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Abstract

Objective: Type 2 diabetes (T2D) and obesity are global epidemics leading to excess
cardiovascular disease (CVD). This study investigates standard and novel cardiac MRI parameters
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to detect subclinical cardiac and central vascular dysfunction in inactive people with and without
T2D.

Methods: Physically inactive age and BMI-similar premenopausal women and men with (n=22)
and without (n=34, controls with overweight/obesity (CWQ)) uncomplicated T2D were compared
to an age- and sex-similar reference control (RC) cohort (n=20). Left ventricular (LV) structure,
function, and aortic stiffness were assessed by MRI. Global arterial pulse wave velocity (PWV)
was assessed using carotid to femoral applanation tonometry. Regional PWV was measured via
2D phase-contrast (PC) MRI and 4D flow MRI.

Results: Global arterial PWV did not differ between CWO and T2D. 2D PC-MRI PWYV in the
ascending aorta was higher in people with T2D compared to CWOs (p<0.01). 4D flow PWV in the
thoracic aorta was higher in CWO (p<0.01), and T2D (p<0.001) compared to RC. End-diastolic
volume, end-systolic volume, stroke volume, and cardiac output were lower in CWO and T2D
groups compared to RC.

Conclusions: Subclinical changes in arterial stiffening and cardiac remodeling in inactive CWO
and T2D compared to RC support obesity and/or physical inactivity as determinants of incipient
CVD complications in uncomplicated T2D. Future studies should determine the mechanistic
causes of the CVD complications in greater detail in order to create therapeutic targets.
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Introduction

People with type 2 diabetes (T2D) or obesity have greater than twice the risk of developing
heart failure (HF) than people without T2D or obesity [1,2]. For women with T2D, the

risk is even higher [3]. Excess HF risk persists after adjusting for other risk factors such

as age, hypertension, cholesterol, and coronary artery disease [1,4]. Failure of conventional
cardiovascular (CV) risk reduction to prevent HF progression supports the idea that factors
beyond traditional CV risk factors contribute to increased HF risk and mortality in people
with obesity and/or T2D. However, it is not known whether the presence of both T2D and
obesity leads to similar or additive risk of incident HF.

People with obesity or T2D have increased arterial stiffness, which is independently
associated with increased CV morbidity and mortality [5]. Arterial stiffness increases with
increasing BMI [6], while arterial stiffening in people with T2D occurs with short disease
duration and can be associated with, or be independent of, atherosclerosis [5]. Regardless
of the underlying process, central arterial stiffening increases cardiac afterload increases
with compensatory cardiac hemodynamics that can remain subclinical for decades prior to
manifesting as incipient HF.

Avrterial stiffness appears to have a strong relationship with cardiorespiratory fitness, further
modified by age and comorbid conditions [7]. Multiple forms of exercise intervention
including isometric training [8], high intensity interval training [9], continuous aerobic
exercise training and Nordic walking [10] have been shown to reduce aortic stiffness.

Other reports suggest that comorbid obesity interferes with the beneficial impact of exercise
on aortic stiffness in older adults[11]. We and others have reported exercise intolerance,
aortic stiffness, and subclinical cardiac dysfunction in inactive middle-aged people with
overweight/obesity and T2D consistent with changes seen with early HF [12,13]. Thus,
more reliable detection of sub-clinical functional biomarkers of cardiac and central arterial
changes are needed to: 1) identify people at risk for HF progression, 2) understand whether
there are differences in HF onset and progression in T2D vs obesity, and 3) to evaluate
preventative treatment efficacy and durability.

Acquisition of pulse wave velocity (PWV) as a proxy for vascular stiffness can be obtained
with multiple non-invasive modalities. Higher PWV is associated with increased vascular
stiffness, and most larger cohorts have employed tonometry [14-16]. Alternatively, cardiac
magnetic resonance imaging (CMR) can characterize stiffness across more focal regions

of the central vasculature [17]. For example, 2D phase contrast (PC) magnetic resonance
imaging (MRI) can provide ‘regional’ PWV covering the ascending aorta, aortic arch, or
proximal descending aorta. Of note, the ascending aorta and portions of the arch are regions
that are not covered by applanation tonometry. Furthermore, 4D Flow MRI can provide
additional regional information across larger portions of the thoracic aorta [18-20]. CMR
can also complement information regarding vascular stiffness with measurements of cardiac
structure and function to enable assessment of ventricular vascular coupling [21].

This report presents baseline data from an interventional study examining the impact of
aerobic exercise training on cardiac and vascular parameters. Few such data are published
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in this age range comparing the effects of physical inactivity and obesity with or without
T2D on cardiac and vascular function. In this baseline analysis, we tested the hypothesis
that CMR would detect subclinical cardiac and central vascular dysfunction in middle-age
inactive adults with overweight/obesity with and without uncomplicated T2D.

Ethical approval

This study was approved by the University of Colorado Anschutz Medical Campus
Institutional Review Board (COMIRB 17-0356) and written informed consent was obtained
from all participants. The study conformed to the standards set by the Declaration

of Helsinki and was registered on Clinicaltrials.gov (NCT03419195). Reference control
data were shared under a data use agreement (NU#7180) and written informed consent

was obtained from all age- and sex-similar participants as approved by Northwestern
University’s Internal Review Board (STU00204434).

Study Design

Male and female participants between the ages of 30-55 were recruited from the

Rocky Mountain Veterans Affairs Medical Center and the University of Colorado and

by local advertisement. Participants were enrolled in the “Research in Endothelial and
Cardiovascular Health, Diabetes and Exercise and the Role of Sex” study investigating
exercise training in persons with and without T2D. This manuscript reports the baseline
(pre-exercise intervention) demographic, clinical, cardiac, and vascular results of the cohort,
which included 22 physically inactive individuals with overweight/obesity and T2D, and

34 physically inactive controls with overweight/obesity (CWO). Physical inactivity was
defined as engaging in one or fewer formal exercise bouts/week. Overweight/obesity

status was defined as body mass index (BMI) 25-40. For the participants with overweight/
obesity and T2D, the following inclusion criteria were used: T2D controlled by diet +/-
insulin secretagogues (sulfonylureas or glinides), metformin, or glucose absorption blockers
(acarbose); total HbAlc <9% on current therapy; all other antihyperglycemic therapies were
excluded due to potential CV impact. To limit non-diabetes-related confounding factors on
exercise capacity, additional exclusions are detailed on Clinicaltrials.gov (NCT03419195).
For the participants with overweight/obesity but no diabetes, an HbAlc <5.7% was required.
For both the groups with obesity, with or without diabetes, pregnant or breastfeeding women
were excluded and participants were selected to be physically inactive, defined as engaging
in one or fewer formal exercise bouts/week, and for women, to be of premenopausal status.

Participants were screened at baseline to rule out clinically evident CVD. Insulin sensitivity
was assessed using a hyperinsulinemic euglycemic clamp (female participants were tested
on days 5-7 of their menstrual cycles). Resting echocardiography, standard CMR including
structural cine acquisitions, 4D Flow MRI and 2D PC-MRI were performed (as described
in a later section). The full protocol including the exercise intervention is available on
Clinicaltrials.gov (NCT03419195).
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Insulin sensitivity

The hyperinsulinemic euglycemic clamp to measure insulin sensitivity via glucose infusion
rate (GIR) was performed as previously reported [22]. Briefly, a single stage clamp was
performed with an infusion of 80mU/m?2 /min~1 insulin and 20% dextrose infusion with GIR
calculated over the last 30 minutes of the clamp [22,23].

Tonometry Pulse Wave Velocity

Avrterial stiffness was assessed in a fasting state via measurement of PWV (SphygmoCor CP
system, AtCor Medical, Itasca, IL, USA) according to methods previously described [24,25]
(Figure 1).

CMR Protocol

CMR was performed on a 3T Siemens Skyra (Erlangen, Germany). Balanced steady-state
free precession cine sequences of the heart 4-chamber and 2-chamber views were obtained
as previously described [26]. Blood flow measurements were obtained via two approaches:
1) a 2D fast low angle shot gradient echo phase-contrast sequence (2D PC-MRI) bisecting
the ascending and descending aorta at the level of the right pulmonary artery, and 2)

4D flow MRI of the thoracic aorta and heart ventricles. The 2D PC-MRI pulse sequence
parameters were as follows: temporal resolution=14-28 ms, echo time (TE)=2.2-3.4 ms,
flip angle (FA)=20°, spatial resolution=0.82-1.56 x 0.82—-1.56 mm?, slice thickness=6mm,
velocity encoding (venc)=150-250 cm/s. The retrospectively-ECG gated, free-breathing
4D flow MRI was acquired in a sagittal 3D volume with a respiratory navigator located

at the lung-liver interface [27] with temporal resolution=38.4-40.8ms, TE=2.3-2.6 ms;
repetition time=4.8-5.1 ms, FA=7°, field of view=400-440 x 260-330 x 80-160 mm3,
spatial resolution=2.20-2.75 x 2.20-2.75 x 2.40-3.20 mm3, velocity encoding (venc)=150
cm/s.

CMR Postprocessing

Left Ventricle (LV) structure - global strain, volume, and thickness: Analysis of
CMR-derived global LV strain indexes were performed using feature-tracking with CV142
(Circle, Calgary) and semi-automatic contouring of the endocardial and epicardial borders.
End-diastolic and end-systolic volumes (EDV and ESV, respectively) were calculated in
CVI142 using bSSFP cine images of the long-axis, short-axis, and four-chamber-axis images.
These measures were indexed to body surface area (EDV; and ESV;). LV wall thickness was
measured perpendicular to the LV long axis in a short axis view.

Vessel distensibility: 2D PC-MRI was used to measure relative area change ((Dyax-
Dmin)/Dmax) and normalized to pulse pressure.

PWV (Figure 1): Three methods of PWV calculation were obtained from the 2D PC-MRI
and 4D Flow MRI scans to capture the characteristics of local, regional, and central arterial
stiffness. 2D flow-area PWV (local). Local PWV was computed based on the flow-area

(QA) approach [28] in both the ascending aorta (AA) and descending aorta (DA) segments.
For each location, time-resolved regions of interest were drawn in the cross-sectional lumen
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on 2D PC-MR images using CV142. The change in flow versus change in area (dQ/dA)
was used to assess regional PWV by computing dQ/dA slope from early systolic data points
with in-house MATLAB code (Mathworks, Natick, MA, USA)[28]. 2D transit-time PWV
(regional). The flow waveforms of the AA and DA from the 2D PC-MRI were used to
compute PWV based on the transit time (TT) approach[16]. A 2D ‘candy cane’ view of the
aortic arch was used to measure the path length of the aortic arch between AA and DA using
ImageJ (Version 1.51w, Bethesda, MD, USA). The path length was divided by the transit
time to compute the 2D transit-time PWV. 4D flow PWV via cross-correlation (central):
Images were pre-processed and corrected for eddy currents and velocity aliasing using
in-house software[21]. The aorta was segmented in 3D with Slicer (Version 4.10.2 r28257)
[29]. As previously described, a 4D flow PWV algorithm was employed to investigate the
regional stiffness of the proximal aorta (aortic root to renal arteries) [19].

To obtain further insight into the effect of obesity on CMR imaging biomarkers, a database
of 100 controls collected by co-investigator Dr. Alex Barker was queried to obtain 20
age-matched reference control (RC) males and females with no self-reported history of
CVD, obesity or diabetes (ages 40-49, BMI<30) [19,30] to compare to the participants
with overweight/obesity with and without uncomplicated T2D. The MRI-vendor, imaging
protocol, and analysis code for the reference controls was identical to that used for

the participants with overweight/obesity and T2D, except that 2D QA PC-MRI was not
performed in this group[19]. However, physical activity assessment was not available in the
RC control group.

Statistical analysis

Results

Data are presented as mean + SD and median (15t and 39 quartiles). For individual
measurements, the D’ Agostino-Pearson test was used to confirm normal distribution of
data. An unpaired ttest or Mann-Whitney test was used accordingly to evaluate differences
between people with T2D and overweight controls. For comparison between T2D, CWO,
and RC groups, one-way ANOVA or Kruskal-Wallis where appropriate and multiple-
comparisons tests were utilized to determine the effect of obesity and diabetes on CV health.
The level of statistical significance was set at p-value <0.05. All analyses were performed
using GraphPad (Version 8.4.3, San Diego, CA, USA).

Demographics and Clinical Phenotyping

Participant clinical characteristics are shown in Table 1. The LC, CWO and T2D cohorts
were well-matched for sex and age. Consistent with the study design, the CWO and T2D
cohorts had significantly higher BMI than RCs. CWO and T2D cohorts were well-matched
for body composition, lipid profiles, and blood pressure. GIR, HbAlc, and glucose levels
were significantly different between the T2D and CWO cohorts, as expected (p<0.01).

Arterial Stiffness

Global arterial PWV measured by SphygmoCor did not differ between CWO and T2D.
PWV measured by 2D QA PC-MRI in the ascending aorta was significantly higher in people
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with T2D compared to CWOs (p<0.01) (Table 2). 4D flow PWV in the thoracic aorta was
significantly higher in CWO (p<0.01), and T2D (p<0.001) compared to RC (Figure 2, Table
2). Of note, given the study design, the RC group did not have results for PWV measured

by SphygmoCor or 2D QA PC-MRI. Results from regional measurements of PWV along the
vascular tree are illustrated in the diagrams next to each measure (Figure 2).

Left Ventricular Cardiac Measures

Discussion

Baseline cardiac volumes and indexed volumes in the CWO and the T2D groups were
significantly lower than the RC group. There were no differences in ejection fraction
between the groups. BSA-indexed EDV (EDV;) was significantly lower in people with T2D
compared to the CWO and RC groups (Table 3). Differences in indexed LV volume as a
function of cohort were observed (Table 3, Figure 3).

In this study, we measured baseline clinical, cardiac, and central vascular status (using
SphygmoCor and CMR) in a carefully recruited, physically inactive population selected for
the purpose of studying the effects of exercise on CV health in the presence of obesity with
and without uncomplicated, well controlled T2D. We found subclinical changes in arterial
stiffness and cardiac remodeling in physically inactive CWO and T2D, as compared to

RC. These findings support obesity and/or physical inactivity as determinants of incipient
CVD complications in uncomplicated T2D. Notably, compared to the RC group, both CWO
and T2D groups had significant differences in diastolic LV volumes and regional vascular
parameters of increased arterial stiffness, as shown in previous studies [31,32]. Our findings
suggest a greater role of obesity than has previously been reported.

Previous reports comparing people with obesity with and without T2D reported differences
by diabetes status [33]; in contrast, few changes specific to the diabetes group were observed
in this analysis [33]. Specifically, participants with T2D demonstrated significant differences
groups only in EDV;j and 2D QA-PWYV in the ascending aorta compared to the CWO.
Similar changes in the CWO and T2D groups support a model wherein obesity and/or
physical inactivity are the primary drivers of cardiac and central arterial changes in these
groups, when compared to age-similar reference controls. These findings are clinically
pertinent given the advent of GLP-1 receptor and dual agonist therapies that demonstrate
efficacy for weight loss and CV risk reduction, as well as SGLT-2 inhibitors which
demonstrate modest weight loss and efficacy for prevention and treatment of heart failure.

Avrterial stiffness is a well-accepted predictor of CV disease and mortality [34,35].

The current study comprehensively examined systemic and regional PWV markers,
characterizing PWV in unique and overlapping regions of the vasculature. Tonometry
measures vascular stiffness along the path from the carotid artery to the femoral

artery (bypassing the proximal ascending aorta) and is perhaps the most ‘global’

PWV measurement widely available. In contrast, 4D Flow and 2D TT PC-MRI PWV
measurements cover ‘regional’ sections of the thoracic aorta and aortic arch, respectively.
The most location-specific PWV measurement was obtained with the 2D QA PC-MRI
acquisition consisting of a single plane measurement through the ascending and descending
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aorta. It is important to note that these methods of measuring PWV are not interchangeable
in that the QA method is more focal compared to SphygmoCor or 4D flow [14,16]

and that the coverage provided by some PWYV techniques overlap in area. The use of
multiple modalities to assess arterial stiffness presents an opportunity for detecting regional
differences not detected by global tonometric assessment.

Assessment of PWV over ‘regional’ sections of the aorta, revealed differences amongst the
three cohorts. Compared to RC, the T2D and CWO cohorts had significantly greater aortic
stiffness, as measured by 4D PWV. In a recent report of individuals with HF with preserved
ejection fraction, arterial stiffness correlated with visceral adipose tissue, consistent with
our observations with obesity alone [36]. A Chinese population study reported similar
associations between arterial stiffness measured by brachial-ankle PWV and obesity [37].
Avrterial stiffness as measured by 2D QA PC-MRI PWV in T2D and CWO significantly
differed between the two study groups only in the ascending aorta. This finding is important
given the role the relatively compliant ascending aorta plays to dampen flow and pressure
waveforms during contraction (via the Windkessel effect). In our previous report in youth
with type 1 diabetes (T1D), we observed selected changes in PWV and wall shear stress

in the descending aorta only; interestingly, these abnormalities were responsive to treatment
with metformin[37]. Proximal aortic stiffness might represent a source of excess afterload
and impaired cardiac perfusion, contributing to the observed cardiac function abnormalities.

Inconsistent with our own previous work and others, there were no significant differences
in SphygmoCor cfPWV between T2D and CWO study groups [24,38,39]. This may be
because our participants with T2D in the present study were younger than previous studies,
had a shorter duration of diabetes, or that the CWO and T2D groups had higher BMI than
previous studies suggesting that systemic aortic stiffness is promoted by overweight/obesity,
considering that these two groups were BMI-similar. Notably, the physiological coverage
of cfPWV does not include the ascending aorta, while 2D QA PC-MRI measured-PWV
focuses exclusively on the ascending aorta or descending aorta [40]. This difference in
anatomic specificity of PWV methods may explain the lack of difference of global cfPWV
found between people with T2D and CWO study groups despite a difference being detected
on local 2D QA PC-MRI. This regional finding has potential clinical significance as most
studies employ tonometry as the measure of aortic stiffness and thus may miss subtle
findings of increased aortic stiffness that could be detected using CMR. We did not have
cfPWV in our normative RC group for comparison, however, previous reports have shown
improvement in cfPWV with weight loss [41].

Our finding of elevated arterial stiffness in PWV in both the CWO and T2D groups when
compared to RC agrees with previous work finding decreased distensibility as a marker of
stiffness in both the ascending and descending aorta of people with T2D and obesity [37,42].
We speculate that the greater aortic stiffness in people with relatively uncomplicated T2D
and obesity is an initial marker of vascular disease in this population. Ongoing work with
this cohort will test whether this finding is improved with aerobic exercise training as has
been reported in some studies to differ by obesity status [11].
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Cardiac Measures

Our group previously reported abnormal LV global circumferential strain and septal and
posterior wall thickness in adolescents with T2D compared to overweight controls [43]. In
this study, we observed no difference in strain between adults with T2D and CWO. Both the
T2D and CWO groups had significantly smaller ESV and EDV compared to age-matched
RC, consistent with the findings of Gulsin et al [13,44]. While the literature endorses
increased rates of HF in diabetes [12], the early change in cardiac structure appears to be
more closely related to obesity than T2D in this study. Participants in the T2D cohort had
excellent glycemic control and well-managed cholesterol and blood pressure in contrast to
our prior adolescent group who were reported to have poor control and a disproportionately
high rate of microvascular and CV complications [45]. Nevertheless, our finding that the
T2D group had a smaller EDV;j than the CWO group suggests an interaction between
diabetes and cardiac remodeling. This finding agrees with reduced LV volumes found in
young adults with diabetes observed in prior work [42].

Ventricular-vascular Coupling

Limitations

Previous studies have shown that aortic stiffness was an independent predictor of concentric
LV remodeling in people with T2D [42]. We report aortic stiffness and lower LV volumes in
people with overweight/obesity with and without T2D compared to RCs. It is theorized that
aortic stiffening precedes LV remodeling by disturbing the arterial-ventricular interaction by
augmenting ventricular afterload [46]. The unique region of increased arterial stiffness in
people with T2D was only found via the most ‘local’ measure in the proximal ascending
aorta, 2D PC-MRI QA PWV. The ascending aorta serves as a compliance chamber for
systemic circulation, so it is positioned to contribute to cardiac workload. Decreased
ascending aorta distensibility correlates with LV wall thickness in older adults [47]. We
recently reported greater aortic stiffening in youth with T1D; these same youth have CMR
and echocardiographic features of diastolic dysfunction (manuscript in preparation). Of
note, subclinical evidence of cardiac and vascular remodeling in T1D is responsive to
metformin [48] and bromocriptine [49] consistent with reversible structural changes. The
parent study is addressing the response of these endpoints to an exercise intervention, which
we anticipate will be positive based on reports in older people with T2D [23,32,50].

This report represents a descriptive analysis. As the age of the cohort is younger than in prior
publications and the breadth of the CMR studies and post-processing expand upon published
findings, we believe these descriptive data are an important addition to the literature. Noise
and artifacts prevented analysis of MRI data in some participants, thus not all endpoints are
available in all study participants. Research registry RC values were from individuals in the
U.S. with no history of CV disease, obesity or diabetes [51]. While the inclusion criteria

for the CWO and T2D groups included physical inactivity, physical activity data were not
available for the RC cohort, so we expected a range of physical activity. There was some
overlap in BMI between the RC and T2D/OWC cohorts, as RC cohort included participants
with BMI <30 while T2D/OWC cohorts included those with BMI 25-40. Additionally,
people with T2D have a greater exposure to medical therapy with metformin and ACEi/ARB
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than controls which may interact with our endpoints though no statistical difference was
noted based on medication exposure.

Physically inactive pre-menopausal women and age-similar men with overweight/

obesity with and without T2D have greater aortic stiffness and evidence of cardiac
remodeling compared to RC participants. This finding suggests that obesity and/or
inactivity predominate in development of subclinical cardiac and vascular dysfunction in
uncomplicated T2D. In comparison to CWO, participants with T2D have significantly
greater ascending aortic stiffness and smaller EDV; . Measuring changes in central arterial
stiffness detected by CMR may present an opportunity for early detection of incipient HF,
and inform early intervention via treatment of T2D and obesity with cardioprotective weight
loss agents.
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Figure 1.

Anatomical coverage of tools for measuring arterial stiffness (a) SphygmoCor-derived
carotid-femoral tonometry pulse wave velocity (PWV). (b) 4D flow MRI PWV calculated
via cross-correlation of multiple planes between ascending and distal descending aorta.
(c) 2D phase contrast (PC)-MRI PWV calculated via the transit-time approach between
ascending and proximal descending aorta. (d) 2D PC-MRI PWYV calculated via the flow-
area approach (QA) in the ascending aorta and proximal descending aorta. Created with
BioRender.com.
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Figure 2.

Avrterial stiffness: Region assessed per diagram. RC=reference control, CWO=controls with
overweight/obesity, T2D=participants with type 2 diabetes, PWV=pulse wave velocity,
cf=carotid-femoral, QA=flow-area, TT=transit-time, AA=Ascending aorta, DA=Descending
aorta. *Significantly different from BMI-similar control group with p<0.05. **p<0.01,
***p<0.001.
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Left ventricle end-systolic and end-diastolic volume indexed to body surface area.
RC=reference control, CWO=controls with overweight/obesity, T2D=participants with type
2 diabetes. EDVi=EDV indexed to body surface area, ESVi=ESV indexed to body surface
area. *Significantly different from BMI-similar control group with p<0.05. **p<0.01,

***p<0.001, ****p<0.0001.

J Hypertens. Author manuscript; available in PMC 2024 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

ABUSHAMAT et al.

Table 1.
Demographics and Cardiovascular Phenotype.
Clinical measures RC CwWO T2D n (RC, CWO, T2D)
% Female 45% 59% 48% (20, 34, 22)
Age (years) 43.0(41.0-45.0) | 44.2(38.1-48.6) | 46.4(36.9-51.9) (20, 34, 22)
Body mass index (kg/m?) 25.4 + 4.5 32.1+£54 34.1+53 (20, 34, 22)
Body surface area (m?) 1.90 + 0.24 % 210+0.22 218+0.23 (20, 34, 22)
Lean body mass (kg) 52.7+9.8 57.7+12.2 (~, 34,22)
Body Fat % 390.8+6.2 38.0+7.4 (= 34,22
GIR (mL/kg-min) 6.1t24 42+23% (~, 31, 20)
HbA. (%) 53+03 6.0+ 09 (~,34,22)
Insulin (U/mL) in serum 88+47 105+9.8 (~, 33,22)
Glucose at scan time (mg/dL) 88.1+18.2 136.1 +59.8 (~,25,17)
Adiponectin (pug/mL) 9.7+51 75+4.0 (~, 28, 20)
LDL-C (mg/dL) 114.7 + 30.7 109.8 + 30.2 (~, 34,22
HDL-C(mg/dL) 462+83 447+82 (~ 34,22
Triglycerides (mg/dL) 130.3+77.3 186.1 + 161.5 (~, 34,22)
Systolic BP (mmHg) 117.6+9.1 121.7+7.2 (~ 34,22
Diastolic BP (mmHg) 842+7.1 86.8+5.3 (~, 34,22
Pulse Pressure (mmHg) 33464 334+99 (~, 34, 22)

Data are presented as mean + SD or median (1st and 3rd quartiles). RC=reference control, CWO=controls with overweight/obesity,

Page 17

T2D=participants with type 2 diabetes, GIR=Glucose Infusion Rate, LDL-C=low density lipoprotein cholesterol, HDL-C=high density lipoprotein

cholesterol, BP=blood pressure.

*
Significantly different from BMI-similar control group with p<0.05.

Aok

p<0.01,

*ok

*
p<0.001.

For reference controls, all differences are between it and both study groups. GIR = glucose infusion rate. BP= blood pressure.
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Table 2.
Arterial Stiffness Measures
Arterial/Aortic measures RC CwWO T2D n (RC, CWO, T2D)
‘Sectional’ Arterial measurements
Global: SphygmoCor PWV (m/s) 77+13 85+1.6 (~, 31, 20)
Central: 4D Flow PWV (m/s) 65+127F| 82x19 89+26 (20, 30, 18)
Regional: 2D TT PC-MRI PWV (m/s) 58+16 56+15 (~, 29, 18)
Ascending Aorta Measurements
2D QA PC-MRI PWV, AA (m/s) 31£09 [ 41+16™ (=, 27, 16)
RAC, AA (%) 19.8+6.4 | 16.6+6.6 (~ 29,16)
Distensibility, AA (10-3 mm Hg™) 6.1+27 50+21 (~,29,16)
WRI, AA (Ratio, 0-1) 0.29+0.15 | 0.32+0.15 (~, 29,16)
Descending Aorta Measurements
2D QA PC-MRI PWV, DA (m/s) 23+06 28+14 (~, 29, 18)
RAC, DA (%) 284+75 | 26.2+10.3 (~ 29, 18)
Distensibility, DA (10-3 mm Hg™) 9.1+37 79+29 (~, 29, 18)
WRI, DA (Ratio, 0-1) 0.21+0.16 | 0.22+0.12 (~, 29, 18)

Page 18

Data are presented as mean + SD. RC=reference control, CWO=controls with overweight/obesity, T2D=participants with type 2 diabetes, PWV=

pulse wave velocity, QA= flow-area, TT=transit-time, AA=Ascending aorta, DA=Descending aorta, PC=phase contrast.

*
Significantly different from BMI-similar control group with p<0.05.

Aok

p<0.01,

Hok:

*
p<0.001.

For reference controls, all differences are between it and both study groups. AA = ascending aorta. DA = descending aorta. PC-MRI = phase
contrast magnetic resonance imaging. PWV = pulse wave velocity. TT = transit time approach. QA = flow area approach. RAC = relative area

change. WRI = wave reflection index.
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Table 3.
Cardiac function in the three study groups.
Left Ventricle Cardiac Measures RC CwWO T2D n (RC, CWO, T2D)
ESV (mL) 615+168"** | 47.1+139 | 41.8+10.9 (20,33, 22)
EDV (mL) 1454 +315% | 103.9+227 | 90.6£21.4 (20,33, 22)
ESV; (mL/m2) 324+78%% 21.8+7.6 19.3£5.0 (20, 33,22)
EDV; (mL/m?) 767+1617 | 483£140 | 4174977 (20,33, 22)
Ejection Fraction (Ratio, 0-1) 0.58 +0.04 0.55+0.07 | 0.53+0.10 (20, 33,22)
Stroke Volume (mL) 83.9+162°** | 551165 | 46.7+187 (20, 33, 22)
Heart Rate (1/min) 63.0+11.17* | 77.8+106 | 80.3+143 (20, 34, 22)
Cardiac Output (L/min) 520+004%** | 424+£123 | 364137 (20, 33, 22)
Septal wall thickness (mm) 9.6+2.0 104 +£20 (~, 33,22)
Free Wall Thickness (mm) 86+24 9.1+22 (~, 33,22)
Radial Peak strain (%) 275+58 258+4.7 (~ 33,22)
Circumferential Peak Strain (%) 18.2+26 18.2+26 (~, 33,22)
Longitudinal Peak Strain (%) 143+28 129+25 (~ 31,22)

Data are presented as mean + SD. RC=reference control, CWO=controls with overweight/obesity, T2D=participants with type 2 diabetes,
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ESV=end-systolic volume, EDV= end-diastolic volume, ESVj=ESV indexed to body surface area, EDVj=EDV indexed to body surface area.

*
Significantly different from BMI-similar control group with p<0.05.

Ak
p<0.01,

Hok:

*
p<0.001.

For reference controls, all differences are between itself and both study groups.
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