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Abstract
Purpose of study: Left ventricular dysfunction in people with diabetes
mellitus has been demonstrated by various studies in past. However,
there is little and conflicting data with regard to Left Ventricular
abnormalities in people with Pre-diabetes. In view of Scarcity of data,
we designed a study to investigate the early abnormalities in left
ventricular function in normotensive people with prediabetes compared
to healthy controls, using Doppler Echocardiography
Methods: Prospective hospital based case-control study, conducted
at a tertiary care hospital in north India. 100 people with prediabetes
without known cardiovascular disease, with equal number of matched
controls were enrolled in the study. A detailed medical history, clinical
examination, biochemical profile and echocardiographic studies were
performed in all study subjects.
Results: Early diastolic wave (E;0.693±0.092m/s), Early diastolic
wave (E)/late diastolic wave (A) ratio (E/A;0.887±0.095), left ventricu-
lar end systolic diameter (LVESD; 24.78±1.640mm)were significantly
lower in people with prediabetes, whereas isovolumetric relaxation time
(IVRT;87.45±8.148ms), sphericity index (0.595±0.028) and left atrial
diameter (35.50±1.693mm) were significantly higher in people with
pre-diabetes compared to matched controls. However, no correlation
was observedwith regard to anthropometric variables (body-mass index
(BMI), waist circumference) and lipid profile
Conclusion: Prediabetes is associated with subclinical left Ventricular
systolic and diastolic abnormalities as evaluated on conventional and
pulse-wave echocardiography.
Keywords: Echocardiography, Left Ventricular function, Prediabetes
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1 INTRODUCTION

Prediabetes is an intermediate state of hyper-
glycemia with glycemic parameters above
normal but below the diabetes threshold (1).

Prediabetes is considered a progenitor for progres-
sion to diabetes and is associated with and micro
and macro-vascular complications (cardiovascular
disease) in a way similar, although to a lesser extent
compared to diabetes mellitus (2, 3) .People with
pre-diabetes have 20% increased risk of developing
cardiovascular disease compared to normoglycemic
subjects. Although the exact mechanism of predia-
betes leading to increased risk of cardiovascular dis-
ease is not clear, however, pathophysiological distur-
bances same as in diabetes like insulin resistance, im-
paired beta cell function and decreased compliance
of the central arterial system( arterial stiffness) (2–4)
have been proposed as possible mechanisms. Simi-
larly various other factors like, neurohumoral path-
ways, cytokines, immune factors, oxidative stress
and the accumulation of advanced glycosylation end
products (AGEs) leading to protein cross-linking
have also been found to be associated with cardio-
vascular and other complications related to hyper-
glycemia (5–7). Although diabetes mellitus is known
to be related to left ventricular dysfunction in nor-
motensive people without known coronary artery
disease, the data with regard to the left ventricular
abnormalities in people with pre-diabetes is conflict-
ing and scare. In view of scarcity and conflicting
data, we aimed to investigate the possible impact
of Prediabetes on both LV systolic and diastolic
function by using conventional echocardiographic
techniques including pulse-wave echocardiographic
meaurements.

2 MATERIAL AND METHODS

Prospective case-control study, was conducted at
a tertiary care hospital in north India. 100 people
with pre-diabetes with equal number of age, gen-
der and BMI matched controls were enrolled in the
study after Institutional ethical committee clearance.
Informed consent was taken from all study sub-
jects. People with fasting plasma glucose between

100-125mg/dl and/or glycated hemoglobin (HbA1c)
values between 5.7%-6.4% (1), were included in
the study. People with hypertension, diabetes mel-
litus, chronic kidney disease, cardiovascular disease,
malignancy, severe obesity (BMI>40kg/m2), heavy
smokers, adults > 60 years of age, anemia, or any
hemoglobinopathies, taking drugs having effect on
glucose metabolism or alcohol intake. Detailed med-
ical history, clinical examination including blood
pressure (BP) and body mass index (BMI) was
recorded and biochemical profile and echocardiog-
raphy was performed in all study subjects. The BMI
was calculated as weight/height2 (kg/m2) and was
used as an estimate of the overall adiposity (8). Cen-
tral obesity was defined as waist circumference >102
cm in males and >88 cm in females (9).Prediabetes
was diagnosed according to the American Diabetes
Association (ADA) criteria. Blood was drawn af-
ter fasting for 8 hours. A fasting plasma glucose
(FPG) level below 100 mg/dl and/or glycosylated
hemoglobin (HbA1c) <5.7%was considered normal.
A FPG level between 100 and 125 mg/dl and/or
HbA1c 5.7–6.4% on two separate occasions was
labelled as Prediabetes (10).
Echocardiographic studies
Echocardiography has introduced the possibility to
evaluate systolic and diastolic function. People with
Left ventricular systolic dysfunction have reduced
ejection fraction, ejection time and prolongation of
isovolumetric contraction time; Where as those with
left ventricular diastolic dysfunction have increase
in the isovolumetric relaxation time and alteration of
the timing of diastolic filling .
In our study, left ventricular structural and functional
measurements were performed with ultrasonoscope,
using a 2.5 and 3.5 MHz transducer. Measurements
of Ventricular septum, Posterior wall and Left ven-
tricular cavity (both end systolic and end diastolic
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dimensions) were performed according to theAmeri-
can Society of Echocardiography criteria15. Left ven-
tricular mass was calculated from the left ventricular
end-diastolic cavity and septal and posterior wall
thickness was calculated using the Penn conven-
tion and the American Society of Echocardiography
guidelines (11). The relative wall thickness (RWT)
was measured at the end-diastole as the ratio of
posterior wall thickness (PoW), plus Interventricular
septal (IVS) thickness divided by left ventricular
internal dimension. The transmitral flow velocity
profile was recorded from the apical four-chamber
view with the pulsed wave Doppler sample volume
positioned at the tips of mitral leaflets during dias-
tole. The left ventricular outflow velocity pattern was
recorded from the apical long axis view, with the
pulsed wave Doppler sample volume positioned just
below the aortic valve. Five consecutive beats were
measured and averaged for each measurement. Early
diastolic peak flow velocity(E), late diastolic peak
flow velocity (A), E-wave deceleration time (DT),
isovolumetric contraction time (IVCT), ejection time
(ET) and isovolumetric relaxation time (IVRT) were
measured by transmitral Doppler imaging. The IVRT
was measured with the pulsed wave sample volume
placed between the mitral inflow and the left ventric-
ular outflow tract (12–14). E/A ratio was calculated.
Myocardial performance index (MPI) was calculated
by summing of IVRT and IVCT and dividing by ET.
The sphericity index (SI) was calculated as the ratio
between the greater cross sectional diameter and
the greater longitudinal diameter of the LV in end-
diastolic apical four-chamber view. This index was
used as an indicator of geometry change. The data
was collected, coded and organized. The final study
results were stated using the SPSS program version
14. Student-t, correlation coefficient and Chi-square
tests were used to evaluate the results. Chi-square test
was used for qualitative variables while independent
t-test was used for quantitative variables. Correlation
analysis was performed using Pearson’s correlation
coefficient. Statistical significance was considered at
a P-value <0.05 and highly significant at a P value
<0.001.

3 RESULTS

The baseline characteristics of the study population
are presented in [Table1]. Age, gender, body mass
index (BMI), systolic blood pressure (SBP), diastolic
blood pressure (DBP), heart rate, smoking rate, to-
tal cholesterol, low-density lipoprotein (LDL), total
cholesterol, high-density lipoprotein (HDL) choles-
terol and triglyceride levels were comparable in
two study groups. However, fasting plasma glu-
cose (FPG) level (112.04 ± 3.85mg/dl vs 84.75 ±
3.89mg/dl, respectively, p < 0.001) and HbA1c level
(5.99 ± 0.17 % vs 5.04 ± 0.12%, respectively, p
< 0.001) were significantly higher in people with
prediabetes compared to healthy subjects.
The conventional echocardiographic results of the
subjects are presented in [Table 2]. Accordingly, Left
Ventricular end-diastolic diameter, thickness of In-
terventricular septum, Posterior Wall thickness and
LV ejection fraction were similar among the groups.
However, Left Atrial diameter (35.50 ± 1.693mm
vs 33.48 ±1.918mm, respectively, p< 0.001) was
significantly higher in Prediabetes group than in con-
trols. Whereas LVESD (left ventricular end systolic
diameter; 24.78 ± 1.640mm vs 26.11 ± 1.603mm,
respectively, p< 0.001) was significantly lower in
prediabetes group. Pulse-wave echocardiographic
measurements of the subjects are demonstrated in
[Table 3]. According to these results, no statistically
significant difference was seen in A- (late diastolic)
wave, IVCT (isovolumetric contraction time), ET
(ejection time), IVCT/ET and MPI (myocardial per-
formance index) between two groups. However, E-
wave (0.693 ± 0.092 m/s vs 0.891 ± 0.083 m/s,
respectively, p< 0.001) and E/A ratio (0.887± 0.095
vs 1.161 ± 0.075, respectively, p< 0.001) were sig-
nificantly lower in Prediabetic group. Further, IVRT
(isovolumetric relaxation time 87.45 ± 8.148ms vs
70.780 ± 9.874ms, respectively, p< 0.001), DT
(deceleration time 211.0 ± 26.36ms vs 168.24 ±
18.90ms, respectively, p< 0.001) and SI (sphericity
index 0.595 ± 0.028 vs 0.497 ± 0.026, respectively,
p< 0.001) were significantly higher in prediabetic
group as compared to controls.
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TABLE 1: Clinical and demographic characteris cs of study popula on

Variables Prediabetes(n=100) Healthy controls (n=100) P - value
Age(years) 50.62±3.50 50.67±3.67 0.969
Gender(M/F) 45/55 43/57 0.776
BMI(kg/m2) 29.91±2.55 29.61±2.28 0.352
Pulse(beats/min) 76.31±3.67 76.17±3.76 0.979
SBP(mmHg) 121.30±5.44 121.28±5.44 0.968
DBP(mmHg) 76.60±3.54 76.58±3.57 0.791
Smokers (%) 28 31 0.642
FBG(mg/dl) 112.04±3.85 84.75±3.89 < 0.001
HbA1c (%) 5.99±0.17 5.04±0.12 < 0.001
Total cholesterol (mg/dl) 191.81±10.93 189.42±9.41 0.099
LDL cholesterol(mg/dl) 150.14±41.72 158.43±46.38 0.185
HDL cholesterol(mg/dl) 44.31±6.15 45.60±6.07 0.137
Triglycerides(mg/dl) 151.03±18.35 147.41±18.34 0.164
M/F:male/female; BMI: bodymass index; SBP: systolic bloodpressure; DBP: diastolic bloodpressure; FBG:
fas ng plasma glucose; HbA1C: glycosylated hemoglobin; LDL: low-density lipoprotein; HDL: high-density
lipoprotein

TABLE 2: Conven onal echocardiographic parameters of study popula on

Variable Prediabetes (n=100) Healthy controls(n=100) P value
LVESD (mm) 24.78± 1.640 26.11± 1.603 < 0.001
LVEDD (mm) 44.26± 2.045 44.85± 2.039 0.071
LA (mm) 35.50± 1.693 33.48± 1.918 < 0.001
PoW (mm) 9.49± 0.561 8.80± 0.558 < 0.001
IVS (mm) 9.16± 0.918 8.97± 0.629 0.089
LVEF (%) 64.91± 1.676 65.14± 1.952 0.371
LVESD = le ventricular end systolic diameter, LVEDD= le ventricular end diastolic
diameter, LA = diameter of le atrium, PoW=Thickness of posterior wall, IVS = thickness of
interventricular septum, LVEF= le ventricular ejec on frac on

TABLE 3: Pulse-wave echocardiographic measurements of study popula on

Variable Prediabetes Healthy Controls P – value
E (m/s) 0.693± 0.092 0.891± 0.083 < 0.001
A (m/s) 0.834± 0.319 0.765± 0.260 0.095
E/A 0.887± 0.095 1.161± 0.075 < 0.001
DT (ms) 211.0± 26.36 1.161± 0.075 < 0.001
IVCT (ms) 64.74± 9.494 66.95± 8.893 0.091
ET (ms) 281.90± 16.11 277.4± 16.24 0.141
IVCT/ET 0.232± 0.029 0.239± 0.024 0.185
IVRT (ms) 87.450± 8.148 70.78± 9.874 < 0.001
MPI 0.546± 0.269 0.501± 0.156 0.149
Sphericity Index 0.595± 0.028 0.497± 0.026 < 0.001
E=early diastolic wave, A=late diastolic wave, DT=decelera on me, IVCT= Iso-
volumetric contrac on me, ET = ejec on me, IVRT = isovolumetric relaxa on
me, MPI = myocardial performance index
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4 DISCUSSION

Hyperglycemia has been demonstrated to be the
progenitor of advanced glycosylation end-products
(AGE), enhancement of progressive loss of car-
diomyocytes and increase in fibrosis resulting from
oxidative stress and inflammation. Diabetic heart
may be affected by way of ventricular hypertro-
phy, metabolic abnormalities, extracellular matrix
remodelling, fibrosis, vascular changes, insulin re-
sistance, oxidative stress and apoptosis leading to
abnormalities in myocardial function. As a result,
it has been assumed that prediabetic patients may
have decreased LV function due to prolonged hyper-
glycemia (15, 16). In our study, we demonstrated.
that patients with Prediabetes have both impaired
LV systolic and diastolic function. As we excluded
people with other co-morbidities, like hypertension
(HTN), coronary artery disease (CAD) and other
chronic systemic illnesses, LV abnormalities ob-
served in people with prediabetes probably depend
directly on impaired glucose metabolism in these
people. The increased prevalence of diastolic dys-
function and its severity in proportion to the de-
gree of hyperglycemia, people with prediabetes has
been demonstrated in the past (16) .Hyperglycemia
may also stimulate apoptosis, myocyte necrosis with
eventual myocardial cell loss (17, 18) which may
impair myocardial contractility and lead to systolic
dysfunction. LV diastolic dysfunction could repre-
sent the earliest pre-clinical manifestation of my-
ocardial involvement in diabetes, prior to any sys-
tolic dysfunction (19, 20).Moreover, myocardial ab-
normalities in an individual could be demonstrated
before detection of hyperglycemia (21), indicating
that apart from being a complication of diabetes, it
could represent a coexisting condition.
In view of cardiovascular repercussions associated
with hyperglycemia, a detailed evaluation of car-
diovascular alterations in people with prediabetes
is mandated. We studied normotensive people with
prediabetes to look for any subclinical left ventricu-
lar abnormalities in these people. We observed that
prediabetes is associated with impaired left ventric-
ular function and that it appears to be independent
status of blood pressure, ventricular geometry, glu-
cose tolerance, lipids and adiposity. The E/A ratio

exhibited a stepwise decrease from the control group
to the prediabetic group, owing to increased A-wave
velocity and isovolumic relaxation time (IVRT) was
significantly longer in the people with prediabetes.
These findings suggest that there is a progressive
impairment in left ventricular relaxation during di-
astole, which is consistent with that of a recently
published study in patients without overt type 2 dia-
betes (22) .In addition; the diastolic changes were as-
sociated with an unaltered geometric pattern. These
observations indicate that the functional changes
in people with hyperglycemia are independent and
precede the systolic and structural changes. Similar,
observation was made in prior studies in people with
obesity, metabolic syndrome and diabetes (23–25).
In our study, people with prediabetes exhibited a
higher Left Atrial Volume (LAV) with respect to
healthy controls, which indicates chronic and long-
standing pressure overload on left ventricle in people
with hyperglycemia. In agreement with our data,
Dinh et al (22) showed an increase in LAV with
transition from Prediabetes to overt type 2 diabetes
mellitus. In addition to this, the study reported a
significant correlation between HbA1c and LAV,
indicative of left ventricular diastolic abnormalities
with elevated filling pressure, even in people with
normoglycemia. In our study population, people with
prediabetes had higher Sphericity Index (SI) com-
pared to healthy controls and was independently
relatedwithHbA1c levels. These structural and func-
tional abnormalities of left are clinically relevant
because abnormal left ventricular remodelling has
been associated with worse prognostic outcome (26).
In particular, abnormal left ventricular sphericity
has also been associated with increased mortality
after acute myocardial infarction (27),as has been
previously demonstrated in a population based study,
where people with a higher sphericity had increased
incidence ofHeart failure andAtrial Fibrillation (28).
In conclusion, people with prediabetes in our study
population had an impaired left ventricular func-
tion, which represent a major pattern of cardiovas-
cular disease (CVD). None of our prediabetic adults
had history of overt cardiovascular complications or
events. Furthurmore, detection of left ventricular ab-
normalities without clinically apparent heart failure
in people with prediabetes in our study indicates that
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echocardiographic assessment for all people with
prediabetes should be performed as the primary pre-
vention for the development of future CVD.

5 LIMITATIONS OF THE STUDY

Several potential limitations of this study need to
be highlighted. First, Although People with pre-
diabetes in our study did not have symptomatic
CHD; screening for CHD using Coronary angiogra-
phy was not performed. Second,E/A should be in-
terpreted in conjunction with clinical characteristics
and other echocardiographic parameters, although
it has important diagnostic and prognostic impli-
cations. Thirdly, in of small sample size of peo-
ple with prediabetes in our study, results cannot be
generalised to all people with prediabetes. Fourthly,
although LA volume is a more precise indicator of
chronic diastolic dysfunction, we have utilized LA
diameter.
Conflict of interest: None
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