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Abstract 

Background  

Preterm birth increases risk for adult cardiovascular disease. We hypothesized that arteries in 

6-year-old children born preterm are narrower, with thicker intima-media and stiffer than in 

peers born at term. 

Methods 

Children born extremely preterm (EXP, n=176, birthweights: 348-1161g) and at term (CTRL, 

n=174, birthweights: 2430-4315g) were included. Using ultrasonography, we determined 

diameters of the coronaries (CA), common carotid arteries (CCA) and aorta, the carotid 

intima media thickness (cIMT), and the stiffness index of the CCA and aorta. 

Results 

Arteries were 5-10% narrower in EXP than in CTRL (p<0.005) but after adjustment for body 

surface area, diameter differences diminished or disappeared. EXP-children born small for 

gestational age exhibited similar arterial dimensions as those born appropriate for date. The 

cIMT was 0.38 (SD=0.04) mm and did not differ between groups. Carotid but not aortic 

stiffness was lower in EXP than in CTRL.  

Conclusions 

In 6-year-old children born extremely preterm, conduit arteries are of similar or smaller size 

than in controls born at term, and they have no signs of accelerated intima media thickening 

or arterial stiffening. While these findings are reassuring for these children and their families, 

the causal pathways from preterm birth to adult cardiovascular disease remain unknown.  
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Introduction 

Although preterm birth still is a major cause of death on a global level, survival after preterm 

birth has increased significantly in many countries (1). As a result, there are approximately 20 

million children (0-18 years) born preterm in Europe and North America, and the population 

of young adults born preterm is growing. This development is associated with previously 

unknown adult health issues: several studies link preterm birth to an increased risk for 

morbidities in adulthood, such as later hypertension (2, 3), diabetes (4, 5), stroke (6-8), 

accelerated cardiac aging (9) and even early death from cardiovascular disease (CVD) (10).  

Studies of cardiovascular structure and function in children born preterm may help clarifying 

how birth-related events interact with and predict childhood and adult outcomes. Immediately 

after preterm birth, growth of retinal microvessels (11) and of large arteries such as the 

carotids and aorta (12) slow down compared with fetal development. Long-term follow-up 

data suggest that this birth-related decrease in vascular growth velocity after preterm birth 

may be a persisting and generalized phenomenon (13-17). Some reports but not all (14, 18-

21) also suggest that, besides arterial narrowing, accelerated intima-media thickening (17, 22)  

and early loss of arterial elasticity (23, 24) may be involved in the causal pathway from 

preterm birth to CVD.  

Among infants born extremely preterm, survival is nowadays the most probable outcome (1). 

Given a dose-response relationship between each incremental decrease in gestational age and 

increasing cardiovascular risk in adult life (2, 10), we hypothesized that children born 

extremely preterm exhibit adverse arterial growth (diameter) and premature vascular aging 

(intima-media-thickening and wall-stiffening) compared with age- and sex-matched control 

children born at term. To test these hypotheses, we performed a comprehensive 6½-year 

follow-up of a population-based cohort of infants surviving extremely preterm birth. 



5 
 

Results 

In total, 348 children were assessed; 176 EXP and 172 CTRL. Both groups had similar rates 

of a family history of CVD. The proportion of university educated mothers was lower and 

smoking in pregnancy was more common in EXP than in CTRL. There was no group 

difference in participants’ chronological age at examination, but weight, height, BMI and 

BSA were lower in EXP than in CTRL. Heart rate was higher in EXP than in CTRL, whereas 

SBP and DBP did not differ between the two groups, Table 1.   

Coronary, carotid and aortic diameters  

A positive family history of CVD in first degree relatives to the parents (256/348=74%), 

maternal university education (186/348=53%) or maternal smoking in pregnancy 

(11/348=3.2%) showed no association with arterial dimensions at 6½-years-of-age, except for 

a 3.0% smaller right CCA (p=0.02) in children with a family history of CVD and 3.9% wider 

aortic annulus valve (p<0.001) in children to mothers with university education (data not 

shown). 

Unadjusted arterial diameters were significantly smaller in EXP than in CTRL (p<0.005 for 

all comparisons). The coronary arteries were 6.7 – 10.5% narrower, with the largest difference 

in the left anterior descending artery. The left carotid artery was 4.3% narrower and the right 

carotid artery 6.3% narrower in EXP than in CTRL. The aortic valve annulus was 8.6% and 

the abdominal aorta was on average 9.3% narrower in EXP than in CTRL. However, after 

adjusting arterial diameters for current body surface area and site, these group differences in 

arterial dimensions diminished (left CA, right CCA, aorta) or disappeared (right CA, left 

anterior descending CA, left CCA), Table 2. 

In EXP, arterial dimensions adjusted for BSA and site were similar or slightly smaller (right 

and left anterior descending CA) in children born at 22-24 weeks of gestation than in 25-26 
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weeks of gestation, Table 3. Arterial dimensions in EXP-children did not differ in relation to 

being born SGA or AGA, Table 4, or in relation to being SGA or AGA ten to fourteen weeks 

after birth, i.e., at 36 weeks of postmenstrual age, Table 5. 

Carotid intima media thickness 

The overall mean common carotid IMT (cIMT) was 0.38 (SD=0.04) mm. A family history of 

CVD (256/348=74%) was associated with a thinner cIMT (right side = -0.02 mm, p=0.006, 

and left side = -0.02 mm, p=0.001) compared with children without a family history of CVD. 

Neither maternal university education nor smoking in pregnancy was associated with cIMT in 

6 year-old-children. 

The cIMT did not differ between EXP and CTRL, or between the left and right common 

carotid artery. The relative cIMT (IMT in relation to carotid inner diameter) was thicker in 

EXP than in CTRL, Table 6. 

In EXP, cIMT (absolute or relative) did not differ between those born at weeks 22-24 and 25-

26, between those born SGA and AGA, or between those SGA and AGA at 36 weeks of 

postmenstrual age. 

Carotid and aortic strain and stiffness index 

Carotid strain – i.e., the relative systolic to diastolic diameter change – and stiffness index at 

6-years-of-age were not associated with a family history of CVD, maternal university 

education or smoking in pregnancy.  

Aortic strain was 7.7% lower (p=0.049) and aortic stiffness index 15% higher in children with 

a family history of CVD (p=0.010), whereas maternal university education or smoking in 

pregnancy were not associated with aortic strain or stiffness index. 
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Carotid strain was approximately 5% higher and carotid stiffness was on average 8.2% lower 

in EXP than in CTRL. Strain and stiffness index of the abdominal aorta did not differ between 

the two groups, Table 7. 

Left carotid stiffness index was 14% lower in EXP born at 22-24 weeks compared with 25-26 

weeks (p=0.009), but right carotid and aortic stiffness were not related to gestational age. 

Carotid or aortic stiffness indices did not differ between EXP-children born SGA or with 

appropriate birth weight. In EXP-children SGA at 36 weeks of postmenstrual age, left carotid 

stiffness index was 10% lower than in those AGA at 36 weeks of postmenstrual age 

(p=0.014), whereas right carotid or aortic stiffness did not relate to SGA or AGA at 36 weeks 

of postmenstrual age (data not shown). 

Discussion 

In this study of vascular outcomes in childhood survivors of preterm birth at 22-26 weeks of 

gestation, we found that the aorta, the coronary and carotid arteries were 5-10% narrower than 

in age- and sex-matched controls born at term. However, children born extremely preterm 

were still at 6-years-of-age smaller (on average 3.6 kg lighter and 5 cm shorter) than their 

peers born at term. After adjusting arterial diameters for current body surface area, the 

differences between the groups became smaller or disappeared. Carotid intima-media 

thickness was similar in the two groups and the carotid (but not aortic) stiffness was lower in 

children born extremely preterm than in those born at term. These results could not be 

explained by group differences in maternal education or smoking during pregnancy – both 

proxies for socioeconomic status – or by a family history of CVD.  

In previous studies, we reported decelerated arterial growth after preterm birth (12) and 16-

19% smaller aortic cross-sectional luminal area (corresponding to 4-5% shorter arterial 

diameter) in adolescents born very preterm, also after adjusting for body surface area (13). 
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Persistent aortic narrowing is in line with our present findings. Another study concluded that 

after adjustment for BSA, diameters of the abdominal aorta, carotid, and popliteal arteries 

were not significantly different between 7-year-old children born preterm or at term (25). 

However, given a sample size of 32 children in each group (25) a similar effect-size as in our 

study could not be detected. In addition, differences in arterial diameters might become more 

apparent once final catch-up of somatic growth has occurred, i.e., in adolescence and in 

adulthood. Different arteries may also exhibit different growth trajectories: although we 

previously demonstrated that both the aorta and the carotid arteries suffered from grow failure 

in the first six months after very preterm birth (12) the aorta appears to be more sensitive to 

long-lasting growth retardation than the carotid arteries (14, 20, 26). These interpretations are 

supported by recent data demonstrating aortic narrowing in young adults born very preterm, 

but similar carotid and brachial artery size than in adults born at term (27). 

The study of coronary arteries in children born extremely preterm is an unexplored field. 

Reassuringly, our results of coronary diameters correspond to previously reported normal 

ranges for healthy children (28). And after adjusting coronary diameters to body surface area, 

the group differences diminished (4.3%) or disappeared below our detection limit (<4%). 

However, the unadjusted findings of 6.7-10.5% narrower coronaries – corresponding to an 11 

to 21% smaller luminal area – in children born EXP may have implications for the future 

CVD-risk in adulthood: a small coronary inner diameter has been identified as an independent 

predictor of atherosclerotic lesions (29). We suggest that the growth and development of the 

coronary arteries in EXP, as well as the myocardial flow reserve, should be assessed until 

adult age.  Studies on possible perinatal mediators of coronary artery narrowing after preterm 

birth, e.g. patent ductus arteriosus and its treatment (30), and studies on the correlation 

between coronary artery diameter and left ventricular mass are also warranted (31).  
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Maternal smoking during pregnancy has previously been associated with lasting aortic 

narrowing.19 We could not confirm such an association in this study, possibly related to small 

numbers (n=11 out of 348) of smoking mothers and limitations in power. 

Fetal growth restriction is a perinatal risk factor associated with growth failure of the arterial 

tree in childhood (31, 32). We found no association between prenatal growth failure and 

arterial size at 6-years-of-age. As children born SGA in our study had been exposed to intra-

uterine growth restriction for a limited period of time (due to induced delivery at low 

gestational age), the effect of fetal growth restriction may be relatively smaller than in other 

studies. In addition, the small number of children born SGA in this study (n=27) contribute to 

limitations in power.  

Postnatal growth failure in the neonatal period was not associated with smaller arteries at 6-

years-of-age. We find this intriguing as fetal growth failure during the same developmental 

period, i.e., the third trimester, has been associated with permanent narrowing of the aorta and 

popliteal arteries (32). In addition, as opposed to children born thin at term because of 

intrauterine growth restriction (33), we did not find any signs of increased carotid stiffness in 

EXP children. On the contrary, their carotid arteries were more elastic than those of children 

born at term. The absence of an association between preterm birth and accelerated arterial 

stiffening is in line with some (14, 17) but not all (21, 23) previous studies. Comparisons are 

complicated by different methods as well as different age groups and vascular segments. 

Based histological data we think carotid intima media thickness can be an appropriate 

measure of subclinical arteriosclerosis also in small children (34). The carotid intima media 

thickness reported herein corresponds to previously reference data in healthy 6-year-old 

children (35). Accelerated carotid intima media thickening did not occur in EXP. Similar 

observations have been made in adolescents (19) and young adults born preterm (17). 
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Considering normal or even enhanced carotid elasticity as well as normal endothelial function 

(14-17), there is so far no obvious vascular clue explaining why there is an inverse association 

between low gestational age at birth and increased adult mortality from stroke (6-8). Either 

the increased carotid pulsatility found in children born preterm contribute to compromise 

carotid function later in early middle-age, or the underlying mechanisms may instead be 

related to increased blood pressure and development of hypertension after preterm birth (2, 3). 

Strengths of this study include the population-based and prospective design. Recruitment of a 

large cohort of survivors born at 22-26 weeks of gestation having a thorough vascular follow-

up at 6-years-of-age is also one of the important new contributions of this study as prior 

studies of children born preterm mostly included those born more mature and after longer 

gestations. The control group was carefully chosen to avoid selection bias. Blinding of those 

performing the measurements and analyses minimized observer bias and drop-out analysis did 

not indicate any response bias.  

Limitations include that causality cannot be proven for any association between preterm birth 

and later vascular outcome, and genetic or other sources of confounding cannot be excluded. 

Although the total number of participants allowed for detection of even small effects/group 

differences (down to 0.3SD) with sufficient power (0.80), smaller numbers in some of the 

subgroup analyses may limit conclusions about statistically insignificant differences. We 

studied some but not all systemic arteries, and the arteries of the pulmonary circulation were 

not included. Blood sampling for lipid profiling, inflammatory status or other biomarkers of 

vascular aging was not performed. Arterial stiffness was studied in segments of the common 

carotid artery and the abdominal aorta, but we did not evaluate pulse wave velocity over the 

entire aorta. Finally, arterial blood flow and vascular resistance were not assessed.  
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The most important clinical implication of our findings is that before 6 years of age, there 

seems to be no need for routine investigation of the systemic arteries in children born 

extremely preterm. If preterm narrowing of the arterial tree in the future studies should be 

linked to increased risk for cardiovascular morbidity and mortality at later age, we think that 

the roots and opportunities for interventions should primarily be sought in the neonatal period 

(12).  

In the clinical situation, indexing the arterial diameter by dividing it with BSA may be an 

accepted way to account for variations in body size. In our study, the average BSA-indexed 

arterial diameters were found to be similar or even wider in EXP than in CTRL (data not 

shown). This demonstrates that in situations of marked variations in BSA such as in children 

born extremely preterm, indexed arterial diameters may be heavily dependent on the 

denominator (BSA) and thereby may become difficult to interpret. 

In summary, healthy 6-year-old children surviving after extremely preterm birth have a 

smaller or similar sized arterial tree, similar intima media thickness, and similar or even 

decreased arterial stiffness compared with age- and sex-matched control children born at term. 

For a better understanding of the link between preterm birth and cardiovascular disease in 

adult life, further studies are needed. Such research agenda include longer term follow-up of 

the cardiovascular system in older children and adults born extremely preterm, studies of 

smaller arteries and the microcirculation (16), links to current cardio-metabolic status as well 

as to perinatal living conditions.  

Methods 

Participants 

The Extremely Preterm Infants in Sweden Study (EXPRESS) included all pregnant women 

residing in Sweden and delivering infants before 27 weeks of gestation, from April 1, 2004 to 
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March 31, 2007. Detailed characteristics of this prospectively collected population-based 

cohort, as well as data on survival, neonatal morbidity and neurodevelopmental outcomes at 

30 months-of-age have been reported (1, 36, 37). 

All EXPRESS-children were invited to a comprehensive follow-up study at 6½-years-of-age 

±3 months. Of the seven regions engaged, three – Lund, Stockholm and Umeå – conducted 

vascular assessments in addition to neurodevelopmental testing. Of the 494 survivors in the 

EXPRESS cohort, 250 (51%) were from these three regions.  

Exclusion criteria were congenital cardiovascular (n=12) or pulmonary malformations (n=0), 

ongoing chronic cardiovascular conditions (n=2; 1 bilateral pulmonary artery branch stenosis 

and 1 left ventricular outflow obstruction) or ongoing chronic lung disease besides asthma at 

assessment age (i.e., cystic fibrosis, chronic bronchiectasis, atelectasis, lobar emphysema, 

chronic restrictive lung disease; n=0). Twenty seven children were lost because they could not 

be assessed within the age limits. Forty families declined participation and seven had 

emigrated or had no address, leaving 176 children born extremely preterm (EXP) that were 

formally assessed (70%), Figure 1. Drop-out analysis did not disclose any significant 

difference in mean gestational age at birth (participants=25.4 versus non-participants=25.3 

weeks, p=0.13), mean birth weight (785 versus 769g, p=0.15) or sex distribution (45 versus 

50% girls, p=0.39) between those participating in the study and those lost to follow-up. 

Using the Swedish Medical Birth Register held at the National Board of Health and Welfare, 

each child born preterm was matched to a healthy control child born at term (CTRL) and with 

the same sex, date of birth, hospital, residency and mothers’ country of birth. A pool of 10 

controls for each preterm participant was randomly selected from the Swedish Medical Birth 

Register. Invitations were sent until one control child for each preterm child accepted to 
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participate. If all invited CTRL declined and the list of eligible children was depleted, they 

were listed as missing (n=4), Figure 1. 

 

All parents and children invited to participate received oral and written information, and the 

parents/legal guardians signed informed consent. Study approval was obtained from the 

Regional Ethics Review Board in Stockholm (no. 2010/520-31/2 and amendment 

no.2011/376-32). Follow-up ended in January 2014. 

 

Clinical and vascular assessments 

Standardized operational procedures were used for all assessments and all examiners were 

blinded to group belonging. Families were scheduled to attend in the morning. Participants’ 

medical history, maternal smoking and parents’ medical history were obtained using a 

questionnaire.  

At arrival, height and weight, as well as head- and waist circumferences were measured. BMI 

was calculated as weight/height2 and body surface area (BSA) was calculated according to 

Haycock (38). 

Estimations of arterial stiffness included measurements of blood pressure. After at least 15 

min of calm acclimatization to the investigation room and while the children were seated in a 

chair or their parents lap, a validated oscillometric device, Omron HEM 907 (Omron 

Healthcare, Kyoto, Japan) was used to measure systolic (SBP) and diastolic (DBP) blood 

pressures in the right arm with an appropriate cuff size. Blood pressure was possible to 

measure once (n=6), twice (n=10) or three times (n=328) with at least 2 min between 

consecutive measurements, and mean values were calculated. 

Measurement of coronary, carotid and aortic diameters 
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For diameter measurements, two-dimensional (2D) ultrasonography scans were performed. A 

multi-frequency 8-15 MHz linear array transducer (Acuson, Sequoia 512, Mountain View, 

CA) and a multi-frequency 8-3 MHz sector transducer (Acuson, SC2000, Mountain View, 

CA) were used in Stockholm. In Umeå and Lund regional hospitals, a multi-frequency 15-7 

MHz linear array transducer (Philips L15-7io) and a multi-frequency 8-5 MHz sector 

transducer (Philips iE33, Philips Health Care, The Netherlands) were used. Temporal 

resolution was set to 60-90 frames per second.  

All participants were investigated by the same experienced ultrasound examiner at each center 

(OB, LAM and MH). With the child resting in the supine position, left and right coronary 

arteries (CA) were visualized and recorded using the parasternal short axis view. The 

coronary arteries inner diameter were measured at maximal expansion (39), right coronary 

artery (RCA) and left main coronary artery (LMCA) proximal to aortic root, left anterior 

descending artery (LAD) proximal to LMCA. The common carotid arteries (CCA) were 

recorded 10 mm proximal to the carotid bulb (transverse and longitudinal planes). The aortic 

valve annulus was recorded between the hinge points of the aortic valve (parasternal long-axis 

view) and the abdominal aorta (AA) was studied 10 mm above the mesenteric and celiac 

arteries (subcostal long-axis view). All measuring sites were recorded using standardized 

protocols and digitally stored with 1-3 cine-loops of three R-R intervals with a three-led ECG 

for later analysis (35).  

All image analyses were performed off-line and blinded to group belonging. One operator 

analysed the images recorded in Umeå-Stockholm (LAM) and another in Lund (OB). 

Common carotids and AA inner diameters (mm) were measured in end-diastole and peak 

systole (CCA and AA only), and aortic valve annulus diameter at end-systole (identified by 

ECG) as cross-sectional point measurements.  
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Measurement of carotid intima-media thickness 

Left and right carotid intima media thicknesses (cIMT) were measured in end-diastole at the 

far wall in a region of interest 10 mm long, starting at the proximal end of the carotid bulb. A 

semiautomatic system (Arterial Health Package, Siemens, Acuson, CA) was used and a mean 

value from three consecutive measurements was calculated.  

Measurement of carotid and aortic stiffness 

Arterial stiffness was estimated using blood pressure data and the magnitude of the pulsatile 

diameter changes. CCA and AA strain were calculated as the relative pulsatile diameter 

change (ΔD) according to the formula: 

Peak systolic diameter – end-diastolic diameter (ΔD)/end-diastolic diameter * 100  

The stiffness index (β) for CCA and AA was calculated using the formula (17): 

ln (SBP/DBP)/strain 

Statistical analyses 

Results are reported as means and standard deviations (SD) or numbers (proportions and 

percentages). The distributions of vascular outcomes were found to be normal according to 

Shapiro-Wilk test. All vascular outcomes were not possible to measure in all participants and 

the success rate varied between 79 to 95%. Numbers of successful measurements are given in 

each respective Table.   

For group comparisons, Student´s t-test or Chi-squared test was used. Arterial diameters are 

presented as crude and adjusted values using multiple linear regression analyses including 

group (EXP/CTRL), BSA and site/investigator as independent variables. Before testing for 

group differences between EXP and CTRL, we investigated if family history of CVD (defined 

as a history of myocardial infarction, stroke, or hypertension in first degree relatives to mother 



16 
 

or father), maternal university education (defined as more than 12 years of total length of 

formal education) and maternal smoking in pregnancy were associated with the different 

vascular outcomes. After testing for group differences between EXP and CTRL, we 

investigated if gestational age (22-24 weeks or 25-26 weeks), small for gestational age at birth 

(SGA at birth, defined as birth weight 2 SD or more below the mean for a Swedish reference 

for normal fetal growth37), as well as SGA at 36 weeks (defined as a weight at 36 weeks of 

postmenstrual age of 2 SD or more below the mean for a Swedish reference (40)) were 

associated to the vascular outcomes. A p-value ˂0.05 was considered as statistically 

significant. 
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Legend to Figure: 

Figure 1. Flow chart of study participants. 
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Table 1. Characteristics in 6½-year-old children born extremely preterm (EXP) and in controls born at term (CTRL).  

Data are mean (SD) or numbers (%) if not indicated otherwise. 

 EXP 

(n=176) 

CTRL 

(n=172) 

p-value 

Maternal data 

Age, years (mean and range) 31.4 (18-46) 31.8 (21-43) 0.47 

Family history of cardiovascular disease 129 (73%) 127 (74%) 0.80 

University education 82 (47%) 104 (61%) 0.009 

Pregnancy data 

Maternal smoking 9 (5%) 2 (1%) 0.03 

Preeclampsia 16 (10%) 0 - 

Multiple fetuses 29 (17%) 0 - 

Neonatal data 

Gestational age, weeks 

Range 

24.9 (1.0) 

22-26 

39.4 (1.2) 

37-41 

- 

Males  97 (55%) 99 (58%) 0.65 

Birth weight, g 

Range 

787 (165) 

348-1161 

3591 (461) 

2430-4315 

- 
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SGA at birth 27 (16%) 0 - 

SGA at 36 weeks of postmenstrual age 76/161a (47%) - - 

6½-year follow-up 

Age, months 80 (2.1) 80 (2.3) 0.22 

Weight, kg 20.6 (3.6) 24.2 (4.1) <0.001 

Height, cm 118 (5.6) 123 (4.8) <0.001 

BMI, kg/m2 15.1 (1.6) 16.4 (2.1) <0.001 

BSA, m2 0.82 (0.09) 0.91 (0.09) <0.001 

Heart rate and blood pressure    

Heart rate, bpm 88 (13) 84 (10) 0.003 

SBP, mmHg 98 (8) 98 (8) 0.63 

DBP, mmHg 57 (6) 56 (7) 0.21 

a Some missing data 
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Table 2. Arterial inner diameters (mm) in 6½-year-old children born extremely preterm (EXP) and in controls born at term (CTRL).  

 EXP CTRL Crude mean 

difference  (95%CI) 

p-value Adjusteda mean  

difference (95%CI) 

p-value 

Coronary arteriesb (n=149) (n=163)     

Left main 3.0(0.7) 3.2(0.6) -0.23(-0.37;-0.08) 0.002 -0.14(-0.25;-0.03) 0.02 

Right  2.4(0.4) 2.6(0.4) -0.19(-0.28;-0.09) <0.001 -0.08(-0.17;0.02) 0.12 

Left anterior descending 1.7(0.3) 1.9(0.3) -0.13(-0.21;-0.04) 0.004 -0.05(-0.15; 0.04) 0.28 

Common carotid artery (n=135) (n=150)     

Left 4.5(0.4) 4.7(0.4) -0.19(-0.28;-0.09) <0.001 -0.10(-0.20;0.01) 0.07 

Right 4.5(0.4) 4.8(0.4) -0.28(-0.38;-0.18) <0.001 -0.20(-0.31;-0.09) <0.001 

Aorta (n=151) (n=159)     

Aortic valve annulus 13.9(1.1) 15.2(1.2) -1.29(-1.54:-1.03) <0.001 -0.87(-1.1;-0.64) <0.001 

Proximal abdominal 7.3(0.8) 8.1(0.9) -0.74(-0.94;-0.53) <0.001 -0.45(-0.67;-0.23) <0.001 

Values represent mean (SD) and mean difference (95% confidence intervals).  

a represent mean difference adjusted for body surface area (m2) and site. 

b Proximal innerdiameter 
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Table 3. Arterial inner diameters (mm) in 6½-year-old children born extremely preterm stratified by gestational age.  

 

 Gestational age   

 22-24 

weeks 

25-26 

weeks 

Crude mean 

difference (95%CI) 

 

p-value 

Adjusteda mean 

difference (95%CI) 

 

p-value 

Coronary arteriesb (n=42) (n=100)     

Left main  2.9 (0.6) 3.0 (0.7) -0.18(-0.43;0.07) 0.15 -0.07 (-0.24;0.09) 0.38 

Right 2.3 (0.4) 2.5 (0.4) -0.25(-0.40;-0.10) 0.002 -0.15 (-0.28;-0.01) 0.03 

Left anterior descending 1.6 (0.3) 1.8 (0.3) -0.19(-0.33;-0.05) 0.009 -0.14 (-28;-0.01) 0.04 

Common carotid artery (n=39) (n=90)     

Left 4.4 (0.5) 4.6 (0.4) -0.18(-0.33;-0.03) 0.021 -0.09 (-0.25;0.06) 0.23 

Right 4.4 (0.4) 4.6 (0.4) -0.19(-0.34;-0.04) 0.016 -0.14 (-0.29;0.01) 0.07 

Aorta (n=30) (n=77)     

Aortic valve annulus 13.5 (1.1) 14.0(1.0) -0.58(-0.96;-0.20) 0.003 -0.30 (-0.60;-0.005) 0.05 

Proximal abdominal 7.2 (0.9) 7.4 (0.7) -0.18(-0.50;0.14) 0.27 -0.03 (-0.35;0.30) 0.86 

Values represent mean (SD) or mean difference (95% confidence interval) 

a represent mean difference (22-24 minus 25-26 weeks) adjusted for body surface area (m2) and site. 

b Proximal innerdiameter 
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Table 4. Arterial inner diameters (mm) in 6½-year-old children born extremely preterm stratified by small (SGA) or appropriate for gestational 

age (AGA) at birth.  

 SGA at 

birth 

AGA at 

birth 

Crude mean 

difference (95%CI) 

 

p-value 

Adjusteda mean difference  

(95%CI) 

 

p-value 

Coronary arteriesb (n=20) (n=122)     

Left main 2.7(0.8) 3.0(0.6) -0.37(-0.69;-0.05) 0.03 -0.03(-0.25;0.19) 0.79 

Right 2.3(0.6) 2.5(0.4) -0.19(-0.39;0.01) 0.07 -0.008(-0.17;0.19) 0.93 

Left anterior descending 1.7(0.3) 1.8(0.3) -0.08(-0.27;0.13) 0.46 -0.02(-0.22;0.19) 0.88 

Common carotid artery (n=17) (n=112)     

Left 4.5(0.5) 4.5(0.4) 0.0(-0.21;0.21) 1.0 0.07(-0.14;0.27) 0.53 

Right 4.6(0.4) 4.6(0.4) 0.07(-0.14;0.28) 0.51 0.13(-0.07;0.34) 0.20 

Aorta (n=22) (n=124)     

Aortic valve annulus 13.5(1.1) 13.9(1.1) -0.41(-0.90;0.08) 0.10 -0.09(-0.47;0.28) 0.62 

Proximal abdominal 7.4(0.6) 7.3(0.8) 0.05(-0.39;0.50) 0.82 0.18(-0.26;0.62) 0.41 

Values represent mean (SD) and mean difference (95% confidence interval). 

a represent mean difference (SGA at birth minus AGA at birth) adjusted for body surface area (m2) and site. 

b Proximal innerdiameter 
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Table 5. Arterial inner diameters (mm) in 6½-year-old children born extremely preterm and stratified by small (SGA) or appropriate for 

gestational age (AGA) at 36 weeks of post menstrual age. 

 SGA at 

36 weeks 

AGA at 

36 weeks 

Crude mean difference 

(95%CI) 

p-value Adjusteda mean difference 

(95%CI) 

p-value 

Coronary arteriesb (n=63) (n=71)     

Left main 3.0(0.7) 2.9(0.7) 0.10 (-0.14;0.33) 0.43 0.08(-0.08;0.24) 0.32 

Right 2.4(0.5) 2.5(0.4) -0.12 (-0.27;0.03) 0.12 -0.08(-0.21;0.05) 0.23 

Left anterior descending 1.8(0.3) 1.7(0.3) 0.06 (-0.07;0.19) 0.35 0.11(-0.02;0.24) 0.09 

Common carotid artery (n=57) (n=64)     

Left 4.5(0.4) 4.5(0.4) 0.01 (-0.14;0.16) 0.88 0.08(-0.06;0.23) 0.27 

Right 4.5(0.4) 4.6(0.4) -0.09 (-0.24;0.06) 0.22 -0.02(-0.16;0.12) 0.78 

Aorta (n=66) (n=72)     

Aortic valve annulus 13.8(1.0) 13.9(1.1) -0.15 (-0.51;0.22) 0.42 -0.07(-0.35;0.20) 0.59 

Proximal abdominal 7.2(0.7) 7.4(0.8) -0.13 (-0.43;0.18) 0.41 0.04(-0.27;0.34) 0.80 

Values represent mean (SD) and mean difference (95% confidence interval). 

a represent mean difference (SGA at 36 weeks minus AGA at 36 weeks) adjusted for body surface area (m2) and site. 

b Proximal inner diameter 
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Table 6. Intima media thickness (IMT) of the common carotid arteries (CCA) in 6½-year-old children born extremely preterm (EXP) and 

controls at term (CTRL).  

 EXP CTRL Mean difference (95%CI) p-value 

Absolute IMT, mm (n=114) (n=121)   

Left CCA 0.38(0.04) 0.38(0.04) 0.01(-0.01;0.02) 0.30 

Right CCA 0.38(0.04) 0.37(0.04) 0.01(-0.002;0.02) 0.12 

Relative IMT,% (n=110) (n=118)   

Left CCA 16.7(2.3) 16.1(2.1) 0.60(0.02;1.2) 0.042 

Right CCA 16.9(2.3) 15.6(1.9) 1.3(0.8;1.9) <0.001 

Absolute IMT-values presented in millimetres and relative IMT as percentages. Values represent mean (SD) and mean difference (95% 

confidence interval). 

Relative IMT= [(IMT CCA*2)/CCA inner diameter]*100 
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Table 7. Dynamic properties of the common carotid arteries and the proximal abdominal aorta in 6½-year-old children born extremely preterm 

(EXP) and controls born at term (CTRL).  

 EXP CTRL Mean difference (95% CI) p-value 

Common carotid artery     

Left (n=135) (n=149)   

ΔD, mm 0.09(0.02) 0.09(0.02) 0.0(-0.005;0.004) 0.68 

Strain, % 20(4.6) 19(4.3) 1.0(0.03;2.1) 0.045 

Stiffness index 2.8(0.7) 3.1(0.8) -0.3(-0.5;-0.1) 0.002 

Right (n=118) (n=124)   

ΔD, mm 0.09(0.02) 0.09(0.02) 0.0(-0.04;0.04) 1.00 

Strain, % 21(3.8) 20(3.8) 1.1(0.02;2.1) 0.024 

Stiffness index 2.8(0.8) 3.0(0.8) -0.3(-0.5;-0.1) 0.007 

Abdominal aorta (n=112) (n=121)   

ΔD, mm 0.21(0.05) 0.23(0.05) -0.02(-0.03;-0.01) 0.007 

Strain, % 29(7.9) 28(7.5) 0.3(-1.7;2.3) 0.80 

Stiffness index 2.1(0.8) 2.1(0.7) 0.04(-0.2;0.2) 0.67 

Values represent mean (SD) and mean difference (95% confidence interval). 
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