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Cardiac Diastolic Function Is Impaired at Rest and Worsens  
With Exercise in Otherwise Healthy Individuals  

With Insulin Resistance
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Summary

Insulin resistance (IR) is a pathophysiological condition and is associated with cardiovascular risk factors including 
heart failure. However, studies demonstrating myocardial abnormalities in the early phases of IR are limited. The aim of 
this study was to investigate myocardial function in otherwise healthy individuals with IR.

Individuals with IR who were free of cardiovascular risk factors and healthy controls were included. Stress echocar-
diography with tissue Doppler imaging (TDI) was performed. Systolic and diastolic TDI waves were compared in both 
groups.

A total of 77 individuals (51 with IR and 26 controls) were included in our study. The tissue early flow (e’)/atrial 
contraction (a’) ratio at rest was significantly lower in the IR group (P = 0.003). The annular early flow (E)/e’ ratio, a 
predictor of left ventricular filling pressure, was similar in both groups at rest (P = 0.522). After exercise, e’/a’ impair-
ment became more prominent in the IR group (P < 0.001); whereas the E/e’ ratio was also significantly lower (7.6 ± 1.8 
versus 6.7 ± 0.9; P = 0.007) in the IR group.

Myocardial involvement seems to occur in patients with IR, before the appearance of other cardiovascular risk fac-
tors. Exercise induced diastolic worsening may be a predictor of reduced compliance and increased ventricular stiffness. 
More detailed prospective studies are required for more precise results.   (Int Heart J 2015; 56: 345-348)
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I nsulin resistance (IR) is a pathophysiological condition in 
which normal insulin concentrations cannot produce an 
adequate insulin response in peripheral target tissues such 

as the liver, muscle, and adipose. This is compensated for by 
the excessive secretion of insulin by pancreatic beta cells re-
sulting in hyperinsulinemia.1) The resistance in these tissues 
coupled with the increased effects of hyperinsulinemia in the 
sensitive tissues leads to metabolic syndrome (MetS),2) and 
MetS is a very strong predictor of new-onset Type-2 diabetes 
mellitus (T2DM).3) Metabolic syndrome causes a 2-fold in-
crease in cardiovascular outcomes.3,4) Insulin resistance is asso-
ciated with increased left ventricular mass and this increase 
becomes more apparent with worsening glucose tolerance.5)

Individuals with IR are at increased risk of cardiovascular 
adverse outcomes, including heart failure (HF). Metabolic dis-
orders associated with IR usually precede and contribute to HF 
genesis.6) Also, hypertension (HT) is another major risk factor 
strongly correlated with IR, left ventricular hypertrophy, and 
HF.7,8) However, some papers have found IR is an independent 
predictor of HF, regardless of other known risk factors.9,10) On 

the other hand, HF itself leads to the genesis and progression 
of IR via several mechanisms.11) Hence, it is not untrue to state 
that there is a chicken and egg situation between IR and HF.

Although there is a strong relationship between IR and 
HF, there is limited data about the exact mechanisms contribut-
ing to this pathophysiologic process. The aim of this study was 
to identify myocardial abnormalities at rest and post exercise 
in otherwise healthy individuals with IR who did not fulfill 
MetS criteria.

Methods

After being approved by the local ethics committee, our 
study was conducted at Adana Numune Training and Research 
Hospital (ANTRH). The study was conducted in accordance 
with the Declaration of Helsinki.
Patient selection:   Patients admitted to the ANTRH Endo-
crinology Outpatient Clinic were enrolled after providing writ-
ten informed consent. Patients with insulin resistance and 
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without any other cardiovascular risk factor including MetS 
were included. Exclusion criteria are listed in Supplemental 
Table I. The control group consisted of healthy obese volun-
teers without insulin resistance.
Laboratory tests:   Serum glucose, insulin, low-density lipo-
protein (LDL)-cholesterol, high-density (HDL) lipoprotein, 
and triglyceride levels were studied after a 12-hour fasting pe-
riod in all individuals.
Assessment of insulin resistance:   The IR state was determined 
using the homeostasis model assessment-insulin resistance 
(HOMA-IR) index. The HOMA-IR index was calculated ac-
cording to the formula: [Fasting glucose (mg/dL) × Fasting in-
sulin (uIU/mL)] ÷ 405. Patients with a HOMA-IR index > 2.60 
were judged to have IR.12)

Echocardiographic examination:   Echocardiographic exami-
nation was performed with a GE Vingmed US System Vivid 7 
Echocardiograph with the patient laying down in the left lateral 
decubitus position. Echocardiographic and Doppler images 
were recorded in the database, and measurements were per-
formed after completion of the study by an experienced 
echocardiographer. Recorded images of a patient at rest and 
post-exercise are shown in Supplemental Figure 1. Left ven-
tricular mass (LVmass) was calculated in all individuals, after 
taking measurements of the left ventricle in the parasternal 
long axis plane. Left ventricular mass was divided by body 
surface area to obtain the left ventricular mass index (LVMI).13)

All of the Doppler measurements were performed at ex-
piration at a sweep speed of 50 mm/second. Mean values of 3 
consecutive beats were taken into consideration. All of the 
measurements were performed twice, and the intraobserver 
variability (IOV) of the mean values was calculated. Cardiac 
inflow velocities were obtained by pulsed wave (PW) Doppler 
analysis performed in the apical-4 chamber (A4C) plane. Peak 
early filling (E) and late atrial contraction (A) wave velocities 
were measured; the proportion of E/A waves was calculated. 
Mitral annular velocities were measured in the A4C plane at 
the septal and lateral mitral leaflet insertion sites using PW tis-
sue Doppler imaging (TDI). Tissue Doppler PW tracings were 
recorded at a sweep rate of 66.7 mm/second. Early mitral an-
nular (e’), late diastolic (a’), and annular systolic (s’) waves 
were measured. The proportion of inflow/annular early veloci-
ties (E/e’) and annular early/annular late velocities (e’/a’) were 
calculated.14) Doppler measurements were recorded twice; first 
at rest and just after completion of the exercise test. Recording 
of post-exercise Doppler tracings was concluded in 2-3 min-
utes following completion of the stress test. The change in E/e’ 
by exercise (E/e’change) was calculated as the difference in E/e’ 
by exercise (E/e’change = E/e’stress-E/e’rest).
Exercise stress test:   All patients had undergone treadmill 
stress testing with a standard Bruce protocol using a Cardiop-
erfect MD System. Blood pressure and heart rate measure-
ments were obtained just before and after the completion of 
the test. Achievement of at least 85% of the target heart rate 
(220-age) and 7 metabolic equivalents (METs) of workload 
was the aim during the stress test. Patients who were unable to 
perform this amount of exercise and/or who showed an 
ischemic response were excluded from our study. As men-
tioned previously, Doppler echocardiographic variables were 
recorded just after completion of exercise.15)

Statistical analysis:   Statistical analysis was performed using 
SPSS 17.0 for Windows (SPSS Inc. Chicago, IL) software. 

Comparison of numeric variables between groups was con-
ducted using the t-test and nominal variables were compared 
with the chi-square test. The intraobserver variability of the 
mean values of Doppler parameters was calculated as percent-
ages and its significance was evaluated with analysis of vari-
ance (ANOVA) test.

Results

A total of 77 individuals (51 in the IR group and 26 con-
trols) were included in this study. As mentioned in the Meth-
ods section, patients were free of conservative cardiovascular 
risk factors. Descriptive variables of the patients are listed in 
Supplemental Table II. Body mass index (36.6 ± 6.0 versus 
32.9 ± 6.1 kg/m2; P = 0.014) and waist circumference (120.8 ± 
14.7 versus 108.2 ± 17.9 cm; P = 0.003) in the IR group were 
significantly higher than the controls. Mean glucose levels 
were similar between the groups, while insulin levels (18.7 ± 
6.8 versus 7.2 ± 1.3 microU/mL; P = 0.000) and HOMA-IR 
index (4.52 ± 2.03 versus 1.65 ± 0.39; P = 0.000) were signifi-
cantly higher in the IR group, as expected.

Echocardiographic parameters measured at rest are listed 
in Supplemental Table III. The left ventricular mass index was 
similar in both groups. On the other hand, the E/Arest (P = 
0.022) and e’/a’rest (P = 0.003) values were lower in the IR 
group. The inflow E/annular e’ proportion was not significantly 
different between the groups (7.1 ± 1.6 versus 6.8 ± 1.4; P = 
0.522).

Doppler parameters measured just after stress testing are 
listed in Supplemental Table IV. Both groups performed almost 
the same amounts of exercise (8.1 ± 1.1 versus 8.3 ± 1.2 
METs; P = 0.754). The annular E/A proportion after stress was 
not significantly different between the groups (P = 0.986), 
whereas the e’/a’stress values were smaller (1.1 ± 0.4 versus 1.5 
± 0.5; P = 0.000) and E/e’stress values were greater (7.6 ± 1.8 
versus 6.7 ± 0.9; P = 0.007) in the IR group compared to the 
controls; both differences were statistically significant (Sup-
plemental Figures 2, 3). The E/e’ value increased by 0.55 ± 
1.71 in the IR group, while it decreased by 0.07 ± 1.08 in con-
trols by exercise; and this difference was almost significant (P 
= 0.056). The IOV values of the Doppler and TDI Doppler 
studies were extremely low, as shown in Supplemental Table V.

Discussion

In this study, diastolic stress echocardiography was per-
formed in a group of otherwise healthy individuals with IR and 
a control group consisting of healthy individuals without IR. 
The diastolic function parameters of the patients with IR were 
more impaired at rest when compared to the controls. Further-
more, diastolic function seemed to be worse after exercise in 
the IR patients when compared to the controls. The E/e’ ratio, 
an echocardiographic parameter closely related to left ventricu-
lar filling pressures,16,17) seemed to rise with exercise in the IR 
patients; while it did not change significantly in the control 
group.

Due to increases in heart rate, vasodilatation, contractility, 
and ventricular filling, cardiac output increases up to 3-fold 
with exercise in healthy human beings.18) Augmentation of 
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preload does not increase ventricular filling pressures in the 
healthy heart due to increasing elastic recoil and enhanced di-
astolic relaxation via beta-adrenergic stimulation; both mecha-
nisms provide increased diastolic suction during exercise. This 
phenomenon is called “diastolic relaxation reserve” and is the 
primary determinant of exercise capacity in patients with im-
paired augmentation of heart rate, vasodilation, and contractili-
ty with exercise (elderly, patients with hypertension, etc.).19,20)

Stress echocardiography is a very useful method for the 
assessment of coronary artery disease, myocardial viability, 
and myocardial contractility. Evaluating tissue Doppler record-
ings in conjunction with the standard protocol increases its 
feasibility and accuracy.15) Combining mitral early inflow ve-
locity (E) recordings with early mitral annular velocity (e’) re-
cordings is very helpful for determining left ventricular (LV) 
filling pressures. The proportion of mitral inflow velocity to 
mitral annular velocity (E/e’) has been found to be directly as-
sociated with LV filling pressures,16) and it is also well corre-
lated with diastolic filling pressures during exercise.21) In a pre-
vious diastolic stress echocardiographic study performed by 
Ha, et al in healthy middle-aged individuals with normal myo-
cardial function, both mitral inflow and annular velocities 
seemed to rise with exercise. However, no significant change 
in the E/e’ ratio was observed in healthy individuals with nor-
mal myocardial function.22) On the other hand, in the two stud-
ies performed in patients with heart failure with preserved 
ejection fraction (HFPEF), the E/e’ ratio was significantly 
higher with exercise in the patient group when compared to the 
controls and this increase was correlated with exertional dysp-
nea.20,23) In a stress echocardiography study conducted by 
Podolec, et al in patients with ischemic heart failure, an in-
crease of the E/e’ ratio with exercise was the most important 
determinant of reduced exercise capacity in this patient popu-
lation.24) Briefly, an exercise induced increase in the E/e’ ratio 
seems to be a good predictor of reduced ventricular compli-
ance and decreased exercise capacity.25)

Due to direct metabolic effects on myocytes,26) and dis-
turbances in the microvascular function 27) and autonomic neu-
ropathy;28) myocardial dysfunction is a common involvement 
in T2DM.29) Diastolic dysfunction is the earliest manifestation 
of diabetic cardiomyopathy and even a small amount is a pre-
dictor of a poor prognosis.30,31) In a previous study, diastolic 
and systolic myocardial dysfunction were detected with tissue 
Doppler stress echocardiography in asymptomatic T2DM pa-
tients, whose traditional echocardiographic signs showed nor-
mal diastolic and systolic function. The rise in annular systolic 
and diastolic waves by exercise was significantly more blunted 
in the diabetic group.32) In a study conducted in patients who 
fulfilled at least 2 criteria of metabolic syndrome, exercise E/e’ 
values were inversely correlated with exercise capacity; even 
in the normal diastolic function range.33) However, a significant 
proportion of these patients had hypertension unlike our pa-
tient group. The study performed by Kosmala, et al in young 
obese women showed a significant impairment in systolic and 
diastolic strain rates in the subgroup with insulin resistance.34) 
However, exercise test was performed only in women older 
than 35 years old to exclude the presence of coronary artery 
disease. On the other hand, we performed quantitative stress 
echocardiography in both male and female individuals and ob-
served exercise induced changes in tissue Doppler parameters. 
In a very recent study performed by Cadeddu, et al, contractile 

reserve was shown to be impaired in patients with IR.35) They 
performed dobutamine stress echocardiography, and showed 
impaired strain rate increase in IR patients when compared to 
the controls.35) This is the most similar study to ours and their 
results are compatible with our study. However, their patient 
size was smaller than our study (30 IR patients and 20 con-
trols) and some of their patients had controlled HT. Further-
more, patients included in our study were more obese than 
those in the study by Cadeddu, et al and our findings were pri-
marily focused on diastolic changes with exercise. We may 
state that the results of our study are complementary to the 
study performed by Cadeddu, et al.

There are some limitations to our study. The limited pa-
tient population restricts us from making more detailed com-
ments and analysis. However, the large list of our exclusion 
criteria is the main cause of this limited number. It is not easy 
to find otherwise healthy individuals with IR free of other car-
diovascular risk factors in clinical practice. Performing stress 
echocardiography with a supine bicycle would give more de-
tailed information in every workload of exercise. We per-
formed treadmill exercise testing and were able to evaluate im-
mediate post-exercise changes. Nonetheless, the treadmill 
exercise stress test is a more physiologic pattern of exercise 
when compared to the supine bicycle. Another difficulty we 
had to overcome during this study was the poor echocardio-
graphic image quality. Since we studied an obese population, 
we observed this problem in spite of the superior harmonic im-
aging quality of the Vivid 7 ultrasonograph. However, as we 
stated previously in the exclusion criteria section, we excluded 
patients with poor image quality. This is another important 
cause of the limited population size of our study.

In conclusion, myocardial involvement seems to occur in 
patients with IR, before the appearance of other cardiovascular 
risk factors. Exercise induced diastolic worsening may be a 
predictor of reduced compliance and increased ventricular 
stiffness, although traditional echocardiographic variables 
showed no structural or functional abnormalities.
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