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ABSTRACT

Introduction: Several studies have shown that ventricular dysfunction is increased in individuals with diabetes.
Insulin resistance (IR) may precede type 2 diabetes, and is a pathogenic factor for it. Furthermore, IR has been
shown to be an independent predictor of cardiovascular disease in diabetes. Given that glucose intolerance and
IR precede the development of overt diabetes, these factors would be associated with abnormal myocardial
performance. Aim of the Work: To evaluate the state of left ventricular structure and function in prediabetic
adults in relation with IR. Patients and Methods: A case—control study was performed. One hundred and
twenty-one consecutive adults with prediabetes were enrolled for the study. Forty-two of the adults had IR
(group A) and 79 had insulin sensitivity (group B). Forty-three healthy (with normal blood glucose) adults
matched for age and gender were considered as a control group. All groups were subjected to full medical
history and clinical examination and biochemical and echocardiographic studies. Results: There were no
statistically significant differences between the insulin-sensitive prediabetic group and the control group in all
parameters of left ventricular structure and systolic and diastolic functions. Significant differences were observed
between group A and control group in the parameters of left ventricular diastolic function (both isovolumetric
relaxation time and E/A ratio). Regarding correlation between the parameters of diastolic function and different
variables of IR prediabetic group, there was a statistically significant coefficient correlation with HOMA IR,
waist circumference and triglycerides. No correlation was observed with fasting glucose, Hb Alc, body mass
index, blood pressure (BP) and total lipids. Conclusion: In prediabetic adults, IR is associated with impaired
left ventricular diastolic function, and this association appears to be independent of BP, ventricular geometry,
glucose tolerance status, total plasma lipids and obesity.
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INTRODUCTION

Diabetes mellitus, hypertension, dyslipidemia, obesity and
aging are associated with a high risk of cardiovascular
disease (CVD) as well as other clinical conditions.!! The
mechanisms through which cardiovascular risk is increased

Access this article online

Quick Response Code: Website:

www.jcdronline.com

DOI:
10.4103/0975-3583.78583

Journal of Cardiovascular Disease Research Vol. 2/ No 1

are partially understood. Several distinct pathologic
processes may initiate myocyte injury, ventricular dilatation
and myocardial dysfunction in patients with diabetes. The
common pathways involve neurohumoral, cytokines,
immune factors, oxidative stress and the accumulation of
advanced glycosylation end products (AGE) leading to
protein cross-linking.

Echocardiography has introduced the possibility to
evaluate not only systolic but also diastolic function.
Left ventricular systolic dysfunction reduces the ejection
fraction and ejection time and prolongs the isovolumetric
contraction time. On the other hand, left ventricular
diastolic dysfunction increases the isovolumetric relaxation
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time and modifies the timing of diastolic filling.>!

Several studies have shown that ventricular dysfunction
is increased in individuals with type 2 diabetes. Insulin
resistance (IR) may precede diabetes by a decade or more,
and is a pathogenic factor for it.”) Furthermore, IR has

been shown to be an independent predictor of CVD in
diabetes.®

Given that glucose intolerance and IR precede the
development of overt diabetes, these factors would
be associated with abnormal myocardial performance.
To investigate this hypothesis, the current study was
undertaken to evaluate the state of left ventricular structure
and function in prediabetic adults in relation with IR.

PATIENTS AND METHODS
Patient selection

A case—control study was performed. One hundred twenty-
one consecutive adults with prediabetes were enrolled
for the study. All the patients were recruited from the
outpatient diabetes and general medicine clinics of Suez
Canal University Hospital from February 2009 to May
2010. Forty-three healthy (with normal blood glucose)
adults matched for age and gender were considered as the
control group.

Exclusion criteria included the following: hypertension,
diabetes mellitus, chronic kidney disease, CVD, severe
obesity (body mass index [BMI] >40 kg/m?), heavy
smokers and aged adults (over 60 years old).

All groups were subjected to full medical history and clinical
examination, including blood pressure (BP), BMI, systemic
examination and biochemical and echocardiographic
studies. The BMI was calculated as weight/height?
(kg/m? and was used as an estimate of the overall
adiposity.” Waist circumference, a validated estimate of
visceral adiposity, was measured to the nearest 0.5 cm.
Central obesity is defined as waist citcumference >102 cm
in males and >88 cm in females.""!

Diabetes was diagnosed according to the American
Diabetes Association (ADA) criteria. Blood was drawn
after fasting for 8 h. A fasting blood sugar (FBG) level
below 100 mg/dL or glycosylated hemoglobin (Hb Alc)
<5.7% is considered normal. A FBG level between 100 and
126 mg/dL or Hb Alc 5.7-6.5% confirms the presence
of prediabetes and FBG more than 126 mg/dL or Hb
Alc >06.5% confirms the presence of diabetes in two
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separate occasions.'"! A Homeostasis model of insulin
resistance (HOMA IR) was used as a measure of IR. It
was assessed according to the level of fasting glucose and
insulin, which were measured with a dextran—charcoal
radioimmunoassay. Serum intact pro-insulin was measured
by using a highly specific, two-site monoclonal antibody-

based immunoradiometric assay.'?

The formula for the HOMA IR model is as follows:

HOMA IR = (Fasting insulin mU/mL X Fasting glucose
mmol/L) / 22.5

Prediabetic adults were divided by their IR status at
baseline (HOMA IR above and below a median of 2.7) to
IR (group A) and insulin sensitive (group B), respectively.
The median was based on the overall nondiabetic control
group at baseline.

Echocardiographic studies were performed with a
Hewlett-Packard phased array (Sonos 1800, USA made,
model: DR 53 15) ultrasonoscope using a 2.5 and 3.5
MHz transducer. Measurements of ventricular septum,
posterior wall and left ventricular cavity were performed
according to the American Society of Echocardiography
criteria. Left ventricular mass was calculated from the left
ventricular end-diastolic cavity and septal and posterior wall
thickness were calculated using the Penn convention and
the American Society of Echocardiography guidelines. Left
ventricular mass index (LVMI) was determined as the ratio
of left ventricular mass in grams to the body surface area
in square meters. The relative wall thickness (RWT) was
measured at the end-diastole as the ratio of posterior wall
thickness plus septal 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 diastole. 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.
From the mitral inflow signal, we measured the E velocity
(E), the A velocity (A) and the E/A ratio. The isovolumetric
relaxation time (IVRT) was measured with the pulsed wave
sample volume placed between the mitral inflow and the
left ventricular outflow tract.!*"!

Ethical consideration: Informed consent was obtained
from all the adults. The aim and the value of the work were
explained in a simplified manner for them. No harm was
inflicted on them. On the contrary, all had benefits of the
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follow-up and the final results of the study.
Statistical analysis

The data were coded and organized. The final study results
were stated using the SPSS program version 14. Results
were presented through tables. Student-# correlation
coefficient and Chi-square tests were used to evaluate the
results. Chi-square test was used for qualitative variables
while independent #test was used for quantitative variables.
Correlation analysis was performed using Pearson’s test.
Statistical significance was considered at a P-value <0.05
and highly significant at a P-value <0.001.

RESULTS

The baseline characteristics of 121 (65 males and 56
temales) prediabetic adults, mean age 47.8 years, with and
without IR versus 43 controls (23 males and 20 females),
mean age 48.6 years, are shown in Table 1. 34.7% of
the prediabetic adults had IR (group A) and 65.3% had
insulin sensitivity (group B). No significant differences
were observed between both the prediabetic adult and
the control groups regarding BMI, waist circumference,
BP and plasma lipids. Except waist circumference, all the
mentioned parameters were neatly similar in both the male
and the female prediabetic adults.

Echocardiographic and Doppler examination is shown in

Table 2. There were no statistically significant differences
between the insulin-sensitive prediabetic and control groups
in all parameters of left ventricular structure and systolic and
diastolic functions. On the other hand, significant differences
were observed between the group with IR and the control
group in the parameters of left ventricular diastolic function
(both IVRT and E/A ratio). Compating echo parametets
between groups A and B, no significant differences were
observed except in the E/A ratio.

Correlation between the parameters of diastolic function
and different variables of IR prediabetic group is shown
in Table 3. There was a statistically significant coefficient
correlation with HOMA IR, waist circumference and
triglycerides. No correlation was observed with FBG, Hb
Alc, BMI, BP and total lipids.

DISCUSSION

Several studies have demonstrated left ventricular
diastolic dysfunction to represent the first manifestation
of myocardial involvement in diabetes. The dysfunction
represents the earliest pre-clinical manifestation
of diabetic cardiomyopathy, preceding systolic
dysfunction.l'™"! Furthermore, the dysfunction can
precede the development of diabetes,'® suggesting that
it is not exclusively a complication of diabetes but rather
a coexisting condition. The development of diabetic

Table 1: Clinical and biochemical studies (mean values) of both the case and the control groups

Variables Control group Prediabetic (case) P-value
N =43 All Group A Group B P P P
N =121 N =42 N=79

Age (years) 48.6 +8.3 47.8+8.3 495+74 47.3+6.9 n.s n.s n.s
Gender

Male 23 (53%) 65 (54%) 24 (57%) 41 (52%) ns n.s n.s

Fem ale 20 (47%) 56 (46%) 18 (43%) 38 (48%) n.s n.s n.s
SBP (mmHg) 122.3+9.2 121.4+6.5 123.5+4.7 121.6+5.7 n.s n.s n.s
DBP (mmHg) 755+3.2 78.4+4.38 79.3+6.2 77.4+49 n.s n.s n.s
BMI (%) 26.2+54 28.6+56 29.4+6.9 271+46 n.s n.s n.s
W. circum. (cm) 98.4+2.7 103.3+4.5 107.6 £ 3.9 101.4+3.7 <0.01 n.s <0.05
Total lipids (mg/dL)  489.7 + 36.3 509.3 £44.2 520.7 + 384 501.5 +28.8 n.s n.s n.s
Triglyceride (mg/ 1459+ 18.4 189.6 + 16.6 193.2+13.4 186.3+17.2 <0.01 <0.05 <0.05
dL)
HDL-c (mg/dL) 485+28 472+22 453+29 479+42 n.s n.s n.s
LDL-c (mg/dL) 121.9+16.3 132.1+17.2 136.3+18.2 131.1+13.9 n.s n.s n.s
FBG (mg/dL) 83.9+11.2 117.8+6.6 119.1+£ 3.2 1109+ 11.2 <0.01 <0.01 <0.01
Hb A1c (%) 49+0.9 6.1+0.2 6.2+2.1 59+0.3 <0.05 <0.05 <0.05
HOMA IR 2.7+0.1 39+19 53+1.9 25+14 <0.01 n.s <0.05

Group A = Prediabetic adult with insulin resistance, Group B = Prediabetic adult with insulin sensitive, BMI = Body mass index, SBP = Systolic blood pressure, DBP = Diastolic BP,
N = Number of cases, n.s. = Non significant, FBS = Fasting blood glucose, W. circum. = Waist circumference, HDL-c = High-density lipoprotein cholesterol, LDL-c¢ = Low-density
lipoprotein cholesterol, Hb Alc = Glycosylated hemoglobin, P = Comparison between group A and control. P* = Comparison between group B and control, P** = Comparison

between all prediabetic adults and control group.
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Table 2: Echocardiographic mean values in both the case and the control groups

Variables Control group Prediabetic (case) P-value

N =43 All Group A Group B P P* P**

N =121 N =42 N=79

End SD (mm) 279+15 282+15 285+1.3 279+19 n.s. n.s. n.s.
End DD (mm) 48.4+3.9 49.1+29 49.3+2.1 48.2+ 3.1 n.s. n.s. n.s.
EF% 63.8+7.1 62.4£6.2 61.6+4.2 64.1+6.9 n.s. n.s. n.s.
IVS thickness (mm) 8.2+0.7 8.1+0.5 80.2+0.8 82.1+0.3 n.s. n.s. n.s.
PW thickness (mm) 8.1+0.9 8.2+0.7 8.8+0.3 79+0.2 n.s. n.s. n.s.
RWT% 353+34 349+41 36.1+2.8 33.9+238 n.s. n.s. n.s.
LVMI (gm/m?) 89.9+7.2 91.2+6.9 92.2+8.1 89.2+0.9 n.s. n.s. n.s.
IVRT (ms) 91.3+11.2 96.2+9.1 99.9+4.2 92.1+84 <0.01 n.s. n.s.
E/A ratio 1.5+0.6 14+0.7 1.2+0.2 15+0.8 <0.01 n.s. n.s.

Group A = Prediabetic adults with insulin resistance, Group B = Prediabetic adult, SD = Systolic diameter, DD = Diastolic diameter, EF = Ejection fraction, IVS = Interventricular
septum, PW = Posterior wall, RWT = Relative wall thickness, LVMI = Left ventricular mass index, E = E velocity, A = A velocity, E/A = E/A ratio, IVRT = Isovolumetric relaxation time,
N = Number of cases, n.s. = Non significant, P = Comparison between group A and control, P* = Comparison between group B and control, P** = Comparison between group A and B

Table 3: Correlation coefficient between diastolic function parameters and different variables in group A

IVRT E/A ratio
Variables r value P-value r value P-value
Age (years) 0.23 n.s. 0.32 n.s.
SBP (mmHg) 0.34 n.s. 0.29 n.s.
DBP (mmHg) 0.41 n.s. 0.43 n.s.
Total lipid (mg/dL) 0.51 n.s. 0.53 n.s.
HDL-c (mg/dL) 0.21 n.s. 0.22 n.s.
LDL-c (mg/dL) 0.28 n.s. 0.25 n.s.
Triglycerides (mg/dL) 0.71 <0.01 0.75 <0.01
BMI% 0.38 n.s. 0.42 n.s.
W. circum. (cm) 0.72 <0.01 0.75 <0.01
FBG (mg/dL) 0.33 n.s. 0.46 n.s.
Hb A1c% 0.42 n.s. 0.41 n.s.
HOMA IR 0.83 <0.001 0.82 <0.001

Group A = Prediabetic adult with insulin resistance, E = E velocity, A = A velocity, E/A = E/A ratio, IVRT = Isovolumetric relaxation time, BMI = Body mass index, SBP = Systolic
blood pressure, DBP = Diastolic BP, N = Number of cases, n.s. = Non significant, FBS = Fasting blood glucose, W. circum. = Waist circumference HDL-c = High-density lipoprotein
cholesterol, LDL-c = Low-density lipoprotein cholesterol, Hb Alc = Glycosylated hemoglobin

myocardial dysfunction is likely multifactorial, with putative ~ is dependent or independent of glucose tolerance status.

mechanisms including metabolic disturbance, changes in
The main finding of the current study is that IR is

associated with impaired left ventricular diastolic function

the extracellular matrix components, small vessel disease,
autonomic dysfunction and IR. Due to cardio-metabolic

repercussions of hyperglycemia, a detailed evaluation of
cardiovascular changes in prediabetic and diabetic patients
is recommended. Furthermore, two recent studies, the
“ADVANCE” triall”*" and the “ACCORD” trial,*'*
reported no significant benefit from intensive HbAlc
lowering in terms of cardiovascular outcomes in subjects
with long-standing diabetes. Therefore, we speculate that an
early intervention is necessary. To our knowledge, the state
of myocardial performance in prediabetes has received little
attention. We therefore studied prediabetic normotensive
adults in whom the prevalence of IR and impaired glucose
tolerance is high to test the hypotheses that IR is associated
with impaired cardiac function and that this relationship
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and that the association appears to be independent of BP,
ventricular geometry, glucose tolerance status, total plasma
lipids and obesity.

The E/A ratio exhibited a stepwise decrease from the
control to the prediabetic to the IR groups, primarily
a result of increased A-wave velocity. The isovolumic
relaxation time was significantly longer in the IR group.
These findings suggest that there is a progressive
impairment in left ventricular relaxation depending on
the insulin sensitivity and increasing burden of IR on
myocardial function. Our results are consistent with that
of a recently published study in patients without overt
type 2 diabetes.”! In addition, the diastolic changes were
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associated with an unaltered geometric pattern and a non-
significant depressed systolic function in all groups. These
different findings indicate that the functional changes
are independent and precede the systolic and structural
changes. Our observation is consistent with those of prior
studies in the fields of obesity,* metabolic syndrome®!
and diabetes.

The mechanism underlying the relationship between IR
and myocardial performance is not clear, and the current
cross-sectional study cannot identify the causative factor.
Studies have shown that IR states are associated with
decreased endothelium-dependent vasodilation.?”2*
In addition, insulin has been shown to induce vascular
smooth muscle proliferation and migration in cell
culture.””! Hyperglycemia has been shown to lead to the
formation of AGEs. Therefore, It has been suggested
that individuals with prediabetes may have decreased
ventricular function due to prolonged exposure to elevated
glucose levels.'™ Results from the present study did not
identify impaired left ventricular performance among
individuals with insulin-sensitive prediabetes. Furthermore,
no correlation was found between the performance and
either fasting glucose or Hb Alc measurements. Our data
suggest that IR may be more important in the development
of diastolic dysfunction than accumulation of AGE:s.

Previous studies have shown that visceral fat in healthy
individuals is associated with impaired left ventricular
function.?*I The present study confirms this association.
In agreement with a recent study by Wilfried ¢z a/,* we
observed that abdominal adiposity, as measured by waist
circumference, was significantly and adversely associated
with diastolic function, whereas BMI as a measure of
general adiposity was not. In addition, we found that IR
appears to be more strongly associated with dysfunction
than with measures of obesity. These results suggest
that the obesity—diastolic dysfunction relationship may
be mediated in part through increasing IR. Obesity,
especially central abdominal obesity, is associated
with the secretion of inflammatory cytokines and
proteins.’!! Another study demonstrated an association
between inflammatory markers and functional cardiac
outcomes in patients with a first uncomplicated myocardial
infarction. Stress hyperglycemia amplifies the inflammatory
immune reaction and worsens the functional cardiac
outcomes.” In general, adipocytes, in particular from
the visceral abdominal regions, produce several bioactive
peptides that in turn impact on vascular structure and

function.P>

However, increased BP tends to reduce the myocardial

Journal of Cardiovascular Disease Research Vol. 2/ No 1

performance.l"”” Nevertheless, in our study, as all subjects
were normotensive, such an association was not found.

We should point out that the total lipids had an insignificant
correlation with ventricular dysfunction. When the
components of the lipids were considered separately,
diastolic dysfunction showed direct associations only with
triglycerides. These results are consistent with those of Lisa
et al. They reported that triglycerides are independently
associated with the E/A ratio.%

In conclusion, we have shown that prediabetic subjects
have an impaired left ventricular diastolic function,
which represent a major pattern of CVD, and these
changes are predominantly observed in prediabetic
subjects with increased HOMA IR and visceral obesity.
None of the studied prediabetic adults had history of
cardiac complications. Subsequently, the data of the
current study suggest that as changes can be detected
before the appearance of clinically apparent heart failure,
echocardiographic assessment for all prediabetics, especially
those with IR or those who are obese, is recommended
as the primary prevention for the development of future
CVD. Because the functional changes in the prediabetic
state are limited to subjects with IR, the use of insulin-
sensitizing agents to prevent diabetes could have a
beneficial effect on CVD. It is likely that over the next few
years, the measurement of IR will become an increasingly
important part of the process of risk assessment, and
may possibly also improve the monitoring of therapy.
Additional studies will be needed to assess the impact of IR
on ventricular elasticity and the effect of an improvement
in insulin sensitivity to improve myocardial performance.

It is imperative to note several limitations in this study
design. First, the relatively small sample size. Second, this
study enrolled individuals carefully screened to exclude
diabetes and hypertension. Further research will be needed
to confirm whether these results generalize to the general
population, more insulin-sensitive individuals and those
with hypertension through a large community-based study.

ACKNOWLEDGMENTS

The authors acknowledge the important contributions of the
following individuals to this study: Prof. Ola Leheta and Prof.
El-Sayed Khafagy for coordinating the study and The Diabetes
and Cardiology units’ nursing staff for their technical support.

REFERENCES

1. Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti K, Nissen M, e/ al.

27



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

28

Sliem and Nasr: Left ventricular changes in prediabetes

Cardiovascular morbidity and mortality associated with the metabolic
syndrome. Diabetes Care 2001;24:683-9.

Steinberg HO, Chaker H, Leaming R, Johnson A, Brechtel G, Baron AD.
Obesity/insulin resistance is associated with endothelial dysfunction.
Implications for the syndrome of insulin resistance. | Clin Invest
1996;97:2601-10.

Singh R, Barden A, Mori T, Beilin I.. Advanced glycation end-products: A
review. Diabetologia 2001;44:129-46.

Arcaro G, Cretti A, Balzano S. Insulin causes endothelial dysfunction in
humans: Sites and mechanisms. Circulation 2002;105:576-82.

Dujardin KS, Tei C, Yeo TC, Hodge DO, Rossi A, Seward JB. New index
of combined systolic and diastolic myocardial performance: A simple and
reproducible measure of cardiac function-a study in normals and dilated
cardiomyopathy. ] Cardiol 1995;26:357-66.

Peterson LR, Waggoner AD, Schechtman KB, Meyer T, Gropler R], Barzilai
B, ez al. Alterations in left ventricular structure and function in young healthy
obese women: Assessment by echocardiography and tissue Doppler imaging.
J Am Coll Cardiol 2004;43:1399-404.

Bonora E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Meigs |B, ¢t al.
Population-based incidence rates and risk factors for type 2 diabetes in white
individuals: The Bruneck study. Diabetes 2004;53:1782-9.

Bonora E, Formentini G, Calcaterra F, Lombardi S, Marini F, Zenari L,
et al. HOMA-estimated insulin resistance is an independent predictor of
cardiovascular disease in type 2 diabetic subjects: Prospective data from
the Verona Diabetes Complications Study. Diabetes Care 2002;25:1135-41.
Sunyer FX, Maggio Ca, Pi G. Obesity and type 2 diabetes, Endocrinol
Metab. Clin North Am 2000;3:521-8.

Grundy SM. Multifactorial causation of obesity; Implications for prevention.
Am J Clin Nutr 2003;67:563-72.

American Diabetes Association. Standard of medical care in diabetes-2008.
Diabetes care 2008;31:512-54.

Katz A, Nambi S, Mather K, Baron A, Follmann D, Sullivan G, ¢# al.
Quantitative insulin sensitivity check index: A simple accurate method
for assessing insulin sensitivity in humans. J Clin Endocrinol Metab
2004;85:2402-12.

Abraham P, Laskowski C, Zhan WZ. Myocardial contractility by strain
echocardiography: Comparison with physiological measurements in an iz
vitro model, Am ] Physiol 2003;285:2599-604.

Heatlie GJ, Giles M. Echocardiography and the general physician. Postgrad.
Med J 2004;80:84-8.

Saul G, Myerson L. Left Ventricular Mass: Reliability of M-Mode and
2-Dimensional Echocatdiographic Formulas. Hypertension 2002;40:673-8.
Raev DC. Which left ventricular function is impaired earlier in the evolution
of diabetic cardiomyopathy? An echocardiographic study of young type I
diabetic patients. Diabetes Care 1994;17:633-9.

Zabalgoitia M, Ismaeil ME, Anderson L, Maklady FA. Prevalence of diastolic
dysfunction in normotensive, asymptomatic patients with well controlled
type 2 diabetes mellitus. Am J Cardiol 2001;87:320-3.

Stahrenberg R, Edelmann F, Mende M, Kockskamper A, Dungen HD,
Scherer M, ¢ al. Association of glucose metabolism with diastolic function
along the diabetic continuum. Diabetologia 2010;53:1331-40.

Zoungas S, de Galan BE, Ninomiya T, Grobbee D, Hamet P, Heller S,
et al. Combined effects of routine blood pressure lowering and intensive
glucose control on macrovascular and microvascular outcomes in patients
with type 2 diabetes: New results from the ADVANCE trial. Diabetes Cate
2009;32:2068-74.

Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, e al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Intensive blood glucose control and vascular outcomes in patients with type
2 diabetes. N Engl ] Med 2008;358:2560-72.

Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse |B, ez
al. Effects of intensive glucose lowering in type 2 diabetes. N Engl ] Med
2008;358:2545-59.

ACCORD Study Group. Effects of medical therapies on retinopathy
progression in type 2 diabetes. N Engl | Med 2010. DOI: 10.1056/
NEJMoal001288. Available from: http://www.nejm.org. [Last accessed
on 2010 June 30].

Dinh W, Lankisch M, Nickl W, Scheyer D, Scheffold T, Kramer F, ez a/. Insulin
resistance and glycemic abnormalities ate associated with deterioration
of left ventricular diastolic function: A cross-sectional study. Cardiovasc
Diabetol 2010;9:63.

Peterson LR, Waggoner AD, Schechtman KB, Meyer T, Gropler R], Barzilai
B, ¢t al. Alterations in left ventricular structure and function in young healthy
obese women: Assessment by echocardiography and tissue Doppler imaging.
J Am Coll Cardiol 2004;43:1399-404.

de Simone G, Palmieri V, Bella JN, Celentano A, Hong Y, Oberman A, ¢/
al. Association of left ventricular hypertrophy with metabolic risk factors.
J Hypertens 2002;20:323-31.

From AM, Scott Cg, Chen Hm. The development of heart failure in patients
with diabetes mellitus and pre-clinical diastolic dysfunction a population-
based study. ] AM Coll Cardiol 2010;55:300-5.

Cozma A, Ordsan O, Sampelean D, Fodor A, Vlad C, Negrean V, ¢/ al.
Endothelial dysfunction in metabolic syndrome. Rom ] Intern Med
2009;47:133-40.

Arcaro G, Cretti A, Balzano S. Insulin causes endothelial dysfunction in
humans: Sites and mechanisms. Circulation 2000;105:576-82.

Steinberg HO, Chaker H, Leaming R, Johnson A, Brechtel G, Baron AD.
Obesity/insulin resistance is associated with endothelial dysfunction.
Implications for the syndrome of insulin resistance. ] Clin Invest
1996;97:2601-10.

Dwyer EM, Asif M, Ippolito T, Gillespie M. Role of hypertension, diabetes,
obesity, and race in the development of symptomatic myocardial dysfunction
in a predominantly minority population with normal coronary arteries. Am
Heart ] 2000;139:297-304.

Visser M, Bouter L, McQuillan G, Wener M, Harris T. Elevated C-reactive
protein levels in overweight and obese adults. JAMA 1999;282:2131-5.
Marefella R, Siniscalchi M, Esposito K, Sellito A, Romano C. Effects
of stress hyperglycemia on acute myocardial infarction. Diabetes Care
2003;26:3129-35.

Okamoto Y, Arita Y, Nishida M, Muraguchi M, Ouchi N, Takahashi M. An
adipocyte-derived plasma protein, adiponectin, adheres to injured vascular
walls. Horm Metab Res 2000;32:47-50.

Matsuzawa Y, Funahashi T, Kihara S, Shimomura 1. Adiponectin and
metabolic syndrome. Arterioscler Thromb Vasc Biol 2004;24:29-33.

Ballo P, Cameli M, Mondillo S, Giacomin E, Lisi M, Padeletti M, ¢# al.
Impact of diabetes and hypertension on left ventricular longitudinal systolic
function. Diabetes Res Clin Pract 2010;90:209-15.

de las Fuentes L, Brown AL, Mathews SJ, Waggoner AD, Soto PE, Gropler
R], et al. Metabolic syndrome is associated with abnormal left ventricular
diastolic function independent of left ventricular mass. Eur Heart |
2007;28:553-9.

Source of Support: Nil, Conflict of Interest: None declared.

Journal of Cardiovascular Disease Research Vol. 2/ No 1



