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Abstract

Aims/Hypothesis: Recent evidence suggests a link between myocardial steatosis and diabetic cardiomyopathy. Insulin, as a
lipogenic and growth-promoting hormone, might stimulate intramyocardial lipid (MYCL) deposition and hypertrophy.
Therefore, the aim of the present study was to investigate the short-term effects of insulin therapy (IT) on myocardial lipid
content and morphology in patients with T2DM.

Methods: Eighteen patients with T2DM were recruited (age 562 years; HbA1c: 10.5+0.4%). In 10 patients with insufficient
glucose control under oral medication IT was initiated due to secondary failure of oral glucose lowering therapy (IT-group),
while 8 individuals did not require additional insulin substitution (OT-group). In order to assess MYCL and intrahepatic lipid
(IHLC) content as well as cardiac geometry and function magnetic resonance spectroscopy (MRS) and imaging (MRI)
examinations were performed at baseline (IT and OT) and 10 days after initiation of IT. Follow up measurements took place
181+49 days after IT.

Results: Interestingly, basal MYCLs were 50% lower in IT- compared to OT-group (0.41=0.12 vs. 0.80+0.11% of water signal;
p =0.034). After 10 days of IT, an acute 80%-rise in MYCL (p=0.008) was observed, while IHLC did not change. Likewise,
myocardial mass (+13%; p =0.004), wall thickness in end-diastole (+13%; p=0.030) and concentricity, an index of cardiac
remodeling, increased (+28%; p =0.026). In the long-term MYCL returned to baseline, while IHCL significantly decreased
(—31%; p=0.000). No acute changes in systolic left ventricular function were observed.

Conclusions/Interpretation: The initiation of IT in patients with T2DM was followed by an acute rise in MYCL concentration
and myocardial mass.
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Introduction patients with type-2 diabetes mellitus (T2DM) [4,5]. In accor-
dance, assessment of cardiac lipid metabolism by means of

T'he pathogenesis of diabetic heart disease is multi-factorial and magnetic resonance spectroscopy in obese patients with T2DM

complex. Putative mechanisms include metabolic disturbances, and non-ischemic cardiomyopathy demonstrated increased intra-
myocardial fibrosis and small vessel disease [1]. High dietary myocardial lipid content (MYCL) [6-8]. However, to date
intake of free fatty acids may result in intracellular accumulation of contradictive results have been published concerning the short
potentially toxic intermediates of the lipid metabolism, all of which term effects of MYCL accumulation (steatosis) on cardiac function

lead to impaired myocardial performance and morphological [7,9].
changes [2,3]. At the late stage of the disease myocyte loss and

o OF e ' > Growing evidence indicates a potential relationship between
replacement fibrosis is increased, indicating cardiac remodeling in

chronic hyperinsulinemia in pre-diabetic patients and structural
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changes of the heart leading to myocardial fibrosis [10,11]. A
crucial role in the pathogenesis of myocardial hypertrophy has
been identified for insulin-related cell signaling pathways including
the insulin/PI3k/PKB/Akt axis [12]. Consistently, it was demon-
strated that disturbances of this pathway induce a decrease in
glucose uptake and glucose oxidation and an increase in fatty acid
utilization [13].

In a recent study we observed that insulin acutely increases
MYCL content and alters cardiac function in the presence of
standardized hyperglycemia/hyperinsulinemia (clamp test) in
healthy subjects [14]. Therefore we hypothesized that exogenous
insulin supply promotes the development of myocardial steatosis
and modifies left ventricular contractility in patients with T2DM.

Methods

Ethics Statement

The study was approved by the institutional medical ethical
committee (Ethics Committee of the Medical University of
Vienna) and written informed consent was obtained from all
participants. All clinical investigations have been conducted
according to the principles expressed in the Declaration of
Helsinki.

Study Participants

Eighteen patients with T2DM were recruited from the
outpatient service of our department (Table 1). Inclusion criteria
were insufficient metabolic control under oral anti-diabetic
medication at the time point of clinical assessment (HbAlc
>8%) and resting blood pressure <150/85 mmHg with or
without antihypertensive medication. Patients with previous
myocardial infarction, coronary artery disease and/or history of
congestive heart failure were excluded. In addition, subjects, who
received digitalis and/or thioazolidinediones did not participate,
since thiazolidinediones have been shown to affect myocardial
lipid content [15]. None of the study participants had been treated
with insulin before or presented with type 1 diabetes-related
antibodies. All female patients were postmenopausal. Oral anti-
diabetic agents prior the initiation of IT included: metformin
(n=13), sulfonylurea or glinide (n = 8), and gliptine (n = 5). Eleven
study participants were on lipid lowering therapy with statins and
1 was treated with ezetimibe. Eight patients reported regular
intake of combined anti-hypertensive therapy (angiotensin 2
receptor antagonist or ACE inhibitor: n = 3; selective B-blocker:
n=1; calcium channel blocker: n=1; diuretics: n=1).

Study Design

The time span between the clinical assessment in the outpatient
unit and the hospitalization was 7.5*1.8 days (run-in phase).
During this time period compliance with the oral medication was
strongly recommended and patients were instructed that in case of
persistently insufficient metabolic control the initiation of IT was
intended. Additionally, patients provided standardized records of
self-blood glucose monitoring until the baseline 'H-magnetic
resonance imaging (-MRI) and spectroscopy (-MRS) examination.
Thereafter, standardized I'T (three times daily dual release human
mnsulin analogue suspension containing 30% soluble insulin aspart
and 70% insulin aspart protamine crystals, NovoMix 30®" Novo
Nordisk, Vienna, Austria) was initiated in patients with secondary
failure to oral anti-diabetic treatment (mean plasma glucose
>190 mg/dl; IT-group). In these patients all blood-glucose
lowering agents except for metformin were discontinued simulta-
neously with the initiation of IT. Likely, due to the improved
compliance to the oral-medication during the run-in phase
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glycemic control ameliorated in 8 out of 18 patients (OT-group,
mean plasma glucose <190 mg/dl). Thus, these patients did not
require standardized IT corresponding to the study protocol and
only baseline MR examinations were performed in this subgroup
of patients. During the course of the study no adjustments of lipid
lowering and/or anti-hypertensive medication were performed.
During the first 10 days of the inpatient setting standardized
frequent measurements of blood glucose concentrations (0 h, 3 h,
6 h, 9 h, 12 h, 15 h, 18 h, 21 h; Accu-Check Go Blood Glucose
Monitor, Roche Diagnostics, Vienna, Austria) allowed to quickly
titrate insulin doses and achieve pre-prandial glucose concentra-
tions of 100-120 mg/dl. Insulin doses were adjusted twice daily by
experienced physicians. In addition a standardized diet with 1400
kilocalories per day (fat/carbohydrate/protein: 32%/48%/20%)
was administered during inpatient treatment. All patients were
advised to adhere to the diet plan after the discharge. Further-
more, structured inpatient diabetes training included recommen-
dations for regular moderate physical activity. Ten days after the
initiation of I'T" MRI and MRS studies were repeated. Patients
were discharged on day 10. Clinical and MR follow up
examinations were performed in 7 patients 18149 days after
initiation of IT.

Magnetic Resonance Imaging (MRI) and Spectroscopy
(MRS)

All magnetic resonance measurements were performed on a
3.0-T Tim Trio System (Siemens Helathcare, Erlangen, Germany)
operated with the Syngo VB15 and VB17 user interface.

'"H-MRI for myocardial function. Visualization of cardiac
function was performed employing retrospective ECG-gated cine
true fast imaging with steady-state precession (ITrueFISP) sequenc-
es in 2-chamber, 4-chamber and short axes orientation. Short axes
images were used to quantify left ventricular global function (end-
diastolic and end-systolic volume, stroke volume, ejection fraction
and myocardial mass) after manual demarcation of endo- and
epicardial borders in end-systolic and end-diastolic phase via
ARGUS software (Siemens Healthcare, Erlangen, Germany).
Papillary muscles and trabecles were counted to the lumen of the
left ventricle. Myocardial mass was determined as mean of end-
diastolic and end-systolic muscle volume multiplied with a density
of 1.05 g/cm®. Mid-ventricular short axis slices were analyzed for
the assessment of left ventricular wall thickness [16]. All data were
normalized to body surface area (BSA) using the Dubois formula
(BSA = 0.007184 xheight”"?* xweight™*#?) [17].

Calculation of concentricity (=left ventricular mass to end-
diastolic volume ratio) [18] was performed to evaluate effects on
cardiac remodeling. Additionally, a FLASH-based (fast low angle
shot) retrospective ECG-gated cine phase contrast sequence was
used to determine E/A ratio of mitral inflow (evaluated via
ARGUS software) as a measure of left ventricular diastolic
function [19,20].

'H-MRS for quantification of myocardial lipid content
(MYCL). Myocardial lipid measurements were performed using
localized 'H-MRS based on recently introduced methods
[7,14,20,21]. Anatomic imaging was used to guide water
suppressed Point RESolved Spectroscopy (PRESS) sequence (echo
time, TE =30 ms, NS=16). The volume of the interest (VOI;
approx. 6-8 cm®) was placed over the interventricular septum.
The acquisition of MR signal was performed during multiple
breath holds using the multichannel cardiac reception coil
provided by the system manufacturer (Siemens Healthcare,
Erlangen, Germany) and triggered by ECG signal. For the signal
acquisition in the mid-diastole trigger delay was adjusted
individually. Repetition time of the sequence was given by the
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under oral anti-diabetic therapy (OT).
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Table 1. Clinical and biochemical characteristics of patients with T2DM treated with standardized IT compared with individuals

Baseline N =8 (oral
medication, OT)

Baseline N=10
(standardized IT)

Follow up N=7

Day 10 N=10 (standardized (standardized IT) (mean =

Characteristics (mean = SEM) (mean = SEM) IT) (mean = SEM) SEM)
Age (years) 53+2 58+3 - -

Sex (f/m) 4/4 4/6 - -
Diabetes duration (years) 3+%1 9+2% - -

HbA1c (%) 9.8+0.7 111204 n. a. 8.3+04"
BMI (kg/m?) 30%1.7 30%1.7 30*1.7 30£23
BP syst./diast. (mmHg) 137£9/77+3 134+4/75+4 122+2/71%5 138+3/81+4
Plasma glucose (mg/dl) 182+14 23119 150+8" 146+25
Cholesterol (mg/dl) 217+22 195+9 154+8" 163=15"
LDL cholesterol (mg/dl) 135+19 11710 n. a. 88*13
Triglycerides (mg/dl) 225+64 192+30 16616 14741
HDL- cholesterol (mg/dl) 50+5 40=*3 n. a. 45*4
Albumin (g/I) 43*1.6 44*1.0 n. a. 44+0.7
Creatinine (mg/dl) 0.840.03 0.94*0.11 n. a. 0.89+0.11
Albumin-Crea-Quot (mg/dl) 14+24 31+104 n. a. 19+7.3
Pro BNP (pg/ml) 38+9 124+66 n. a. 81+42
Insulin dose (IU/day) n. a. 0+0 39+7" 49+10"

Values are mean * SEM.

n. a., not assessed.

*p<0.05 baseline IT vs. 10th day of IT,

fp<0.05 baseline IT vs. follow up IT,

#p<0.05 baseline oral medication vs. baseline standardized IT.
doi:10.1371/journal.pone.0050077.t001

heart beat frequency of individual volunteer. An additional
spectrum without water suppression (NS=8) was used as the
internal concentration reference. The spectra were processed by
the Spectroscopy Processing tool within Syngo VB15 and VB17
user interface provided by the system manufacturer (Siemens
Healthcare, Erlangen, Germany). Careful placement of the VOI,
appropriate trigger adjustment and the fact that the spin-echo
based sequence suppresses signal from flowing liquids makes the
possible contribution of ventricular blood to the tissue water signal
negligible.

Water signal intensity was quantified from the spectra without
water suppression and individual spectral lines intensities of
methyl- [CHs-; 0.8-0.9 ppm| and methylene- [-(CHy),-;
1.25 ppm] groups of fatty acid chains were quantified from the
water suppressed spectra. The myocardial lipid content was than
calculated as a ratio of the sum of intensities of methyl- and
methylene- group resonances to the intensity of the water
resonance. Intensities of lipid and water resonance lines were
corrected for the spin-lattice (T'1) and spin-spin (T2) relaxation
using individual repetition time and already published T1 and T2
relaxation times of skeletal muscle at 3T [22]. The reproducibility
of the MRS method used here was tested in our previous paper
[14] with the resulting coefficient of variance (CV) for test-retest
measurement of 23%, which is a substantial improvement over the
CV of 30-39% as reported earlier [20,21,23].

'H-MRS for the quantification of intrahepatic lipid
content (IHLC). The hepatocellular lipids were measured
applying similar short echo time "H-MRS single voxel technique
using volume of interest of 3x3x3 cm® placed in the lateral aspect
of the liver. Single breath hold protocol without spectral water
suppression and twelve acquisitions (NS =4) with the repetition
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time of 2 sec were used. Flexible body array coil provided by
system manufacturer were used for signal reception. The
intrahepatic lipid content were calculated as a ratio of the sum
of intensities of -(CHy),- (1.25 ppm) and CHs- (0.8-0.9 ppm)
group resonances to the intensity whole MRS signal including the
water resonance. Intensities of lipid and water resonance lines
were corrected for the spin-lattice (T'1) and spin-spin (12)
relaxation already published T1 and T2 relaxation times at 37T
[24].

Analysis of Plasma Metabolites
All laboratory parameters were measured by routine lab
methods (http://www.kimcl.at/).

Statistical Analysis

All data are presented as mean * standard error of the mean
(SEM). The effect of the insulin treatment on heart function and
metabolic parameters was determined by the two-sided, paired
Student’s ¢ test. Differences at p<<0.05 were considered significant.
Pearson and Spearman analyses were performed to disclose

correlation between variables as appropriate (SPSS 18.0 for Mac,
Chicago, IL, USA).

Results

Clinical Parameters

The mean age was 562 years and the mean MYCL content
was 0.58+0.09% of water signal. Interestingly, when IT was
compared to OT, significantly lower MYCL content (0.41+0.12
vs. 0.80%0.11% of water signal; p=0.034) and longer diabetes
diagnosis duration (9£2 vs. 3£1 years; p = 0.015) was revealed in
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the IT-group. There were no significant differences in blood
glucose levels, HbAlc, and lipid profiles at the baseline between
the I'T- and the OT-group (Table 1).

Mean blood glucose concentrations significantly decreased
during IT (Table 1; Figure 1la). Although lipid-lowering
therapy was not modified, serum cholesterol concentrations
diminished after short term of I'T and did not rebound at follow
up (Table 1). Figure 1 presents the time course of daily insulin
doses (b) as well as systolic and diastolic blood pressure (c) during
the inpatient treatment. At follow up (181%£49 days after the
mitiation of IT) a reduction in HbAlc (8.3%£0.4%; p=0.004)
documented improved metabolic control (Table 2). Moreover, a
positive correlation was found between albumin-creatinine-quo-
tient and the following clinical features: duration of the disease
(Pearsons r=0.59; p=0.012), plasma glucose (Pearsons r=0.74;
p=0.001) and HbAlc levels (Pearsons r=0.51; p=0.036) as well
as MYCL concentration at day 1 (Pearsons r =0.52; p =0.029).

Cardiac Function and Morphology

Ten days after the initiation of IT alterations in myocardial
mass (+13%) and wall thickness at the end-diastole (+13%) were
observed (Table 2). Moreover, cardiac remodeling, displayed by
concentricity, emerged after the initiation of IT (Table 2).
However, left ventricular systolic function did not change during
the study course (Table 2). In 12 patients E/A ratio was below 1
indicating diastolic dysfunction, which remained stable under IT.
The rise in myocardial mass persisted throughout the follow up

period (Table 2).

Cardiac and Hepatic Lipid Content during and after IT

After 10 days of IT MYCL content increased by 80%
(p=0.008; Figure 2a), while IHCL tended to decrease, but did
not change significantly (p = 0.132; Figure 2b). In addition, mean
blood glucose concentrations on day 1 were closely associated with
MYCL content on day 10 (Pearsons r = 0.80; p = 0.005; Figure 3).
Moreover, 181+49 days after I'T MYCL returned to baseline
(0.37£0.06% of water signal; p=0.692; Figure 2a), whereas
IHLC decreased by 31% (5.55%1.93% of water signal; p =0.000;
Figure 2b).

Discussion

The present study shows that the initiation of I'T in patients with
long standing T2DM and bad metabolic control due to secondary
failure of oral glucose lowering therapy is associated with an acute
but transient rise in MYCL content and myocardial wall thickness.
Furthermore, the observed changes were initially linked to
myocardial hypertrophy with preservation of cardiac function.

We have previously shown that insulin infusion designed to
achieve near normoglycemia in patients with T2DM augments
ectopic lipid accumulation in skeletal muscle and liver [25,26].
Studies in animal models of T2DM have shown that derange-
ments of myocardial substrate metabolism induce cardiac
dysfunction and heart failure. Especially, excessive fatty acid
uptake, oxidation and/or storage are considered to be substantially
involved in the pathogenesis of diabetic cardiomyopathy [27-29].
Moreover, studies in humans illustrate that the myocardial
triacylglycerol pool is highly dynamic [14,30-32], significantly
contributes to mitochondrial oxidation [33] and thus represents an
important biomarker for underlying defects in metabolism [34].
Up to date contradictive results exist concerning the potential
direct effects of myocardial steatosis on cardiac function in
humans. McGavock at al. has not observed a correlation between
myocardial steatosis and left ventricular function in type 2 diabetic
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1a p=0.006

Glucose (mg/dl)

!llzlmo I| 2 3 4 s € 7 L) 9 1'0
Time (days)

Insulin dose (IU/d)

Bascline 1 H 3 H H H 7 . HEE)
Time (days)
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(-]
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Figure 1. Mean blood glucose concentrations (mg/dl) (a), daily
insulin dose (international unit [IU]) (b), systolic and diastolic
blood pressure (mmHg) (c) at baseline and during the first 10
days of IT. Empty bars indicate systolic and gray bars diastolic blood
pressure values; error bars delineate SEM.
doi:10.1371/journal.pone.0050077.g001
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Table 2. Results of MR imaging studies.

Insulin Alters Myocardial Lipids and Morphology

Baseline N=8
(oral medication,

Baseline N=10
(standardized IT)

Follow up N=7
Day 10 N=10 (standardized (standardized IT) (mean *

Left ventricular variable OT) (mean = SEM) (mean + SEM) IT) (mean = SEM) SEM)
Heart rate (min') 75%2.8 7641 73*4.6 72%3.1
Ejection fraction (%) 71+28 7125 73+33 73+35
End-diastolic volume (ml/m?) 59+35 55+5.0 49+48 52+53
End-systolic volume 18*+1.9 17%25 14+2.5 14+2.4
(ml/m?)

Stroke volume 42+26 38*+2.8 36+34 38*+43
(ml/m?)

Cardiac index 3.1+0.2 2.9+0.2 26+0.3 2.7+0.2
(I/min/m?)

Myocardial mass 58+3.9 54+4,0 62+43" 62+4.5"
(g/m?)

Thickness in ED (mm/m?) 8.1x0.7 8.6=0.5 9.7+0.6 9.5:0.6
Concentricity (g/ml) 0.88+0.08 0.9620.08 1.23+0.11" 1.15+0.12
E/A ratio 1.06+0.11 0.93+0.05 0.92+0.06 0.87+0.09

Values are mean=SEM.

ED, end-diastole.

*p<0.05 baseline IT vs. 10th day of IT,
p<0.05 baseline IT vs. follow up IT.
doi:10.1371/journal.pone.0050077.t002

patients [9]. In contrast, a study performed in individuals with
uncomplicated T2DM indicates that MYCL content is an indirect
predictor of myocardial dysfunction [7].

Previous cross-sectional investigations applying cardiac MRS
[7,9,35] or histology [6] have confirmed elevated MYCLs in
metabolic diseases including T2DM, obesity and impaired glucose
tolerance. In order to elucidate the underlying mechanisms
causative for the development of myocardial steatosis we have
recently performed a standardized hyperglycemic clamp test in
healthy subjects. We could demonstrate that endogenous hyper-
mnsulinemia in response to hyperglycemia induces an acute
increase in MYCL content. [14]. In the present study, we
observed a strong correlation between glucose concentrations at
day 1 and MYCL at day 10 of IT. Insulin forcefully stimulates
myocardial glucose uptake via increased GLUT 4 translocation to
the cellular membrane fostering substrate competition between
fatty acids and glucose [36,37]. The resulting switch in mitochon-

drial substrate utilization from fatty acid- to glucose utilization is
mediated mainly by malonyl-CoA. Malonyl-CoA is generated by
acetyl-CoA carboxylase (ACC 2) and inhibits CPT I (carnitine
palmitoyltransferase) [36], which controls the rate limiting step of
mitochondrial FFA-uptake and in turn —oxidation. Insulin also
exerts a direct stimulatory effect on ACC, thereby potently
suppressing mitochondrial lipid oxidation in the presence of
hyperglycemia [38]. In addition increased insulin-mediated uptake
of circulating FFA and stimulation of intracellular triglyceride
synthesis likely contributed to myocardial lipid accumulation [26].

Our results confirm myocardial steatosis in the expected range
in patients with T2DM (OT-group) [21]. However, in subjects
with secondary failure of oral glucose lowering therapy MYCL
content was in the normal range at baseline. Relative insulin
deficiency due to progressive B-cell dysfunction [39] in the IT-
group likely contributed to unexpectedly normal (low) MYCL
stores in patients with longstanding T2DM.

2a p=0.034 2b
1,00+ r ' 12,00
p=0.008
r—
T p <0.001
——
o0 10,00
- J_ T
¥ Eal
B 0.8 =
[
3 § 6,00
B 040 =
4,00
0,20 2004
0,00~ T L
Baseline day 10 Follow up Baseline Baseline day 10 Follow up Baseline
T-group M-group IT-group OT-group IM-group M-group M-group OT-group
Timepoint of MRS measurement Timepoint of MRS measurement

Figure 2. Intramyocardial lipid- (MYCL, given in % of water signal [w. s.]) (a) and intrahepatic lipid concentration (IHCL, given in %
of water signal [w. s.]) at baseline, day 10 of IT and during follow up (181+49 days) (b). Gray bars indicate IT-group and empty bar the OT-

group; error bars delineate SEM.
doi:10.1371/journal.pone.0050077.g002
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1,40

§

8

MYCL at day 10 (% of w. s.)

R? Linear = 0,651

120 T T T
100 150 200

Glucose at day 1 (mg/dl)

Figure 3. Association between mean glucose concentrations at day 1 and MYCL content at day 10 of IT.

doi:10.1371/journal.pone.0050077.g003

At follow up improvement of metabolic control might have
returned MYCL to baseline. These results are in accordance with
previous data showing a parallel decrease in MYCL and HbAlc
during treatment with pioglitazone and insulin in patients with
T2DM [15].

Insulin therapy did not induce an acute rise in hepatic lipid
content in the present study, suggesting that myocardial lipids are
more sensitive to insulin compared to hepatic lipids. Since the
muscle-type CPT1B is 10-100 fold more sensitive to malonyl-CoA
compared to liver-type CPT1A [40] the heart might be especially
susceptible to substrate competition between fatty acids and
glucose. Therefore, insulin might preferentially induce myocardial
steatosis in the presence of hyperglycemia.

In our study myocardial mass and thickness acutely increased in
response to IT leading to morphological changes of the left
ventricle. In accordance, investigations in animal models have
shown that exogenous insulin supply induces myocardial hyper-
trophy and interstitial fibrosis by activation of key mitogenic
signaling pathways including angiotensin, MAPK-ERK1/2 and
S6K1 [41-43]. However, in the present study metabolic and
structural changes of the myocardium due to IT were not
associated with altered left ventricular function. This observation
might be explained by the finding of Condorelli et al. emphasizing
that a mild activation of Akt through PISk, which is primary
induced by ligation of transmembrane receptor (e. g. insulin-like
growth factor-1 or insulin receptor), leads to cardiac hypertrophy
but is not accompanied by cardiac dysfunction [44].

It 1s a limitation of the current study that the employed MR
methods did not allow discerning the precise alterations in
myocardial fuel metabolism. Since biopsies of human myocardium
are not feasible in a research setting, investigations on human
myocardial metabolism are limited to non-invasive techniques. In
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addition, we cannot exclude a potential effect of the standardized
diet and the continued intake of statins on myocardial lipid content
during the in-patient setting. However, withholding these treat-
ment regiments would have been ethically unacceptable.

In order to achieve adequate glycemic control insulin therapy is
commonly initiated in patients with longstanding T2DM and
relative insulin deficiency. The study protocol resembles standard-
ized therapeutic regiments frequently applied in hospital setting
worldwide. Thus, the present study provides a mechanistic
concept potentially relevant for numerous patients on insulin
therapy. We have shown that hallmark-parameters of diabetic
cardiomyopathy, myocardial steatosis and hypertrophy, are
acutely affected by I'T in the presence of hyperglycemia. However,
initiation of IT was not associated with short-term changes in
myocardial function. Due to the limited number of patients and
the short observation period, we cannot draw definitive conclu-
sions or make recommendations for clinical practice on the basis of
the present results. Thus, future prospective trials specifically
aiming at the elucidation of insulin effects on myocardial lipid
metabolism and function enrolling larger patient populations and
longer evaluation periods are warranted.

In conclusion, we clearly demonstrate that the initiation of
insulin therapy is associated with an acute, but transient, rise in
myocardial lipid content in patients with long standing type 2
diabetes and poor metabolic control. Furthermore, changes in the
myocardial mass led to left ventricular hypertrophy with
preservation of cardiac function in the short term.
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