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Original Article

Relationship between Aortic Intima-media Thickening,
Serum IGF-I and Low-density Lipoprotein Particle
Diameter in Newborns with Intrauterine Growth
Restriction

Kenji Miyamoto', Tatsuo Tsuboi', Hiroshi Suzumura', and Osamu Arisaka'
"Department of Pediatrics, Dokkyo Medical University School of Medicine, Tochigi-ken, Japan

Abstract. Much epidemiological evidence has linked low birth weight with late cardiovascular risk.
In order to investigate the effect of intrauterine growth restriction IUGR) on early atherosclerosis
in the fetus, we measured aortic wall thickness (abdominal aortic intima-media thickness: alMT) by
ultrasonography in 15 neonates with IUGR and in 31 neonates considered to be appropriate for
gestational age (AGA). Furthermore, we evaluated the relationship between alMT, serum insulin-like
growth factor-I (IGF-I) and low-density lipoprotein (LDL) particle size to investigate the possible
effect of these atherosclerosis-related factors on the early atherosclerosis process. The results showed
that the mean aIMT was significantly greater in the IUGR neonates than in the AGA neonates (least
squares mean + SE, 537 + 24.8 vs. 471 + 17.0 um, p=0.037). The serum IGF-I levels were lower in
the IUGR neonates than in the AGA neonates (27.9 + 4.3 vs. 42.7 + 2.9 ng/ml, p=0.009). A significant
negative correlation was observed between aIMT and IGF-Iin the IUGR neonates (r=0.646, p=0.009);
however, a positive correlation was observed between alMT and IGF-I (r=0.416, p=0.020) in the AGA
neonates. There appeared to be no relationship between alMT and LDL particle diameter. Atherogenic
small, dense LDL was not detected in the IUGR infants. In conclusion, neonates with IUGR have
significant aortic thickening with decreased IGF-I, suggesting that prenatal events might predispose
them to later cardiovascular risk.
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Introduction weight seems to be associated with an increase
in cardiovascular risk similar to that seen with

Much recent research has addressed the role major environmental risk factors, such as

that the fetal environment might play in adult
health. In many, but not all studies, low birth
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cigarette smoking or hypertension (1). Small or
disproportionate newborns have increased rates
of coronary heart disease, high blood pressure,
high cholesterol levels and abnormal glucose
metabolism (2). The mechanisms whereby slow
Iintrauterine growth confers vascular risk have
not been clearly established, particularly in
regard to whether fetal events might result in
any arterial abnormalities in newborn babies.
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Recently, two studies demonstrated aortic wall
thickness by ultrasound-based examination in
newborns with intrauterine growth restriction
(IUGR) (3, 4). Although the mechanisms
underlying the current data have not been fully
elucidated, IUGR may be associated with
increased sympathetic tone, dyslipidaemia
characterised by raised concentrations of
atherogenic lipoproteins and reduced
concentrations of insulin-like growth factor I
(IGF-I), all of which might contribute to arterial
wall thickening (3, 4).

The main established endocrine regulators
of fetal growth include insulin and the IGF
system (5, 6). Thus, although the fetus may be
largely growth hormone (GH) independent, local
tissue production of IGF-I is critical for normal
Intrauterine growth. In postnatal life, alterations
in the GH/IGF-I axis are associated with
cardiovascular disease (CVD), and growth
hormone hypersecretion as well as GH deficiency
are characterized by an increased prevalence of
atherogenic CVD (7, 8).

In terms of the etiologic role of lipid levels
in the onset of early atherosclerosis, postmortem
studies have demonstrated that maternal
hypercholesterolemia is associated with increased
fatty-streak formation in fetal aortas (9). Small,
dense low-density lipoprotein (SDLDL) particles
are potent atherogenic lipoproteins that are
considered to be a metabolic marker of insulin
resistance (10, 11), although the pathological
significance of SDLDL in the fetal process of
atherosclerosis is unknown.

In the present study, we examined the utility
of ultrasound-based measurement of the distal
segment of the dorsal abdominal aortic intima-
media thickness (aIMT) in newborns as a
sensitive marker of atherosclerosis risk (12).
Additionally, we aimed to investigate the
relationship between aIMT, serum IGF-I and
LDL particle size in newborns with TUGR.
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Subjects and Methods

The study subjects were 46 neonates,
including those with low birth weights, who were
hospitalized at the Center for Perinatal Medicine,
Dokkyo Medical University, between January
and April 2008. They were split into two groups
as follows: 15 ITUGR neonates aged 29-38 wk
and weighing 860-2,158 g, and 31 appropriate
for gestational age (AGA) neonates aged 23-40
wk and weighing 672—-3,202 g. The neonates
were categorized into the ITUGR and AGA groups
in accordance with the recommendations of the
Japan Pediatric Society and Japan Society of
Obstetrics and Gynecology issued in 1994 (13).
Neonates with a birth weight that was less than
the 10th percentile of the standard birth weight
curve for Japanese neonates were classified as
IUGR neonates instead of small for gestational
age (SGA). In this paper, neonates with IUGR
mean only neonates whose birth weight was less
than the 10th percentile as mentioned in the
report of Skilton et al. (3), which was the first
report to show an increased aIMT in neonates
with IUGR. Neonates with a birth weight that
was within the 10th—-90th percentiles were
classified as AGA neonates. In addition, the 15
TUGR infants were classified as either symmetric
(n=3) or asymmetric [IUGR (n=12). Neonates at
gestational ages of 22—40 wk, neonates from twin
pregnancies and neonates with a maternal
medical history of pregnancy-induced
hypertension syndrome, hyperemesis gravida,
maternal diabetes, prenatal administration of
steroids or perinatal alcohol intake or smoking
were included in the present study; neonates
considered to be large for gestational age, those
with congenital malformations and extremely
low birth weight infants with serious respiratory
and cardiovascular failure were excluded from
the study. Twenty-four cases, excluding 22 twin
pregnancy cases to avoid redundancy in the data,
were included from analysis of maternal
characteristics, placentas and umbilical cords.

All of the data for the neonates and their
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Table 1 Characteristics of newborns, their mothers and placental parameters

Neonatal characteristics TUGR (n=15)" AGA (n=31)" p
Mean aIMT (um) 537 (24.8) 471 (17.0) 0.037
Gestational age (week)* 34 (3) 32 (4) NS*
Birth height (cm) 39 (0.7) 42 (0.4) 0.001
Birth weight (g) 1,506 (51) 1,986 (35) 0.000
Head circumference (cm) 28.6 (0.3) 30.5 (0.2) NS
Serum IGF-I levels (ng/ml) 27.9 (4.3) 42.7 (2.9) 0.009
LDL particle diameter (nm) 26.6 (0.1) 26.3 (0.1) NS
Blood glucose (mg/dl) 48 (7) 59 (4) NS
Systolic blood pressure (mmHg) 54 (1.9) 55 (1.3) NS
Diastolic blood pressure (mmHg) 32 (1.7) 31(1.2) NS
Heart rate (bpm) 155 (3.7) 156 (2.6) NS
Male 9 (60%) 17 (564%) NS
Twin neonates 8 (563%) 14 (45%) NS
Maternal and other characteristics IUGR (n=7) AGA (n=17) P
Maternal diabetes mellitus 0 (0%) 2 (11%) NS
Steroid 1 (14%) 7 (41%) NS
Pregnancy-induced hypertension 3 (42%) 2 (11%) NS
Pluripara 3 (42%) 9 (52%) NS
Maternal age (at study) 32 (1.9 30 (1.2) NS
Body mass index (kg/m?) 21.6 (1.4) 22.0 (0.9) NS
Weight (kg) 51 (3.6) 52 (2.3) NS
Height (m) 1.54 (0.02) 1.54 (0.01) NS
Drinking 0 (0%) 1 (5%) NS
Smoking 1 (14%) 2 (11%) NS
Hb (g/dl) 11 (0.4) 10 (0.2) NS
Folic acid (per. os) 5 (71%) 6 (35%) NS
Weight gain during pregnancy (kg) 4.5 (1.6) 8.9 (1.0) 0.039
Appetite 6 (85%) 15 (88%) NS
Systolic blood pressure (mmHg) 128 (7.1) 129 (4.5) NS
Diastolic blood pressure (mmHg) 77(5.1) 71 (3.2) NS
Hyperemesis gravidarum 5 (71%) 14 (82%) NS
Placental weight (g) 287 (36.3) 503 (23.1) 0.000
Placental diameter (cm) 16 (0.7) 18 (0.4) 0.009
Placental thickness (cm) 1.7 (0.14) 1.7 (0.09) NS
Umbilical cord length (cm) 47 (5) 51 (3) NS
Umbilical cord thickness (cm) 2.6 (0.6) 1.4 (0.4) NS

*NS, not significant. TUGR: neonates with intrauterine growth restriction. AGA:
neonates considered appropriate for gestational ages. *Data for gestational age are
expressed as means (standard deviation). All other data are least squares means
(standard error) or numbers (%) as indicated.

mothers shown in Table 1 were collected at the
Center for Perinatal Medicine during history
taking and medical examinations. The data for
the neonates were based on records routinely

made by pediatricians and nurses immediately
after birth. Measurement of blood pressure in
the neonates was conducted with a Dinamap Pro
100 (GE Medical Systems), and blood glucose in
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Fig.1 Images obteined from scanning of the far wall of the distal abdominal
aorta near the aortic bifurcation. The intima-media complex was
measured using these images. The mean alMT based on these images is

503 um.

whole blood was measured with an Antsence 11
blood glucose meter (Horiba). The maternal
characteristic, placenta and umbilical cord data
were recorded by obstetricians and nurses during
outpatient visits to the Department of Obstetrics
and during hospitalization in the Obstetric Ward.
Inregard to appetite of the mothers (whether or
not they recently had an appetite), intake of over-
the-counter supplements containing folic acid
(whether or not mothers took related supplements)
and smoking or drinking (whether or not mothers
had a history of smoking and drinking), all date
was collected by history taking, and Table 1
shows the percentages of mothers who answered
“Yes” in the IUGR and AGA groups. The height,
weight and body mass index (BMI) of each mother
was obtained before pregnancy. The weight gain
during pregnancy of each mother was obtained
by comparing the mother’s weight before
pregnancy with that at hospitalization. The
lowest hemoglobin (Hb) level before birth was
selected as the maternal Hb level. The placental
and umbilical diameters were measured by
midwives using a ruler. The largest umbilical
diameter from vertical and horizontal
measurements was used. Maternal blood

pressure was measured immediately before
birth.

Informed signed consent was obtained from
both parents prior to participation in this
study.

Ultrasound studies

One physician performed ultrasonography
on the neonates in an incubator at a constant
temperature at random immediately after birth,
before looking at the clinical and examination
data of the neonates. A Sonos 7500 (Philips,
USA) high-resolution ultrasonography computer
equipped with a vascular preset for alMT
prepared previously using an 11 MHz linear-type
probe or 12 MHz sector-type probe was used for
the measurements. Clear images were obtained
by adjusting the focus and gain in a supine
position (Fig. 1). Longitudinal images of the
vessels, excluding vascular bifurcations, 0.5—1
cm wide were obtained by moving the ultrasonic
probe over the abdominal aorta distally in the
possible range. This site was selected based on
a report showing frequent occurrence of
pathological vascular changes in the distal
abdominal aorta in infants (14). The focus of the
far wall (dorsal side of the aorta wall) was
adjusted to obtain the clearest images possible.
The aIMT was measured by selecting diastolic
static images in synchronization with a
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cardiograph by using a built-in manual measuring
device in the ultrasonograph. It was measured
at three arbitrary sites for the far wall in the
image. Mean alMT was defined as the average
of the measurements.

Measurement of LDL particle size

Samples were collected from neonates before
the first intravenous dextrose infusion or before
milk feeding. The samples were centrifuged for
15 min, and the obtained serum was stored at
—40°C until analysis. The serum IGF-1level was
measured using the immunoradiometric assay
(IRMA) method (Mitsubishi Kagaku Iatron, Inc.,
Japan). The lowest detectable IGF-I level was
6.3 ng/ml, and the intra- and interassay
coefficients of variation’s were 3.3% and 8.2%,
respectively.

The LDL particle diameter in neonatal
serum was measured and was determined,
according to the method described by Krauss et
al. (15), by gradient gel electrophoresis using 2.5
to 16% polyacrylamide. After the gels were
equilibrated at 150 V for 20 min, electrophoresis
was performed for each gel; each gel contained
a serum sample diluted 1:1 with sample buffer
(consisting of 31% sucrose, 0.06% EDTA-2Na
and 0.01% BPP) to a volume of 10 ul. Each gel
also contained thyroglobulin, apoferritin and
latex beads as reference standards of known
diameter. The gels were then electrophoresed
at 150 V for 19 h and were stained for lipid with
Oil red O and incubated at 55°C for 24 h; the gels
were also stained for protein with Coomassie
Brilliant Blue for 15 min. They were then
destained with ethanol and immersed in acetic
acid. The destained gels were then scanned with
animage scanner (Epson GT-6500: Seiko Epson
Corporation, Nagano, Japan) and analysed using
an image processing and analysis program for
Macintosh (Image J 1.38x: National Institutes
of Health, Bethesda, MD, USA). The migration
distances were subsequently determined, and
the LDL particle diameter was then calculated
by comparing the mobility of the sample with
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the mobility of the three calibrated standards
on each gel. Small, dense LDL was defined as
LDL with a particle diameter <25.5 nm based
on the criteria proposed by Austin et al. (16).
Measurement of LDL particle diameter has
previously been reported in children (17). We
defined LDL with a particle diameter <25.5 nm
the same as in adults.

Statistical methods

The data for the IUGR neonates and AGA
neonates were first compared using analysis of
covariance (ANCOVA; covariance was gestational
age). The Student’s independent sample ¢-test
was then used for gestational age, and the 2 test
was used to determine rates. The results are
presented as the least squares mean (standard
error), mean value (standard deviation) and
frequency (%), respectively. The relationships
between alMT, gestational age, serum IGF-I
level and LDL particle diameter were examined
with Pearson’s correlation coefficient. All data
were considered to be statistically significant at
p<0.05. Dr. SPSS II for Windows version 11.0
(SPSS Inc.) was used for all analyses.

Results

Table 1 shows the data collected from the
neonates and their mothers. The values for items
related to malnutrition and low birth weight,
such as birth weight, birth height, weight gain
during pregnancy, placental weight and placental
diameter (18), were significantly lower in the
IUGR neonates than in the AGA neonates.

Mean aIMT was higher in the IUGR neonates
than in the AGA neonates (least squares mean
+ SE, 537 + 24.8 vs. 471 + 17.0 um, p=0.037) as
shown in Table 1 and Fig. 2-(1). Regarding IGF-I,
the serum IGF-I levels were significantly lower
in the ITUGR neonates than in the AGA neonates
(27.9+4.3 vs. 42.7 + 2.9 ng/ml, p=0.009), and a
significant negative correlation was observed
between the mean alMT and serum IGF-I level
in the IUGR neonates (r=0.646, p=0.009; Table
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Fig. 2 (1) Relationship between mean alMT and gestational age in the IUGR and AGA
infants (least squares mean + SE, 537 + 24.8 vs. 471 + 17.0 um, p=0.037; analysis of
covariance). (2) Relationship between mean aIMT and serum IGF-I levels in the IUGR
(r=—0.646, p=0.009) and AGA neonates (r=0.416, p=0.020).

Table 2 Relationship between mean aortic intima-media thickness and
gestational age and hematological factors

Mean intima-media thickness* IUGR (n=15)} AGA (n=31)}

rf p r p
Gestational age (week) 0.105 Nsf 0.403 0.025
Serum IGF-I levels (ng/ml) ~0.646 0.009 0.416 0.020
LDL particle diameter (nm) 0.093 NS 0.04 NS

*dependent variable. NS, not significant. *r, Pearson’s correlation coefficient.
STUGR: neonates with intrauterine growth restriction. AGA: neonates with
appropriate for gestational age.

2, Fig. 2-(2)). The mean alMTs between the exhibited positive correlation with the gestational
asymmetric (n=3) and symmetric (n=12) IUGR age (r=0.403, p=0.025) and significant positive
infants were not significantly different (563 + correlation with the serum IGF-1level (r=0.416,
33.2 vs. 495 + 66.8, p=0.38). p=0.020; Table 2).

The mean aIMT of the AGA neonates There was no significant difference in LDL
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particle diameter between the IUGR and AGA
neonates (Table 1). Atherogenic SDLDL was not
detected in IUGR infants. Furthermore, there
were no significant correlations between alMT
and LDL particle diameter (Table 2) or between
LDL particle diameter and the serum IGF-1 level
(date not shown).

Discussion

Aswith the major cardiovascular risk factors,
impaired growth in utero is associated with
functional (endothelial dysfunction) and
structural (increased wall thickness) changes in
the arterial vasculature consistent with early
atherosclerosis (19-21). Studying the vasculature
of neonates or young children may provide strong
evidence concerning whether intrauterine factors
per se can influence the vasculature. Carotid
intima-media thickness has been measured in
children as young as 2 yr of age (22). However,
it stands to reason that because the abdominal
aorta is the site of the earliest fatty streaks (14),
it may present a more useful indicator of early
atherosclerosis in children. Indeed, it has
recently been demonstrated that noninvasive
measurement of the abdominal aortic wall
thickness using high-resolution ultrasonography
is a better indicator of early atherosclerosis in
children than carotid intima-media thickness
(12).

The thickness of the intrauterine aortic wall
may indicate that these intrauterine factors
contribute to postnatal atherosclerosis. Although
there remains no evidence that these changes
in the aortic wall in neonates occur as either the
precursors of arterial plaques or in association
with an increased risk of cardiovascular events
in adulthood, autopsy studies in children have
shown that atherosclerotic lesions begin to
develop first in the intima of the aorta (14), and
a fetal postmortem study has revealed that fatty
streaks from fetal aortas contain both native and
oxidized LDL and macrophages; thus, fatty
streaks share a morphology similar to early
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atherosclerotic lesions (9). Therefore, it is
probable that intrauterine factors program
predisposition towards development of postnatal
atherosclerosis, which leads to adult CVD.

In the present study, we found that the
IUGR neonates exhibit significantly larger
alMTs with decreased serum IGF-I levels
compared with the AGA infants. In addition,
the mean alMT correlated negatively with the
serum IGF-Ilevel. These results were consistent
with the findings of two previous studies. Skilton
et al. (3) initially observed that aIMT was
significantly higher in neonates with IUGR than
in those without IUGR, and Koklu et al. (4)
subsequently found a higher aIMT with a
decreased concentration of IGF-I in IUGR
neonates.

There are several potential mechanisms by
which IGF-I could modify atherosclerotic
processes, either locally or in a systemic manner
(23). In agreement with our findings for the TIUGR
neonates, Colao et al. (24) found that the IGF-I
level determines the carotid intima-media
thickness in both patients with IGF-I deficiency
and healthy controls. IGF-I plays an important
role with regard to the endothelium and increases
in nitric oxide production (25). Decreased nitric
oxide activity is associated with intimal thickening
(26). Decrease of the IGF-I concentration resulting
from GH deficiency is well-characterized by the
increased prevalence of atherogenic CVD (8,
27).

We also found that the mean aIMT increased
with gestational age in both the AGA and ITUGR
neonates; aortic wall thickening in accordance
with gestational age is considered to be a
physiological phenomenon involved in
development of the fetal aorta. In terms of the
relationship between alMT and IGF-I, the
inverse relationship found in the IUGR infants
was not found in the AGA infants. The reason
for this was unclear in the present study, But
we speculate that humoral factors other than
IGF-1, such as leptin (28, 29), which is related
to the nutritional state of the fetus, may be
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relevant to our finding that aIMT was not
increased despite the low IGF-I concentrations
in the AGA infants. Further evaluation in a
larger number of cases is necessary to confirm
this finding and to clarify this issue.

An etiologic role for lipid levels in the onset
of early atherosclerosis is supported by postmortem
studies. Maternal hypercholesterolemia is well
known to be associated with increased fatty-
streak formation in fetal aortas, possibly in
association with the fetal cholesterol levels (9).
The increase in fatty streaks associated with
maternal hypercholesterolemia is most marked
in the fetal abdominal aorta and aortic arch,
whereas there are negligible differences in the
thoracic aorta (9, 30). In the present study, there
was no apparent relationship between alMT and
LDL particle diameter, and atherogenic SDLDL
was not detected in the IUGR infants.
Furthermore, there was no relationship between
the IGF-Ilevel and LDL particle size. Therefore,
it seems that altered LDL metabolism is not of
a pathological significance in the fetal process of
atherosclerosis.

The causes of [IUGR have been categorized
into fetal, placental and maternal factors. In
regard to differences in maternal characteristics
between IUGR and AGA in terms of pregnancy,
placental weight, maternal age, BMI, lifestyle,
such as smoking or drinking, and the prevalence
of diabetes, no significant differences were found
for any of the characteristics except for placental
weight and diameter, which were smaller in the
TUGR mothers. Weight gain during pregnancy
was also lower in the mothers of the IUGR
infants, and this suggests that there might be
possible relationship between the maternal
nutritional state and fetal IGF-I concentration.
In other studies, it has been reported that the
infants of diabetic mothers and mothers who
smoke during pregnancy have thicker aortic
walls (31).

In conclusion, we have found that aortic wall
thickness, an early marker of atherosclerosis in
children, is increased in neonates with IUGR in
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association with a decreased IGF-I concentration.
These suggest that prenatal events could
predispose them to cardiovascular risk in later
life. The results reported herein should be
confirmed in larger study cohort because the
sample size of the present study cohort was
small.
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