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Thoracic Aortic Intima-Media Thickness in Preschool Children Born Small
for Gestational Age

Manoel Mu~niz Font�an, MD1, Ignacio Oulego Erroz, MD2, Daniela Revilla Orias, MD1, Ana Mu~noz Loz�on, MD1,

Antonio Rodriguez N�u~nez, PhD3, and Empar Lurbe I. Ferrer, PhD4

Objective To assess thoracic aortic intima-media thickness (aIMT) as a marker of thoracic aortic remodeling in
children born small for gestational age (SGA).
Study designWe assessed thoracic aIMT, carotid intima-media thickness (cIMT), and pulse wave velocity (PWV)
in 239 patients (117 SGA; 122 appropriate for gestational age controls) age 6-8 years. Each SGA participant was
matched 1:1 based on sex, gestational age, and birth date. Thoracic aIMT was determined by 2-dimensional trans-
thoracic echocardiography.
Results SGA children showed a significant increase in both aIMT (0.89 mm [0.12] vs 0.79 mm [0.11], P < .001) and
cIMT (.50 mm [0.05] vs 0.49 mm [0.04], P < .001) compared with appropriate for gestational age controls, but the
magnitude of the difference in aIMT was greater than that in cIMT (standardized difference of the means: +84%
vs +27%). aIMT was linearly correlated with aortic arch PWV as measured by echocardiography (r = 0.211,
P < .001) but not with carotid-femoral PWV (r = 0.113, P = .111). Born SGA was independently associated with
increased aIMT after controlling for perinatal, anthropometric, and biochemical determinants in linear regression
models.
Conclusions SGA children exhibit increased thoracic aIMT and aortic arch PWV in early childhood that may
suggest the presence of structural changes in the thoracic aorta wall architecture. Measurement of ascending
aIMT by transthoracic echocardiography is feasible and reproducible and may be a useful marker of vascular dis-
ease. (J Pediatr 2019;208:81-8).
C
ardiovascular disease is the leading cause of morbidity and mortality in developed countries.1 Current recommenda-
tions for primary prevention are based on a healthy lifestyle and early management of classical cardiovascular risk fac-
tors. After the first observations of Barker,2 numerous studies have shown an association between unfavorable fetal or

early life environment with an increased risk of metabolic disease, chronic kidney disease, and cardiovascular disease later in
life. This is described in the concept of Developmental Origins of Health and Disease.3 The association of unfavorable fetal and
perinatal environment, reduced fetal growth rate, and small body size at birth with disease risk later in life may reflect the long-
term consequences of fetal adaptive responses.4 The underlying mechanisms of this programing and their timing have not been
completely elucidated. However, epigenetic mechanisms (DNA-methylation, histone acetylation, etc) can be activated by envi-
ronment cues and subsequently modulate tissue-specific gene expression, resulting in metabolic, hormonal, and vascular struc-
ture changes.3,5

Experimental animal models have demonstrated aberrant architecture of the thoracic aortic wall in growth-restricted sub-
jects with media thickening (increased collagen accumulation and vascular smooth muscle cell hypertrophy) and stiffening of
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AGA Appropriate for gestational age

aIMT Aortic IMT

BMI Body mass index

BSA Body surface area

cIMT Carotid IMT

EVA Early vascular aging

FGR Fetal growth restriction

ICC Interclass correlation coefficient

IMT Intima-media thickness

PWV Pulse wave velocity

SGA Small for gestational age
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Arterial intima-media thickness (IMT) is a known marker
of subclinical vascular damage in both adults and children.
Carotid IMT (cIMT) and aortic IMT (aIMT) have been stud-
ied in children to evaluate cardiovascular risk in different
clinical situations. Moreover, some neonatal studies have
shown increased abdominal aIMT in patients born small
for gestational age (SGA) at perinatal stages.9

Thoracic aortic intima-media thickening could represent a
fetal adaptive process in the media layer that may differ from
abdominal aIMT increase, which is regarded as a surrogate
marker of arterial atherosclerosis. We hypothesized that chil-
dren born SGA as consequence of altered fetal environment
may have aberrant thoracic aorta wall modifications that
are already detectable at 6-8 years old.
Methods

This study included children age 6-8 years between January
2014 and January 2015. All children were born at the same
tertiary hospital in northern Spain. Children born SGA,
which was defined as a birth weight under the 10th percentile
for gestational age, were matched 1 to 1 with healthy controls
born with appropriate for gestational age (AGA) weight
(birth weight $10th to <90th percentile) according to sex,
gestational age (�6 days), and birth date (�3 months).
Exclusion criteria included twin pregnancy, suspected or
confirmed congenital infection, renal or cardiac disease, con-
ditions known to be associated with an increased IMT, any
congenital disorder associated with intrauterine or extra-
uterine growth restriction, and lack of parental informed
consent.

Information on demographic characteristics, maternal
reproductive history, and obstetric and perinatal data was
obtained from the medical records of the children and
mothers and by means of an initial interview prior to initia-
tion of the study protocol.

All children underwent a complete physical examination,
and anthropometric measures (height, weight, body mass in-
dex [BMI], skinfold thickness [tricipital and subscapular]),
and body circumferences (arm, hip, and waist) were evalu-
ated. A standard transthoracic echocardiogram and routine
blood and urine laboratory tests were performed to evaluate
health status and confirm the absence of exclusion criteria.
For each neonatal and anthropometric measure, the percen-
tile and/or SD were calculated using local growth charts.
Blood pressure was measured 3 times in the right upper
arm using a sphygmomanometer with the appropriate cuff
size after a 10-minute resting period in the supine position.10

Office blood pressure status was defined as normal (<90th
percentile for sex, age, and height), normal-high (90th-95th
percentile for sex, age, and height), and hypertension
(>95th percentile for sex, age, and height).11

Carotid, thoracic aorta, and pulse wave velocity (PWV) as-
sessments were performed by a pediatric cardiologist who
was unaware of the clinical characteristics of the subjects.
Vascular ultrasound and echocardiography were performed
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using a Vivid I ultrasound machine (General Electrics, Haifa,
Israel) with simultaneous electrocardiographic recording in a
quiet environment and at a stable temperature. Still images
and videos were obtained according to a predefined protocol
and digitally stored and analyzed offline using EchoPac
software (GE Vingmed Ultrasound AS, Horten, Norway).
Carotid-femoral PWV was measured using the
SphygmoCor device (AtCor Medical, Sydney, Australia).
Carotid arteries were assessed using a 12-MHz linear array

probe. Patients were placed in the supine position with the
neck extended and rotated 45�. Threemeasurements of artery
diameters at end-systole and end-diastole were obtained
from a transverse view of the carotid artery using M mode.
cIMT was measured in a longitudinal view according to pre-
viously published recommendations.12 Briefly, 3 segments of
each carotid artery were imaged: the internal carotid artery at
10 mm from the carotid bifurcation, at the carotid bulb, and
the common carotid at 10 mm from the carotid bifurcation.
Images were captured when near and far wall margins were
clearly seen to ensure perpendicular insonation of the vessel
wall. Three end-diastolic frames were selected and analyzed
for mean and maximum cIMT using an automatic tracing
software. Measurements from each segment of both carotid
arteries were pooled and averaged.
Aortic diameters were measured at systole and end-

diastole using M mode at 2 cm from the aortic valve in a
long parasternal view with a 3- to 6-MHz phased array probe.
aIMT was measured at the same point in B mode with a stan-
dard magnification (2� 2 cm) using an 8-MHz microconvex
probe. Three measurements of maximum and mean aIMT
were obtained at the far wall of the aorta at end-diastole using
the same approach and software as for the cIMT measure-
ment (Figure 1; available at www.jpeds.com).
Carotid-femoral PWV was measured using the validated

SphygmoCor device (AtCor Medical, Sydney, Australia) ac-
cording to current recommendations.12 Three measurements
were obtained from each subject and averaged.
Aortic arch PWV was measured using a Doppler method

previously described.13,14 Briefly, the aortic arch length
from the aortic annulus to the isthmus was measured in a
long-axis view of the aorta from the suprasternal notch.
Time from the electric systole (as assessed by the onset of
QRS in a simultaneous electrocardiogram tracing) to the
beginning of the aortic systolic Doppler flow signal (mechan-
ical systole) was measured both at the aortic annulus and at
the isthmus. The pulse wave transit time of the Doppler
flow signal from the aortic valve to the isthmus was calcu-
lated. Then, the aortic arch length was divided by the pulse
wave transit time to obtain aortic arch PWV. Three measure-
ments were averaged in each subject.
Data are expressed as the mean (SD) and number (per-

centage). Comparisons between study groups were per-
formed using the Student t test for independent samples or
Mann-Whitney U and c2 tests where appropriate. Based on
previous studies measuring abdominal aIMT in neonates15,16

and an exploratory pediatric study of thoracic aortic aIMT by
our group (unpublished data), the sample size was calculated
Mu~niz Font�an et al
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to allow observation of a difference of 0.05 mm in maximum
aIMT between the study groups. Conservatively, a SD of 0.11
(at the top range of published data), was chosen for the calcu-
lation. With a power of 0.9 and a risk of 0.05, a minimum of
102 subjects per study group would be required. We esti-
mated a minimum of 246 subjects in anticipation of a 20%
rate of potential losses andmissing data. In addition, our esti-
mated sample size provided a statistical power >0.8 in the
planned subgroup analyses.

cIMT and aIMT measurements were indexed by body sur-
face area (BSA), BMI, and vessel (carotid and aortic) diam-
eter to account for differences in body size. Standardized
differences in vascular measurements between SGA and
AGA children were calculated as the difference in means
divided by the pooled SD. This method allowed an assess-
ment of the magnitude of the differences between cIMT
and aIMT. The linear correlation of carotid-femoral and
aortic arch PWV with IMT was evaluated by Pearson corre-
lation coefficients. Carotid-femoral and aortic arch PWVs
were compared between children in the first and fourth quar-
tiles of the whole-cohort IMT distribution. The distribution
of aIMT (indexed by BSA) according to birth weight z score
sextiles was assessed by box plots and the Jonckheere trend
test. Several multivariate linear regression models were
used to assess whether the study group (SGA vs AGA) was
independently associated with the maximum aIMT. The co-
variates for linear regression were selected according to a re-
view of relevant literature and were grouped in 4 different
models. An additional fifth model was fitted including all co-
variates in our sample that had a P value less than 0.2 in the
univariate analysis.

Intraobserver variability was determined for maximum
and mean aIMT by intraclass correlation coefficients
(ICCs) from 3measurements from 50 randomly selected sub-
jects. Interobserver variability was determined by ICC and
Bland-Altman plots from the average value of 3 maximum
and mean aIMT measurements performed by 2 independent
raters in 30 randomly selected subjects.

All tests were 2-sided, and a P value of < .05 was considered
statistically significant. SPSS v 22 (SPSS Inc, Chicago, Illi-
nois) was used for the analysis.

Written informed consent was obtained from parents or
legal guardians. All procedures were performed in accor-
dance with the guidelines of the Helsinki Declaration on Hu-
man Experimentation. The study protocol was approved by
the Institutional Review Board.
Results

Of the 250 previously recruited children, 239 (117 SGA cases
and 122 AGA controls) were included in the study. Eleven
children were excluded for several reasons: twin gestation
(n = 4), cardiac disease (n = 4), nephrologic disease
(n = 1), spastic tetraparesis causing postnatal growth restric-
tion (n = 1), and lack of prenatal information (n = 1). None
of the children in the study had past history of diabetes,
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hypercholesterolemia, or other conditions associated with a
higher risk of increased aIMT.
The clinical characteristics of the study groups are summa-

rized in Table I. Mothers of children born SGA were shorter,
had less gestational weight gain, and were more frequently
smokers and nulliparous than mothers of children born
AGA. There was a slight difference in maternal academic
status, with a greater number of mothers with university
degrees in the AGA group.
At the time of the study, children born AGA continued to

be larger (weight, height, and BSA) than children born SGA,
but there were no statistically significant differences in
anthropometric measurements indicating body fatness
(BMI, triceps fold thickness, and hip/waist ratio). Unad-
justed systolic, diastolic, and pulse pressure was not different
between groups. After adjustments based on height, children
born SGA had higher systolic blood pressure than children
born AGA (103.3 vs 100.8 mm Hg; mean difference of
2.49 mm Hg; 95% CI 0.21-4.76). No differences were found
between study groups in blood and urine biochemical pa-
rameters.
The carotid and aortic diameters and IMT measurements

are presented in Table II. Both the aortic and carotid
diameters were significantly smaller in the SGA group,
indicating smaller vessels, than in the AGA group.
The maximum andmean aIMT was significantly greater in

the SGA group than in the AGA group, including both the
absolute values (maximum aIMT: 0.89 [0.12] mm vs 0.79
[0.11] mm [P < .001]; mean aIMT: 0.81 [0.12] mm vs 0.71
[0.10] mm [P < .001]) and values indexed to vessel diameter,
BSA, and BMI. Unlike aortic measurements, the maximum
cIMT (0.50 [0.05] mm vs 0.49 [0.04] mm [P = .033]) but
not the mean cIMT (0.43 [0.03] mm vs 0.42 [0.04] mm
[P = .159]) was greater in the SGA group than in the AGA
group. Nevertheless, both measurements achieved statisti-
cally significant differences after indexation by vessel diam-
eter and body size. The magnitude of differences, as
assessed by standardized differences of the means, in aIMT
measurements (range: +77% to +104%) was greater than
that in cIMT measurements (range: +19% to +65%).
By analyzing the distribution of aIMT in the whole cohort,

we observed that children born SGA were overrepresented in
the highest percentiles (90-95th percentile and >95th percen-
tile), whereas most children with an aIMT below the 50th
percentile of the cohort were born AGA (Figure 2). In
addition, we assessed the relationship between aIMT
indexed by BSA and birth weight z scores grouped in
sextiles. We observed an inverse linear trend with the
highest aIMT values in children with the lowest birth
weights (Jonckheere trend test P < .001) (Figure 3). Both
the carotid-femoral and aortic arch PWVs were
significantly higher in the SGA group than in the AGA
group, but the magnitude of the difference in aortic arch
pulse wave velocity (standardized difference of the
means + 131% vs +46%) was greater than that in the
carotid-femoral PWV. There was a linear correlation
between aIMT and aortic arch PWV (maximum aIMT,
rn Small for Gestational Age 83



Table I. Clinical characteristics of SGA and AGA groups

Children characteristics SGA AGA P

Sex (male) 57/117 (48.7%) 60/122 (49.2%) .943
Age (y) 7.07 (0.82) 7.15 (0.81) .478
Weight (kg) 24.11 (5) 26.67 (5.1) <.001
Weight (z) 0.06 (0.8) 0.54 (0.83) <.001
Height (cm) 120 (7.6) 124.4 (7.1) <.001
Height (z) �0.12 (0.79) 0.46 (0.76) <.001
BMI (kg/m2) 16.58 (2.1) 17.1 (2.2) .066
BMI (z) 0.09 (0.87) 0.30 (0.91) .070
Overweight (BMI >85th percentile) 14 (12%) 25 (20.5%) .075
BSA (m2) 0.89 (0.11) 0.95 (0.11) <.001
Tricipital fold (cm) 10.7 (3.5) 11.4 (3.7) .163
Tricipital fold (z) �0.01 (1.05) 0.17 (1.11) .173
Waist (cm) 56.5 (5.0) 58.5 (4.9) .002
Waist (z) 0.12 (0.95) 0.51 (0.88) .002
Hip (cm) 62.3 (5.7) 64.5 (5.9) .004
Hip (z) �0.26 (1.02) 0.1 (0.96) .005
Waist/hip ratio 0.90 (0.04) 0.90 (0.04) .877
Office BP status
Office SBP (mm Hg) 102.9 (8.6) 101.1 (8.2) .098
Office DBP (mm Hg) 61.9 (6.2) 60.8 (6.6) .204
Office PP (mm Hg) 40.9 (7.1) 40.2 (7.5) .485
Heart rate (bpm) 85.3 (10.7) 84 (11) .379

Normal BP (<90th percentile) 85 (72.6%) 99 (81.1%)
Normal-high BP (90-95th percentile) 17 (14.5%) 13 (10.7%) .287
High BP (>95th percentile) 15 (12.8%) 10 (8.2%)

Blood and urine analysis
Glucose (mg/dL) 84.9 (6) 83.7 (6) .168
Insulin (mU/mL) 7.1 (3.5) 7.3 (4.1) .698
HOMA 1.49 (0.81) 1.51 (0.9) .871
HbA1c (%) 5.42 (0.29) 5.44 (0.27) .725
Uric acid (mg/dL) 3.82 (0.75) 3.66 (0.74) .144
Cholesterol (mg/dL) 165.7 (26.1) 169.1 (27.3) .381
Triglycerides (mg/dL) 52 (19.3) 54.4 (19) .384
LDL-cholesterol (mg/dL) 89.8 (25.7) 90.8 (24.9) .783
HDL-cholesterol (mg/dL) 64.5 (14.4) 67.5 (13.1) .183
Ferritin (ng/mL) 45.2 (22.5) 43.9 (20) .690
Urine albumin/creatinine (mg/g) 8.7 (7.4) 10 (20.1) .541

Maternal characteristics SGA (n = 117) AGA (n = 122) P

Maternal age (y) 32.47 (4.7) 32.48 (4.6) .993
Maternal height (cm) 161.13 (5.8) 163.3 (6) .005
Pregestation weight (kg) 59.58 (10.6) 61.59 (13.1) .221
Gestational weight gain (kg) 10.45 (4.9) 12.09 (4.8) .010
Maternal ethnicity (non-Caucasian) 6/116 (5.2%) 4/122 (3.3%) .475
Maternal smoking 37/113 (32,7%) 22/122 (18%) .013
Number of cigarettes per d 8.5 (7) 5.3 (4) .066

Maternal academic degree (University) 41/117 (35%) 60/122 (49.2%) .027
Maternal number of siblings 2 (0.8) 2.3 (0.8) .020
Nulliparous 74/117 (63.2%) 48/122 (39.3%) <.001

Newborn characteristics SGA AGA P

Gestational age (wk) 38.39 (1.6) 38.34 (1.6) .799
Birth weight (g) 2389 (298) 3356 (391) <.001
Birth weight (z) �1.8 (0.51) 0.73 (0.77) <.001
Birth length (cm) 46.76 (2.2) 50.03 (2.0) <.001
Birth length (z) �1.34 (0.95) 0.57 (1.05) <.001
Head perimeter 32.82 (1.5) 34.96 (1.7) <.001
Head perimeter (z) �1.38 (1.2) 0.81 (1.5) <.001

BP, blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; HOMA, homeostatic model assessment; LDL, low-density; PP, pulse pressure; SBP, systolic
blood pressure.
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r = 0.211, P < .001; mean aIMT: r = 0.226, P < .001) but not
between aIMT and carotid-femoral PWV (maximum aIMT
r = 0.113, P = .111; mean aIMT r = 0.124, P = .056).
Neither the maximum nor mean cIMT was linearly
correlated with PWV. Children with a maximum aIMT
above the 75th percentile of the cohort had higher aortic
84
arch PWV than children with a maximum aIMT below the
25th percentile (4.4 [1.14] vs 3.7 [1.01] m/second,
P = .001). This difference was not observed for the carotid-
femoral PWV (3.9 [0.35] vs 3.8 [0.4] m/second, P = .395).
Finally, being born SGA (vs AGA) was independently asso-

ciated with increased aIMT based on the multivariate linear
Mu~niz Font�an et al



Table II. Vascular assessment

SGA (n = 117) AGA (n = 122) Difference in means (95% CI) P St. diff. (%)

PWVs
Carotid-femoral PWV (m/s) 3.97 (0.42) 3.78 (0.40) 0.19 (0.09, 0.3) <.001 +46%
Aortic arch PWV (m/s) 4.8 (1.08) 3.49 (0.98) 1.31 (1.05, 1.5) <.001 +131%

Aortic measurements
Aortic diameter, mm (systole) 18.93 (1.8) 20.2 (1.7) �1.28 (�1.74,�0.83) <.001 �72%
Aortic diameter, mm (diastole) 16.6 (1.6) 17.3 (1.5) �0.74 (�1.14, �0.34) <.001 �46%
aIMT max, mm 0.89 (0.12) 0.79 (0.11) 0.1 (0.07, 0.12) <.001 +84%
aIMT max/aortic diast. Diameter 0.054 (0.00) 0.046 (0.00) 0.008 (0.006, 0.01) <.001 +93%
aIMT max/BSA, mm/m2 1.01 (0.18) 0.84 (0.15) 0.17 (0.13, 0.22) <.001 +101%
aIMT max/BMI 0.054 (0.00) 0.047 (0.00) 0.008 (0.005, 0.01) <.001 +77%
aIMT mean 0.81 (0.12) 0.71 (0.10) 0.09 (0.07, 0.12) <.001 +81%
aIMT mean/aortic diast. Diameter 0.049 (0.00) 0.041 (0.00) 0.007 (0.005, 0.01) <.001 +94%
aIMT mean/BSA, mm/m2 0.92 (0.17) 0.75 (0.13) 0.16 (0.12, 0.20) <.001 +104%
aIMT mean/BMI 0.049 (0.01) 0.042 (0.00) 0.007 (0.006, 0.01) <.001 +79%

Carotid measurements
Carotid diameter, mm (systole) 6.72 (0.58) 6.97 (0.87) �0.25 (�0.44, �0.06) .010 �51%
Carotid diameter, mm (diastole) 5.69 (0.55) 5.92 (0.80) �0.22 (�0.4, �0.05) .012 �48%
cIMT max, mm 0.50 (0.05) 0.49 (0.04) 0.013 (0.001, 0.026) .033 +27%
cIMT max/carotid diast. diameter 0.090 (0.01) 0.0836 (0.01) 0.006 (0.003, 0.009) <.001 +57%
cIMT max/BSA, mm/m2 0.57 (0.09) 0.53 (0.07) 0.054 (0.033, 0.076) <.001 +65%
cIMT max/BMI 0.031 (0.00) 0.029 (0.00) 0.002 (0.0006, 0.003) .004 +38%
cIMT mean, mm 0.43 (0.03) 0.42 (0.04) 0.007 (�0.003, 0.017) .159 +19%
cIMT mean/carotid diast. Diameter 0.076 (0.00) 0.072 (0.00) 0.005 (0.002, 0.007) <.001 +52%
cIMT mean/BSA, mm/m2 0.49 (0.07) 0.45 (0.06) 0.041 (0.025, 0.06) <.001 +63%
cIMT mean/BMI 0.026 (0.00) 0.025 (0.00) 0.001 (0.0003, 0.002) .011 +33%

St. diff., standardized differences of the means.

May 2019 ORIGINAL ARTICLES
regression analysis, with consistent results across the different
models accounting for perinatal, anthropometric, and blood
and urine laboratory test determinants (Table III; available at
www.jpeds.com).

Measurement of aIMT at the ascending thoracic aorta
with transthoracic echocardiography showed very good to
excellent intra- and interobserver agreement. In the intra-
observer analysis, the ICC was 0.918 (95% CI 0.869-
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0.951) for the maximum aIMT and 0.921 (95% CI 0.873-
0.952) for the mean aIMT. In the interobserver analysis,
the ICC between the 2 observers was 0.894 (95% CI
0.778-0.950) for the maximum aIMT and 0.945 (95% CI
0.885-0.974) for the mean aIMT. Bland-Altman plots
showed that the disparity between observers was consistent
across the range of measurements (Figure 4; available at
www.jpeds.com).
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Discussion

In the last 2 decades, some studies have presented the EVA
syndrome as one of the pathologic pathways linking impaired
fetal growth with adult cardiovascular disease.8 Several ani-
mal models have shown aberrant remodeling of the thoracic
aortic wall in fetuses under nutritional restriction.6,7 In our
study, we evaluated the ascending thoracic aIMT in SGA
and AGA children age 6-8 years. We showed increased
thoracic aortic intima-media wall thickness in children
born SGA that was not explained by differences in body size.

Previous pediatric studies have demonstrated an associa-
tion between aIMT and known risk factors of atherosclerosis,
such as type 1 diabetes,17 hypercholesterolemia,18,19

obesity,20 and smoking exposure.21 Chronic diseases with
increased risk of cardiovascular disease have also been stud-
ied, and greater aIMT has been observed in children with in-
flammatory bowel disease22 and chronic rheumatic diseases23

and children born preterm.24,25

Neonatal studies have assessed aIMT in fetal growth re-
striction (FGR) or SGA patients, showing increased aIMT
compared with healthy newborns.9,15,16,26,27 However,
Gomez-Roig et al showed increased aIMT in neonates with
demonstrated FGR by fetal Doppler ultrasound but not in
neonates born SGA.28

Several other studies have evaluated aIMT in children born
SGA after the neonatal period. Trevisanuto et al investigated
aIMT in preschoolers born SGA, and no statistically signifi-
cant differences were observed.29 This discrepancy with our
study findings may be explained by the small sample size
and lack of statistical power in the aforementioned study.
In addition, the authors measured aIMT at the abdominal
aorta, which makes the comparison with our study results
difficult. Cosmi et al30 showed increased mean abdominal
aIMT in 18-month-old children with FGR, and recently,
Cruz-Lemini et al noted persistent cardiovascular remodel-
ing, including increasedmean andmaximum aIMT, in a pro-
86
spective cohort study of SGA children at 6 months of life.31

Last, the sequence of prenatal growth restraint followed by
postnatal catch-up was also shown to be associated with
greater abdominal aIMT in SGA children age 3-6 years.32

Previous studies have suggested that aIMTmay be a more
discriminating measure of cardiovascular risk than cIMT in
childhood.15,16 In our study, children born SGA had
increased IMT both at the carotid artery and thoracic aorta.
By using standardized differences of the means, we were able
to assess the magnitude of these differences. We found that
intima-media thickening was greater at the thoracic aorta
than at the carotid artery. This may indicate that aIMT
can be an earlier marker of vascular disease in children
born SGA.
In all previous studies, aIMT was assessed in the distal

abdominal aorta (far wall), as autopsy studies have found
that this area is most likely to contain early atherosclerotic le-
sions (fatty streaks) in subjects younger than 20 years old and
that these lesions progress most rapidly to raised lesions.33

Nevertheless, we decided to assess the thoracic aorta for
different reasons. EVA syndrome has been postulated as an
important underlying mechanism of cardiovascular fetal
programing,8 and vascular aging is known to exhibit a het-
erogeneous distribution among central and peripheral ar-
teries.34 Ascending aorta stiffening represents one of the
major determinants of both central blood pressure and left
ventricular load. Aberrant remodeling of the thoracic aortic
wall has been shown in FGR animal models.6,7 Furthermore,
in adults, thoracic aIMT measurements by transesophageal
echocardiography have been widely used to assess the risk
of coronary artery disease.35 Moreover, assessment of
thoracic aIMT has several advantages supporting its clinical
implementation. In addition to having fewer technical re-
quirements (standard echocardiography), assessment of
thoracic aIMT does not possess the limitations (adiposity
and fasting time) described for the assessment of abdominal
aIMT. Our results demonstrate that assessment of thoracic
Mu~niz Font�an et al
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aIMT in children age 6-8 years who were born SGA or AGA is
feasible. The intraobserver and interobserver variability dem-
onstrates the adequate reproducibility of aIMT measure-
ments at this localization.

Whether the increase in thoracic aIMT represents intima
thickening (atherosclerosis), media thickening (vascular hy-
pertrophy/arteriosclerosis), or both remains unknown. Our
study shows significant differences in aIMT between SGA
and AGA children, but we failed to find any significant asso-
ciations between aIMT and body fatness, metabolic bio-
markers, or blood pressure, all of which are classic
determinants of cIMT and abdominal aIMT in adolescents
and adults. This may suggest that the observed thoracic
aorta thickening is an expression of programed vascular re-
modeling that tracks into childhood rather than a
biomarker of early atherosclerotic changes. Recent experi-
mental evidence has shown increased aortic stiffness in
offspring and adults born after chronic placental insuffi-
ciency as a consequence of altered media layer composition,
which likely originated in utero. Only the most severely hyp-
oxic fetuses show markedly increased intima thickness
compared with controls.7 In our study, carotid-femoral
PWV, an indicator of global arterial stiffness, was slightly
higher in SGA than in AGA children. However, this mea-
surement did not correlate with aIMT. Conversely, we
showed greater differences in the aortic arch PWV, which
was positively correlated with aIMT. This suggests that the
increase in thoracic aIMT may be related to altered media
layer composition rather than intima thickening. The asso-
ciation between increased ascending aIMT with decreased
ascending aorta elasticity in children born SGA may help
explain the well-known association between low birth
weight and arterial hypertension.36 Whether thoracic
aIMT can be used as a biomarker for risk stratification
among children born SGA needs to be further investigated
in large prospective studies. Future investigations should
also evaluate whether the increased aIMT observed in our
study cohort persists into adulthood.

Several limitations of our study were identified. The pres-
ence of preterm children within the cohort, albeit at a low
percentage, may negatively influence the generalizability of
our results. On the other hand, the lack of obstetric infor-
mation makes it impossible to determine how many SGA
children were affected by FGR, as determined by fetal
vascular Doppler examination. Comparison with other
studies is further limited by the methods and lack of norma-
tive aIMT data. Use of automated analysis software may
reduce some of these measurement discrepancies in the re-
ports.

Our study showed increased thoracic aIMT in preschool
children born SGA. The assessment of thoracic aIMT by
transthoracic echocardiography is accurate and reproduc-
ible, which may facilitate its implementation in clinical
practice. Therefore, thoracic aIMT may be a promising
marker of aortic remodeling and arterial stiffness in children
born SGA. n
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Figure 1. aIMT measurement.
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Figure 4. Bland-Altman plots. A, maximum aIMT measurements. B, mean aIMT measurements.

May 2019 ORIGINAL ARTICLES

Thoracic Aortic Intima-Media Thickness in Preschool Children Born Small for Gestational Age 88.e1



Table III. Association between SGA (vs AGA) children
and aIMT by multivariate linear regression analysis

Multivariate

B Coefficient (95% CI) P value

Model 1
SGA (vs AGA) 0.100 (0.071, 0.129) <.001
Sex (male) 0.057 (0.027, 0.086) <.001
Age (y) 0.08 (�0.10, 0.026) .403

Model 2 (perinatal determinants)
SGA (vs AGA) 0.105 (0.072, 0.138) <.001
Sex (male) 0.063 (0.033, 0.092) <.001
Age (y) 0.009 (�0.009, 0.028) .318
Preterm �0.019 (�0.064, 0.25) .392
Breast feeding 0.003 (�0.003, 0.009) .299.
Maternal age 0.004 (0, 0.007) .027
Maternal height 0.003 (0, 0.005) .042
Gestational weight gain 0.002 (�0.001, 0.004) .067
Maternal university studies �0.031 (�0.062, �0.01) .046
Smoking 0.023 (�0.14, 0.061) .224
Nulliparity 0 (�0.032, 0.033) .983

Model 3 (anthropometric,
measurements)

SGA (vs AGA) 0.098 (0.067, 0.13) <.001
Sex (male) 0.059 (0.027, 0.092) <.001
Age (y) 0.001 (�0.029, 0.03) .954
BMI (z score) �0.028 (�0.058, 0.003) .073
BSA (m2) 0.079 (�0.18, 0.338) .598
SBP (mm Hg) 0 (�0.002, 0.0021) .853
Heart rate (bpm) 0 (�0.02, 0.02) .919
Tricipital fold (z score) 0.009 (�0.012, 0.030) .381
Waist/hip ratio 0.14 (�0.217, 0.498) .441

Model 4* (analysis)
SGA (vs AGA) 0.096 (0.062, 0.131) <.001
Sex (male) 0.078 (0.041, 0.114) <.001
Age (y) 0.018 (�0.004, 0.059) .109
Glucose �0.003 (�0.008, 0.003) .380
Insulin �0.008 (�0.067, 0.051) .794
HOMA 0.028 (�0.25, 0.306) .892
HbA1c 0.008 (�0.056, 0.073) .797
Uric acid �0.007 (�0.032, 0.018) .575
Triglycerides 0 (�0.002, 0.001) .398
LDL-cholesterol 0 (0, 0.001) .205
HDL-cholesterol 0 (�0.001, 0.002) .660
Urine albumin/creatinine 0 (0, 0.001) .811

Model 5 (statistical model)†

SGA 0.097 (0.067, 0.126) <.001
Sex (male) 0.063 (0.034, 0.092) <.001
Mother age (y) 0.004 (0.001, 0.007) .016
Gestational weight gain (kg) 0.003 (0.001, 0.006) .030
Mother university academic degree �0.033 (�0.063, �0.007) .029

HbA1c, hemoglobin A1C; HDL, high-density lipoprotein; HOMA, homeostatic model assess-
ment; LDL, low-density; PP, pulse pressure; SBP, systolic blood pressure.
*Model 4 was obtained from 200 subjects with complete data from blood and urine analysis (97
in the SGA group and 103 in the AGA group).
†Regression model based on 200 subjects with complete data from blood and urine test (97
subjects in the SGA group and 103 subjects in the AGA group). Variables considered in the
model (entry criteria P value of < .2 in univariate analysis): birth weight, birth length, sex,
BSA, BMI, tricipital fold, waist/hip ratio, HOMA index, insulin levels, serum triglycerides,
mother’s age, mother’s height, smoking during gestation, mother’s academic level (university),
and exclusive breast feeding (months).
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