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Introduction

Diabetes mellitus during pregnancy affects fetal 
development adversely and causes metabolic disorders in
neonates. The most important effect of diabetes on the fetus is
macrosomia. The fetus will increase its insulin levels in response
to the mother’s hyperglycemia  and this results in macrosomia
(1). Alteration in the growth hormone/insulin-like growth 
factor-1 axis is a risk factor for cardiovascular disease. Both
hypersecretion and hyposecretion of growth hormone are
known to increase the  risk for cardiovascular disease (2).
Abnormalities in lipoprotein composition and concentration are
also associated with macrosomia at birth and, elevated 
lipoprotein levels which persist after birth may play a role in the
development of atherosclerosis and diabetes in adult life (3).
Clinical complications of atherosclerosis in  adulthood have a
basis in childhood (4). Tracy et al (5) pointed to early 
atheromatous changes in the  aorta. With modern technology,
early vascular changes related to atherosclerosis can be imaged
from peripheral vessels by sonography (6).

In this study, we aimed to assess the risk of  subclinical 
atherosclerosis by measuring carotid artery intima-media 
thickness (CA-IMT) and left ventricular mass index (LVMI) in
infants of diabetic mothers (IDM) by B-mode ultrasonography.
Also, we investigated the relationship between CA-IMT and 
cardiovascular risk factors.

ABSTRACT
Objective: Infants of diabetic mothers (IDM) are considered as a risk 
group for atherosclerosis. Increased aortic intima-media thickness has been
reported in IDM. The purpose of this study was to assess carotid artery 
intima-media thickness (CA-IMT), left ventricular mass index (LVMI)  and 
atherosclerotic risk factors in IDM.   
Methods: Thirty IDM and 25 healthy controls were included in the study. Of
these infants, 14 were appropriate-for-gestational age (AGA) and 16 were
large-for-gestational age (LGA). CA-IMT and LVMI were obtained by M-mode
echocardiographic examination.  The relationship between parameters of 
atherosclerosis and echocardiographic measurements was assessed by
Pearson’s correlation analysis. 
Results: LVMI was higher in LGA IDM when compared to AGA IDM and
controls. CA-IMT was not significantly different between the groups and
was also not related to atherosclerotic risk factors. Serum lipid and
insulin levels were higher in LGA IDM when compared with AGA IDM 
and controls. There were no correlations between CA-IMT, LVMI and 
atherosclerotic risk factors.
Conclusions: In contrast to previous reports indicating an increase in CA-IMT
in IDM, no differences were found between IDM and controls in this study. 
Our results indicate that  macrosomic IDM are prone to hypertrophic 
cardiomyopathy but not to atherosclerotic changes in the blood vessels.    
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Materials and Methods

This study was performed prospectively between
December 2005 and December 2007 at Selcuk University,
Meram School of Medicine, Pediatric Endocrinology
Department. The study was approved by the local ethics 
committee. Signed informed consent was obtained from the
parents.  

Thirty  IDM and 25 healthy controls were included in the
study. Fourteen of the IDM were appropriate-for-gestational
age (AGA) and sixteen were large-for-gestational age (LGA).
Gestational ages were determined by one or a combination of
information based on mother’s last menstrual date, obstetrical
ultrasound and Ballard score.

Infants of mothers with a history of cardiovascular disease,
high cholesterol level, hypertension, smoking, pre-eclampsia
were excluded. Also, infants of mothers who had a history of
taking drugs affecting lipid metabolism, such as steroids and
ritodrine, were excluded. Infants with asphyxia, prematurity,
respiratory distress, dysmorphic features, a stressful birth 
history and intrauterine infection were not included in the study.

Neonates whose birth weights were above the 90th

percentile for gestational age and sex according to Lubchenco
curves were accepted as macrosomic. IDM were divided into
two groups as LGA and AGA.

Weight was measured at birth by using digital scale and
recorded in grams. Length and head circumference were
measured using a standard board and tape and were recorded
in centimeters. The ponderal index (PI) was calculated by the
formula “weight (g) x 100/cm3.  A PI value over 2.85 was
accepted as an index of LGA.

Cord blood samples were taken from the study and 
control groups. Cord blood samples received from Rh negative
mother’s babies for blood group determination were used as
the control group. Plasma triglyceride, total cholesterol, 
high-density lipoprotein (HDL), low-density lipoprotein (LDL),
very low-density lipoprotein (VLDL) and glucose levels were
analyzed by colorimetric method (Beckman Coulter). 
Plasma insulin and C-peptide levels were determined by 
chemiluminescence method (Immulite 2000, BioDPC, USA).
Reference ranges accepted for insulin and C-peptide were 1.9-
23 mIU/mL and 0.9-7.1 ng/dL, respectively.

Ultrasound Examination 
Ultrasound assessment of all infants was performed by 

the same clinician who was uninformed about the patient’s 
laboratory values and risk factor levels. The subjects were 
laid quietly for 10 minutes before the first scan in a dark, 
temperature-controlled room. Scanning was performed in the
supine position while the head was slightly extended and
turned to the left. High-resolution B-mode ultrasonography of

the right common carotid artery was performed by using a
Philips Sonos 5500 Doppler  ultrasound with  3.5 MHz probe.
Longitudinal images of the common carotid artery were
obtained by combination of B-mode and color Doppler 
ultrasound examinations. The IMT of the far wall of the 
common carotid artery was measured with the electronic
calipers of the machines, as described by Pignoli et al (7). 

On a longitudinal two-dimensional ultrasound image of the
carotid artery, the posterior  wall of the carotid artery 
was shown as two echogenic lines. The external line was 
considered as the limit of medial adventitia and the inner 
line - as the limit of the luminal intima. The distance between
these two parallel lines shows the intimal medial thickness. 
CA-IMT was calculated by taking the mean value of three
measurements of maximum far wall thickness obtained from
the common carotid artery, 10 mm below the carotid bulb. 

Echocardiography
Echocardiographic examination was conducted in all 

infants in the postnatal 48-72 hours by the same clinician. Two-
dimensional guided M-mode echocardiography (Philips Sonos
5500) was performed to determine LVM. The ventricular 
septal (IVSd) and posterior wall thicknesses at end-diastole
(LVPWd), and the left ventricular end-diastolic (LVEDd) 
dimensions were determined according to the American
Society of Echocardiography recommendations (8). LVM was
calculated by using the Devereux formula (9): 

0.8 * (1.04 * [(LVEDd+ IVSd + LVPWd) ** 3 - (LVEDd) **
3)] + 0.6

We made a correction according to birth weight. LVMI was
obtained by dividing LVM by birth weight. In our study, we 
evaluated corrected LVM.

Statistics
All statistical analyses were performed using SPSS 13.0.

Descriptive data were shown as mean±SD. Compliance with
normal distribution was analyzed. Kruskal-Wallis variance
analysis was performed for data which did not conform to a
normal distribution. Bonferroni-corrected Mann-Whitney U
test was applied for dual comparisons. For the relationship
between CA-IMT and other parameters, Pearson’s 
correlation test was used.   A p-value lower than 0.05 was
considered statistically significant.

Results

The clinical characteristics and laboratory findings of the
IDM and control neonates are shown in Table 1. Mean birth
weight, length, and head circumference were significantly high
in LGA IDM  when compared to AGA IDM and controls. Among
laboratory findings, only insulin levels were significantly high in
the IDM groups.  LVMI also was higher in both AGA and LGA
groups of IDM as compared to the controls. No differences in
CA-IMT were noted among the groups.  
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The correlations between anthropometric measurements,
cardiovascular risk factors and CA-IMT are shown in Table 2,
and the correlations between anthropometric measurements,
cardiovascular risk factors and  LVMI are shown in Table 3.
There were no significant correlations of anthropometric 
measurements, lipid profiles, glucose, insulin and C-peptide 
levels with either  LVMI or CA-IMT.

Discussion

Fetal macrosomia and obesity are common complica-
tions occurring in IDM. Maternal hyperglycemia leads to
fetal hyperglycemia which causes hyperinsulinism by 
stimulating the pancreatic islet cells in the fetus (10). The
hyperinsulinemic status results in intrauterine growth of fat
tissue, increased liver glycogen stores and  increased body
mass. These changes are expressed as increased somatic
growth, obesity and metabolic disturbances (11).  

Along with fetal hyperinsulinemia, macrosomia and 
hypoglycemia, maternal hyperglycemia can also cause 
asymmetric septal hypertrophy in the infant. Hyperinsulinemia
induces increased synthesis of protein, glycogen and fat leads
to hyperplasia and hypertrophy of the myocardium (12).

Atherosclerosis is a chronic progressive process, 
starting from the arterial wall and proceeding to the 
obstruction of the lumen. Clinical signs and symptoms occur
only in the advanced stages (13). Increased IMT of blood 
vessels in peripheral arteries can be assessed with 

B-mode ultrasonography in the early stages of atherosclerosis.
Pignoli et al (7)  have demonstrated the compatibility of 
ultrasonographic and histologic measurements of healthy
and atherosclerotic carotid arteries . Akcakus et al (15) and
Koklu et al (14,15) found significantly higher aortic IMT 
values in macrosomic newborns and  considered this 
finding  to be associated with  the atherosclerotic process
(16). Today CA- IMT is accepted as an important parameter
to be used in the assessment of patients who are at high risk
for atherosclerosis. Atabek et al (17) reported increased 
CA-IMT in diabetic children and adolescents. In these 
studies, the carotid artery was chosen for assessment since it
is easily visualized by ultrasonography. However, 
atherosclerotic lesions usually start in the abdominal aorta. In
our study, we found no differences in IMT values between
IDM and control cases. The finding of non-increased IMT
might be due to the fact that we used as parameter CA- IMT,
which may not have been affected yet. Measuring carotid artery
in neonates  without a linear probe and measuring a small area
of the region constituted the difficulty of this study. The small
number of subjects in our sample and the above-mentioned
methodological problem were the main limitations of our study. 

Serum lipid, insulin, C-peptide and leptin levels were all
reported to be elevated in IDM (18). We found no correlation
between birth weight, height, head circumference, ponderal
index and CA- IMT.

Mehta et al (19) observed no differences between 
macrosomic and non-macrosomic IDM by echocardiography,
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Table 1. Clinical characteristics and laboratory findings of the neonates

AGA IDM LGA  IDM Controls p

Birth weight (g) 3150±326 4248±231 3129±393 0.0001

Length (cm) 50.1±1.4 51.8±0.8 49.7±1.0 0.0001

Head circumference (cm) 35.2±0.8 35.9±0.7 35.2±1.1 0.007

Ponderal index 2.5±0.1 3.0±0.1 2.5±0.2 0.0001

Triglyceride (mg/dL) 125.1±136.5 111.0±121.4 75.2±70.8 0.495

Total cholesterol (mg/dL) 112.5±65.2 129.6± 67.6 53.5±10. 0.714

LDL (mg/dL) 51.5±29.0 61.0±40.3 55.4±32.0 0.882

HDL (mg/dL) 33.0±19.8 37.3±24.0 34.4±17.6 0.939

Glucose (mgdL) 60.1±15.0 69.8±32.7 66.0±18.7 0.625

Insulin (mU/mL) 13.4±18.0 35.8±75.8 4.1±3.1 0.032

C-peptide (μ/L) 2.3±1.6 3.2±3.8 1.7±0.8 0.602

LVMI 52.56±40.97 54.0±20.72 40.97±13.38 0.035

IMT 0.031±0.002 0.032±0.003 0.030±0.004 0.217

IDM: infants of diabetic mothers, LVMI: left ventricular mass index, IMT: intima-media thickness, AGA: appropriate for gestational age, LGA: large for gestational age, 

LDL: low-density lipoprotein, HDL: high-density lipoprotein



while Demiroren et al (20) reported that LVMI was the most
important echocardiographic measurement for distinguishing
macrosomic infants of diabetic and non-diabetic mothers.
Akcakus et al (15) found an increased LVMI in macrosomic
IDM. In our study, LVMI values were elevated in LGA IDM.
Our results demonstrate that macrosomia and  hypertrophic
cardiomyopathy in IDM are  associated findings.

Increased levels of glucose, insulin, C-peptide and HbA1c in
the cord blood of IDM  have been shown to be predictive 
for the  clinical course of the infant as well as susceptibility to 
atherosclerosis (21,22,23). In our study, in accordance with 
previous reports, cord insulin levels were significantly high in
IDM. On the other hand, cord C-peptide and glucose levels
showed no differences compared to the values in the controls.
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Table 2. Correlations between anthropometric measurements, cardiovascular risk factors and CA-IMT

AGA IDM (n=14) LGA IDM (n=16)                                           Controls (n=25)
r p r p r p

Birth weight (g) 0.560 0.037 -0.223 0.407 0.053 0.802

Height (cm) 0.394 0.163 -0.259 0.333 0.123 0.558

Head circumference (cm) 0.626 0.017 0.029 0.914 -0.206 0.324

Ponderal index 0.437 0.118 -0.069 0.798 -0.045 0.830

Triglyceride (mg/dL) -0.169 0.564 -0.158 0.558 -0.341 0.095

Total cholesterol (mg/dL) -0.088 0.764 -0.172 0.525 0.131 0.541

LDL (mg/dL) -0.284 0.324 -0.252 0.430 -0.057 0.790

HDL (mg/dL) -0.228 0.434 -0.266 0.402 -0.224 0.442

Glucose (mg/dL) 0.206 0.480 -0.194 0.471 0.077 0.719

Insulin (mU/mL) -0.166 0.570 -0.097 0.720 0.192 0.357

C-peptide (μ/L) -0.277 0.338 -0.062 0.821 -0.154 0.472

LVMI 0.009 0.977 -0.368 0.161 -0.297 0.150

CA-IMT: carotid artery intima-media thickness, LVMI: left ventricular mass index, AGA: appropriate for gestational age, LGA: large for gestational age, LDL: low-density lipoprotein,
HDL: high-density lipoprotein, IDM: infants of diabetic mothers 

Table 3. Correlations between anthropometric measurements, cardiovascular risk factors and LVMI

AGA IDM (n=14) LGA IDM (n=16) Controls (n=25)
r p r p r p

Birth weight (g) 0.177 0.540 -0.122 0.638 0.111 0.593

Height (cm) 0.351 0.218 0.051 0.852 -0.104 0.619

Head circumference (cm) -0.491 0.750 0.114 0.674 0.220 0.291

Ponderal index -0.111 0.706 -0.107 0.692 0.220 0.291

Triglyceride (mg/dL) -0.288 0.317 0.077 0.778 0.225 0.280

Total cholesterol (mg/dL) -0.334 0.243 0.025 0.927 0.270 0.191

LDL (mg/dL) -0.350 0.220 0.112 0.705 0.147 0.496

HDL (mg/dL) -0.254 0.381 0.178 0.581 -0.152 0.478

Glucose (mg/dL) -0.423 0.132 -0.61 0.824 -0.044 0.839

Insulin (mU/mL) 0.023 0.936 0.384 0.142 -0.082 0,696

C-peptide (μ/L) 0.252 0.385 0.248 0.354 0.115 0.596

IMT 0.009 0.977 -0.348 0.186 -0.297 0.150

IMT: intima-media thickness, LVMI: left ventricular mass index, AGA: appropriate for gestational age, LGA: large for gestational age, LDL: low-density lipoprotein, HDL: high-density

lipoprotein, IDM: infants of diabetic mothers 



These results indicate that hyperinsulinism is the most 
effective parameter for macrosomia.

Serum lipid levels were found high in IDM in our study, a
finding reported in many studies (14,16,24,25). 

A correlation between lipid profile and IMT has been shown
in obese children in several studies (26,27). However, in this
sample, we found no association between lipid profiles and 
CA- IMT.

In conclusion, in the present study, increased LVMI values
were found in IDM as compared to control cases, while no 
significant differences in CA-IMT were observed among the
groups. From these results, we infer that macrosomic IDM
may be prone to hypertrophic cardiomyopathy but not to 
atherosclerotic changes in the blood vessels. 

References

1. Lepercq J, Taupin P, Dubois-Laforgue D, Duranteau L, Lahlou
N, Boitard C, Landais P,  Hauguel De Mouzon S, Timsit J.
Heterogeneity  of fetal growth in  type 1 diabetic pregnancy.
Diabetes Metab 2001;27:339-344.

2. Lombardi G, Colao A, Marzullo P, Ferone D, Longobardi S,
Esposito V, Merola B. Is growth hormone bad for your heart?
Cardiovascular impact of GH deficiency and of acromegaly. J
Endocrinol 1997;155(suppl1):33-37.

3. Merzouk H ,Madani S, Prost J,Loukidi B, Meghelli-Bouchenak
M, Belleville J. Changes in serum  lipid and lipoprotein 
concentrations and compositions at birth and after 1 month of
the life macrosomic infants of insulin-dependent diabetic 
mothers. Eur J Pediatr 1999;158:750-756.

4. Jarvisalo MJ, Jartti L, Nanto-Salonen K, Irjala K, Ronnemaa T,
Hartiala JJ, Celermajer DS, Raitakari OT. Inreased aortic 
intima-media thickness: a marker of  preclinical atherosclerosis
in high-risk children. Circulation 2001;104:2943-2947.

5. Tracy RE, Newman WP 3rd, Wattigney WA, Srinivasan SR,
Strong JP, Berenson GS. Histologic features of atherosclerosis
and hypertension from autopsies of young individuals in a
defined geographic population: the Bogalusa Heart Study.
Atheroscler 1995;116:163-179.

6. Raitakari OT. Imaging of subclinical atherosclerosis in children
and young adults. Ann Med 1999;31(Suppl1):33-40.

7. Pignoli P, Tremoli E, Poli A, Oreste  P, Paoletti R. Intimal plus
medial thickness of the arterial wall: a direct measurement with
ultrasound imaging. Circulation 1986;74:1399-1406.

8. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, Picard MH, Roman MJ, Seward J, Shanewise 
JS, Solomon SD, Spencer KT, Sutton MS, Stewart
WJ.Chamber Quantification Writing Group; American 
Society of  Echocardiography's Guidelines and Standards
Committee; European  Association of Echocardiography.
Recommendations for chamber  quantification: a report from
the American Society of  Echocardiography's  Guidelines and
Standards Committee and the Chamber  Quantification
Writing Group, developed in conjunction with the European
Association  of  Echocardiography, a branch of the European
Society of Cardiology. J Am Soc  Echocardiogr 2005;18:
1440-1463.

9. Devereux RB. Left ventricular mass in children and 
adolescents. J Am Coll  Cardiol 1988;12:709-711.

10. Rosenn B, Tsang RC.  The  effects of maternal diabetes on the
fetus and the neonate.  Ann Clin Lab Sci 1991;21:153-170.

11. Eidelman AI,Samueloff A. The pathophysiology of the fetus of
the diabetic  mother. Semin Perinatol 2002;26:232-236.

12. Tyrala EE. The infant of the diabetic mother. Obstet Gynecol
Clin North Am 1996;23:221-241.

13. European guidelines on Cardiovascular Disease Prevention in
Clinical Practice. Third Joint Task Force of European and other
Societies on Cardiovascular Disease Prevention in Clinical
Practice(constituted by representatives of eight societies and
by  invited experts). European 1 of Cardiovascular Prevention
and Rehabilitation  December 2003;10(supll1):1-78.

14. Koklu E, Kurtoglu S, Akcakus M, Koklu S, Buyukkayhan D,
Gumus H, Yikilmaz  A. Increased  aortic intima-media thickness
is related to lipid profile in newborns with intrauterine growth
restriction. Horm Res 2006;65:269-275.

15. Akcakus M, Koklu E, Baykan A, Yikilmaz A, Coskun A, Gunes T,
Kurtoglu S, Narin N. Macrosomic newborns of diabetic 
mothers are associated with increased aortic intima-media 
thickness and lipid concentrations. Horm Res 2007;67:277-283.

16. Koklu E, Akcakus M, Kurtoglu S, Koklu S, Yikilmaz A, Coskun A,
Gunes T. Aortic intima-media thickness and lipid profile in
macrosomic newborns. Eur J Pediatr 2007;166:333-338.

17. Atabek ME, Kurtoglu S, Pirgon O, Baykara M. Arterial wall 
thickening and stiffening in children and adolescents with type
1 diabetes. Diabetes Res Clin Pract 2006;74:33-40.

18. Lepercq J,Taupin P, Dubois-Laforgue D, Duranteau L, Lahlou N,
Boitard C, Landais P, Hauguel-De Mouzon S, Timsit J.
Heterogeneity of fetal growth in type 1 diabetic pregnancy.
Diabetes Metab 2001;27:339-344.

19. Mehta S, I Nuamah, S Kalhan. Altered diastolic function in
infants of mothers with  gestational diabetes: no relation to
macrosomia. Pediatr Cardiol 1995;16:24-27.

20. Demiroren K, Cam L, Oran B, Koc H, Baspinar O, Baysal T,
Karaaslan S. Echocardiographic measurements in infants of 
diabetic mothers and macrosomic infants of nondiabetic 
mothers. J Perinat Med 2005;33:232-235.

21. Lepercq J, Lahlou N, Timsit J, Girard J, Mouzon SH.
Macrosomia revisited: ponderal  index and leptin delineate 
subtypes of fetal overgrowth. Am J Obstet Gynecol 1999;
181:621-625.

22. Cooper MJ, Enderlein MA, Tarnoff H, Rogé CL. Asymmetric
septal hypertrophy in infants of diabetic mothers. Fetal 
echocardiography and the impact of maternal diabetic control.
Am J Dis Child 1992;146:226-229.

23. Akinbi HT, Gerdes JS. Macrosomic infants of nondiabetic
mothers and elevated C-peptide levels in cord blood. J Pediatr
1995;127:481-484.

24. Cowett RM, Schwartz R. The infant of the diabetic mother.
Pediatr Clin North Am 1982;29:1213-1231.

25. H. Merzouk á S. Madani á J. Prost á B. Loukidi á M. Meghelli-
Bouchenak á J. Belleville. Changes in serum lipid and 
lipoprotein concentrations and compositions at  birth and after
1 month of life in macrosomic infants of insulin-dependent 
diabetic mothers. Eur J Pediatr 1999;158750-756.

26. Atabek ME, Pirgon O, Kivrak AS. Evidence for association
between insulin resistance and premature carotid atherosclerosis
in childhood obesity. Pediatr Res 2007;61:345-349.

27. Virkola K, Pesonen E,Akerblom HK,Siimes MA. Cholesterol and
carotid arteriy wall in children and  adolescents with familial
hypercholesterolemia: a controlled study by ultrasound. Acta
Pediatr 1997;86:1203-1207.

148

Atabek ME et al.
Intima-Media Thickness in Infants of Diabetic Mothers


