
We hypothesized that increasing supply of glucose in the fail-
ing heart would be beneficial over increasing fat supply and
designed a multiparametric assessment to compare the two
interventions in a heart failure group.
Methods 10 healthy volunteers were recruited as a control
group: mean age 41 (range 24-79), mean BMI 23.4 (range
20.6-27.1), F:M 7:3. 8 patients with clinical diagnosis of heart
failure and nonischaemic cardiomyopathy were recruited,
mean age 65 (range 49-79), mean BMI 26.5 (range 21.3-
37.5), F:M 3:5.

On the first visit, participants had a baseline cardiac mag-
netic resonance (CMR), collecting cardiac volumes and func-
tion, then were randomised to receive either a 60ml/H
intralipid infusion or a hyperinsulinaemic euglycaemic clamp
(40mU/kg/min). Following an hour of infusion, CMR was
repeated followed by 31P cardiac magnetic resonance spectro-
scopy (MRS) for PCr/ATP ratio and creatine kinase flux, then
a dobutamine stress sequence targeting 65% of maximum
heart rate.
Results Data was normally distributed. See tables 1 and 2.

In the control group, ejection fraction was significantly
higher in those receiving intralipid infusion. PCr/ATP was not
significantly different, however there was a rise in creatine
kinase first order rate constant and creatine kinase flux.

The mean baseline ejection fraction in the heart failure
group was 37 ± 9 %. Intralipid elevated ejection fraction
over the baseline by 6.2 ± 6 % compared to euglycaemic
clamp in which there was no significant difference (+0.1 ±
3.6 %, p = 0.004 vs change in intralipid group). With intrali-
pid, left ventricular end diastolic volume fell below baseline (-
14 ± 13 ml, compared to + 9.5 ± 18.8 ml with euglycaemic
clamp, p = 0.003), as did left ventricular end systolic volume
(- 22.9 ± 23.4 ml compared to + 6.86 ± 17.8 ml, p =
0.001), suggesting increased contractility. Unlike the normal
heart group, PCr/ATP was elevated with intralipid compared
to euglycaemic clamp. There was no significant difference in
creatine kinase rate constant nor flux.

Conclusions Increased supply of fat to the myocardium
brought about improved contractility in these heart failure
patients over their baseline measurements, unlike a euglycae-
mic clamp which did not cause any significant changes, mir-
roring the pattern seen in the control group where patients
infused with intralipid had higher contractility. Cardiac ener-
getics were relatively improved with the intralipid compared
to euglycaemic clamp in the heart failure group, but not in
the normal heart controls.

The higher PCr/ATP ratio in the heart failure group would
imply (given myocardial ATP concentration remains relatively
constant) that there is a greater availability of phosphocrea-
tine, suggesting improved mitochondrial ATP synthesis. This
did not occur in the normal heart control group, perhaps as
their metabolism was already optimal. These results were
unexpected as it has traditionally been thought increased glu-
cose metabolism would yield greater cardiac function in the
failing heart.

These data suggest targeting myocardial fat metabolism may
provide novel treatments for cardiac dysfunction.
Conflict of Interest None
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Background Cardiovascular diseases are an important compo-
nent of the multimorbidity syndrome which is associated with
negative health outcomes resulting in a major societal eco-
nomic burden. An objective way to assess multimorbidity is to
calculate a frailty index based on medical deficit accumulation.
Late-life frailty has been validated to predict mortality, but lit-
tle is known about the association between life-course frailty
and cardiovascular health in later-life.
Purpose To study the association between life-course frailty
and later-life heart size and function using data from the
world’s longest running birth cohort with continuous follow-
up.
Methods A 45-deficit frailty index (FI) was calculated at 4
age-intervals across the life-course (0 to 16, 19 to 44, 45 to
54 and 60 to 64 years) in birth cohort participants of the UK
1946 Medical Research Council National Survey of Heath and
Development (NSHD). The 4 resultant frailty indices (FI0_16,
FI19_44, FI45_54 and FI60_64) were used to derive FImean
and FIsum reflecting overall life frailty. The step change in
deficit accumulation between age-intervals was also calculated
(FI2-1, FI3-1, FI4-1, FI3-2, FI4-2, FI4-3). Echocardiographic
data at 60-64 years provided: left ventricular (LV) ejection
fraction (EF), LV mass indexed to body surface area (BSA;
LVmassi), BSA-indexed myocardial contraction fraction (MCFi)
and LV filling pressure defined as E/e’>13. Generalized linear
mixed models (glmm) with gamma distribution and log link
or binomial distribution and logit link, assessed the association
between FIs and echocardiographic parameters after adjust-
ment for sex, socio-economic position and body mass index.
Results 1,805 NSHD participants were included (834 male,
mean FI60_64 0.28±0.097, range 0.07-0.70). A unit increase
in frailty decreased EF by 11% and 12% for FI45_54 and

Abstract 81 Table 1 Normal heart group

Variable Insulin/Glucose Intralipid p-value

(paired t-test)

Ejection Fraction,% 58 ± 3.8 63 ± 3.4 0.01

Left ventricular end diastolic volume (ml) 153 ± 26 159 ± 31 0.13

Left ventricular end systolic volume (ml) 64 ± 12 59 ± 14 0.03

PCr/ATP 1.98 ± 0.34 2.05 ± 0.3 0.57

Creatine kinase rate constant (s-1) 0.212 ± 0.087 0.335 ± 0.13 0.02

Creatine Kinase Flux, (umol/kg.min) 2.37 ± 0.93 3.45 ± 1.48 0.05

Abstract 81 Table 2 Heart Failure Group

Variable Insulin/Glucose Intralipid p-value

(paired t-test)

Ejection Fraction,% 36 ± 7 42 ± 8 0.001

Left ventricular end diastolic volume (ml) 248 ± 70 225 ± 59 0.003

Left ventricular end systolic volume (ml) 163 ± 59 134 ± 51 0.001

PCr/ATP 1.74 ± 0.26 1.86 ± 0.22 0.01

Creatine kinase rate constant (s-1) 0.157 ± 0.077 0.181 ± 0.1 0.55

Creatine Kinase Flux, (umol/kg.min) 1.426 ± 0.542 1.701 ± 0.897 0.438
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Abstract 82 Figure 2 Comparing life-course frailty between
participants with highest and lowest deciles in terms of LVmassi and E/
e’ ratio at 60-64 years old
(Top) The mean FIs for each age interval for the highest LVmassi deciles
for both males and females as assessed by echo at age 60-64 years
(red) are plotted against the mean FIs of participants in the lowest
deciles (green).
(Bottom) The mean FIs for each age interval for the highest E/e’ decile
as assessed by echo at age 60-64 years (red) are plotted against the
mean FIs of participants in the lowest decile (green).
Vertical bars represent standard error of the means. Wilcoxon signed-
rank test p-values for median inter-decile differences are shown
LVmassi, left ventricular mass indexed to body surface area;

Abstract 82 Table 2 Associations between frailty at specific age-
intervals during life-course (FI60_64), step-change in deficit
accumulation at various periods (FI2-1, FI3-1, FI4-1, FI4-2, FI4-3) and
overall-life frailty (FImean), and echocardiographic parameters (EF and
E/e’) at 60-64 years in the fully adjusted model.

EF! E/e’ ratio

β (95% CI) p-value β (95% CI) p-value

FI60_64 -0.13 (-0.21, -0.04) 0.003 5.26 (1.43,9.09) <0.001

FI2-1& -0.11 (-0.22, -0.003) 0.044 -2.25 (-8.09,3.58) 0.449

FI3-1y -0.12 (-0.22, -0.03) 0.010 1.84 (-2.92,6.60) 0.449

FI4-1〥 -0.13 (-0.21, -0.05) 0.001 4.55 (0.70,8.37) 0.020

FI3-2∳ -0.07 (-0.20,0.05) 0.250 6.31 (-0.17,12.78) 0.056

FI4-2∅ -0.11 (-0.21, -0.01) 0.037 8.13 (3.51,12.76) <0.001

FI4-3〆 -0.095 (-0.22,0.03) 0.14 8.17 (2.02,14.32) 0.009

FImean -0.16 (-0.29, -0.03) 0.016 5.06 (-1.30,11.41) 0.119

! EF analysis used generalized linear mixed models with gamma distribution and log link,
while E/e’ analysis used logistic regression.
& Defined as the step change in deficit accumulation between FI19_44 and FI0_16.
y Defined as the step change in deficit accumulation between FI45_54 and FI0_16
〥 Defined as the step change in deficit accumulation between FI60_64and FI0_16
∳ Defined as the step change in deficit accumulation between FI45_54 and FI19_44.
∅ Defined as the step change in deficit accumulation between FI60_64 and FI19_44.
〆 Defined as the step change in deficit accumulation between FI60_64 and FI45_54.
EF, ejection fraction; Other abbreviations as in Table 1.
Significant p-values are highlighted in bold.

Abstract 82 Figure 1 Comparing life-course frailty between
participants with highest and lowest deciles in terms of EF and MCFi at
60–64 years old
(Top) The mean FIs for each age interval for the highest EF decile as
assessed by echo at age 60-64 years (green) are plotted against the
mean FIs of participants in the lowest decile (red).
(Bottom) The mean FIs for each age interval for the highest MCFi decile
as assessed by echo at age 60-64 years (green) are plotted against the
mean FIs of participants in the lowest decile (red).
Vertical bars represent standard error of the means. Wilcoxon signed-rank
test p-values for median inter-decile differences are shown
EF, ejection fraction; MCFi, myocardial contraction fraction indexed to
body surface area.

Abstract 82 Table 1 Associations between frailty at specific age-
intervals during life-course (FI0_16, FI19_44, FI45_54 and FI60_64) and
overall-life frailty (FIsum and FImean), and echocardiographic
parameters (LVmassi and MCFi) at 60-64 years in the fully adjusted
model.

LVmassi
! MCFi

Frailty index β (95% CI) p-value β (95% CI) p-value

FI0_16^ 0.50 (0.14, 0.87) 0.007 -0.61 (-1.21, 0.00) 0.049

FI19_44* 0.41 (0.16, 0.67) <0.001 -0.48(-0.89, -0.07) 0.021

FI45_54
† 0.34 (0.13, 0.56) <0.001 -0.32 (-0.66, -0.02) 0.062

FI60_64§ 0.36 (0.18, 0.55) 0.0001 -0.38 (-0.68, -0.08) 0.013

FIsumゝ 0.15 (0.08, 0.22) <0.0001 -0.16 (-0.28, -0.04) <0.001

FImean✺ 0.60 (0.31, 0.89) <0.0001 -0.63 (-1.10, -0.17) <0.001

! All analyses used generalized linear mixed models with gamma distribution and log link.
^ Defined as the frailty index at 0 to 16 years old.
* Defined as the frailty index at 19 to 44 years old.
† Defined as the frailty index at 45 to 54 years old.
§ Defined as the frailty index at 60 to 64 years old
ゝ Defined as the sum of FI0_16, FI19_44, FI45_54 and FI60_64.
✺ Defined as the mean of FI0_16, FI19_44, FI45_54 and FI60_
LVmassi, left ventricular mass indexed to body surface area; MCFi, myocardial contraction
fraction indexed to body surface area; β, regression coefficient; CI, Confidence interval;
Significant p-values are highlighted in bold.
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FI60_64 respectively, by 10% to 12% for FI2-1, FI3-1, FI4-1
and FI4-2, and by 4% and 15% for FIsum and FImean
respectively (all p<0.05). Single deficit accumulation had a
significant impact on LVmassi and MCFi across all the life-
course FIs and overall FIs (all p<0.05). As frailty intensified
at each of the 4-time intervals, LVmassi increased by 0.91–
1.42%, and MCFi decreased by 0.6–1.02%. As the whole-of-
life burden of frailty increased (FIsum and FImean) LVmassi
increased by 0.36 and 1.82% and MCFi decreased by 0.33
and 1.04%. One extra deficit accumulated translated into
higher multiplicative odds of increasing LV filling pressure by
4.3 for FI60-64, 2.1 for FI4-1, 75.4 for FI4-2 and 78.5 for
FI4-3 (all p<0.02).
Conclusion Frailty during childhood, young adulthood, middle
age and older age associates with having a weaker (↓EF/
MCFi), thicker (↑LVmassi) and stiffer (↑E/e’) heart in later-
life. The accumulation of new deficits from one age interval
to the next also associates with poorer cardiac function in
later-life. It appears that multimorbidity and health deficits
accumulated over the life-course strain the myocardium result-
ing in pathological myocardial hypertrophy potentially paving
the way to later-life systolic or diastolic dysfunction in suscep-
tible individuals
Conflict of Interest None.
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Background Frailty is common in patients with chronic heart
failure (CHF) and is associated with poor outcomes. We inves-
tigated the relation between frailty and treatments, hospitalisa-
tion and death in patients with CHF.
Methods Frailty was assessed using the clinical frailty scale
(CFS) in 467 consecutive patients with CHF (67% male,
median (IQR) age 76 (69-82) years, median (IQR) NT-proBNP
1156 (469-2463) ng/L) attending a routine follow-up visit.
Those with CFS>4 were classified as frail. We studied the pri-
mary cause of death and hospitalisations, ascertained from
electronic records, autopsy reports and death certificates,
within 1 year of enrolment.
Results 206 patients (44%) were frail. Frail patients with heart
failure with reduced ejection fraction (HFrEF) were less likely
to receive optimal treatment, with many not receiving an
angiotensin-converting enzyme inhibitor or angiotensin recep-
tor blocker (frail: 25% vs non-frail: 4%), a beta-blocker (16%
vs 8%) or a mineralocorticoid receptor antagonist (50% vs
41%).

After 1 year, there were 56 deaths and 322 hospitalisations,
46 (82%) and 215 (67%) of which, respectively, occurred in
frail patients. 43% of deaths in frail patients were due to
non-cardiovascular causes (non-frail: 50%), commonly infec-
tions (60%). 58% of cardiovascular deaths in frail patients
were due to HF progression (non-frail:100%). (Figure 1)

64% of hospitalisations in frail patients were due to non-
cardiovascular causes (non-frail: 57%), commonly infections
(34%) and falls (30%). 59% of cardiovascular hospitalisations

in frail patients were due to decompensated HF (non-frail:
63%). (Figure 2)
Conclusion Frailty in patients with CHF is associated with
sub-optimal medical treatment for HFrEF and a high rate of
non-cardiovascular events, suggesting that interventions not
directed to treating CHF might be appropriate.
Conflict of Interest None

84 PARTICIPANTS WITH T2DM HAVE IMPROVED CARDIAC
FUNCTION WITH FATTY ACID METABOLISM, DESPITE
UNCHANGED CARDIAC ENERGETICS
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Background/Introduction The Phosphocreatine-to-Adenosine
Triphosphate ratio (PCr/ATP) is an established indicator of car-
diac energetic status. Measurement of the Creatine Kinase
pseudo-first order rate constant (CKkf) provides a more sensi-
tive measure of cardiac energetics, and allows calculation of
ATP delivery rate through the Creatine Kinase shuttle (CK

Abstract 83 Figure 2 Cause of hospitalisations at 1 year in frail vs
non-frail patients

Abstract 83 Figure 1 Cause of death at 1 year in frail vs non-frail
patients
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