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Background
Obesity is a risk factor for cardiovascular disease and
mortality. Studies in both obese humans and murine
models of obesity have identified changes in left ventri-
cular (LV) mechanics (i.e., strains, strain rates, and tor-
sion), which manifest prior to global changes in cardiac
function (ejection fraction) and may represent early
markers of cardiovascular disease. These data are gener-
ally acquired under resting conditions, which could
mask subtle differences in the early stages of disease.
We sought to evaluate LV mechanics under inotropic
stress conditions with the hypothesis that mechanical
deficiencies with obesity would be exacerbated under
stress conditions and revealed at earlier stages of
disease.

Methods
C57BL/6J mice were randomized to either a high-fat or
control diet (60%, 10% kcal from fat, respectively) for
varying time intervals (n=7-10 subjects per group per
time point). At each interval, LV mechanics were quanti-
fied under baseline (resting) and stress conditions (40 µg/
kg/min continuous infusion of dobutamine) using cine
displacement encoding with stimulated echoes (DENSE)
on a 7T Bruker ClinScan. Three short-axis and 1-2 long-
axis slices were acquired with 11-20 frames per cardiac
cycle. Peak strain, systolic strain rates, and torsion were
quantified. A linear mixed model was used to compare
interactions between time and group with Benjamini-
Hochberg adjustments for multiple comparisons.

Results
Under rest conditions, reductions in LV peak strains
(Fig 1) were observed in the high-fat group after
42 weeks, with no differences in systolic strain rates
(Fig 2) or torsion (not shown). Conversely, reductions in
both LV peak strain and strain rates were seen under
inotropic stress conditions after only 16-22 weeks on
diet. Furthermore, stress CMR evaluation revealed
supranormal values of LV radial strain and torsion in
the high-fat group at early time points (weeks 4-10) and
late deficits in peak torsion (not shown), which were not
observed under rest conditions.

Conclusions
Differences in left ventricular mechanics in obese mice
are exacerbated under inotropic stress conditions. Com-
pared to evaluation at rest, stress CMR demonstrated a
broader array of mechanical dysfunction (changes in sys-
tolic strain rates and torsion in addition to peak strains)
and revealed these differences at earlier time points (16-
22 vs. 42 weeks). A deficit in circumferential peak systo-
lic strain rate at peak stress was the earliest observed
marker of obesity-induced ventricular dysfunction.
Thus, it may be important to evaluate cardiac function
in the setting of obesity under stress conditions in order
to fully elucidate the presence of ventricular dysfunction.

Funding
This work was supported by a Ruth L. Kirschstein
National Research Service Award (T32 HL91812); an
Institutional Development Award (IDeA) from the
National Institute of General Medical Sciences of the
NIH (P20 GM103527); the University of Kentucky Car-
diovascular Research Center; the National Center for

1University of Kentucky, Lexington, KY, USA
Full list of author information is available at the end of the article

Haggerty et al. Journal of Cardiovascular Magnetic
Resonance 2015, 17(Suppl 1):Q114
http://www.jcmr-online.com/content/17/S1/Q114

© 2015 Haggerty et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Figure 1 Left ventricular peak longitudinal strains at rest (top) and peak stress (bottom) at indicated time points with respect to diet. In both
cases, there was an overall significant interaction of time and group, but individual time point differences (denoted by stars) were observed
much earlier under stress conditions.

Figure 2 Left ventricular circumferential peak systolic strain rates at rest (top) and peak stress (bottom) at indicated time points with respect to
diet. There was no significant difference between groups at rest; however, the high fat group had significantly reduced strain rate beginning at
week 16 (non-significant trend) and extending through the remainder of the study (denoted by stars).
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