
Magnetic resonance imaging measures of decreased aortic 
strain and distensibility are proportionate to insulin resistance in 
adolescents with type 1 diabetes mellitus

Michael A McCullocha, Nelly Maurasb, Jose A Canasb, Jobayer Hossainc, Kaitlin M Sikesb, 
Ligeia C Damasob, Alban Redheuild, Judith L Rosse, and Samuel S Giddinga

aNemours Cardiac Center, AI duPont Hospital for Children, Wilmington, DE, USA

bPediatric Endocrinology, Diabetes & Metabolism, Nemours Children’s Clinic, Jacksonville, FL, 
USA

cBiostatistics Core Laboratory, Alfred I duPont Hospital for Children, Wilmington, DE, USA

dSorbonne Universités, UMR 7371, UMR_S1146, Laboratoire d’Imagerie Biomédicale, Université 
Pierre et Marie Curie (UPMC), INSERM UMR_S956, ICAN Imaging Core Lab, Pitié Salpêtrière 
Hospital Cardiovascular Imaging/Inserm, Paris, France

eNemours Children’s Clinic, Jefferson Medical College, Philadelphia, PA, USA

Abstract

Objectives—To determine whether children with type 1 diabetes mellitus (T1DM) have 

evidence of increased aortic stiffness or early atherosclerosis as measured by magnetic resonance 

imaging (MRI).

Background—T1DM increases risk for cardiovascular disease in adults but whether this process 

starts in childhood is unknown.

Subjects—A total of 54 T1DM patients (15.4 ± 2.6 yr) and 30 age-matched controls (14.8 ± 2.7 

yr) participated.

Methods—MRI was performed to assess aortic arch pulse wave velocity (PWV), strain, and 

distensibility of the ascending and descending thoracic aorta and measures of atherosclerosis.

Results—Groups were well-matched for age, pulse pressure, and gender. Low-density 

lipoprotein-cholesterol (LDL-C) was higher in T1DM (119.3 ± 50 vs. 76.1 ± 13.5 mg/dL, p < 
0.0001). There was a trend toward decreased strain and distensibility in T1DM vs. controls in the 

ascending (distensibility: T1DM 62.2 ± 19.9 kPa−1 ×10−3, control 71.6 ± 26.4 kPa−1 ×10−3, p = 

0.08) and descending aorta (strain: T1DM 25.8 ± 6.2% vs. control 28.3 ± 6.8%, p = 0.09). There 

was no difference in arch PWV. Advancing age and male gender was negatively associated with 

aortic stiffness. Hemoglobin A1c (HbA1c) was inversely related to descending aorta strain and 

distensibility (p < 0.05). Children with diabetes in the lowest two tertiles of insulin sensitivity 

demonstrated thoracic descending aortas with significantly lower strain (p = 0.027) and 
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distensibility (p = 0.039) and increased measures of wall irregularity (p = 0.005). There were no 

differences in measurements of atherosclerosis between the two groups.

Conclusions—Adolescents with T1DM, especially those with lower insulin sensitivity, 

demonstrated a trend toward stiffer, less compliant thoracic aortas, which was inversely associated 

with diabetes control. These data suggest large vessel aortopathy starts early in T1DM.
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Heart disease is a leading cause of death in patients with type 1 diabetes mellitus (T1DM). 

Conventional cardiovascular risk factors, including dyslipidemia, dysglycemia, central 

adiposity, and insulin resistance worsen these risks and are strongly associated with 

premature development of microvascular disease and advanced atherosclerosis, both in the 

coronary arteries and abdominal aorta (1–4). These observations support the American 

Diabetes Association guidelines for the treatment of dyslipidemia in children and 

adolescents even in the absence of clinical trials demonstrating efficacy (5).

Pediatric investigators have used peripheral vessel measurement of pulse wave velocity 

(PWV), a measure of aortic stiffness, and carotid intima-media thickness (CIMT) by 

ultrasound, a measure of vascular thickening, to document subclinical atherosclerosis in 

children and adolescents with diabetes. In longitudinal data from the SEARCH CVD 

(cardiovascular disease) study, PWV in the carotid-femoral segment was increased in those 

with T1DM and increased during follow up with the principal determinants of aortic 

stiffness being waist circumference, increased blood pressure, body mass index (BMI), 

higher low-density lipoprotein-cholesterol (LDL-C), and poorer glucose control (6, 7). 

Studies have been inconsistent with regard to the presence of increased CIMT in T1DM 

although most show an increase in adults (8). Conversely, however, several studies have 

demonstrated aortic intima-media thickness (AIMT) to be a better marker of preclinical 

atherosclerosis than CIMT in the pediatric population (9, 10). The large SEARCH CVD 

study showed increased CIMT only in the carotid bulb of those with T1DM (mean age 18 

yr) and this was related to poor diabetes control and not other cardiovascular risk factors 

(11).

To date, magnetic resonance imaging (MRI) has been less well studied than ultrasound- or 

pressure-based modalities in the assessment of subclinical atherosclerosis and arterial 

stiffness but offers several theoretical advantages. One is the ability to assess the entire aorta, 

including both the ascending segment and abdominal aorta. This allows a determination of 

PWV between any two points in addition to other robust measurements of local arterial 

stiffness such as strain and distensibility. MRI’s ability to obtain high spatial resolution 

imaging in any plane can produce cross sectional analysis of vessel walls as opposed to ultra 

sound’s unidimensional intima media thickness (IMT) measurement.

Using an insulin sensitivity score (ISS) that employed hemoglobin A1c (HbA1c), 

triglyceride (TG) concentrations, and waist circumference that were validated against 
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hyperinsulinemic euglycemic clamp data, investigators observed that scores of high insulin 

resistance (low ISS) showed a linear correlation with traditional atherogenic risk factors 

(12). Thus, low ISS may be a useful parameter to help identify those individuals with insulin 

resistance.

We hypothesized that increased vascular stiffness and early atherosclerotic changes are 

related to T1DM, insulin sensitivity, and dyslipidemia. Using a standardized MRI protocol 

that included assessment of regional (arch PWV) and local (strain and distensibility) aortic 

stiffness and measures of atherosclerosis, we compared MRI changes in pediatric patients 

with T1DM with and without dyslipidemia to those of age-matched, non-diabetic, non-

dyslipidemic healthy controls. Insulin resistance severity (ISS) and dysglycemia (HbA1c) 

were examined as potential predictors of differences between children with diabetes and 

controls. Subjects for this study were recruited from within a larger multi-institutional, 

double-blinded, randomized, placebo-controlled trial of statin intervention in adolescents 

with T1DM and dyslipidemia (Clinical-trials.gov NCT01236365).

Methods

Recruitment of study subjects between 10 and 20 yr of age occurred in the Nemours 

Children’s Clinics in Jacksonville, FL, Philadelphia, PA and Wilmington, DE after review 

and approval of the Nemours institutional review board, with reciprocity from Jefferson 

Medical College, and in accordance with the Declaration of Helsinki. Children with T1DM 

had to meet the following inclusion criteria: diagnosis for at least 1 yr, on stable insulin 

therapy, BMI < 95th percentile and normal thyroid function. Exclusion criteria were severe 

dyslipidemia [LDL-C > 160 mg/dL (4.14 mmol/L) and TGs > 400 mg/dL (4.48 mmol/L)], 

history of tobacco use, pregnancy and current use of anti-inflammatory, immunomodulatory, 

or lipid lowering drugs. Healthy control subjects were recruited from extensive institutional 

review committee-approved advertising and from the pediatric endocrinology and 

cardiology clinics. Age-matched healthy control subjects had similar inclusion criteria as 

those with T1DM except for a normal fasting blood glucose and HbA1c and LDL-C < 100 

mg/dL (2.59 mmol/L).

All subjects underwent a single blood draw for HbA1c, glucose, and lipoprotein samples. If 

laboratory inclusion criteria were met, subjects returned for a history and physical 

examination, including vital signs, height, body weight, BMI, waist circumference, and 

resting blood pressures. LDL-C was calculated by the formula of Friedewald et al. for 

individuals with TG levels <400 mg/dL (4.48 mmol/L) (12). An ISS was determined using 

the SEARCH ISS model:

This model has been validated by the hyperinsulinemic–euglycemic clamp procedure (R2 = 

0.74), which is considered the gold-standard measure of insulin sensitivity (13).
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MRI protocol

Control subjects and patients with T1DM underwent an MRI using a GE SIGNA 1.5T 

magnet at either Wolfson Children’s Hospital in Jacksonville, FL or AI duPont Hospital for 

Children in Wilmington, DE. All studies were performed using an eight channel cardiac coil 

and identical protocols. Images were centrally read by a single observer (MM). After scout 

images were obtained, a stack of breath-held, non-ECG gated steady state free precession 

(SSFP) images were obtained in the axial plane from the mid abdomen to the superior aspect 

of the thorax. These images were used to prescribe oblique, sagittal plane images of the 

aortic arch using an ECG-gated, breath-held, double inversion recovery (IR) ‘black blood’ 

sequence [6 mm thick, TE 36 ms, 32 cm field of view (FOV) with 0.75 phase FOV, 256 × 

256 matrix, echo train length 24 and bandwidth 62.5 Hz; Fig. 1A]. The aortic arch image 

was in turn used to prescribe ascending and descending aorta images by transecting the 

aortic arch at the level of the right pulmonary artery (8 mm thick, 36 cm FOV with 0.75 

phase FOV, 224 × 160 matrix, flip angle 45°, bandwidth 125 Hz with 20 phases and 10 

views per segment; Fig. 1B). A phase contrast (PC), breath-held, ECG-gated sequence was 

then obtained at the same location (8 mm thick, 36 cm FOV with 0.75 phase FOV, 256 × 128 

matrix, flip angle 20°, bandwidth 15.63 Hz with 30 phases and six views per segment with 

velocity encoding at 250 cm/s). Two sets of six breath-held, ECG-gated double IR sequences 

were obtained transecting the ascending and descending portion of the thoracic aorta starting 

immediately inferior to the lesser curvature of the aortic arch using the identical sequence 

prescription described above. This was repeated in the abdominal aorta between the 

diaphragm and celiac artery. Immediately following the study, while the patient remained in 

the supine position, three blood pressures were obtained from the left arm and an average of 

the second and third measurements were used for calculations of pulse pressure.

Image analysis

Aortic arch PWV was calculated using the transit time (Δt) of the flow curves and the 

distance (D) between the ascending and descending aortic locations of the phase contrast 

acquisition (Fig. 1A, C). Transit time was calculated using the semi-quantitative software 

ARTFUN (INSERM LIB, Paris, France) which utilizes the least squares estimate between 

all data points on the normalized systolic up-slopes of both the ascending and descending 

aortic flow curves as previously described (14). The distance traveled by the pulse wave was 

measured as the centerline of the aorta using 8–10 markers on the aortic arch double IR view 

with the first and last markers corresponding to the ascending and descending aorta in the 

plane used for the phase contrast acquisition.

Strain, defined as the percent area change:

was calculated as previously described (14). Distensibility, a measurement of strain 

‘indexed’ to a patient’s pulse pressure in kPa−1 ×10−3 was also calculated.

All measurements used to calculate strain [maximum and minimum areas (cm2) of both 

ascending and descending aorta] and PWV [D (cm) and Δt (ms)] were performed three times 
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by the same person (MM) and demonstrated excellent reproducibility [(average value ± 

standard deviation, SD); ascending aorta max (4.87 ± 0.07 cm2), ascending aorta minimun 

(Amin) (3.47 ± 0.08 cm2), descending aorta maximun (Amax) (2.61 ± 0.03 cm2), descending 

aorta min (2.07 ± 0.03 cm2), D (87.3 ± 0.67 cm), and Δt (31.0 ± 0.9 ms)].

In order to estimate degree of atheromatous plaque formation, double IR cross sectional 

sequences of the thoracic descending and abdominal aorta were analyzed using the software 

QPlaque (Medis, Leiden, The Netherlands). The internal and external vessel wall 

circumferences were manually traced for every 6 mm thick slice of adequate image quality 

(Fig. 2). This analysis produced an average and maximum wall thickness (mm), standard 

deviation of the wall thickness and wall area (mm2) for each slice. Abdominal wall volume 

(mm3) for each slice was calculated as the product of vessel area and slice thickness (6 mm). 

We considered increased average wall thickness, maximum wall thickness, wall area, 

standard deviation of the wall thickness, and wall volume as surrogate measures of 

atherosclerosis development.

A human phantom was scanned at both sites, 5 d apart, using identical protocols with 

excellent reproducibility (ascending aorta strain 11.2 vs. 15.3% and descending aorta strain 

16.2 vs. 15.5%).

Statistical analysis

A two-sample t-test was used to compare the mean of quantitative variables and a chi-

squared test was used to compare the distribution of categorical variables between controls 

and T1DM. Analysis of covariance (ANCOVA) was used for further comparisons after 

adjustment for age, gender, baseline BMI, and blood pressure percentiles. Multiple 

regression analyses were conducted to determine the association between each of the MRI 

measurements and the different indices of dysglycemia, dyslipidemia, and anthropometrics. 

Two-sample t-test and ANCOVA were used for further comparisons of means of MRI 

variables between control and T1DM patients in the lowest two tertiles of insulin sensitivity 

(ISS ≤ 8.86). Model and test assumptions were checked before analyses and an appropriate 

transformation was taken if needed. All tests were two-tailed with the level of significance 

of 0.05. SPSS (version 22, SPSS IBM, New York, NY, USA), and SAS (version 9.3, the 

SAS institute, Cary, NC, USA) softwares were used for the analyses.

Results

Cohort demographics for controls and subjects with diabetes are shown in Table 1. The 

groups were similar with regard to gender, age, pubertal Tanner staging, and pulse pressure. 

As anticipated, LDL-C concentrations for the T1DM group were significantly higher than 

controls as were the apolipoprotein B levels. Average HbA1c levels were consistent with 

suboptimal glycemic control.

T1DM subjects demonstrated a trend toward decreased strain and distensibility throughout 

the thoracic aorta as compared with healthy, age-matched controls (Table 2). Though these 

trends did not reach statistical significance in two-tailed analysis in our relatively small 

sample size, they suggest that the T1DM subjects in our study likely had stiffer, less 
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compliant aortas. Lipid levels did not impact stiffness in those with diabetes (data not 

shown).

When these data were analyzed further and adjusted for age, gender, baseline BMI, and 

blood pressure percentiles, advancing age was negatively correlated with measurements of 

aortic strain [ascending aorta regression coefficient: (SE) = −1.74 (0.78), p = 0.03; 

descending aorta regression coefficient (SE) = −0.71 (0.34), p = 0.042]; male gender was 

associated with lower measurements of both distensibility (ascending aorta: male 62.9 ± 3.3 

vs. female 72 ± 4.3, p = 0.015 and descending aorta: male 37.9 ± 1.9 vs. female 47.1 ± 1.9, p 

= 0.001) and ascending aorta strain (male 25.4 ± 1.0 vs. female 29 ± 1.0, p = 0.013). There 

was no significant difference in arch PWV between groups (Table 2).

MRI studies demonstrated no evidence of frank atherosclerotic plaque. Unadjusted analysis 

demonstrated no significant difference in average thickness, maximal thickness, average 

area, or average volume between the groups in either the abdominal or thoracic descending 

aorta though there was a non-significant trend toward increased thoracic descending aorta 

volume for the T1DM subjects. Wall thickness SD, an estimate of wall thickness irregularity, 

however, was significantly increased in the thoracic descending aorta of T1DM subjects 

(Table 2); when these data were adjusted for gender, study age, baseline BMI, and blood 

pressure percentiles, this difference disappeared. Lipid levels were unrelated to the 

atherosclerosis measures.

Regression analyses were conducted within the diabetic subgroups to determine if diabetes 

control (HbA1c) or lipid levels [LDL-C, apolipoprotein B, high -density lipoprotein-

cholesterol (HDL-C), TG/HDL ratio] correlated with MRI measurements. HbA1c was 

inversely related to descending aorta strain and distensibility (p < 0.05). Additionally, Fig. 2 

demonstrates that T1DM patients in the lowest two tertiles of insulin sensitivity (ISS ≤ 8.86) 

demonstrated thoracic descending aortas with significantly lower measures of strain 

(controls 28.3 ± 6.7% vs. T1DM 24.8 ± 5.9%, p = 0.03) and distensibility (controls 44.7 

± 13.7 kPa−1 ×10−3 vs. T1DM 38.2 ± 11.7 kPa−1× 10−3, p = 0.04) and had significantly 

more irregular wall thickness (controls 0.36 ± 0.06 mm vs. T1DM 0.40 ± 0.07 mm, p = 

0.005). Our control patients demonstrated ISS values similar to the non-T1DM patients in 

Specht et al. (12) and did not demonstrate an association between ISS and compliance of the 

descending aorta (strain p = 0.9; distensibility p = 0.7).

Discussion

We have demonstrated the feasibility of aortic MRI for the measurement of cardiovascular 

risk in children with T1DM compared with healthy controls. T1DM patients with lower 

insulin sensitivity and poor glycemic control exhibited significant differences in aortic 

stiffness as assessed by MRI. Functional measurements of thoracic aorta stiffness showed a 

trend toward decreased compliance across the entire T1DM cohort and were inversely 

related to HbA1c levels and were worse in those with low ISS. These results are important 

and clinically relevant as they included all subjects with T1DM, those with high (>90 

mg/dL) (2.33 mmol/L) and low LDL-C concentrations as well as subjects with both poor 

and excellent diabetes control.
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Non-invasive assessment for early atherosclerotic plaque development has long been 

performed in clinical and epidemiological studies in adults. Data that incorporate risk 

measured in youth and subclinical atherosclerosis measures in adulthood have suggested the 

importance of youth risk to adult disease (15). Several studies, however, have recently 

demonstrated significant limitations of the unidimensional imaging modalities such as 

AIMT and CIMT to predict long-term cardiovascular outcomes (16–18). In the PDAY study, 

non-HDL cholesterol was related to early abdominal atherosclerosis (American Heart 

Association grades 1–3) but not raised plaque (American Heart Association grades 4–5) in 

15–19 yr olds. Lesions at this early stage may not be thick enough to be seen by MRI 

techniques and this, plus the fact that those with LDL cholesterol levels above 160 mg/dL 

(4.14 mmol/L) were excluded, may explain our negative findings related to lipid levels (19).

Alternatively, functional evaluations of arterial stiffness such as strain, distensibility, and 

PWV have proven to be reproducible, non-invasive, and easy to perform tests of pre-

atherosclerotic changes that may allow for earlier intervention, though these measurements 

have only recently been tested in children with diabetes. In the SEARCH CVD study, Alman 

et al. (2, 4, 20) demonstrated ultrasound measurements of arterial stiffness in adolescents 

with T1DM are inversely related to increasing numbers of healthy cardiovascular metrics 

(BMI <85th percentile, exercise, no smoking, normal lipid panel profile, and normotension). 

Similarly, Tryggestad et al. (21) found measures of large and small artery compliance 

significantly decreased after 16 yr of age in adolescents with type 2 diabetes mellitus. Such 

findings suggest these measurements might be used to monitor disease regression following 

medication or lifestyle interventions.

Using the same MRI protocol as described herein, Redheuil et al. (14) demonstrated a 

progressive decline with age in strain and distensibility values and increase in PWV 

velocities in healthy subjects from 20 to 84 yr of age. This age-related trend was reproduced 

by Voges et al. in a significantly younger group of healthy subjects ranging between 2 and 

28 yr of age (22). Our measurements in the control population are consistent with the age-

specific ranges reported in these studies.

Validation of this technique and understanding the effects of aging has prompted several 

studies to assess MRI vascular stiffness measures in association with known cardiovascular 

risk factors. Turkbey et al. (23) measured ascending aorta distensibility in adults within the 

Epidemiology of Diabetes Interventions and Complications Trial (EDICT), a long-term 

observational cohort study of T1DM patients enrolled as early as 13 yr of age. With an 

average follow up of 22 yr, multiple linear regression modeling demonstrated significant 

correlations between decreasing aortic distensibility values and known cardiovascular 

disease risk factors such as smoking history, mean HbA1c levels, hypertension, age, male 

gender, and mean LDL. Within the SEARCH for Diabetes in Youth Study, Urbina et al. (2) 

used sphygmomanometer estimates of central (aorto-femoral) PWV and peripheral (brachial 

artery) distensibility in T1DM adolescents with HbA1c and LDL-C profiles similar to our 

patient population. They found significantly higher PWV and lower distensibility 

measurements when compared with healthy, age-matched controls, and also demonstrated 

that indicators of vascular stiffness were markedly more common peripherally (33%) than 

centrally (9.9%) in the T1DM patients.
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Normal-weight adolescents with T1DM have been reported to have lower ISS than do BMI-

matched control subjects (24, 25). Low ISS is associated with coronary artery calcifications 

(25), a surrogate marker for coronary artery disease predictive of future cardiovascular 

disease outcomes. Adolescent studies show that decreased ISS is strongly associated with 

reduced exercise capacity (24), a cardiovascular functional marker and predictor of 

mortality. In a similar patient population, van Elderen et al. (26) also found a strong 

association between increasing aortic PWV and both small vessel cerebrovascular changes 

and worsening left ventricular systolic function. We were able to stratify our diabetic cohort 

into tertiles of ISS and compare the two lowest abnormal tertiles to the normal ISS group 

and showed vascular stiffness changes and possible atherosclerotic changes were present in 

the more abnormal ISS groups. Our subgroup ISS values were similar to those of Sprecht et 

al. (12) in which they validated the measurement.

To our knowledge, our study is the first MRI assessment of vascular stiffness comparing 

children and adolescents with T1DM to healthy age-matched controls. The measurement of 

ascending aorta distensibility of our control cohort was very similar to that reported for the 

entire healthy pediatric cohort within Voges et al.’s (22) study and the 20–29 years old group 

in Redheuil et al.’s (14) study (72 ± 26 vs. 74 ± 23 kPa−1 ×10−3). Our adolescent T1DM 

cohort’s measurements were much closer to that of Redheuil’s 30–39 years old group (62 

± 20 vs. 61 ± 23 kPa−1 ×10−3) suggesting large vessel stiffness of older individuals. There 

was a significant reciprocal association between aortic distensibility or strain and the degree 

of diabetes control as measured by HbA1c or risk severity as assessed by low ISS, 

supporting the role of dysglycemia, dyslipidemia, and adiposity in this process.

Limitations of our study include a relatively small sample size and the exclusion of both 

obese and severely dyslipidemic (LDL-C >160 mg/dL) T1DM patients who are at the 

extremes of CVD risk distribution. However, the fact that we were able to detect these 

differences despite the sample size suggests that the technique may offer promise in the 

detection of aortic stiffness. The lack of a difference in our measurements of atherosclerotic 

plaque formation may be secondary to these exclusions or may simply indicate this is a later 

development. In an attempt to control for pubertal maturity, we recruited age-matched 

control subjects. As anticipated in this age range, there was a relatively wide range of 

pubertal staging though it proved to be statistically non-significant. Lastly, the relatively 

long temporal resolution (approximately 20 ms assuming a heart rate of 100 beats per 

minute) may have limited the ability to detect a difference in PWV’s between groups. A 

larger scale study to follow up this pilot project may help address these issues.

In summary, even though we saw no early MRI-visible findings of atherosclerosis, this study 

shows a clinically meaningful trend toward early increases in MRI-based measures of large 

vessel stiffness in patients with T1DM. These results may reflect the relatively short duration 

of T1DM in our cohort with limited time to develop atherosclerosis. Aortic MRI offers 

promise in the measurement of early abnormalities in distensibility and strain in children 

with T1DM and may help the clinician determine which of these high-risk patients should 

receive more aggressive glucose control or statin therapy. The reciprocal association 

between distensibility/strain and the degree of diabetes control requires further study.
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Fig. 1. 
(A) Double inversion recovery (IR) sequence of the aortic arch from which cine steady state 

free precession (SSFP) and Phase Contrast (PC) sequences are prescribed and distance of 

flow propagation measured (D). (B, C) Result of the automated segmentation process and 

determination of percent change in area of ascending and descending aorta used to 

determine strain and distensibility (strain/pulse pressure). (D) Time of flow propagation (Δt) 

from ascending to descending aorta measured and along with D, used to calculate pulse 

wave velocity (D/Δt).
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Fig. 2. 
(A) Patients with diabetes and the lowest insulin sensitivity demonstrated significantly lower 

strain and distensibility of the descending aorta. (B) Patients with diabetes and the highest 

insulin sensitivity showed no significant differences.

McCulloch et al. Page 12

Pediatr Diabetes. Author manuscript; available in PMC 2017 October 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McCulloch et al. Page 13

Table 1

Cohort demographics

Controls T1DM p Value

Number (N/%) 30 (35.7) 54 (64.3)

Male (N/%) 16/53 27/50 0.77

Age (yr) 14.8 ± 2.7 15.4 ± 2.7 0.368

Tanner stage (%I–III/IV–V) 40/60 20/80 0.20

 I (N/%) 4/7 3/10

 II (N/%) 3/6 3/10

 III (N/%) 4/7 6/20

 IV (N/%) 13/24 4/13

 V (N/%) 30/56 14/47

BMI (kg/m2) 19.9 ± 2.5 22.4 ± 3.7 0.001

Waist circumference (cm) 70.0 ± 7.8 77.2 ± 9.1 0.0007

Systolic blood pressure (percentile) 40.5 ± 23.7 55.5 ± 30.1 0.024

Diastolic blood pressure (percentile) 50.9 ± 21 61.4 ± 20.8 0.028

Pulse pressure (kPa−1 × 10−3) 6.5 ± 1.01 6.5 ± 1.1 0.954

Total cholesterol

 mg/dL 145.1 ± 18.8 194.2 ± 36.7 <0.0001

 mmol/L 3.8 ± 0.5 5.0 ± 1.0

LDL-C

 mg/dL 76.1 ± 13.5 119.3 ± 50 <0.0001

 mmol/L 2.0 ± 0.4 3.1 ± 1.3

HDL-C

 mg/dL 56.3 ± 9.9 59.8 ± 15.2 0.255

 mmol/L 1.5 ± 0.3 1.6 ± 0.4

Triglycerides

 mg/dL 62.9 ± 29 106.1 ± 117.9 0.052

 mmol/L 0.7 ± 0.3 1.2 ± 1.3)

Apolipoprotein B

 ng/dL 57.2 ± 9.3 87.3 ± 24.2 <0.0001

 g/L 5.7e−7 ± 9.3e−8 8.7e−7 ± 2.4e−7

ISS 13.4 ± 2.2 7.4 ± 2.5 <0.0001

HbA1c

 % 5.1 ± 0.02 9.2 ± 1.9 <0.0001

 mmol/mol 32 ± 0.2 77 ± 20.8

Years with T1DM NA 7.8 ± 4.6 NA

BMI, body mass index; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein-cholesterol; ISS, insulin sensitivity score; LDL-C, low-density 
lipoprotein-cholesterol; NA, Not Applicable; T1DM, type 1 diabetes mellitus.

All data are expressed as mean ± SD.
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Table 2

MRI comparison

Controls T1DM p Value

Ascending aorta strain (%) 44.8 ± 12.9 40.1 ± 12.8 0.12

Descending aorta strain (%) 28.3 ± 6.8 25.8 ± 6.2 0.09

Ascending aorta distensibility (kPa−1 × 10−3) 71.6 ± 26.4 62.2 ± 19.9 0.08

Descending aorta distensibility (kPa−1 × 10−3) 44.7 ± 13.7 40.2 ± 11.8 0.13

PWV (m/s) 3.1 ± 1.4 3.2 ± 1.6 0.71

Thoracic descending aorta volume (mm3) 727 ± 36.2 802 ± 28.4 0.11

Thoracic descending aorta wall thickness (SD) 0.36 ± 0.1 0.41 ± 0.1 0.03

MRI, magnetic resonance imaging; PWV, pulse wave velocity; T1DM, type 1 diabetes mellitus.

All data are expressed as mean ± SD.
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