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Evaluation of the myocardial performance index in
prediabetic patients

Corresponding author:
E-mail:
Received/Accepted:
Conflict of interest:

SUMMARY © isa Ardahanh
Objective: Prediabetes; is the first stage of diabetes. It is a high-risk status © vasar Turan
for the development of diabetes mellitus type 2, which is an important @ Elif Turan
public health problem. Myocardial performance index (MPI) is a @ Ahmet Aktas

noninvasive method that can be measured by echocardiography showing

left ventricular (LV) systolic and diastolic functions. In this study, we

aimed to investigate the relationship between prediabetes and MPI.

Method: Fifty-three consecutive patients without chronic illness who were ORCID IDs of the authors:
diagnosed with prediabetes and 48 otherwise healthy subjects were LA. 0000-0002-9309-803X
enrolled in the study. Fasting blood glucose and HbAlc levels were \E('IT gggg:gggf:gggg:ggs?zx
measured from_ venous bloo_d samples. MP_I_vaIues were calculated by A A 0000-0001-9464-0700
tissue Doppler imaging technique for all participants.

Results: In the prediabetic group, the mean fasting blood glucose level

was 115 + 4 mg/dL, whereas in the control group it was 90 + 5 mg/dL. As

expected, Hb Alc was statistically significantly higher in the patient group.

(% 5,7 £ 0,3 vs % 5,140,3, respectively). The MPI values in the patient

group were higher than the control group and this difference was

statistically significant (0.74 £ 0.12 vs. 0.64 + 0.09; p<0,001). There were

no statistically significant differences between the groups in terms of age,

gender, and body mass index.

Conclusions: In prediabetic patients, MPI was higher than the control

group, which may be related to impaired LV systolic and diastolic

functions.
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INTRODUCTION

Cardiovascular diseases (CVD) remain the
leading cause of death worldwide. Therefore;
prevention of CVD has become public health
precedence. Hyperglycemia is a well-established
risk factor for cardiovascular disease . It is
expressed in the National Cholesterol Education
Program - Adult Treatment Panel IIl ( NCEP -
ATP II) guideline, 'diabetes is considered as the
risk equivalent for cardiovascular diseases." One
in every 11 adults in the world is diagnosed with
diabetes mellitus (DM), and more than 90% of
these patients form type 2 diabetes *. Due to the
aging of the population and the widespread
obesity, the prevalence is steadily increasing °.
DM is a metabolic and chronic disorder
characterized by hyperglycemia. Type 1 DM is
related to the absolute deficiency of insulin, and
Type 2 DM is the type that is characterized by a
partial deficiency or insulin resistance in the
peripheral tissues °.

DM has long-term  microvascular  and
macrovascular complications, both of which affect
the cardiovascular system . Myocardial injury in
DM occurs due to coronary macrovascular and
microvascular diseases, autonomic dysfunction,
and diabetic cardiomyopathy. These
physiopathological mechanisms often coexist and
potentiate the effects of each other. Prediabetes is
defined as the first stage of diabetes mellitus.
According to the definition of American Diabetes
Association (ADA), prediabetes is the coexistence
of impaired fasting glucose (IFG), impaired
glucose tolerance (IGT), or both, and HbAlc is
5.7% to 6.4% °. Studies have shown that DM
develops in approximately 25-30% of patients
with prediabetes within 3 to 5 years .

Although DM is a well-known risk factor for
CVD, there is also vascular damage in the

prediabetic period. Previously, several studies
have established a relationship  between
prediabetes and CVD %1,

Myocardial performance index (MPI), is a non-
geometrical noninvasive assessment of global left
ventricular function, including components from
both systole and diastole *>. The MPI provides
prognostic information about morbidity and
mortality in patients with ischemic heart disease
and cardiomyopathy (13). It has also been shown
that MPI can be used to assess the cardiac
functions in many autoimmune diseases with
cardiac involvement and cardiac amyloidosis ™.
Also, in a study conducted in 2007, MPI was
found to predict cardiovascular outcomes in
patients with DM *,

Prevention of complications caused by any
disease is directly related to early detection of the
disease and early detection of damage to the
organs. In this study, we aimed to evaluate the
MPI1 in prediabetic patients and to test the
usability and strength of MPI as a screening test.
It can also show whether MPI is different from
normal individuals in prediabetic patients.

MATERIAL AND METHODS
Inclusion and exclusion criteria

In this prospective study, fifty-three consecutive
prediabetic patients (prediabetic group) and 48
normal individuals (control group) who applied to
the Department of Cardiology and Endocrinology
from December 2015 to August 2016 were
compared and analyzed. AIll subjects had no
history of cardiovascular disease, and they were
normotensive. Patients with a fasting blood
glucose of 100-125 mg /dL were identified as
IFG. Patients with a blood glucose of 140-199 mg
/ dL measured 2 hours after an oral glucose
tolerance test (OGTT) were considered IGT.



Patients with IFG, IGT, or both (IFG + IGT)
constituted the prediabetic patient group. Fasting
blood glucose <100 mg /dL and 2nd-hour glucose
values <140 were taken as a control group. This
study approved by the Research and Ethics
Committee of Bozok University. Written
informed consent was received from all
participants. This study was performed by the
standards of the Declaration of Helsinki.

The following patients were excluded from the
study:

e Patient with known coronary artery

disease,

Congestive heart failure,

Cardiac arrhythmia,

Hypertrophic cardiomyopathy,

Pericardial disease,

Chronic pulmonary disease,

Moderate or severe heart valvular disease,

Patients followed for malignancy,

Patients with active infection or infection

during the last two weeks,

Pregnant women,

Type 1 or 2 Diabetes Mellitus

e Patients with chronic renal disease
(glomerular filtration rate of <60ml/min).

e Thyroid gland dysfunction

General assessment and measurements

A complete medical history and physical
examination were performed in all the cases
studied. Individuals weighed with lightweight
clothes. The body weight, waist circumference,
and height were measured. Body mass index
(BMI) was calculated using the following
formula: BMI=weight (kg) /height (m?). In terms
of abdominal obesity, the smallest waist
circumference between the lowest costa and the
Spina iliaca anterior superior; was measured by
measuring the transverse mass parallel to the side
of the umbilicus. The waist circumference of >
102 cm for men and > 88 for women was
accepted as increased waist circumference .

Echocardiographic examination

Echocardiographic measurements were performed
in the left lateral decubitus position according to
the  recommendations of the American
Echocardiography Society *®. Echocardiographic
TDI program was used to perform tissue Doppler
imaging. Tissue Doppler sample volume was
placed on the septal and lateral sides of the mitral
annulus in  apical  four-chamber  view.
Respectively, early diastolic peak (Em), late
diastolic peak (Am), and systolic flow peak
velocities (Sm) were measured in the annulus of
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the septal and lateral walls. Isovolumetric
contraction time (IVCT), isovolumetric relaxation
time (IVRT), and ejection times (ET) were
measured. MPI was calculated by the following
formula; IVCT+ IVRT/ ET. Discrimination
between systole and diastole was performed using
the patients’ echocardiographic records. The
measurements were made by the same
cardiologist who did not have patient data.

To decide the interobserver variability, 15 of the
investigation ~ patients were  chosen  for
echocardiographic ~ assessment, and  MPI
estimations were rehashed after ten days. The
reproducibility of the measurements was
statistically significant (intraclass correlation
coefficient 0,831, p<0,001)

Laboratory measurements

Antecubital vein blood samples were taken
following 12 hours of fasting. Complete blood
counts were analyzed within 45 minutes following
blood sample collection. The venous blood
samples taken for biochemical tests were
centrifuged at 3000 rpm and held at -80 ° C until
analysis. HbAlc was measured with Abbott CI-
8000. Analyzes were performed by a laboratory
technician who did not have patient data. The
following parameters were measured during the
laboratory analysis: fasting blood glucose level,
HbAlc, creatinine, sodium, potassium, blood urea
nitrogen,  aspartate  transaminase,  alanine
transaminase, albumin, total protein, thyroid-
stimulating hormone, total cholesterol, low-
density lipoprotein, very low- density lipoprotein,
high-density lipoprotein, triglycerides and C-
reactive protein (CRP).

Statistical analysis

For the analysis of the data, the package program
SPSS 18.0 (Statistical Package for Social Sciences
- SPSS, Inc., Chicago, Illinois, USA) was used.
Categorical variables were expressed as a
percentage. Continuous variables were reported as
mean, standard deviation (mean £+ SD). The one-
sample Kolmogorov-Smirnov test was used to
evaluate whether the variables showed a normal
distribution. The linear relationship between the
parameters with normal distribution was assessed
using the Pearson correlation test. Spearman
correlation test was used among those who did not
have a normal distribution. Mann-Whitney U -
test was used to compare the differences between
the groups in continuous variables. The results
were considered significant at p < 0,05.



RESULTS

Age, height, body weight, BMI, gender, and waist
circumference were statistically similar in both
groups (Table 1). The number of patients with
hypertension in the prediabetes group (n = 10)
was higher than the control group (n = 7), but not
statistically significant (p = 0,380). The number of
obese patients in the prediabetic group (n=36/53)
was similar to that in the control group (n=33/48)
(p=0,902).

Mean LVEF (%) was 63 £ 2 in all subjects
included in the study. LVEDD, LVESD, LVEF,
IVSd, PWD, aortic diameter, and pulmonary
artery systolic pressure were statistically similar in
both groups (p> 0.05) (Table 2). The rate of mitral
E / A wave, which is a diastolic dysfunction
indicator, was significantly lower in the
prediabetics than in the control group. (0,8+0,3 vs.
1,440,5, respectively; p <0.001). The ratio of
tissue Doppler lateral Em / Am waves, as
important findings of diastolic dysfunction, were
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in the control group (1,403 vs. 1£0,3,
respectively; p values <0,001). IVCT was similar
between both groups (p = 0.885). IVRT was
longer in the prediabetic group than the control
group and was statistically significant (91+15 vs.
83+16, respectively; p=0,019). The ET was
significantly longer in the control group than the
prediabetic group (264 =+ 28 vs. 241 =+ 28;
p<0.001). MPI values were increased in the
prediabetic group than the control group
(0,74+0,12 vs 0,64+0,09, respectively; p <0.001).
(Table 3).

As expected, the values of fasting blood glucose
and HbAlc were significantly higher in the
prediabetes group than the control group (115+ 4
vs. 90+5; p<0,001 and 5,7+0,3 vs. 5,1+0,3;
p<0,001, respectively). The CRP levels in the
prediabetic group were higher than that in the
control group, and it was statistically significant
(p=0,002). The laboratory values in each group
are shown in Table 4.

Control Prediabetes p-value
(n=48) (n=53)
Age (years) 47+11 51+9 0,132
Male/Female (%0) 46/54 38/62 0,410
Height (m) 1,66+0,08 1,63£0,07 0,114
Weight (kg) 86+12 86+15 0,996
Waist circumference (cm) 100+12 100+12 0,364
BMI (kg/m°) 28,9+5,0 29,0+3,7 0,312
Family History of CAD
(present/absent) (%) 4/44(8/92) 2/51 (4/96) 0,333
Smoking
Non-smoker (%0) 36 (75) 44 (83) 0,321
Active smoker (%) 12 (25) 9(17)
significantly lower in the prediabetic group than
Table 1: Demographic data
CAD: Coronary artery disease; BMI: Body mass index
Table 2: Echocardiographic measurements
Control Prediabetes p -value
(n=48) (n=53)
Aortic diameter (cm) 3,3+0,3 3,4+0.4 0,538
Left atrium (cm) 3,2+0,2 3,4+0,2 0,012
LVEDD (cm) 4,6+0,3 4,6+0,3 0,889
EF (%) 63+2 6242 0,195
IVS thickness (cm) 0,9+0,1 0,9+0,1 0,363
PW thickness (cm) 0,9+0,0 0,9+0,1 0,633
PASB (mmHg) 20+4 20+4 0,862
E/A ratio 1,4+0,5 0,8+0.3 <0,001

LVEDD: left ventricular end-diastolic diameter; IVS: interventricular septum; PW: posterior wall




Table 3: Myocardial Performance Index and Tissue Doppler measurements
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Control Prediabetes p-value

(n=48) (n=53)
Lateral TDI Em (cm/s) 14+2 12+3 <0,001
Lateral TDI Am (cm/s) 1042 1242 <0,001
Lateral TDI Sm (cm/s) 10+1 942 0,539
Lateral Em/Am 1,4+0,3 1+0,3 <0,001
Septal TDI Em (cm/s) 11+2 842 <0,001
Septal TDI Am (cm/s) 8+1 0+1 <0,001
Septal TDI Sm (cm/s) 741 7+1 0,810
Septal Em/Am 1,3+0,3 0.89+0.3 <0,001
IVCT (msn) 85+13 85+14 0,885
IVRT (msn) 83+16 91+15 0,019
ET (msn) 264+28 241+28 <0,001
MPI 0,64+0,09 0,74+0,12 <0,001

TDI: tissue Doppler imaging; Em: early diastolic velocity; Am: late diastolic velocity; Sm: peak systolic velocity; IVCT:
isovolumetric contraction time; IVRT: isovolumetric relaxation time; ET: ejection time; MPI: Myocardial performance index

Table 4: Laboratory values

Control Prediabetes p-value

(n=48) (n=53)
WBC (10%/nl) 7685+2415 8264-2860 0,277
Neutrophil (10%pl) 4,43£2,02 4,64+1,96 0,589
Lymphocyte (10%/pl) 2,54+0,66 2,54+1,06 0,972
Hemoglobin (gr/ dL) 14,3+1,3 13,8+1,5 0,107
Fasting blood glucose (mg/ dL) 90+5 11544 <0,001
Creatinin (mg/dL) 0,79+0,15 0,76+0,12 0,178
CRP (mg/L) 1,9+2,8 4,143.9 0,002
Total cholesterol (mg/dL) 19630 19936 0,721
Triglycerides (mg/dL) 133+44 179+99 0,005
HDL (mg/dL) 47+7 4447 0,039
LDL (mg/dL) 118+28 119+30 0,848
HbAlc (9%6) 51403 5,7+03 <0,001

WBC:White blood cells,CRP: C-reactive protein



DISCUSSION

In our study, MPI and its constituent IVRT and
ET parameters were measured as prolonged in the
prediabetic group according to the control group.
Prediabetes was strongly correlated with MPI.
The most significant factor in the high MPI was
seen as the higher incidence of IVRT in the
prediabetic group compared to the control group.
IVRT is a very active period and is energy
dependent. With the cause of ischemia, enough
ATP cannot be produced in the cell. Accumulated
lactic acid extends the period of separation of
contraction elements. This is not just about
ischemia. It also occurs in cases where the LV is
massive, such as prediabetes, leading to indirect
ischemia.

Diabetes Mellitus and prediabetes are epidemic
diseases that affect the systolic and diastolic
functions of the heart adversely, increasing in
incidence with age. Diabetes is effective in the
progressive, symptomatic progression of heart
failure (HF) and increases mortality *°. It is known
that patients with DM may have impaired left
ventricular function without coronary artery
disease and hypertension. Diabetes is a pathologic
cause of diastolic dysfunction, which causes LV
hypertrophy independently of hypertension 2.
Many factors, such as myocardial fibrosis,
microvascular damage, and metabolic changes,
can cause these disorders “°, DM is considered
to be a stage of heart failure in the classification of
ACC in 2001. It was included in the group
"Patients at high risk for HF development but
without the structural disorder in the
myocardium.” The purpose of this classification is
to identify early onset individuals with a high risk
of developing HF. In sixty-five percent of
prediabetic patients, DM develops within six
years. The rapid progression and the development
of complications of diabetes even at low glycemic
levels indicate the importance of early diagnosis
and treatment.

In this study, our aim was; to evaluate the MPI in
prediabetic patients and to test its strength as a
screening test. MPI is a reproducible and easily
measurable echocardiographic parameter that
provides information about systolic and diastolic
functions of the heart and is not affected by heart
rate %', And there are prognostic values in many
diseases like dilated cardiomyopathy, infiltrative
cardiomyopathy, and pulmonary hypertension %,
MPI can be measured by conventional methods or
by tissue Doppler technique. In one study, it was
mentioned that TDI could be a better alternative to
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prevent possible false results in conventional
echocardiography when heart rate is high.

In the study of Fujita et al. When the other causes
of diastolic dysfunction, aetiology were excluded,
a significant difference was found between mitral
E / A ratio in prediabetic group and control group
#_A similar study of 86 young, normotensive and
well-glycemic control subjects found more than
40% diastolic dysfunction. . In our study, MPI
was observed to increase in addition to the
decrease in mitral E / A ratio.

The higher MPI value in the prediabetic group
necessitated a search for possible
pathophysiological causes. Myocyte hypertrophy
increased extracellular fibrous tissue, and
intramyocardial microangiopathy occurs in the
diabetic heart. It is also known that endothelium-
dependent microvascular dysfunction, impaired
relaxation, and increased passive diastolic
involvement develop *. However, this mechanism
is not known precisely in prediabetes. Possible
pathogenesis has been mentioned in some studies
which have been made in the past. Increased TGF-
B1 was observed in the left ventricle due to
hyperinsulinemia  and  hyperglycemia  in
prediabetic rats. Thus fibrosis developed in the
myocardial tissue **. Also, in some studies, it has
been shown that the level of insulin, an anabolic
hormone in prediabetes, increases the production
of collagen by stimulating myocytes and
fibroblasts *. Increased glycation end products
due to hyperglycemia accumulate in the heart and
may impair diastolic function and increase left
ventricular mass.

Type Il Diabetes Mellitus and cardiovascular
diseases are thought to have similar genetic and
environmental backgrounds 3*. One of the
common pathophysiological mechanisms of this
association is insulin resistance. The basis of
insulin resistance is associated with oxidative
stress and inflammation. Oxidative stress and
inflammation are also influential in the process of
diastolic  dysfunction with the effect of
atherosclerosis *. In the early stages of diabetes,
disorders of blood flow, and vascular permeability
occur in retinas, glomerulus and vasa vasorum of
peripheral nerves before structural changes
become apparent *. This condition is called
endothelial dysfunction. Decreased secretion of
vasodilator molecules, such as nitric oxide in the
vascular wall, plays an important role in the
etiopathogenesis of endothelial dysfunction ¥
Accordingly, DM and prediabetes with
hyperglycemia increase the serum CRP levels due
to concomitant inflammation and atherosclerosis.



As a result, endothelial dysfunction can develop,
and diastolic dysfunction can be observed. High
blood glucose levels without DM are also
associated with increased hospitalization rates. In
one study, it was shown that every 1% increase in
HbA1lc levels increased the HF risk by 12% *.
Thus, hyperglycemia may be a risk factor for
diastolic dysfunction.

As a result, increased MPI in prediabetic patients
may give an idea of diastolic dysfunction. Early
diagnosis and treatment planning by performing
MPI calculations in such patients may be
clinically beneficial by preventing end-organ
damage. There is a need for large, randomized,
and prospective studies to determine the clinical
significance of this measurement.

Limitations

One of the limitations of our study was the cross-
sectional design and included only patients
admitted to polyclinics; therefore, the results may
not be relevant to the general population or other
patient groups a low number of patients. Another
limitation is the low number of patients in the
study. Prediabetes is a process, and it is not
known how the outcome will change with this
process being well managed.

CONCLUSION

In prediabetic patients, we found that the MPI
measured by tissue Doppler imaging was
increased. MPI1 may be useful in demonstrating
that LV diastolic functions are negatively affected
in prediabetic patients. Furthermore, the most
important feature of our method is that the
equipment used is cheap, easy to apply, and
widespread.
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