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ABSTRACT

Objective: To compare the carotid artery intima-media thickness in pediatric type 1 diabetic patients with that in healthy control subjects
matched for age, sex, height, weight, body mass index (BMI) and waist circumference.

Methods: Fifty diabetic patients and forty-five control subjects were enrolled into this observational, cross-sectional, controlled study. Carotid
artery intima-media thickness (cIMT), flow-mediated dilation (FMD) and carotid stiffness index were measured by using a carotid Doppler and
real-time ultrasound. Student's t, chi-square and Kolmogorov-Smirnov tests and Pearson’s correlation coefficient were used for the statistical
analysis.

Results: There were no significant differences in the groups for age, sex, height, weight, BMI and waist circumference (mean age 12.10+2.02
vs. 11.49+1.90 years, weight 41.14+11.28 vs. 40.88+11.68 kg, height 149.78+20.3 vs. 145.62+20.14 cm, BMI 18.49+2.64 vs. 18.26+2.59 kg/m2, waist
circumference 69.72+8.6 vs. 66.05+7.47 cm, respectively). A significantly higher cIMT was found in the patients with type 1 diabetes (0.49+0.05
vs. 0.4420.03 mm; p<0.001). A higher carotid stiffness index was found in the diabetic group when compared with control group (3.11+0.46 vs.
2.6+0.29 mm; p<0.001). Carotid IMT was not affected by mean HbA1c level and median HbA1c level (r=0.112, p=0.437 and r=0.249, p=0.082).

Conclusion: Type 1 diabetes is associated with higher cIMT and carotid stiffness index in a pediatric population.

(Anadolu Kardiyol Derg 2014; 14: 464-70)
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Introduction

Type 1 diabetes is an important risk factor for cardiovascular
events. Individuals with diabetes have 2-fold to 4-fold increased
risk of developing atherosclerotic diseases, which is inade-
quately explained by differences in the levels of traditional vas-
cular risk factors (1). Observations from postmortem studies
have indicated that atherosclerosis in young adults is associat-
ed with the prediabetic state (2). Therefore, subjects who are
affected by type 1 diabetes in childhood may be at especially
high risk of developing subsequent cardiovascular disease.
Thus, there is considerable interest in defining factors respon-
sible for the accelerated development of atherosclerosis in
individuals with diabetes.

Advances in imaging techniques identify early vascular
changes through noninvasive ultrasound; these findings include

impaired vasodilation and thickening of the artery wall (3).
Intima-media thickness (IMT) is a well-known marker for athero-
sclerosis in adults and is an independent predictor of multi-level
atherosclerosis (4, 5). On the other hand, flow velocity in the
carotid artery is strongly related to distentibility and vessel
diameter. Its measurement constitutes a homodynamic param-
eter of vessel function (6).

A noninvasive ultrasound measure of carotid wall intima-
media thickness (IMT) is a marker of generalized atherosclerosis
that in adults correlates with the extent of coronary artery dis-
ease (7, 8) and predicts future cardiovascular events (9).
Previous observations suggest that thickening of arterial IMT
occurs in children with familial hypercholesterolemia (10, 11).

Therefore, carotid IMT may provide an index of atheroscle-
rotic vascular process that can be used to study subclinical
atherosclerosis in vivo in children.

Address for Correspondence: Dr. Hiiseyin Anil Korkmaz, Dr. Behget Uz GCocuk Hastaliklari ve Cerrahisi Egitim ve

Arastirma Hastanesi, Pediyatrik Endokrinoloji Klinigi, Alsancak, 35210, lzmir-Tiirkiye
This manuscript was presented in the 38t Annual Meeting of ISPAD (The INTERNATIONAL SOCIETY for PEDIATRIC and
ADOLESCENT DIABETES) 2012 as a poster.
Phone: +90 232 489 56 56 Fax: +90 232 489 23 15 E-mail: drkorkmazanil@hotmail.com
Accepted Date: 26.04.2013 Available Online Date: 26.05.2014

©Copyright 2014 by Turkish Society of Cardiology - Available online at www.anakarder.com
D0I:10.5152/akd.2013.4788



Anadolu Kardiyol Derg 2014; 14: 464-70

In children with type 1 diabetes, the measurement of the
cIMT as a marker of incipient atherosclerosis may be clinically
relevant. However, its ability to predict atherosclerosis in pediat-
ric patients has been fairly investigated (1). Rare publications
currently exist in Turkish patients. The present study was under-
taken to evaluate carotid intima-media thickness in young chil-
dren with type 1 diabetes. We measured arterial wall IMT in the
common carotid arteries in young children with type 1 diabetes
and in healthy control subjects matched for age, sex, and body
size and assessed the effects of vascular risk factors.

Methods

Study design

Fifty diabetic patients and forty-five control subjects were
enrolled into this observational, cross-sectional, controlled
study. The groups were matched in terms of age, gender, and
body size. The children with diabetes were recruited consecu-
tively from the outpatient clinic of the Department of Pediatric
Endocrinology, Dr. Behget Uz Children Disease and Surgery
Training and Research Hospital. The inclusion criteria for dia-
betic children were age 7 to 15 years, diabetes duration >12
months, normotensive, body mass index less than the age- and
sex-specific <95th percentile and no chronic diseases other than
type 1 diabetes. The mean duration of diabetes was 44.7+22.8
months. None of the diabetic children were taking regular medi-
cations other than daily insulin. The mean daily insulin dose was
1.12+£0.34 1U/kg (range 0.74 to 1.63 1U/kg). None of the diabetic
patients had evidence of microvascular complications, such as
diabetic retinopathy, neuropathy, or microalbuminuria. In the
diabetic group, the mean glycosylated hemoglobin (HbA1c) level
was 9.17+2.48% (range 8.1% to 14.2%; reference range 4.7% to
5.7%), and urinary albumin to urinary creatinine ratio was
0.70+0.44 mg/mmol. Participants did not differ in any clinical
characteristics from the entire eligible diabetic clinic population
of the same age. The control group was recruited from age and
sex matched healthy individuals (n=45).

The healthy control children included in the study were
friends of the diabetic children studied and children of the out-
patient clinic of the Department of Pediatrics. Written informed
consent was acquired from the legal guardians of the children.
The study was conducted according to the Declaration of
Helsinki, and the study protocol had been approved by the local
Ethics Committee.

Study protocol

Ultrasound studies

All studies were performed with a GE vivid 3s (Vingmed
Ultrasound AS, Horten, Norway) with a 5-10 MHz linear-array
transducer by previously described techniques (12). All ultra-
sound scans were performed by a single experienced vascular
sonographer. The studies were performed in the morning
between 7 and 9:30 AM in a fasting subject. In the diabetic chil-
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dren, the ultrasound studies and blood sampling were done
before administration of morning insulin.

Brachial artery physiology

Brachial artery diameter was measured from B-mode ultra-
sound images as described previously (12). Briefly, a resting
scan was performed, and arterial flow velocity was measured
with a Doppler signal. Increased flow was then induced by infla-
tion of a pneumatic tourniquet placed around the forearm to a
pressure of 200 mm Hg for 3 minutes, followed by release.
A second scan was taken continuously 40 to 120 seconds after
cuff deflation, including a repeat flow-velocity recording for the
first 15 seconds after the cuff was released. Vessel diameter
was measured at a fixed distance manually by an experienced
blinded observer using ultrasonic calipers at end diastole, inci-
dent with the R wave on a continuously recorded ECG. Peak
flow-mediated dilation (FMD, %) and the total dilation response,
defined as the area under the FMD versus time curve during 40
to 120 seconds after hyperemia (AUC, %xs), were assessed (12).

FMD is expressed as follows: FMD (%)=[(hyperaemic diame-
ter-resting diameter)/resting diameter]x100 (13), where resting
diameter is the diameter of the brachial artery before any flow
stimulus in the artery is created, and hyperaemic diameter is the
diameter of the artery observed after release of the inflated cuff.

Measurement of carotid IMT

All studies were done according to a predetermined, stan-
dardized scanning protocol for the right and left carotid arteries,
as described previously (14). Briefly, the proximal part of the
carotid bulb was identified on both sides, and the segments of
the common carotid arteries 1to 2 cm proximal to the bulb and
the left bulb region were scanned. The image was focused on the
posterior (far) wall, and the resolution box function was used to
magnify the arterial far wall. Two angles were used in each case
for common carotid IMT on both sides: anterior oblique and lat-
eral. All scans were digitally stored for subsequent offline analy-
sis. One end-diastolic frame (captured adjacent to the R wave on
a continuously recorded ECG) for each interrogation angle was
selected and analyzed for mean and maximum IMT. The images
were analyzed by 2 independent readers who were blinded to the
subject’s clinical details. Six to eight measurements of far-wall
IMT were taken manually, by both observers, for each image
using ultrasound calipers, and the average values of these read-
ings were used in the analyses. The mean and maximum IMTs
from these 5 arterial wall segments were used in the analyses.

Ultrasound and brachial blood pressure measurements were
used to calculate the carotid artery compliance, CAC=[(D¢-Dy)/
Dy)l/(Ps-Pg), where Dy is the systolic diameter, Dy the diastolic
diameter, P, systolic blood pressure, and Py diastolic blood
pressure. CAC measures the ability of the arteries to expand as
the response to pulse pressure caused by cardiac contraction
and relaxation (15). The carotid stiffness index(p) was defined
as follows (16):

p=In (Pg/Py)/[(Dg-Dy)/Dyl
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Blood pressure measurements

Blood pressure (BP) measurement during the regular
3-month follow-up visits was performed in a quiet room. BP was
obtained using a conventional oscillatory measurement system
positioned at the right-upper arm (DINAMAP; GE Healthcare,
Munchen, Germany). The size of the cuff was chosen depending
on the patient’s arm circumference, with the cuff bladder cover-
ing at least 40% and a maximum of 100% of the arm circumfer-
ence. sd scores were calculated adopting normative values
from the literature (17).

Laboratory methods

Blood samples were taken during the patients’ follow-up
visit. Fasting HbA1c, triglycerides, total cholesterol, and high-
density lipoprotein (HDL) and low-density lipoprotein (LDL) cho-
lesterol were measured by standard laboratory methods. Each
sample was processed immediately after the patient’s visit with
a maximum delay of 1 hour. Median HbA1c value was described
as the numerical value separating the higher half of HbA1c lev-
els of type 1 diabetic children. Mean HbA1c value was equal to
the sum of HbA1lc levels divided by the number of type 1 dia-
betic children.

Study variables

The characteristics of the study groups are shown in Table 1.
There were no significant differences in the groups for age, sex,
height, weight, body mass index and waist circumference. The
diabetic group had higher serum total cholesterol and very low
density cholestorel (VLDL) cholesterol concentration compared
with control subjects (165.9£38.8 vs. 130.4+25 mg/dL total choles-
terol; p<0.001 and 13,32+8.48 vs. 10.22+2.76 mg/dL; p=0.018 VLDL
cholesterol). There were no differences in serum triglycerides,
LDL and HDL cholesterol between the study groups. While there
was no difference in systolic blood pressure between the study
groups, the diabetic group had lower diastolic blood pressure
than control group (60.2+7.69 vs. 65.33+8.06 mm Hg; p=0.02)
(Table 1).

Statistical analyses

Calculations were performed using the statistical package
SPSS for Windows (version 16; SPSS, Inc., Chicago, IL).
Cumulative distributions of two groups was compared with
Kolmogorov-Smirnov test. Differences within the patient group,
and between the patient and control groups were tested using t
tests. Correlations were analyzed using Pearson’s correlation
coefficient. All significance testing was fixed at p<0.05 (two-
sided). The chi-square test was used to compare proportions in
the 2 groups.

Results
Results of ultrasound studies in study groups are shown in

Table 2. The children with type 1 diabetes mellitus had a signifi-
cantly greater carotid IMT than control subjects (0.49+0.05 mm
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Table 1. Characteristics of study groups

Diabetic Control

children children P
No. of subjects, boys 50 (27) 45 (24) 0.126
Age, year 12.10+2.02 11.49+1.9 0.324
Height, cm 149.78+20.03 | 145.62+20.14 | 0.378
Weight, kg 41.14+£11.28 | 40.88+11.68 0.470
Body mass index, kg/m? 18.49+2.64 | 18.26+2.59 0.520
Waist circumference, cm 69.72+8.6 | 66.05+7.47 0.325
Total cholesterol, mg/dL 165.9+38.8 130.4+25 <0.001*
LDL cholesterol, mg/dL 93.42+345 | 79.38+27.4 0.032*
VLDL cholesterol, mg/dL 13.32+8.48 | 10.22+2.76 0.018*
HDL cholesterol, mg/dL 51.68+9.74 37.8+9.7 <0.001*
Triglycerides, mg/dL 84.4+64 75.09+28.5 0.353
Systolic blood pressure, nmHg | 103.8£9.2 | 102.44+9.3 0.480
Diastolic blood pressure, mm Hg | 60.2+7.69 | 65.33+8.06 0.020*
*P<0.05
HDL - high density lipoprotein; LDL - low density lipoprotein; VLDL - very low density cholestorel

vs. 0.44+0.03 mm; p<0.001) (Fig. 1). While there were no differ-
ence in the carotid artery systolic and diastolic diameters
between the study groups, the diabetic group had significantly
lower carotid artery compliance than control group (2.16+0.98
vs. 3.38+0.16 mm; p<0.001) (Fig. 2). A higher carotid stiffness
index was found in the diabetic group when compared with
control group (3.11£0.46 vs. 2.6£0.29 mm; p<0.001). There was no
difference in the FMD between the study groups (9.7+3.4 vs.
11.56.13 mm; p=0.073) (Fig. 3).

The correlations between risk factors and carotid IMT are
shown in Table 3, separately for children with diabetes and con-
trol subjects. Although there was a correlation between carotid
IMT and weight in children with diabetes, carotid IMT was not
affected by age, body mass index, waist circumference, lipids
levels, systolic blood pressure, diastolic blood pressure, HbAlc
levels, median HbA1lc level, type 1 diabetes mellitus duration.
The carotid artery compliance negatively correlated with weight,
body mass index, waist circumference, systolic blood pressure,
HbA1c levels in children with diabetes, type 1 diabetes mellitus
duration. Furthermore, low-mediated dilation negatively corre-
lated with weight, systolic blood pressure and median HbAlc
level.

When carotid IMT, carotid artery compliance and flow-medi-
ated dilation, indicators of endothelial structure and function, in
the children with type 1 diabetes mellitus were analyzed with each
others, flow-mediated dilation negatively correlated with carotid
IMT and carotid artery compliance (p<0.05) (Table 4). There was
no patient with plaque in the carotid artery in our study.

Discussion

The present study revealed a significantly increased IMT in
a group of children and adolescents with diabetes mellitus type
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Figure 2. Dispersion of carotid artery compliance in groups

1. The atherogenicity of type 1 diabetes has been increasingly
recognized. However, controversy still exists about the moment
at which interventions with proven efficacy to reduce cardio-
vascular event rates (i.e., lipid-lowering therapy, antiplatelet
agents) should be started (18). This is especially true for pediat-
ric populations. Data reported here show that atherosclerotic
burden (assessed by cIMT) is already increased in children and
adolescents with type 1 diabetes compared with an age-, sex-
.weight-, height-, and BMI-matched control group. In addition,
flow velocities were significantly lower in case subjects with
diabetes, suggesting that vascular function is abnormal. These
data demonstrate that the atherosclerosis process has already
started in our pediatric type 1 diabetic patients-cIMTis increased
and vessel compliance is decreased. Our cIMT data for the
control group are remarkably similar to those reported in the lit-
erature. The mean cIMT value and the percentile distribution are
almost identical to those reported by Jarvisalo et al. (14, 19, 20)
(mean cIMT 0.44+0.04 vs. 0.44+0.03 mm, respectively). The use of
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Diabetic Control

children children P
Mean carotid IMT, mm 0.494+0.051 | 0.442+0.032 | <0.001*
Carotid diastolic diameter, mm | 6.21+0.36 6.26+0.46 | 0.568
Carotid systolic diameter, mm | 5.69+0.32 5.59+0.41 0.210
Carotid artery compliance, % 2.16+0.98 3.38+0.16 | <0.001*
Brachial artery baseline 3.054+0.249 | 2.773+0.315 | <0.001*
diameter, mm
Brachial artery hyperaemic 3.350+£0.257 | 3.089+0351 | <0.001*
diameter, mm
FMD, % 9.707+3.401 | 11.530+6.135| 0.073
Carotid stiffness index, mm 3.11+0.46 26+0.29 | <0.001*
*P<0.05, FMD - flow-mediated dilation; IMT - intima media thickness

Table 3. Correlation coefficients between carotid IMT, carotid artery
compliance, and FMD and several risk factor

Carotid Carotid artery

IMT compliance FMD

r P r P r P
Age 0.293 |0.039* | -0.348 | 0.013* | -0.294 | 0.038*
Weight 0.272 | 0.056 | -0.345 | 0.014* |-0.240 | 0.093
Body mass index 0.246 | 0.085 | -0.315 | 0.026* |-0.225 | 0.116
Waist circumference 0.124 | 0.281 | -0.046 | 0.691 |-0.217 | 0,058
Total cholesterol 0.228 | 0.111 | -0.404 | 0.004* | -0.296 | 0.037*
LDL cholesterol 0.361 | 0.132 | -0.012 | 0.936 |-0.233 | 0.103
VLDL cholesterol -0.012| 0.933 | -0.211 | 0.142 |-0.188 | 0.191
Triglycerides 0.063 | 0.664 | -0.205 | 0.152 |-0.191 | 0.184
Systolic blood pressure | 0.047 | 0.746 | 0.074 | 0.610 | 0.034 | 0.812
Diastolic blood pressure| 0.057 | 0.692 | 0.176 | 0.222 | 0.186 | 0.196
Mean HbA1c 0.112 | 0.437 |-0.275 | 0.053 |-0.279 | 0.049
Median HbA1c 0.249 | 0.082 | -0.314 | 0.026* | -0.412 | 0.003*
Duration of diabetes 0.022 | 0.881 |-0.285 | 0.045* | -0.198 | 0.168
*P<0.05, FMD - flow-mediated dilation; IMT - intima media thickness

standard automatic procedures for cIMT measurements limits
the variability related to human error and allows comparability
between studies. Our cIMT data for the control group are higher
than those reported in Pirgon et al. (21) (mean cIMT 0.44+0.03 vs.
0.37+0.13 mm, respectively).

A significant increase of the IMT in our patient group com-
pared with controls and normative values gives evidence for
subclinical atherosclerosis. Our patients had higher total and
VLDL cholesterol levels. Surprisingly, a direct correlation of the
LDL cholesterol to vascular structural changes could not be
detected in the present study. In pediatric patients with familial
hypercholesterolemia, increased IMT values depend on total
and LDL cholesterol levels (22). We suspect that in our patients,
the range of the LDL-cholesterol levels was too narrow to
account for a direct, single effect on the vascular structure as in
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FMD - flow-mediated dilation
familial hypercholesterolemia. Diabetes mellitus itself has
impaired endothelial function by reducing the amount of nitric
oxide produced by endothelial cells (23). Endothelial dysfunction
has proved to be correlated to the HbA1c level in diabetic children
(24). Consistent with previous studies, we were not able to estab-
lish a direct correlation between the HbA1c and values of IMT.
Epidemiologic and clinical evidence has emphasized the role
of hyperglycemia in explaining the increased cardiovascular
morbidity and mortality in diabetes. Chronic state of hyperglyce-
mia may induce atherogenesis by increasing oxidative stress
(25), leading to increased LDL oxidation (26, 27) and decreased
nitric oxide bioavailability, including endothelial dysfunction (28, 29).
In the present study, the HbA1c levels in the children with diabe-
tes were comparable to those reported previously in a popula-
tion-based sample of children and adolescents (30). We were
unable to show a relationship between HbAlc and carotid IMT
in children with diabetes. The present study demonstrates that
impaired brachial artery FMD response is a common vascular
manifestation in young children with type 1 diabetes that may
predispose to the development of increased carotid artery IMT.
This result is consistent with the hypothesis that endothelial
dysfunction is a risk factor for the development of atherosclero-
sis and important in the pathogenesis of premature macrovas-
cular disease in individuals with diabetes. Alternatively, hyper-
glycemia may exert its deleterious effects by leading to glycosyl-
ation of LDL, which may increase its atherogenicity (31, 32).
Flow-mediated dilation (FMD) of the brachial artery is a
marker of endothelial function that can be assessed by measuring
arterial diameter responses to increased flow (33). Wiltshire et al.
(34) studied flow-mediated dilation in 36 diabetic children with a
mean age of 14 years and a mean duration of diabetes of under 6
years and in 20 healthy controls. These diabetic children without
diabetic complications had attenuated endothelial function com-
pared with controls. Previously, Donaghue et al. (35) demonstrat-
ed in a study of 20 diabetic adolescents that young diabetics with
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Table 4. Correlation coefficients of carotid IMT, carotid artery
compliance, and FMD with each others

Carotid Carotid artery
IMT compliance FMD

r P r P r P
-0.342 | 0.015* | -0.442 | 0.001*
0.528 | 0.000*

Carotid IMT
Carotid artery compliance|-0.342 |0.015% -
FMD -0.442 |0.001*| 0.528 | 0.000*

*P<0.05, FMD - flow-mediated dilation; IMT - intima - media thickness

clinical complications had decreased endothelial and smooth
muscle function compared with healthy controls. Hurks et al. (36)
demonsrated that although carotid IMT was not significantly dif-
ferent in diabetics with moderate metabolic control compared
with controls, FMD was significantly impaired in type 1 diabetics.
Babar et al. (37) showed that children with type 1 diabetes had
lower FMD% than control children, whereas carotid IMT did not
differ between groups. There was no statistical difference in the
FMD between the study groups in the present study. The lack of a
statistically significant difference in FMD between the groups
might be explained by inadequate sample size. The study included
a relatively small number of participants, especially regarding
subjects with data on flow-mediated dilation.

From a clinical point of view, the measurement of the IMT may
give additional information about the structural status of the vas-
cular system in diabetic children, even in the absence of clinically
apparent macrovascular complications. As mentioned previously,
atherosclerosis is a progressive change, with its roots in child-
hood. The assessment of the IMT is a noninvasive method and
easy to perform, and may provide complimentary information,
especially in a patient group at increased risk for cardiovascular
complications. In adult diabetic patients, the IMT has responded
to optimized metabolic control of the disease, resulting in slower
IMT progression over the years (38). In children, a case report
about the regression of a formerly increased IMT in a boy receiv-
ing intensified insulin therapy may be indicative for similar effects
(39). So, longitudinal IMT measurements may offer a reliable tool
for the calculation of the cardiovascular risk status of the patients
and may be used for the monitoring of therapeutic effects.
However, it has to be mentioned that the method is limited by the
need for high-end technical equipment and appropriately trained
personnel to obtain reliable data. Our study has several limita-
tions. First, we did not evaluate the susceptibility of LDL to oxida-
tion on arterial IMT, because we did not study oxidized LDL and
glycated LDL. In addition, we did not administer nitroglycerin to
our preadolescents for assessment of smooth-muscle reactivity.
Despite these limitations, we report our novel findings of adverse
vascular effects of type 1 diabetes in preadolescents.

Conclusion

Our data suggest that carotid IMT and stiffness are increased
in type 1 diabetic children. As diabetes is a chronic disease and
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cardiovascular morbidity is very high among individuals with
diabetes, noninvasive methods for monitoring vascular changes
might be useful in clinical practice. Studies in children with type
1 diabetes would therefore be needed to reduce developing
atherosclerotic vascular complications.

Conflict of interest: None declared.

Peer-review: Partially external peer-reviewed.

Authorship contributions: Concept - C.D.; Design - 0.B;

Supervision - TM,; Resource - C.D.; Materials - 0.B.; Data collec-
tion&/or Processing - 0.B.; Analysis &/or interpretation - HAK;;
Literature search - H.A.K.; Writing - H.A.K;; Critical review - V.T.

References

Rathsman B, Rosfors S, Sjoholm A, Nystrom T. Early signs of
atherosclerosis are associated with insulin resistance in non-
obese adolescent and young adults with type 1 diabetes.
Cardiovasc Diabetol 2012; 11: 145. [CrossRef]

Shin JY, Lee HR, Lee DC. Increased arterial stiffness in healthy
subjects with high-normal glucose levels and in subjects with pre-
diabetes. Cardiovasc Diabetol 2011; 10: 30. [CrossRef]

Woodman RJ, Watts G. Measurement and application of arterial
stiffness in clinical research: focus on new methodologies and
diabetes mellitus. Med Sci Monit 2003; 9: 101-9.

Den Ruijter HM, Peters SA, Anderson TJ, Britton AR, Dekker JM,
Eijkemans MJ, et al. Common carotid intima-media thickness
measurements in cardiovascular risk prediction: a meta-analysis.
JAMA 2012; 308: 796-803. [CrossRef]

Kablak-Ziembicka A, Przewlocki T, Tracz W, Pieniazek P Musialek P
Stop |, et al. Diagnostic value of carotid intima-media thickness in
indicating multilevel atherosclerosis. Atherosclerosis 2007; 193:
395-400. [CrossRef]

Grant EG, Benson CB, Moneta GL, Alexandrov AV, Baker JD, Bluth
El, et al. Carotid artery stenosis: gray-scale and Doppler US
diagnosis: Society of Radiologists in Ultrasound Consensus
Conference. Radiology 2003; 229: 340-6. [CrossRef]

Lisowska A, Musia WJ, Lisowski P Knapp M, Mayszko J, Dobrzycki
S. Intima-media thickness is a useful marker of the extent of
coronary artery disease in patients with impaired renal function.
Atherosclerosis 2009; 202: 470-5. [CrossRef]

Polak JF Pencina MJ, Pencina KM, 0'Donnell CJ, Wolf PA,
D'Agostino RB Sr. Carotid-wall intima-media thickness and
cardiovascular events. N Engl J Med 2011; 365: 213-21. [CrossRef]
O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson
SK Jr. Carotid-artery intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults: Cardiovascular
Health Study Collaborative Research Group. N Engl J Med 1999;
340: 14-22. [CrossRef]

Jarauta E, Mateo-Gallego R, Gilabert R, Plana N, Junyent M, de Groot
E, et al. Carotid atherosclerosis and lipoprotein particle subclasses in
familial hypercholesterolaemia and familial combined hyperlipidaemia.
Nutr Metab Cardiovasc Dis 2012; 22: 591-7. [CrossRef]

Paramsothy P Knopp RH, Bertoni AG, Blumenthal RS, Wasserman
BA, Tsai MY, et al. Association of combinations of lipid parameters

20.

21.

22.

23.

24

25.

26.

2].

28.

Bayir et al.
Intima-media thickness in pediatry

469

with carotid intima-media thickness and coronary artery calcium
in the MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll
Cardiol 2010; 56: 1034-41. [CrossRef]

Jérvisalo MJ, Rénnemaa T, Volanen |, Kaitosaari T, Kallio K, Hartiala
JJ, et al. Brachial artery dilatation responses in healthy children and
adolescents. Am J Physiol Heart Circ Physiol 2002; 282: 87-92.
Celermajer DS, Gooch VM, Spiegelhalter DJ, Miller OI, Sullivan D, Lloyd
JK; et al. Non-invasive detection of endothelial dysfunction in children
and adults at risk of atherosclerosis. Lancet 1992; 340: 1111-5. [CrossRef]
Jarvisalo MJ, Jartti L, Nanto -Salonen K, Irjala K, Ronnemaa T,
Hartiala JJ, et al. Increased aortic intima-media thickness: a
marker of preclinical atherosclerosis in high-risk children.
Circulation 2001; 104: 2943-7. [CrossRef]

Juonala M, Jarvisalo MJ, Maki-Torkko N, Kahonen M, Viikari JS,
Raitakari OT. Risk factors identified in childhood and decreased
carotid artery elasticity in adulthood: the Cardiovascular Risk in
Young Finns Study. Circulation 2005; 112: 1486-93. [CrossRef]
0'Rourke MF, Staessen JA, Vlachopoulos C, Duprez D, Plante GE.
Clinical applications of arterial stiffness; definitions and reference
values. Am J Hypertens 2002; 15: 426-44. [CrossRef]

De Man SA, Andre JL, Bachmann H, Grobbee DE, Ibsen KK, Laaser
U, et al. Blood pressure in childhood: pooled findings of six
European studies. J Hypertens 1991; 9: 109-14. [CrossRef]

Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, et al. Primary
prevention of cardiovascular diseases in people with diabetes mellitus
(Consensus Statement). Diabetes Care 2007; 30: 162-70. [CrossRef]
Jarvisalo MJ, Putto-Laurita A, Jartti L, Lehtimaki T, Solakivi T,
Ronnemaa T, et al. Carotid artery intima-media thickness in
children with type 1 diabetes. Diabetes 2002; 51: 493-8. [CrossRef]
Jarvisalo MJ, Raitakar M, Toikka JO, Putto-Laurila A, Rontu R,
Laine S, et al. Endothelial dysfunction and increased arterial
intima-media thickness in children with type 1 diabetes. Circulation
2004; 109: 1750-5. [CrossRef]

Pirgon O, Atabek ME, Oran B, Giiglii R. Atherogenic lipid profile and
systolic blood pressure are associated with carotid artery intima-
media thickness in children with Turner syndrome. J Clin Res
Pediatr Endocrinol 2008; 1: 62-71. [CrossRef]

Koeijvoets KCMC, Rodenburg J, Hutten B, Wiegman A, Kastelein JJP
Sijbrands EJG. Low-density lipoprotein receptor genotype and
responsetopravastatinin childrenwithfamilialhypercholesterolemia.
Circulation 2005; 112: 3168-73. [CrossRef]

Mylonna-Karayanni C, Gourgiots D, Bossios A, Kamper EF. Oxidative
stress and adhesion molecules in children with type 1 diabetes
mellitus: a possible link. Pediatr Diabetes 2006; 7: 51-9. [CrossRef]
Jarvisalo MJ, Lehtimaki T, Raitakari OT. Determinants of arterial
nitrate-mediated dilatation in children, role of oxidized low-density
lipoprotein, endothelial function, and carotid intima-media
thickness. Circulation 2004; 109: 2885-9. [CrossRef]

Brouwers 0, Niessen PM, Ferreira |, Miyata T, Scheffer PG, Teerlink
T, et al. Overexpression of glyoxalase-l reduces hyperglycemia-
induced levels of advanced glycation end products and oxidative
stress in diabetic rats. J Biol Chem 2011; 286: 1374-80. [CrossRef]
Hiramatsu K, Rosen H, Heinecke JW, Wolfbauer G, Chait A.
Superoxide initiates oxidation of low density lipoprotein by human
monocytes. Arteriosclerosis 1987; 7: 55-60. [CrossRef]

Heinecke JW, Baker L, Rosen H, Chait A. Superoxide-mediated
modification of low density lipoprotein by arterial smooth muscle
cells. J Clin Invest 1986; 77: 757-61. [CrossRef]

Gryglewski RJ, Palmer RM, Moncada S. Superoxide anion is
involved in the breakdown of endothelium-derived vascular
relaxing factor. Nature 1986; 320: 454-6. [CrossRef]


http://dx.doi.org/10.1186/1475-2840-11-145
http://dx.doi.org/10.1186/1475-2840-10-30
http://dx.doi.org/10.1001/jama.2012.9630
http://dx.doi.org/10.1016/j.atherosclerosis.2006.07.005
http://dx.doi.org/10.1148/radiol.2292030516
http://dx.doi.org/10.1016/j.atherosclerosis.2008.05.051
http://dx.doi.org/10.1056/NEJMoa1012592
http://dx.doi.org/10.1056/NEJM199901073400103
http://dx.doi.org/10.1016/j.numecd.2010.10.011
http://dx.doi.org/10.1016/j.jacc.2010.01.073
http://dx.doi.org/10.1016/0140-6736(92)93147-F
http://dx.doi.org/10.1161/hc4901.100522
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.502161
http://dx.doi.org/10.1016/S0895-7061(01)02319-6
http://dx.doi.org/10.1097/00004872-199102000-00002
http://dx.doi.org/10.2337/dc07-0463
http://dx.doi.org/10.2337/diabetes.51.2.493
http://dx.doi.org/10.1161/01.CIR.0000124725.46165.2C
http://dx.doi.org/10.4008/jcrpe.v1i2.9
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.565507
http://dx.doi.org/10.1111/j.1399-543X.2006.00147.x
http://dx.doi.org/10.1161/01.CIR.0000129304.98566.D8
http://dx.doi.org/10.1074/jbc.M110.144097
http://dx.doi.org/10.1161/01.ATV.7.1.55
http://dx.doi.org/10.1172/JCI112371
http://dx.doi.org/10.1038/320454a0

470

29.
30.
31.

32.

33.

34.

Bayir et al.
Intima-media thickness in pediatry

Busik JV, Mohr S, Grant MB. Hyperglycemia-induced reactive
oxygen species toxicity to endothelial cells is dependent on
paracrine mediators. Diabetes 2008; 57: 1952-65. [CrossRef]
Donaghue KC, Fairchild JM, Chan A, Hing SJ, Howard NJ, Silink M.
Diabetes complication screening in 937 children and adolescents.
J Pediatr Endocrinol Metab 1999; 12: 185-92. [CrossRef]

Bucala R, Makita Z, Koschinsky T, Cerami A, Vlassara H. Lipid
advanced glycosylation: pathway for lipid oxidation in vivo. Proc
Natl Acad Sci USA 1993; 90: 6434-8. [CrossRef]

Ravandi A, Kuksis A, Shaikh NA. Glycosylated glycerophos-
phoethanolamines are the major LDL glycation products and increase
LDL susceptibility to oxidation: evidence of their presence in
atherosclerotic lesions. Arterioscler Thromb Vasc Biol 2000; 20: 467-77.
[CrossRef]

Koyoshi R, Miura S, Kumagai N, Shiga Y, Mitsutake R, Saku K.
Clinical significance of flow-mediated dilation, brachial intima-
media thickness and pulse wave velocity in patients with and
without coronary artery disease. Circ J 2012; 76: 1469-75. [CrossRef]
Wiltshire EJ, Gent R, Hirte C, Pena A, Thomas DW, Couper JJ.
Endothelial dysfunction relates to folate status in children and

35.

36.

37.

38.

39.

Anadolu Kardiyol Derg 2014; 14: 464-70

adolescents with type 1 diabetes. Diabetes 2002; 51: 2282-6. [CrossRef]
Donaghue KC, Robinson J, McCredie R, Fung A, Silink M, Celermajer
DS. Large vessel dysfunction in diabetic adolescents and its
relationship to small vessel complications. J Pediatr Endocrinol
Metab 1997; 10: 593-8. [CrossRef]

Hurks R, Eisinger MJ, Goovaerts |, Van Gaal L, Vrints C, Weyler J, et
al. Early endothelial dysfunction in young type 1 diabetics. Eur J
Vasc Endovasc Surg 2009; 37: 611-5. [CrossRef]

Babar GS, Zidan H, Widlansky ME, Das E, Hoffmann RG, Daoud M,
et al. Impaired endothelial function in preadolescent children with
type 1 diabetes. Diabetes Care 2011; 34: 681-5. [CrossRef]

Polak JF, Backlund JY, Cleary PA, Harrington AP O'Leary DH, Lachin
JM, et al. Progression of carotid artery intima-media thickness
during 12 years in the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications (DCCT/
EDIC) study. Diabetes 2011; 60: 607-13. [CrossRef]

Krebs A, Schmidt-Trucksass A, Wagner J, Krebs K, Doerfer J,
Schwab KO. Adult-like but regressive increase of intima-media
thickness and roughness in a child with type 1 diabetes. Pediatr
Diabetes 2005; 6: 161-4. [CrossRef]


http://dx.doi.org/10.2337/db07-1520
http://dx.doi.org/10.1515/JPEM.1999.12.2.185
http://dx.doi.org/10.1073/pnas.90.14.6434
http://dx.doi.org/10.1161/01.ATV.20.2.467
http://dx.doi.org/10.1253/circj.CJ-11-1283
http://dx.doi.org/10.2337/diabetes.51.7.2282
http://dx.doi.org/10.1515/JPEM.1997.10.6.593
http://dx.doi.org/10.1016/j.ejvs.2009.01.015
http://dx.doi.org/10.2337/dc10-2134
http://dx.doi.org/10.2337/db10-0296
http://dx.doi.org/10.1111/j.1399-543X.2005.00121.x

