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Background: It is not clear whether microangiopathies are associated with subclinical atherosclerosis in type 2 diabetes mellitus
(T2DM). We investigated the relation of cardiac autonomic neuropathy (CAN) and other microangiopathies with carotid athero-
sclerosis in T2DM.

Methods: A total of 131 patients with T2DM were stratified by mean carotid intima-media thickness (CIMT) = or <1.0 mm and
the number of carotid plaques. CAN was assessed by the five standard cardiovascular reflex tests according to the Ewing’s proto-
col. CAN was defined as the presence of at least two abnormal tests or an autonomic neuropathy points =2. Diabetic microangi-
opathies were assessed.

Results: Patients with CAN comprised 77% of the group with mean CIMT =1.0 mm, while they were 29% of the group with
CIMT <1.0 mm (P=0.016). Patients with diabetic retinopathy (DR) comprised 68% of the group with CIMT =1.0 mm, while
they were 28% of the group without CIMT thickening (P=0.003). Patients with CAN comprised 51% of the group with =2 ca-
rotid plaques, while they were 23% of the group with <1 carotid plaque (P=0.014). In multivariable adjusted logistic regression
analysis, the patients who presented with CAN showed an odds ratio [OR] of 8.6 (95% confidence interval [CI], 1.6 to 44.8) for
CIMT thickening and an OR of 2.9 (95% CI, 1.1 to 7.5) for carotid plaques. Furthermore, patients with DR were 3.8 times (95%
CI, 1.4 to 10.2) more likely to have CIMT thickening.

Conclusion: These results suggest that CAN is associated with carotid atherosclerosis, represented as CIMT and plaques, inde-
pendent of the traditional cardiovascular risk factors in T2DM. CAN or DR may be a determinant of subclinical atherosclerosis
in T2DM.

Keywords: Cardiac autonomic neuropathy; Diabetic angiopathies; Carotid intima-media thickness; Carotid plaque; Diabetes
mellitus, type 2

INTRODUCTION

The leading cause of death in type 2 diabetes mellitus (T2DM)

is cardiovascular disease (CVD) [1]. Recent studies have sh-
own that diabetic microangiopathies are associated with mac-
roangiopathies and suggest that microangiopathies may have a
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prominent role in the pathogenesis of microangiopathy devel-
opment [2]. Although the precise underlying mechanisms link-
ing the diabetic microangiopathies and macroangiopathies are
unclear, some evidence suggests that the effects of microangi-
opathies may be linked to subclinical atherosclerosis [3-5].

Carotid atherosclerosis as estimated by carotid intima-media
thickness (CIMT) and plaques is considered to reflect an early
stage of atherosclerotic disease and is therefore used as a sur-
rogate marker for diabetic macroangiopathies [6-8]. So far,
studies on the relationship between diabetic microangiopathies
and carotid atherosclerosis have yielded inconsistent results.

Cardiac autonomic neuropathy (CAN) is one of the most
common complications of diabetes, and represents a significant
cause of morbidity and mortality in diabetic patients. Although
the pathophysiological mechanism of this increased mortality
is unclear, it may be related to silent myocardial ischemia and
subclinical coronary atherosclerosis [9,10]. However, studies
on the relationship between CAN and carotid atherosclerosis
are few [11,12].

Aassociations between carotid atherosclerosis and both
urine albumin excretion (UAE) and glomerular filtration rate
(GFR) in diabetic patients have been investigated, but these
studies showed only inconsistent results [5,13,14]. Additional-
ly, it is known that the presence of diabetic retinopathy (DR) is
a marker for an increased risk of clinical CVD events [15,16].
Several studies have investigated the association between
CIMT and DR. Some studies have reported that the presence
of DR was associated with high CIMT [17,18], whereas other
studies did not find any significant association between DR
and CIMT [19]. However, these associations have not been
adequately examined, particularly in the Korean population.

Therefore, the aim of this study was to investigate the rela-
tionship between CAN and carotid atherosclerosis in Korean
T2DM patients. We also examined the relationship of other di-
abetic microangiopathies to carotid atherosclerosis.

METHODS

Study subjects

A total of 131 T2DM patients (mean age, 56 years) who visit-
ed Soonchunhyang University Bucheon Hospital from Janu-
ary 2009 to February 2011 were enrolled. Exclusion criteria
were: malignancy, hepatic failure, acute infection, acute meta-
bolic complications, fatal arrhythmia, and CVD such as acute
coronary syndrome and previous myocardial infarction. We
retrospectively reviewed detailed demographic data and clini-
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cal and treatment history using medical records. Because this
study was a retrospective study based on the analysis of exist-
ing data from medical records, we did not need to obtain insti-
tutional review board approval.

Measurement of carotid atherosclerosis

Carotid atherosclerosis was assessed by the use of high-reso-
lution B-mode ultrasonography (SSA-660A, Toshiba, Tokyo,
Japan) performed with an ultrasound scanner equipped with a
12-MHz linear-array transducer. Intima-media thickness
(IMT) measurements were performed on the right and left
common carotid arteries 1.0 cm proximal to the origin of the
bulb and the mean IMT values were calculated. Carotid IMT
thickening was defined as mean CIMT =1.0 mm [20,21]. Pro-
trusions into the lumen that were 100% thicker than the near-
est area were defined as plaques. The plaque was dichoto-
mized according to the number of carotid plaques (<2 or >2).

Cardiac autonomic function test

Autonomic function tests were performed by the same opera-
tor. Patients were advised to abstain from alcohol and tobacco
during the 24 hours prior to the test. Patients who underwent
testing had also fasted for at least 3 hours prior to the test, with
no coffee or caffeine. In addition, medications such as antihis-
tamines, antidepressants, and B-blockers were withheld for 12
hours prior to the test [22].

CAN was assessed by five standard cardiovascular (CV) re-
flex tests according to Ewing’s protocol [23,24]. Three of these
measurements assess parasympathetic function: heart rate re-
sponses to deep breathing (beat to beat variation), to standing
(30:15 ratio), and to the Valsalva maneuver. The other two tests
assess sympathetic function: blood pressure responses to
standing and a sustained handgrip. The heart rate response to
deep breathing, standing, and the Valsalva maneuver were as-
sessed automatically from electrocardiography recordings us-
ing the DICAN evaluation system (Medicore Co., Ltd., Seoul,
Korea). The severity of CAN was quantified by summing the
points obtained from each of the five tests, where each test
scored with 0, 0.5, or 1 points depending on whether it yielded
normal, borderline, or abnormal values, respectively (Table 1).
Consequently, the minimum and maximum autonomic neurop-
athy points were 0 and 5, respectively. CAN was defined as the
presence of at least two abnormal tests or autonomic neuropa-
thy points =2 [25].

The CAN score was categorized as follows: CAN score 0
(total points 0), CAN score 1 (points 0.5 to 1.5), CAN score 2
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for Each in the Patients Expressed as Points

Table 1. Reference Values of the Five Autonomic Function Tests to Detect Cardiac Autonomic Neuropathy and the Scores Obtained

Defined values

Test Measurement

Normal (0) Borderline (0.5) Abnormal (1)
HR response to deep breathing Maximum-minimum HR =15 11-14 <10
Lying-to-standing HR response 30:15 ratio >1.04 1.01-1.03 <1.00
Valsalva maneuver Valsalva ratio =1.21 1.11-1.20 =<I.1
Postural BP change Fall in systolic BP, mm Hg <10 11-29 =30
Sustained handgrip test Rise in diastolic BP, mm Hg <16 11-15 <10

HR, heart rate; BP, blood pressure.

(points 2 to 3), and CAN score 3 (points =3.5). CAN was
considered absent, early, definite, or severe if the CAN scores
were 0, 1, 2, or 3, respectively.

Evaluation of diabetic microvascular complications

DR was defined based on fundoscopy findings through dilated
pupils by an ophthalmologist. DR was classified as normal,
nonproliferative, and proliferative retinopathy. The patients
were assigned to one of the two groups: no evidence of DR
and presence of DR at any stage. Diabetic nephropathy was
defined using albuminuria and urinary albumin was measured
by radioimmunoassay. An albumin excretion rate (AER) <20
pg/min or urine albumin <30 mg/g creatinine was categorized
as normoalbuminuria, AER in the range of 20 to 200 pg/min
or urine albumin 30 to 300 mg/g creatinine as microalbumin-
uria, and >200 pg/min or urine albumin =300 mg/g creatinine
as overt proteinuria. Kidney function was assessed using the
estimated glomerular filtration rate (¢GFR), which was calcu-
lated by the simplified Modification of Diet in Renal Disease
(MDRD) formula. MDRD is a noninvasive method used to
calculate eGFR, which is an established parameter used to an-
alyze renal function in epidemiological settings [26]. We cal-
culated the MDRD formula as follows: 186.3 X (serum creati-
nine-1.154)X(age-0.203)x0.742 (if female), with the serum
creatinine concentration expressed in mg/dL.

Patients were considered to have nephropathy if they showed
microalbuminuria or overt proteinuria. Assessment of periph-
eral neuropathy was based on typical symptoms and a current
perception threshold or nerve conduction study.

An automated device (VP-1000, Colin, Komaki, Japan) was
used to measure brachial-ankle pulse wave velocity (baPWV),
which we defined as the mean baPWV of both sides, and an-
kle-brachial index. The insulin resistance status was evaluated
by the homeostasis model assessment-insulin resistance (HOMA
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-IR) index, which was calculated by the formula: (fasting insulin
[uIU/mL]Xfasting blood glucose [mmol/L])/22.5. Serum C-
peptide levels were measured by radioimmunoassay (Immuno-
tech, Prague, Czech Republic).

Statistical analysis

Statistical analysis was performed using SPSS version 14.0
(SPSS Inc., Chicago, IL, USA). Descriptive data are shown as
mean=®SD for continuous variables, number and percentage
for categorical variables, and median for nonnormal distribut-
ed variables. The categorical variables of the groups were
compared using the chi-square test. The significance of the
mean differences between patients with mean CIMT =1.0 and
<1.0 mm were evaluated with Student ¢ test or the nonpara-
metric Mann-Whitney U test. The significance of the mean
differences between patients with number of plaque <2 and =
2 was also evaluated with Student ¢ test or the nonparametric
Mann-Whitney U test. Correlation between levels of mean
CIMT and other clinical parameters was analyzed by Spear-
man rank correlation analysis. Differences of the mean levels
of CIMT according to the severity of CAN were evaluated
with one-way analysis of variance (ANOVA) and post hoc
analysis using the Bonferroni test.

The association between diabetic microvascular complica-
tions (CAN and other variables) and the presence of carotid
atherosclerosis (CIMT thickening or carotid plaques) was ana-
lyzed using multivariate logistic regression. The selection of
variables for use in the multivariate model was based on uni-
variate analysis. However, only eGFR was used in the multiple
logistic regression analysis model because of its close collin-
earity with serum creatinine using Pearson correlation. Also,
we selected the following variables for the multiple logistic re-
gression analysis, which are well known as factors associated
with carotid atherosclerosis: age, hypertension (HTN), smok-
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Table 2. General Characteristics of the Subjects according to the Carotid Intima-Media Thickness

Characteristic CIMT <1.0 mm (n=106) CIMT =1.0 mm (n=25) P value
Frequency, % 753 24.7

Age, yr 54.7£10.6 62.7+11.3 0.002
Sex, male/female 57/49 14/11 0.512
Body mass index, kg/m? 25243.4 25.6+3.9 0.584
Duration of diabetes mellitus, yr 7.0+6.3 9.31+8.6 0.134
Smoking 31(30) 4(16) 0.124
Presence of hypertension 55(52.4) 20 (80) 0.011
Systolic blood pressure, mm Hg 123.9+12.8 127.9£10.6 0.081
Diastolic blood pressure, mm Hg 74.2+8.7 74.9£9.9 0.487
FPG, mg/dL 154.5+141.2 141.2458.5 0.338
HbAlc, % 8.41+£2.1 8.39+£1.8 0.746
Total cholesterol, mg/dL 167.6+42.0 175.3+£54.2 0.581
Triglyceride, mg/dL 154.9+93.0 166.4+100.3 0.755
HDL-C, mg/dL 43.7£13.8 44.8+13.1 0.838
LDL-C, mg/dL 97.2+36.7 94.2+28.9 0.856
hsCRP, mg/L 0.13 (0.03-10.6) 0.16 (0.05-3.3) 0.376
HOMA-IR, mg/dL 2.91(0.01-42.3) 2.35(1.17-3.49) 0.453
eGFR, mL/min/1.73 m’ 78.8£18.1 69.8+18.1 0.062
Creatinine, mg/dL 0.98+0.19 1.1£0.31 0.126
Presence of retinopathy 29 (28) 17 (68) 0.003
Presence of neuropathy 56 (52) 16 (64) 0.309
Presence of nephropathy 18 (17) 6 (26) 0.286
Presence of CAN 30(29) 19 (77) 0.016
Presence of plaque 31(29) 6(24) 0.569
C-peptide (fasting), ng/mL 25+1.7 23+1.8 0.593
C-peptide (stimulated), ng/mL 5.7+3.7 5.5+4.38 0.871
ABI 1.13£0.17 1.12£0.08 0.139
baPWV, cim/sec 1,427.4£244.8 1,497.7£280.1 0.463
Mean CIMT, mm 0.73£0.122 1.16£0.17 <0.001
Taking statin 68 (64) 17 (68) 0.454
Taking ACEI or/and ARB 49 (46) 17 (68) 0.041
Values are expressed as mean=+SD, number (%), or mean (95% confidence interval).

CIMT, carotid intima-media thickness; FPG, fasting plasma glucose; HbA 1c, hemoglobin Alc; HDL-C, high density lipoprotein cholesterol; LDL-
C, low density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein, HOMA-IR, homeostasis model assessment-insulin resistance;
eGFR, estimated glomerular filtration rate; CAN, cardiac autonomic neuropathy; ABI, ankle-brachial index; baPWYV, brachial-ankle pulse wave ve-
locity; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.

ing, duration of diabetes, and use of statin or angiotensin con- RESULTS
verting enzyme inhibitor/angiotensin receptor blocker (ACEl/
ARB). A P<0.05 was considered significant. Clinical characteristics of the subjects according to the
mean CIMT

The mean age and duration of diabetes of all subjects were
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Table 3. The General Characteristics of the Subjects according to the Plaques

Characteristic Plaques <2 (n=94) Plaques =2 (n=37) P value
Frequency, % 71.8 28.2

Age, yr 54.4+11.2 60.24+9.9 0.007
Sex, male/female 52/42 19/18 0.414
Body mass index, kg/m? 25.84+3.8 24.1+2.4 0.003
Smoking 26 (28) 9(24) 0.412
Duration of diabetes mellitus, yr 7.1+6.4 8.4£7.5 0.328
Presence of hypertension 36/58 19/17 0.098
Systolic blood pressure, mm Hg 125.0£11.3 123.3£15.3 0.538
Diastolic blood pressure, mm Hg 75.5+9.1 71.0£7.4 0.008
FPG, mg/dL 152.2+60.4 154.0+63.4 0.884
HbAlc, % 8.4+£2.0 8.5£2.0 0.694
Total cholesterol, mg/dL 170.4+45.4 165.5+41.7 0.597
Triglyceride, mg/dL 160.41+104.1 147.94+63.1 0.431
HDL-C, mg/dL 455+14.8 39.8£9.0 0.048
LDL-C, mg/dL 96.3+£35.5 97.7+£35.7 0.845
hsCRP, mg/L 0.13 (0.03-10.6) 0.11 (0.03-3.14) 0.749
HOMA-IR, mg/dL 2.89(0.01-42.3) 2.08 (0.4-6.75) 0.303
eGFR, mL/min/1.73 m’ 78.1£17.6 75.6£20.2 0.513
Creatinine, mg/dL 1.0£0.2 1.0£0.2 0.744
Presence of retinopathy 27 (29) 17 (46) 0.079
Presence of neuropathy 49 (52) 21 (58) 0.395
Presence of nephropathy 18 (19) 5(14) 0.402
Presence of CAN 21(23) 19 (51) 0.014
Mean CIMT, mm 0.79£0.2 0.82£0.22 0.370
C-peptide (fasting), ng/mL 2.8+1.8 1.8+1.2 0.014
C-peptide (stimulated), ng/mL 5.9+4.1 52435 0.446
ABI 1.11£0.09 1.11£0.12 0.977
baPWV, cim/sec 1,507.5+£251.4 1,610.9£36.9 0.089
Taking statin 58 (61) 27(73) 0.155
Taking ACEI or/and ARB 52 (55) 14 (37) 0.054
Values are expressed as mean=+ SD, number (%), or mean (95% confidence interval).

FPG, fasting plasma glucose; HbA lc, hemoglobin Alc; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment-insulin resistance; eGFR, estimated glomerular filtration rate;
CAN, cardiac autonomic neuropathy; CIMT, carotid intima-media thickness; ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity;
ACETI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.

55.6+£11.3 and 7.4%6.8 years, respectively. The mean CIMT
was 0.8 mm and 24.7% of the subjects showed the CIMT
thickening (=1.0 mm). The proportion of patients with =2
carotid plaques was 28.2%. A total of 85 (65%) of the 131
study participants were using a statin and 66 (50%) were using
ACEI or/and ARB. Table 2 shows the clinical characteristics

Copyright © 2013 Korean Endocrine Society

of the subjects according to the mean CIMT. The patients with
mean CIMT =1.0 mm showed significantly older ages and a
higher prevalence of HTN compared with patients with CIMT
<1.0 mm (P=0.002 and P=0.01, respectively). Patients with
CAN comprised 77% of the group with mean CIMT =1.0
mm, but only 29% of the group with CIMT <1.0 mm
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(P=0.016). Patients with DR comprised 68% of the group
with CIMT =1.0 mm, but only 28% of the group without
CIMT thickening (P=0.003). The patients with mean CIMT
=1.0 mm comprised 31% of the group with DR, but only 11%
of the group without DR (P=0.011). The patients with mean
CIMT =1.0 mm comprised 23% of the group with CAN, but
only 6% of the group without CAN (P=0.031) (data not
shown). However, there were no differences in the prevalence
of nephropathy, peripheral neuropathy and statin use, or ne-
phropathy and neuropathy between subjects with mean CIMT
>1.0 or <1.0 mm. No differences in other variables such as
duration of diabetes, hemoglobin Alc (HbAlc), lipid profiles,
eGFR, HOMA-IR, or baPWV were observed between the two
groups.

Table 4. Correlation Analysis between Carotid Intima-Media
Thickness and Clinical Variables Including Diabetic Microvas-
cular Complications
Carotid intima-media thickness

Correlation coefficient P value
Age, yr 0.128 0.145
Body mass index, kg/m? 0.048 0.593
Duration of diabetes mellitus, yr 0.142 0.109
Systolic blood pressure, mm Hg 0.126 0.154
Diastolic blood pressure, mm Hg 0.084 0.340
FPG, mg/dL -0.050 0.591
HbAlc, % -0.031 0.729
Total cholesterol, mg/dL 0.054 0.561
Triglyceride, mg/dL 0.104 0.267
HDL-C, mg/dL -0.038 0.690
LDL-C, mg/dL 0.037 0.686
hsCRP, mg/L 0.135 0.191
HOMA-IR, mg/dL -0.101 0.432
eGFR, mL/min/1.73 m* -0.326 0.001
Creatinine, mg/dL 0.250 0.008
C-peptide (fasting), ng/mL -0.043 0.689
C-peptide (stimulated), ng/mL -0.024 0.834
Score of CAN 0.435 <0.001
baPWYV, cm/sec 0.233 0.019
ABI -0.142 0.150
FPG, fasting plasma glucose; HbA lc, hemoglobin Alc; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, ho-
meostasis model assessment-insulin resistance; eGFR, estimated glo-
merular filtration rate; CAN, cardiac autonomic neuropathy; baPWV,
brachial-ankle pulse wave velocity; ABI, ankle-brachial index.

Clinical characteristics of the subjects according to
amount of carotid plaques

The patients with =2 carotid plaques were significantly older
and had significantly lower body mass index (BMI), lower di-
astolic blood pressure, lower high density lipoprotein choles-
terol, and lower fasting C-peptide (P=0.007, P=0.003, P=0.008,
P=0.048, P=0.014, respectively) (Table 3). Patients with CAN
comprised 51% of the group with =2 carotid plaque, but only
23% of the group with <1 carotid plaque (P=0.014) (Table 3).
The patients with =2 carotid plaques comprised 53% of the
group with CAN, but only 24% of the group without CAN
(P=0.01). However, the prevalence of patients with plaques =

Table 5. The Mean Levels of Carotid Intima-Media Thickness
according to the Severity of the Cardiac Autonomic Neuropa-
thy

Mean CIMT P value
Absence of CAN 0.68+0.14 <0.001
Early involvement 0.71+0.12
Definite involvement 1.03+0.31
Severe involvement 0.94+0.31

Values are expressed as mean+SD.
IMT, carotid intima-media thickness; CAN, cardiac autonomic neurop-
athy.

Table 6. Multivariate Logistic Regression Analysis on the Var-
ious Risk Factors for Carotid Intima-Media Thickness Thick-
ening and Cartoid Plaques

Variables in the model for glllz\/l(gili/;cilll)eing for(z{jli(ilsc:/;li:]zles
Age 1.3(0.9-1.9) 1.2 (1.0-1.3)
Duration of diabetes 0.7 (0.4-1.5) 0.9 (0.8-1.1)
Smoking 0.6 (0.2-1.7) 1.2(0.2-7.9)
Hypertension 3.7 (0.5-25.5) 1.1 (0.1-11.7)
HbAlc 0.8(0.3-2.4) 1.1 (0.8-1.6)
Presence of retinopathy 3.8(1.4-10.2) 5.7 (0.6-51.3)
Presence of CAN 8.6 (1.6-44.8) 2.9(1.1-7.5)
baPWV 1.0 (1.0-1.03) 0.9 (0.9-1.0)
Taking Statin 0.8 (0.2-4.9) 1.2 (0.2-6.1)
Taking ACEI/ARB 1.8(0.2-23.3) 0.3(0.1-2.7)
eGFR 1.0 (0.9-1.1) 1.03 (0.9-1.1)

OR, odds ratio; CI, confidence interval; CIMT, carotid intima-media
thickness; HbAlc, hemoglobin Alc; CAN, cardiac autonomic neu-
ropathy; baPWV, brachial-ankle pulse wave velocity; ACEI, angioten-
sin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
eGFR, estimated glomerular filtration rate.
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2 according to the presence of DR was not significantly differ-
ent (P=0.079) (data not shown).

Correlation analyses between CIMT and clinical variables
Table 4 shows the correlation between CIMT, carotid plaques,
and clinical variables, including the CAN score. Mean CIMT
levels positively correlated with serum creatinine, baPW'V,
and CAN score and negatively correlated with eGFR. The
number of carotid plaques positively correlated with age and
CAN score and negatively correlated with BMI, diastolic
blood pressure, and fasting C-peptide (data not shown).

The mean CIMT levels according to CAN severity showed
significant increases by one-way ANOVA analysis (P<0.001)
(Table 5). According to the post hoc analysis using the Bonfer-
roni test, mean CIMT levels between the CAN-absent group
and the early CAN group were not different (P=0.94). Addi-
tionally, mean CIMT levels between the definite and severe
CAN groups showed insignificant differences (P=0.4). Except
in the above cases of two, remaining cases among four groups
showed statistically significant different results (data not shown).

Multivariate logistic regression analysis: the adjusted
effect of variables on carotid atherosclerosis

Multivariate logistic regression analysis was performed with
carotid atherosclerosis (CIMT thickening, carotid plaques) as
the dependent variable (Table 6). In multivariate adjusted logis-
tic regression analysis, the patients with CAN exhibited an
odds ratio (OR) of 8.6 (95% confidence interval [CI], 1.6 to
44.8) for CIMT thickening and an OR of 2.9 (95% CI, 1.1 to
7.5) for carotid plaques. Moreover, patients with DR were 3.8
(95% CI, 1.4 to 10.2) times more likely to have CIMT thicken-
ing after multivariate adjustment.

Age was weakly associated with presence of carotid plaques.
Duration of diabetes, smoking, HTN, HbA Ic¢, statin use, ACEl/
ARB use, and eGFR were not associated with carotid athero-
sclerosis.

DISCUSSION

In this study, the presence of CAN is associated with carotid
atherosclerosis representative as CIMT and carotid plaque in-
dependently of traditional CV risk factors. Our results suggest
that CAN may be an important determinant of subclinical ath-
erosclerosis in T2DM. This finding of the association between
CAN and vascular dysfunction may help to explain the excess
CV mortality seen in those with T2DM subjects with CAN.

Copyright © 2013 Korean Endocrine Society

CIMT is an established marker for subclinical atheroscle-
rotic disease in general population and diabetes [6,27]. In this
study, the mean levels of CIMT showed significantly positive
correlation with score of CAN. Also, although severe CAN
group showed lower mean CIMT levels than definite CAN
group, the mean CIMT levels according to the severity of the
CAN were increased significantly. The reasons why the mean
CIMT levels in severe CAN group are lower than those of
definite CAN group are unclear.

Although several studies have reported that association be-
tween CIMT and other diabetic microangiopathies, only a few
studies reported the relationship between CAN and CIMT in
our knowledge. Majority of previous studies to examine asso-
ciation between CAN and carotid atherosclerosis were those
by Gottsater’s group. They assessed CAN by expiration/inspi-
ration (E/I) ratio or age-adusted acceleration index (AI) [12,
28,29]. They reported that patients with abnormal E/I ratio or
Al showed increased degree of stenosis in the common carotid
artery (CCA). Also, they reported that low frequency (LF)
heart rate variability (HRV) was negatively associated with the
extent and progression of carotid atherosclerosis. This present
study showed that LF/high frequency (HF) upright HRV pow-
er was correlated with the mean CIMT (r=-0.234, P=0.042)
and HF supine was correlated with number of plaque (r=
-0.270, P=0.023) (data not shown). To the best of my knowl-
edge, only one study was reported using CAN score for as-
sessment of CAN like this present study [11]. Contrary to our
study, in the study by Meyer et al. [11] CIMT and CAN score
showed no significant correlation.

Several studies about DR as an independent risk factor for
the presence of atherosclerosis in T2DM were reported [15,16].
In our present study, DR was associated with increased CIMT.
This result is consistent with other previous studies [4,17].
Malecki et al. [4] found that IMT was higher in patients with
DR than those without DR and DR was among the predictors
of increased IMT in multiple regression analysis. However,
the Carodiovascular Health Study (CHS) didn’t show a rela-
tionship between CIMT or plaque and DR [30]. In the present
study, the frequency of patients with the plaque =2 according
to the presence of DR was not significantly different. Miya-
moto et al. [31] reported that mean CIMT and plaque score
were not significantly correlated with DR. Rema et al. [18]
explained that one of the causes showing discrepancy about
association DR with carotid atherosclerosis is by the differ-
ences in the ages of the populations studied (Atherosclerosis
Risk in Communities study, 51 to 72 years of age; CHS, 69 to
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102 years of age; our present study, 31 to 86 years of age). The
other potential reasons for the discrepant results may include
different sample sizes and population characteristics. The ex-
act mechanisms underlying the association between carotid
atherosclerosis and DR are poorly understood. One possible
explanation is that atherosclerosis and DR share common risk
factors in the causal pathway. The retinal ischemia can be
compensated by retinal blood vessels dilated via a local chan
ge of the capillary circulation, and recent evidence on DR sug-
gests the involvement of the circulation of larger vessels, in-
cluding the CCA [4,18]. Malecki et al. [4] suggested that a po-
tential common denominator beyond the classical risk factors
of both DR and increased IMT is endothelial dysfunction.

Other factors that are relatively well-known to correlate
with carotid atherosclerosis, such as smoking, HTN, and dura-
tion of diabetes, didn’t show significant association with ca-
rotid atherosclerosis in our study. HTN was associated with
CIMT thickening in univariate analysis, but its significant as-
sociation disappeared after multivariate analysis. These results
are inconsistent with those of previous studies, which general-
ly showed that these factors are associated with carotid athero-
sclerosis [32,33]. The evidence relating glucose level to carot-
id atherosclerosis is less clear and inconclusive. Only a few
studies demonstrated relationship with fasting glucose [34].

It is well-known that statin affects carotid atherosclerosis
[35]. The proportions of patients taking statin were not signifi-
cantly different between groups with or without CIMT thick-
ening and plaque. Also, in multivariate adjusted logistic re-
gression analysis, statin use was not associated with carotid
atherosclerosis. Also, several reports suggest that drugs inhib-
iting renin-angiotensin system may have inhibitory effects on
atherosclerotic process [36]. However, in our present study,
ACEI/ARB did not have any association on carotid athero-
sclerosis. Wang et al. [37] suggested by meta-analysis that
drugs inhibiting RAS may not have any significant effect on
IMT at least for a relatively short period such as 3 months or 1
year. Therefore, duration of taking drugs may affect progres-
sion of atherosclerosis.

Our study showed that the CIMT was not different accord-
ing to the presence or absence of the diabetic nephropathy, but
that it was negatively correlated with the eGFR. Our finding is
in agreement with previous studies [13,38]. Although the pre-
dictive value of microalbuminuria for atherosclerotic vascular
disease in T2DM patients has been in several studies, an asso-
ciation between the IMT and diabetic nephropathy based on
the UAE showed a discrepancy [5,13,39]. The reasons for this
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discrepancy are not clear; in a part, this might be explained by
the differences in the patients factor such as age and duration
of DM. Further studies are needed to know the reasons.

Also, the CIMT was not different between the patients with
and without diabetic neuropathy in this study. This result is in
accordance with the study by Ito et al. [13].

In this study, nor carotid plaque or CIMT have significant
association with HOMA-IR as marker of insulin resistance.
Results in previously published studies on the relationship be-
tween IR and early carotid atherosclerotic lesions are equivo-
cal [40,41]. In addition, few studies have examined the possi-
ble relation between carotid plaque and IR. Shinozaki et al.
[42] reported that HOMA-IR was associated with carotid
plaque but not with CIMT. It is not known the exact reason
why HOMA-IR was associated with only carotid plaque, but a
possible explanation may be that different risk factors may af-
fect only carotid plaque or CIMT if the pathological features
differ, at least in part [43].

Also, consistent with other studies, the CIMT positively
correlated with the arterial stiffness representing as baPWV
[5,13]. PWYV reflects arterial stiffness and is a marker of ath-
erosclerotic vascular disease in patients with diabetes [44]. Al-
though the measures of IMT and PWV may assess the differ-
ent aspects of the atherosclerotic process, both an CIMT thick-
ening and an increased baPWV are likely to reflect the early
atherosclerosis [45,46].

The reason why previous published studies have been in-
consistent concerning the association carotid atherosclerosis
and microangiopathies is not clear. Some possible explana-
tions can be suggested. First, the discrepancy may be due to
differences of study populations according to the various diag-
nostic criteria about carotid atherosclerosis. Moreover, defini-
tion for the presence of the significant CIMT thickness and
plaque were different each study. Also, it depends on using a
certain method among several methods such as IMT, plaque,
and carotid artery diameter to assessing carotid atherosclero-
sis. Which ultrasonic parameter may be superior than other
parameters for evaluating the carotid atherosclerosis with re-
gard to their clinical relevance will need to be confirmed in
further studies. Second, different distributions of prevalence
and severity of microangiopathies in the study participants
may be another reason. Differences between studies with re-
gard to eligibility criteria, i.e., whether patients with advanced
or mild complications have been excluded or not.

Limitations of our study should be addressed. First, because
of the cross-sectional design, we cannot determine the caus-
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ative relationship between carotid atherosclerosis, DR and
CAN. Prospective studies are required to address this impor-
tant question. Second, because our study population consisted
of individuals who received comprehensive examinations for
the complications of diabetes, we can assume that these pa-
tients had relatively good compliance. Therefore, some char-
acteristics of the present study population may be substantially
different from those of other patients who did not undergo
studies of complication. Therefore, the generalizability of our
study may be limited. Third, the present study included small
numbers of subjects with advanced microangiopathies. If the
study was performed in a larger number of patients with mi-
croangiopathies, the results could have more impact in support
of the association between diabetic microangiopathies and ca-
rotid atherosclerosis.

However, our study is meaningful in that this is the first
study in Korean T2DM patients for the evaluation of relation-
ship between carotid atherosclerosis and all diabetic microan-
giopathies including CAN.

In conclusion, this present study showed that the presence
of CAN is associated with carotid atherosclerosis representa-
tive as CIMT and carotid plaque. Also, DR is associated with
increased CIMT. A further prospective follow up of our cohort
with increasing duration of T2DM will reveal whether the ca-
rotid atherosclerosis associated with CAN or DR will translate
into an increased risk for clinically relevant atherosclerotic
events such as stroke and coronary heart disease.
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