent
vasodilation). This result may suggest that pure endothelial
dysfunction can contribute to DR pathogenesis.

In diabetes mellitus, development of microvascular compli-
cations and impaired vascular responses to reactive hyperemia
have several underlying pathogenetic mechanisms in com-
mon. Many biochemical pathways associated with hyperglyce-
mia can increase the production of free radicals by reducing
the amount of biologically active NO [24]. The activation of
protein kinase C, nicotinamide-adenine dinucleotide phos-
phate depletion, and the formation of advanced glycation end
products in diabetes causes a decrease of NO and vascular
dysfunction. These events could lead to retinal vascular endo-
thelial dysfunction, and result in increased retinal blood flow
and retinal vasodilation [25]. Indeed, an abnormal retinal vas-
cular response to hyperoxia is associated with the develop-
ment of DR [26].

Various methods have been used to study endothelial func-
tion. FMD of the brachial artery by ultrasound is the most
widely-used vascular test to assess endothelial-dependent va-
sodilation and the most reproducible test when appropriate
methodologies are applied [27]. FMD reflects endothelial
function in relatively large conduit vessels by measuring bra-
chial artery diameter changes induced by increased shear
stress. In respect to DR, the mechanisms for reactive hyper-
emia in the microvasculature of the brachial artery are differ-
ent from those in microvasculature of the retina. In the latter,
a neurohormonal mechanism plays an important role [28].
However, when the systemic nature of endothelial dysfunction
is considered, a macrovascular endothelial defect may extend
to the microvasculature, as a few studies have been performed
to examine the relationship between FMD and endothelial
dysfunction in other microvascular arterial beds. One recent
study shows a weak correlation between FMD and flicker-in-
duced retinal vasodilation, which may reflect endothelial
function of the retinal circulation [29]. In coronary heart dis-
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ease, endothelial dysfunction has not only been confined to
the coronary arteries, but was found in conduit arteries of the
peripheral circulatory system as well [30-32]. However, other
studies claimed that there is no relationship between changes
in conduit function and in other microcirculation [33,34].
Possible explanations for the discrepancy between studies in-
clude differences in the stimulation methods, and in the risk
factor profile (or underlying disease) for the patient groups. In
light of the result of our study, further studies are needed to
correlate FMD with other vascular function tests, including
retinal vasodilation response.

Previous studies reported the association between DR and
FMD in patients with type 2 diabetes [13,14,35]. However,
these studies did not adjust for the factors that could affect the
DR and endothelial function. Also, as discussed earlier, these
studies could not exclude the effect of endothelial independent
vasodilation. We used the statistical method of logistic regres-
sion to clarify the relationship between DR and endothelial
dysfunction more clearly after adjusting for various factors.

Some limitations were noted in this study. First, the size of
the patient population was small compared with that of large
studies of T2DM. Second, this study was a cross-sectional
study and further longitudinal studies are needed to evaluate
the association between early endothelial dysfunction and the
development of DR. Third, we included patients who used in-
sulin therapy and we did not assess their insulin resistance,
which could affect endothelial dysfunction [36] and DR [37].
However, patients maintained stable insulin doses during the
3 months, and there were no differences in medication use
among the tertiles. With the use of multiple logistic regression,
DR was not significantly associated with the use of insulin and
we concluded that insulin treatment had no influence on the
development of DR.

In summary, we showed that endothelial dysfunction is an
independent predictor of DR, which is most visible when the
endothelial dysfunction is most severe. Although more studies
are needed to confirm these findings and to elucidate the
mechanisms for these associations, our study provides a possi-
ble mechanism for endothelial dysfunction’s role in the devel-
opment of DR.
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