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PURPOSE: Although intrauterine growth retardation (IUGR) is associated with increased risk of cardio-
vascular disease (CVD) in adult life, it is unclear whether the relationship is present at younger ages.
Furthermore, current debate suggests that postnatal factors might be at least as important as prenatal
conditions. The authors investigated whether low birth weight leads to an increased risk of subclinical ath-
erosclerosis in a population-based sample of 750 Dutch men and women, aged 27 to 30 years.

METHODS: Information about birth characteristics was available from the original charts of the Munici-
pal Health Service, Utrecht, The Netherlands. Cardiovascular risk factors were evaluated by a question-
naire. The extent of atherosclerosis, assessed by carotid intima-media thickness (CIMT), was measured

in both common carotid arteries.

RESULTS: Overall, birth weight was not related to common CIMT. However, in the lowest tertile of
birth length an inverse association between birth weight and common CIMT was observed. Moreover, low
birth weight was significantly associated with increased common CIMT in those who showed exaggerated

postnatal growth.

CONCLUSION: These findings suggest that low birth weight is only associated with increased common
CIMT in young adulthood in those who experienced severe [IUGR and in those who showed exaggerated

postnatal growth.
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INTRODUCTION

Several studies, largely restricted to middle-aged and elderly
populations, have shown that small body size at birth may
be associated with both atherosclerosis and cardiovascular
disease (CVD) (1-4). Besides, evidence is accumulating
in both young and elderly populations for a relationship
between birth characteristics and raised blood pressure (5—
7), high body mass index (BMI) (8), dyslipidemia (9), glucose
intolerance (10), and elevated fibrinogen or clotting factor
VII (11). The mechanisms underlying these relationships
have initially been attributed to an unfavorable intrauter-
ine environment that may induce permanent changes in
the structure, metabolism and physiology of fetal organs,
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Barker’s “fetal origin hypothesis” (12). However, Barker’s
theory has been criticized and discussed openly in recent lit-
erature (13), suggesting that postnatal growth in early child-
hood may be at least as important as intrauterine conditions
in the mechanism underlying the relation between reduced
birth weight and increased risk for CVD in adult life (14,
15).

Two concepts should be addressed in this context. First,
intrauterine growth impairment might lead to underdevel-
oped vascular beds, i.e. unfavorable collagen to elastin ratio,
and increased risk of atherosclerosis in adult life indepen-
dent of conventional risk factors for CVD (16). Second,
exaggerated postnatal growth, i.e. faster than based on ge-
netic constitution (“detracking”), might play a key role in
the development of vascular damage in later life since it
might result in obesity during child- or adult-hood with
increasing risk for atherosclerosis in later life (8, 17, 18).

High-resolution B-mode ultrasonography provides a non-
invasive method to quantify arterial wall thickening and
atherosclerosis progression. Carotid intima-media thickness
(CIMT) has been shown to be a strong predictor of cardio-
vascular morbidity and mortality in middle-aged and elderly
subjects (19, 20) and to be strongly related to cardiovascular
risk factors in healthy young adults (21-24). Additionally,
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common CIMT may be regarded as a valid marker of gener-
alized atheroslcerosis since it is strongly associated with
atherosclerosis in other parts of the arterial system (23, 25).

The objective of this study was to evaluate the relation-
ship between birth weight and subclinical atherosclerosis,
assessed by common carotid intima-media thickness, in
healthy young men and women, aged 27 to 30 years.
In addition, to further elucidate the underlying mechanism,
the impact of severe [IUGR and an exaggerated postnatal
growth in young infancy on the relation between birth
weight and common CIMT was studied.

MATERIALS AND METHODS
Study Design and Population
The Atherosclerosis Risk in Young Adults (ARYA) study

consists of two birth cohorts of young adults. Vascular mea-
surements were only performed in the Utrecht cohort and
hence this article is restricted to that part of the ARYA
study (26). The Utrecht cohort comprises 750 young adults
born between 1970 and 1973, who attended secondary
school in the city of Utrecht in The Netherlands and for
whom original medical records were available from the
Municipal Health Service.

To enroll ARYA participants in Utrecht, a stepwise pro-
cedure was used: all available Municipal Health Service
charts (n = 15,592) were checked for the presence of ad-
equately registered birth weight (birth weight notations with
a * sign were excluded) and at least one blood pressure
measurement during adolescence. All young adults with a
complete chart (n = 4208; 26.9%) were invited by mail
(last-known parental address) to participate in the study.
2191/4208 (52.1%) individuals did not respond despite regu-
lar mailings, 726/4208 (17.3%) letters were returned because
of an inadequate address, 470/4208 (11.2%) subjects
declined to take part and 821/4208 (19.5%) were willing
to participate. Of the eligible 821 young adults, 14 were
excluded because of pregnancy and 55 declined to partici-
pate after they had given informed consent. Two candidates
did not appear at our clinic. Ultimately, 750 young adults
completed participation in the Utrecht part of the ARYA
study. From October 1999 to December 2000, the partici-
pants were asked to visit our out-patient clinic twice within
a 3-week period.

The ARYA-study was approved by the Medical Ethical
Committee of the University Medical Center Utrecht and
all participants gave written informed consent.

Birth Characteristics

In The Netherlands virtually all babies attend mother-and-
child clinics, a part of the Municipal Health Service, in their
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first 4 years of life. Growth and development are monitored,
vaccinations are given and parental advice is given when
needed. The first contact is scheduled when the newborn is
about 4 weeks old and at that time data, provided by the
mother, on pregnancy, delivery and birth characteristics
are recorded.

For purposes of the ARYA study, birth weight, birth
length, gestational age and information about the delivery
were obtained from the original charts of the Municipal
Health Service. Since the presence of information on birth
weight was one of the inclusion criteria for participation in
the ARYA study, it was known in all participants but one,
who was included by mistake. In contrast, length at birth
and gestational age were known in 581/750 (77.5%) and
599/750 (79.9%) participants, respectively. Premature birth
(n = 32) was defined as babies born before 37 weeks of
gestation. There was no difference in gender, mean common
CIMT, birth length, and gestational age between partici-
pants with and without complete birth data. In contrast,
birth weight was significantly lower in those without known

birth length.

Postnatal Growth

Most reports concerning the issue of postnatal growth use
z-scores and delta-z-scores as a measure to quantify postnatal
growth. Since we used routinely-assessed measurements of
infant growth, we were not able to use z-scores because our
children were not measured at the same age, but over quite
an age range. Hence, an alternative measure, which reflects
the shift in the distribution was needed. In our study,
postnatal growth within the first 2 years of life was defined
as the difference in gender-specific decile of weight at the age
of 6, 12, 18, or 24 months compared to the gender-specific
decile of weight at birth. Difference in deciles (A-decile)
was calculated in each of the 4 periods: between birth and
6 months of age (0-6 months), birth and 1 year of age (0—
12 months), birth and 1.5 years of age (0—18 months) and
birth and 2 years of age (0—24 months). So, a person who
was in the 30th percentile at birth, and at the 90th percentile
at 6 months of age obtained a A-decile for the 0—6 months
period of 90-30. For a person that had the opposite, a 30-
90 score was obtained. Next, to define the growth-pattern
during infancy each A-decile was divided into tertiles of
the distribution. The lowest, middle, and highest tertiles
of A-decile were used as measure for minimal, constant, and
exaggerated (“catch-up”) growth in early life, respectively.

Cardiovascular Risk Factors at Young Adulthood

At each visit blood pressure was measured twice after 5
minutes rest and at an interval of 5 to 15 minutes, on
the left arm in sitting position, with an automated device
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(Dinamap) without replacing the cuff between the two mea-
surements. Mean systolic and diastolic blood pressure were
calculated as the average of the four measurements. During
the first visit anthropometric measurements were performed.
Height, weight, and waist-hip circumference were mea-
sured with indoor clothes without shoes (27). A written
standardized questionnaire was completed on miscellaneous
cardiovascular risk factors, like family history of CVD, smok-
ing habits, alcohol intake, current drug use and physical
activity.

During the second visit fasting venous blood samples
were drawn. The samples were stored at —20°C until all
participants were enrolled in the study. Total cholesterol,
high-density-lipoprotein (HDL)cholesterol, triglycerides,
and glucose were determined using Vitros950 dry-chemistry
analyzer (Johnson & Johnson, Rochester, New York, USA).
Low-density-lipoprotein (LDL) cholesterol was calculated
using the Friedewald formula (TC—HDL—(0.45 * TG))
when TG < 8.0 mmol/L.

Common Carotid Intima-media Thickness (CIMT)

Ultrasonography of both the left and right carotid artery
was performed in all 750 participants, using a 7.5 MHz linear
array transducer (Acuson Aspen). On a longitudinal two-
dimensional ultrasound image of the carotid artery, the near
and far walls of the carotid artery are displayed as two
bright white lines separated by a hypoechogenic space. The
distance of the leading edge of the first bright line of the far
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wall and the leading edge of the second bright line indicated
the intima-media thickness. When an optimal longitudinal
image was obtained, it was frozen on the R-wave of the
electrocardiogram and stored on video tape (Figure 1). This
procedure was repeated at 4 predefined angles per side (180°,
150°, 120°, 90° for the right carotid artery and
180°, 210° 240°, 270° for the left carotid artery) using the
Meijer’s arc.

The actual measurements were performed off-line. The
frozen images on the video tape were digitized and displayed
on a screen using additional dedicated software as de-
scribed in detail by Wendelhag et al. (28). In short, the inter-
faces of the distal common carotid artery were marked over a
length of 10 mm using an automated edge detection ap-
proach. The beginning of the dilatation of the distal carotid
artery served as a reference point for the start of the measure-
ment. The average of the intima-media thickness of the 8
predefined angles was used for each subject as a measure for
current wall thickness of the common carotid artery. Both
sonographer and reader were unaware of participants’
birth data.

The reproducibility of the CIMT-measurement was as-
sessed by scanning 21 subjects on a second occasion by
another sonographer. Absolute mean difference (+ SE) of
the repeated measurements between visits was 0.012 mm
(0.004) for mean intima-media thickness of both carotid
arteries. The intraclass correlation coefficient for repeated
measurements was 0.84.

« lumen

intima
media
adventitia

44

FIGURE 1. A characteristic longitudinal 2-D B-mode image of the distal common carotid artery from which intima-media thickness
can be measured as the distance between the white line reflecting the lumen intima interface and the second white line reflecting the

media-adventitita interface.
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Statistical Analysis

The clinical and biochemical features of the population are
presented as mean (standard deviation). The relationship
between mean common CIMT, birth characteristics, and
cardiovascular risk factors was evaluated by linear regression
models. Common CIMT and birth weight were used as
continuous variables in the analysis. Data on cardiovascular
risk factors were analyzed either continuously or by tertiles
of the distribution. Since there was a statistically significant
difference in common CIMT between the two readers
(p < 0.001) all analyses were adjusted for reader. All associa-
tions were expressed as linear regression coefficients with
corresponding 95% confidence intervals.

The data were analyzed in four ways. A linear regression
model with common CIMT as dependent variable and birth
weight as independent variable was used, successively ad-
justed for reader and gender. To evaluate whether gender
modifies the association between birth weight and CIMT,
the model was repeated in men and women separately and
was evaluated using a multiplicative interaction term. The
second analysis step aimed to evaluate whether severe
IUGR, defined as low birth weight combined with low birth
length, modified the association by repeating the analysis
in strata of tertiles of birth length. To be sure that our
definition of severe IUGR reflects dysmaturity and not pre-
maturity, the latter analysis was repeated after exclusion of
the premature born babies. Third, in order to evaluate
whether cardiovascular risk factors modify the relation of
birth weight to carotid intima-media thickness, analyses
were performed in tertiles of the risk factors—BMI, systolic
and diastolic blood pressure, total- and LDL-cholesterol.
Finally, to evaluate the effect of postnatal growth on the
relationship between birth weight and common CIMT
the analysis was performed in strata of growth-pattern in
early infancy. In the group that showed exaggerated growth
during infancy, mean common CIMT and BMI were com-
pared between low birth weight (lowest quartile of birth
weight), and normal birth weight infants to further elucidate
the effect of infant growth on common CIMT.

Statistical analysis was performed with the statistical
package SPSS-9.0 for Windows.

RESULTS

Among the 750 participants (352 male and 398 females)
mean (SD) common CIMT was 0.49 (0.05) mm. Men had
higher common CIMT, systolic blood pressure, diastolic
blood pressure, LDL cholesterol, fasting glucose, and tri-
glyceride levels than women. HDL cholesterol was lower
in men compared to women and more men were current
smokers. No gender difference was seen with respect to BMI
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and total cholesterol. Furthermore, men were heavier and
longer at birth compared to women despite similar gesta-
tional age (Table 1).

In the overall analysis, adjusted for reader and gender,
we did not observe an association between birth weight and
common CIMT (linear regression coefficient = 1.5 wm/kg;
95% CI, —4.4, 7.3). Gender did not modify the relationship
as indicated by a non-significant multiplicative interaction
term. In addition, since there was no difference in birth
weight between parental level of social-economical status
(SES), defined as the highest educational level of the father,
the linear regression coefficients from the model including
parental SES did not change materially. However, the rela-
tionship between birth weight and common CIMT was
inverse and significant in the lowest tertile of birth length
(linear regression coefficient = —12 pum/kg; 95% CI, —6,
—18). Adjustment for gender did not change these findings.
Exclusion of premature birth strengthened this association,
with a linear regression coefficient of —16 um/kg; 95% ClI,
-9, —23 (Figure 2).

A consistent inverse trend in the relationship between
birth weight and common CIMT was seen in young adults
in the highest tertiles of current BMI, and systolic and
diastolic blood pressure levels. None of these trends, how-
ever, reached statistical significance. In contrast, in lean
young adults (lowest BMI tertile) high birth weight was
related to increased common CIMT (Table 2).

TABLE 1. Characteristics of the 750 men and women in the
Atherosclerosis Risk in Young Adults (ARYA) study at birth
and at 28 years of age

Men Women
(N =352) (N = 398)

Age (Yr) 28.4 (0.9) 28.4 (0.9)
Male (%)
Systolic blood pressure (mmHg) 131 (12) 121 (12)
Diastolic blood pressure (mmHg) 73 (8) 71 (8)
Body mass index (kg/m?) 24.7 (3.7) 24.6 (0.5)
Total cholesterol (mmol/l) 4.8 (1.0) 4.8 (0.8)
HDL-cholesterol (mmol/l) 1.3 (0.3) 1.6 (0.4)
LDL-cholesterol (mmol/l) 2.9 (0.9) 2.7 (0.8)
Triglycerides (mmol/l) 1.4 (0.9) 1.2 (0.6)
Glucose (mmol/l) 5.2 (1.6) 4.8 (0.4)

Current smoker (%) 36% 27%

Carotid intima-media thickness (mm) 0.50 (0.05) 0.48 (0.05)
Birth weight (gram) 3479 (541) 3364 (546)
Birth length (cm) 51.3 (2.5) 50.4 (2.5)
Gestational age (wk) 39.8 (1.8) 39.8 (2.0)
Parental social economical status® Low: 55% Low: 48%
Middle: 23% Middle: 23%
High: 22% High: 29%

Values are expressed as mean (standard deviation).

HDL = high-density lipoprotein-cholesterol; LDL = low-density lipoprotein-cholesterol.
“Social economical status is based on the highest educational level of participants’
fathers.
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FIGURE 2. Association between birth weight and common carotid intima-media thickness, adjusted for gender and reader, by tertiles
of birth length in young adults, participating in the Atherosclerosis Risk in Young Adults (ARYA) study in the Netherlands. The vertical
lines represent the corresponding 95% confidence interval. (White bar Lowest tertile of birth length; gray bar Middle tertile of birth

length; black bar Highest tertile of birth length.)

Birth weight was positively associated with common
CIMT in subjects who showed minimal growth during in-
fancy (linear regression coefficient for 0-24 months = 26
um/kg; 95% CI, 9, 43). In contrast, birth weight was in-
versely associated with increased common CIMT in the
participants who showed exaggerated (“catch-up”) growth
during infancy over a period of 2 years with a linear regres-
sion coefficient of =35 um/kg; 95% CI, —18, —52 (Figure 3).
Table 3 and 4 show mean common CIMT and BMI, respec-
tively, in the group that experienced exaggerated growth in
early infancy. Within this group, the highest common
CIMT and BMI levels were seen in infants born in the
lowest quartile of birth weight. Analysis in the group that
showed constant growth over time revealed no difference
in common CIMT and adult BMI while in the group of

minimal growth, the children who were heavy at birth
(highest quartile of birth weight) showed higher CIMT and
higher adult BMI compared to the rest of the cohort (data
not shown).

DISCUSSION

In ARYA participants who were short at birth, lower birth
weight was associated with higher common CIMT at young
adulthood independent of gender. Additionally, low birth
weight was associated with an increased common CIMT in
those who had experienced an exaggerated (“catch-up”)
growth in early postnatal life.

TABLE 2. Linear regression coefficients for the association between birth weight and common carotid intima-media thickness
according to tertiles of current cardiovascular risk factors in young adults, participating in the Atherosclerosis Risk in Young Adults

(ARYA) study

Lowest tertile

Middle tertile Highest tertile

B 95% CI b 95% CI B 95% CI
Body mass index (kg/mz) 11.1 2.1;20.2 1.3 -7.3; 99 —-5.8 —17.3; 5.7
Systolic blood pressure (mmHg) 3.1 —6.3;12.4 9.0 —0.6; 18.5 —-74 —18.6; 3.7
Diastolic blood pressure (mmHg) 3.6 —6.1;13.2 11.3 1.2;21.3 —10.3 —20.9; 03
Total cholesterol (mmol/l) —-0.4 —10.6; 9.9 3.0 —6.4; 12.4 2.9 —1.8; 13.6
LDL-cholesterol (mmol/l) —-3.8 —12.7; 5.2 5.2 —4.6; 15.0 33 —8.2; 14.9

B = linear regression coefficients, adjusted for gender and reader, reflecting changes in common CIMT (in pm) by 1 kg increase in birth weight; 95% CI = 95 percent

confidence interval.
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FIGURE 3. Association between birth weight and common carotid intima-media thickness, adjusted for gender and reader, according
to postnatal growth pattern (evaluated over several periods) in young adults, participating in the Atherosclerosis Risk in Young Adults
(ARYA) study in the Netherlands. The vertical lines represent the corresponding 95% confidence interval. (White bar Minimal postnatal
growth; gray bar Constant postnatal growth; black bar Exaggerated postnatal growth.)

To appreciate these results some issues need to be ad-
dressed. The ARYA study was based on the 750 participants
who were traced and agreed to attend the research clinic
(18% of the 4208 letters sent). To evaluate whether se-
lection bias might be an issue we collected information
about birth weight, systolic and diastolic blood pressure as
well as weight and height during adolescence from all
charts matching our inclusion criteria in birth cohort 1970.
None of these parameters was significantly different between

TABLE 3. Differences in mean common carotid intima-media
thickness” at young adulthood between participants of the Ath-
erosclerosis Risk in Young Adults (ARYA) study born in the
lowest quartile of birth weight compared to the rest of the
cohort who showed an exaggerated growth in several periods of
early infancy

responders and non-responders. Besides, the social and eco-
nomical status as well as the educational level of our partici-
pants was comparable to mean population levels as provided
by the Central Office for Statistics in The Netherlands
(www.cbs.nl.). Moreover, since we have no reason to assume
that the relationship between birth weight and common
CIMT differs between responders and non-responders, we
do not believe that our results are biased. Additionally,
we were able to reduce misclassification of the birth charac-
teristics to a minimum as we used written data from original

TABLE 4. Differences in adult body mass index” between parti-
cipants of the Atherosclerosis Risk in Young Adults (ARYA)-
study born in the lowest quartile of birth weight compared

to the rest of the cohort who showed an exaggerated growth

in several periods of early infancy

Low birth weight®  Normal birth weight® Low birth weight®  Normal birth weight®

Mean 95% CI  Mean 95% Cl Mean 95% CI  Mean 95% CI
Birth-6 months (N = 191)  0.50 0.49, 0.51  0.49 0.48, 0.49 Birth-6 months (N = 191)  24.8 23.4, 262 25.0 24.4, 25.6
Birth-12 months (N = 145) 0.50 0.48, 0.51 0.48 0.47, 0.49 Birth-12 months (N = 145) 25.1 23.7,26.5 24.2 23.4,25.0
Birth-18 months (N = 82)  0.50 048, 0.53 0.49 0.47, 0.50 Birth-18 months (N = 82)  26.2 24.4,28.0 243 23.3,25.3
Birth-24 months (N =59)  0.51 048, 0.53 047 0.46, 0.49 Birth-24 months (N =59) 259 23.2,28.6 24.5 22.9, 26.1

The first column represents the postnatal period in which the exaggerated growth,
defined as the highest tertile of delta-decile, is calculated.

*Common CIMT is adjusted for reader and gender.

Plow birth weight was defined as birth weight within the lowest quartile of the distri-
bution.

“normal birth weight was defined as birth weight in the 2nd, 3rd or highest quartile
of the distribution.

95% CI = 95 percent confidence interval.

The first column represents the postnatal period in which the exaggerated growth,
defined as the highest tertile of delta-decile, is calculated.

“Body mass index is adjusted for gender.

Plow birth weight was defined as birth weight with the lowest quartile of the distri-
bution.

‘normal birth weight was defined as birth weight in the 2nd, 3rd or highest quartile
of the distribution.

95% CI = 95 percent confidence interval.
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charts, which were filled in by the Municipal Health Service
when the babies were about 1-month old, rather than relying
on parental memory. An issue one should appreciate is that
the sample size of the present study may be considered small,
in particular for evaluating relations in subgroups.

With respect to our outcome measurement, CIMT is
considered to be a good measure for generalized atherosclero-
sis (25, 29). It is strongly related to several conventional
cardiovascular risk factors (30, 31) and has been shown to
be a good predictor for CVD (19) in middle-aged and
elderly subjects. Most conventional risk factors are already
positively associated with subclinical atherosclerosis at a
young age (22). Although direct evidence is lacking for the
relation between common CIMT and future cardiovascular
events in this age group, we feel that, given the relations with
CVDrisk factors and coronary calcification (23), individuals
with the highest CIMT in young adulthood are more likely
to be at higher risk to develop CVD in later life than subjects
with the lowest CIMT.

Low birth weight infants are considered to have suffered
growth retardation in utero if their birth weight appeared to
be lower than it was expected to be. Previous studies in
middle-aged subjects have shown an inverse association be-
tween birth weight and atherosclerosis as well as cardiovas-
cular morbidity and mortality in later life (1-4, 12, 32, 33).
However, in our young study population we were not able
to fully confirm these findings. It is possible that Barker’s
theory only applies to specific subgroups rather than to the
population at large. Firstly, Barker’s hypothesis was postu-
lated in middle-aged individuals born before World War II.
Our young population, born between 1970 and 1973, might
differ from the older population in respect to intrauterine
circumstances (e.g., severity of experienced growth retarda-
tion in utero). The severity of IUGR might play a key
role in the vascular underdevelopment of low birth weight
infants. It is possible that only those who experienced severe
adverse conditions in utero, expressed by low birth weight
combined with short birth length, are the individuals whose
vasculature developed in such a way that they become
more at risk for CVD in later life. Our finding that only in
severely growth retarded newborns is low birth weight re-
lated to thicker common CIMT in young adults agrees with
that reasoning. A second difference between the elderly
cohort in which Barker’s hypothesis was postulated and
worked out and our younger population might concern the
current risk profile for CVD and threshold beyond which
vascular damage begins to develop. The arterial system of
low birth weight infants might be more susceptible to the
adverse effects of the conventional risk factors for CVD
such as increased BMI, dyslipidemia, smoking and raised
blood pressure than newborns with normal birth weight.
From this perspective the strongest relationship between
low birth weight and common CIMT is expected to be
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in the “high-risk” individuals. Alternatively, the relative
contribution of (low) birth weight for common CIMT in-
crement is smaller in subjects with increased risk factors for
CVD. From this latter perspective the strongest relationship
between low birth weight and high CIMT is expected to
appear in the “low-risk” individuals. To be able to evaluate
this hypothesis we stratified ARYA participants according to
current risk profile. Although statistically significant levels
were not reached in any of these analyses, an inverse trend
between birth weight and common CIMT was seen in the
young adults with the highest current levels of BMI and
systolic and diastolic blood pressure. Current risk factors
might play a more important role in the development of
atherosclerosis than intrauterine growth. It is plausible that
the adverse influence of conventional risk factors on the
development of vascular damage has to exceed a particular
threshold before vascular damage appears. As the exposure
time for those conventional risk factors is rather short due
to the relatively young age of our population, it is possible that
such high levels of risk factors have not yet existed long
enough to initiate manifest vascular damage.

Based on recent discussion in the literature, an alterna-
tive explanation for the observed relationship between low
birth weight and increased common CIMT concerns the
more pronounced role of postnatal catch-up growth abilities
in the development of CVD (14, 15, 18), especially in
those who were small at birth. Growth during infancy might
modify the relation between birth weight and CIMT. To
evaluate this theory we stratified ARYA participants into 3
groups: exaggerated (“catch-up”), minimal, and constant
growth. The infants with the lowest birth weight had the
thickest common CIMT at young adulthood if they showed
exaggerated growth during their first 2 years of life. In con-
trast, within the group that showed minimal postnatal
growth in early childhood an increase in birth weight was
associated with an increase in common CIMT. A compara-
ble phenomenon has been described earlier with respect to
systolic blood pressure. Low as well as high birth weights
were associated with raised levels of systolic blood pressure
in young children (34). Adverse intrauterine circumstances
leading to either decreased or increased size at birth may
contribute to the increased risk for elevated blood pressure
and higher common CIMT seen in those individuals in
adult life.

The positive trend in the relation between birth weight
and common CIMT, observed in those whose adult BMI is
in the lowest tertile and in young adults who showed mini-
mal postnatal growth disagree with Barker’s hypothesis and
our other findings. The positive relation between birth
weight and CIMT in lean adults might be explained by the
fact that adult BMI is determined by tracking in lean adults
(r = 0.18; p = 0.004) while it is determined by detracking
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in obese adults (r = 0.08; p = 0.202). In addition, the rela-
tion between adult BMI and common CIMT is positive in
both groups. Hence, within the lean adults, those with the
highest adult BMI should have had a relative high birth
weight and the highest common CIMT, explaining the
positive relation between birth weight and CIMT observed
in this group. In contrast, within the obese adults, those
with the highest adult BMI should have been LBW-infants
and have the highest common CIMT, explaining the nega-
tive trend between birth weight and CIMT observed in this
group. The positive relation between birth weight and
common CIMT observed in those who showed minimal
growth during early infancy might be explained by the fact
that within this group, the children who were born with a
relatively high birth weight (highest quartile) had the high-
est common CIMT. These results support the idea, men-
tioned above, that a U-shaped relationship might exist
between birth weight and common CIMT. However, the
underlying mechanism remains unknown.

In conclusion, our findings suggest that severe IUGR,
resulting in both low birth weight and short birth length,
is associated with increased risk of subclinical atherosclerosis
in young adults. Moreover, low birth weight was related to
increased CIMT in young adults who showed exaggerated
postnatal growth. The combined effect of severe IUGR
and postnatal growth pattern should be further extended in
future research. However, our findings support the view
that an exaggerated growth postnatally may be at least as
important as prenatal factors to explain the relation between
low birth weight and subsequent risk of cardiovascular
disease.
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