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Abstract

diabetes mellitus.

genesis of micro- and macrovascular damage.

macrovascular disease of DM.

Background: The MASS IV-DM Trial is a large project from a single institution, the Heart Institute (InCor), University
of S&o Paulo Medical School, Brazil to study ventricular function and coronary arteries in patients with type 2

Methods/Design: The study will enroll 600 patients with type 2 diabetes who have angiographically normal
ventricular function and coronary arteries. The goal of the MASS IV-DM Trial is to achieve a long-term evaluation of
the development of coronary atherosclerosis by using angiograms and coronary-artery calcium scan by electron-
beam computed tomography at baseline and after 5 years of follow-up. In addition, the incidence of major
cardiovascular events, the dysfunction of various organs involved in this disease, particularly microalbuminuria and
renal function, will be analyzed through clinical evaluation. In addition, an effort will be made to investigate in
depth the presence of major cardiovascular risk factors, especially the biochemical profile, metabolic syndrome
inflasnmatory activity, oxidative stress, endothelial function, prothrombotic factors, and profibrinolytic and platelet
activity. An evaluation will be made of the polymorphism as a determinant of disease and its possible role in the

Discussion: The MASS IV-DM trial is designed to include diabetic patients with clinically suspected myocardial
ischemia in whom conventional angiography shows angiographically normal coronary arteries. The result of
extensive investigation including angiographic follow-up by several methods, vascular reactivity, pro-thrombotic
mechanisms, genetic and biochemical studies may facilitate the understanding of so-called micro- and

Background

Diabetes mellitus is a potentially serious disease and is
currently the major concern of public health officials. This
disease has a prevalence of 2% to 5% in most Western
countries and has grown exponentially around the
world, possibly because of changing dietary habits in
recent years [1-3].
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Patients with type 2 diabetes often have cardiovascular
risk factors that may further influence the prognosis of the
disease. These risk factors compose metabolic syndrome.
They include high blood pressure [4,5], dyslipidemia, and
obesity, which have been reported as participating in the
pathogenesis of cardiovascular events by possible action
on coronary endothelial function [5]. Moreover, the high
rate of urinary albumin excretion has been hypothesized
as an additional indicator of endothelial dysfunction, which
is associated with a higher rate of renal and cardiovascular
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events [6]. Other risk factors include potential age and
sex [7], smoking [8], glycemic control, lipids [5,9], and
hormone replacement therapies [10].

Major studies have shown that healthy endothelium
inhibits adhesion of platelets and leukocytes to the ves-
sel surface and maintains the balance of profibrinolytic
and prothrombotic activity [11]. However, with the
occurrence of dysfunction, the endothelium is a poten-
tial contributor to the pathogenesis of vascular disease
in diabetes mellitus and atherosclerosis [12].

Under physiological conditions, there is a delicate and
balanced release of relaxing factors and endothelium-
derived contraction factors that apparently is imbalanced
in diabetes and may contribute to the development of
atherosclerosis, thus contributing to the further progres-
sion of vascular injury in different organs [13].

Hyperglycemia has been implicated as the main causal
factor in the development of coronary atherosclerosis in
diabetic patients. However, the mechanisms associated
with this disorder are likely to be multifactorial. Among
these are hypertension, abdominal obesity, and pluri-
metabolic syndrome [14-16].

Besides these, we highlight the presence of decreased
high-density lipoprotein and elevated low-density lipopro-
tein (LDL) cholesterol, high triglycerides, increased VLDL,
nephropathy, altered coagulation, and platelet dysfunction.
Insulin resistance, another existing condition in diabetes,
has been described as responsible for the increased risk of
death from coronary artery disease (CAD) [15-17].

It is assumed that the prevalence of coronary artery
disease (CAD), recognized by a variety of diagnostic
methods, is estimated to be 55% in individuals with
diabetes. This contrasts with 2% to 4% of people with
diabetes in the general population [18]. Patients with
CAD without diabetes compared with those with dia-
betes have coronary atherosclerosis that is more
advanced, with higher rates of ventricular dysfunction
and cardiac events [18-20]. Additionally, the prognosis
of CAD is less favorable in patients with diabetes than
in their nondiabetic counterparts; mortality after
infarction is higher in diabetic patients and is particu-
larly high among women [19-22]. Often, patients with
diabetes may have asymptomatic CAD. In such cases,
the first sign of CAD may be the occurrence of a myo-
cardial infarction or cardiac death [21,23]. Data
reported by Haffner [24] show that patients with
diabetes but without CAD have the same incidence
of heart attack as nondiabetic patients with CAD.
Furthermore, 79% of patients with diabetes die of car-
diac complications after an acute myocardial infarction
(AMI) [23]. Moreover, in patients referred to surgery,
the need for new CABG or PCI is significantly higher
in subjects with diabetes than in those without the dis-
ease [25]. This condition led the National Cholesterol
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Education Program (NCEP) to consider diabetes as a
risk equivalent to that of CAD [26].

However, although the occurrence of diabetes is a
major determinant of vascular lesions, a small series of
retrospective studies have addressed endothelial behavior
in diabetic patients with angiographically normal coron-
ary arteries [27-29]. On the other hand, few studies have
been directed at discussing in depth the occurrence of
major cardiovascular events in long-term follow-up in
patients with type 2 diabetes mellitus who have angiogra-
phically normal coronary arteries. So, our hypothesis is
that some diabetic patients despite of absence of coron-
ary artery based on angiographic criteria will present
cardiovascular events and progression of the CAD dis-
ease but others won’t along five-years of follow-up. The
main aim of the MASS IV DM study is to identify what is
the protective mechanism of vascular involvement on
this group of diabetes patients and the correlation with
cardiovascular events.

The objectives of the MASS IV-DM Trial is to compare
the clinical data, laboratory profile, and angiographic evo-
lution at baseline with that at 5-year follow-up in patients
with type 2 diabetes who have angiographically normal
coronary arteries.

Methods/Design
The MASS IV-DM Trial is an institutional project to be
conducted at the Heart Institute (InCor), Hospital das
Clinicas, University of Sdo Paulo, and is designed to pro-
spectively investigate 600 type 2 diabetic patients with a
clinical suspicion of coronary insufficiency and electro-
cardiographic evidence of myocardial ischemia who have
normal coronary angiographies and ventricular function.
It is designed as a secondary prospective cohort study.
Only patients with angiographically normal coronary
arteries (by semi quantitative TCA equal to zero) will be
included in the study. After inclusion, all patients will
undergo a 320-row multidetector computed tomography
(MDCT) angiography of the coronary arteries to assess
the calcium score as well as the plaque characteristics if
present any. Both angiography studies will be repeated
after 5 years of follow-up. Ischemia induced by stress
electrocardiography and associated with myocardial
nuclear scintigraphy will be performed at the beginning
and end of the study. Furthermore, ventricular function
will be measured by echocardiography at baseline, and
vascular reactivity and endothelial function will be
recorded at the beginning and end of the study. Labora-
tory tests will include a biochemical profile of blood
lipids, renal function, urinalysis, genetic polymorphism,
oxidative stress, and inflammatory activity, among
others. All patients will undergo an outpatient clinical
evaluation every 6 months. The schedule of activities is
shown in Table 1.
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Table 1 Schedule of measurements
S 6 12 18 24 30
m m m
X

w
o)}

42 48 54

(o))
o

History/events
Physical examination
Symptom assessment
Routine laboratory
Electrocardiography

>

X X X X X X
>

X X X X X |3
>
=<

X X X X X x|3
>

Echocardiography
Stress MPI
Medications

X X X X X X X |3

Angiograms
CAC-Scan
Arterial stiffness

X X X X X X X X X X X

Resources utilization
Quality of life
Work status X

>
XX X X X X X X X X X X X X X|3

Serious adverse events Continuous

Abbreviations: S = baseline; 6m = 6 month after study entry; 12 m to 60 m
denotes months after study entry. Stress MPI=Stress myocardial perfusion
imaging, CAC-Scan=Coronary-artery calcium (CAC) scan.

The MASS IV-DM Trial has an independent external
committee that is blind to the clinical evaluation and
will monitor the research. This external committee will
analyze all clinical events including myocardial infarc-
tion, cerebrovascular events, and others. The role of this
committee will be to ensure that clinical events will be
assessed uniformly.

Patients

Diabetic patients with clinically suspected (based on pre-
sence of the CCS II/III angina) or documented myocar-
dial ischemia based on ET will undergo coronary
angiography that will be performed according to the
technique of Sones or Seldinger. For the evaluation of
ventricular function, patients will receive contrast in the
left ventricle, and measures will be taken with the
patient in the right anterior oblique position. The calcu-
lation of left ventricular ejection fraction will be made
according to the Dodge formula.

For the angiographic study of the coronary arteries, 5
views of the left coronary artery and 2 of the right coron-
ary artery will be obtained. These effects allow a clear
assessment of each coronary artery, thus forming 4 pairs
of perpendicular incidence suitable for biplane analysis.

Nitrates or other vasoactive drugs will be available
when needed. The same sequence of arteriographic pro-
jections, field X-ray, and size of catheters will be followed
in each patient and similarly in subsequent examinations.
These conditions will be crucial for the accurate assess-
ment of the artery after 5 years of follow-up.

Possible changes in the lumen of the coronary arteries
will be assessed visually and quantitatively. Two
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experienced observers are blinded to the identity of the
patient during both tests and also for the sequence of
films at the beginning and end of the study.

The pair of films, the initial and final will be seen both
side by side with 5 times magnification in a projector
system adapted for this analysis.

To evaluate the second angiogram, 2 incidences will
be selected of a good quality at the same point in the
cardiac cycle as on the first angiogram of each coronary
artery studied. Based on direct visual comparison of the
coronary arteries, by consensus, the arteries will be
rated as unchanged, definitely changed, or possibly
changed. For possibly changed, a third frame will be
selected for each view from each film.

Coronary artery calcium scan

It is assumed that the presence of calcium in the wall of
the coronary arteries is a strong indicator for the diag-
nosis of coronary artery disease [30,31]. Previous studies
using electron-beam computed tomography (EBCT)
have suggested that EBCT has great potential for nonin-
vasive quantification of calcium in the coronary arteries
[32,33]. Furthermore, CAD is also related to the pre-
sence of calcium with luminal narrowing of coronary
arteries and correlates with clinical, angiographic, and
pathology data [34,35].

However, this method of investigation was unable to
precisely define the percentage of luminal narrowing
based only on the presence of calcium in the wall of
artery.

Recent studies have focused attention on the uncer-
tainties of visual estimates of the percentage of luminal
narrowing compared with angiography, the difficulty of
making visual estimates, and therefore their reproduci-
bility [36,37], their predictive value, changes in the flow,
and also in flow reserve [38,39].

Thus, to prevent this methodological bias, we plan to
evaluate the presence of calcium in the arterial wall by
performing a coronary artery calcium scan using EBCT
at baseline and after 5 years of follow-up and to corre-
late these findings with angiographic data at the begin-
ning and end of the study. This procedure can identify
possible luminal narrowing and also eliminate any meth-
odological flaw, because it compares similar examina-
tions at the beginning and end of the study.

Myocardial scintigraphy

To evaluate the presence of myocardial ischemia, even
in the absence of coronary epicardial vessels, all patients
will undergo myocardial scintigraphy during exercise at
baseline and at the end of the study. The images of
myocardial scintigraphy will be acquired through the
tomographic technique (SPECT - Single Photon Emis-
sion Computed Tomography), synchronized with an
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electrocardiographic signal (gated), which allows for the
simultaneous assessment of myocardial perfusion and a
quantitative parameter of ventricular function, by using
the 99mTc-Sestamibi (2-methoxy-isobutyl-isonitrile
marked with technetium-99 m) as a myocardial perfu-
sion marker.

With the patient under resting conditions, 740 MBq of
99 mTc-Sestamibi will be endovenously administrated to
the patient, and the acquisition of images will be per-
formed 60 to 90 minutes after the injection. Near the
end of the stress test, 740 MBq of 99 mTc-Sestamibi
will be introduced, and the patient will be stimulated to
continue exercising for at least 1 minute, if possible.
After the recovery stage, data will be recorded, and the
patient will be placed under the gamma-chamber detec-
tor so that images can be obtained.

The acquisition of images will be performed in a noncir-
cular orbit, starting from a RAO 45° projection to LPO 45°
projection, thus completing 180° scan for tomographic
images, at 64 frames in a 64 x 64 matrix (1 detection every
2.8° with a duration of 30s), using an energy of 140 keV
windows. No coefficient of spreading attenuation or
correction will be used. The images will be prefiltered with
a 2-dimensional Butterworth filter with order 5, cutoff fre-
quency of 0.6 Nyquist, and reconstructed through the
iterative method (5 iterations) in a Sun computer, Ultra 60
model, through the AUTO SPECT + Instill 5.0 software,
according to the existing recommendations [40,41]. The
analysis of ejection fraction will be performed using
AUTO QUANT 4.21 software. For the quantification of
ischemic myocardium, a semi-quantitative assessment will
be performed of a 17-segment model (short axis and long
vertical axis will be separated into 6 segments in the apical,
middle, and basal sections of the short axis, and in 2 apical
segments in the long vertical section), retrospectively ana-
lyzed by at least 3 experienced observers, without any
knowledge of clinical, ergometric, and cinecoronario-
graphic data [41].

At the beginning of the study and at the end of
follow-up, perfusion images will be analyzed and quanti-
fied through the 5-point semi-quantitative scoring
system: 0 (normal), 1 (discreet reduction in captation), 2
(moderate reduction in captation), 3 (significant reduc-
tion in captation of radioisotopes), 4 (apparent absence
of detectable captation at the follow-up).

The exercise score summed (ESS) index will be
acquired by summing the scores of 17 follow-ups of
exercise stress test imaging [42]. The resting score
summed (RSS) index will be obtained in the same way,
by summing the scores of 17 follow-ups of the image of
captation at each examination of rest. To estimate the
reversibility of the defect, the difference in the score
summed (DSS) index will be calculated through the sub-
traction of the ESS from the RSS index.
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Doppler echocardiography

Changes in myocardial contractility in both systole and
diastole are identified by Doppler-echocardiography.
Thus, to assess the presence of variation in myocardial
thickness or systolic-diastolic movements even in the
absence of coronary epicardial vessels, all patients will
undergo echocardiography at baseline and at the end of
the study.

Patients will undergo examination with commercially
available 2-dimensional echocardiographic ATL equip-
ment, with an electronic transducer of 2.5 mHz. Inter-
mediate examinations during follow-up will not be
considered. For study purposes, echocardiographic
patients will be free of medications at the beginning and
end of the study. Normal LV systolic function will be
considered >50%.

For the echocardiographic examination, patients will
be examined while in the left lateral position with a
slight rotation of the thorax, and standardized apical
and parasternal approaches. Echocardiographic records
follow the recommendations of the American Society of
Echocardiography.

The relaxation time of the left ventricle (TRIVE) will
be determined by the simultaneous recording of intraca-
vitary blood flow on Doppler measured at the end of
the closure of the aortic and mitral valve opening, corre-
sponding to the beginning of the E-wave.

The E-wave deceleration time is calculated by the time
interval between the peak E-wave and the intersection of
this line with that at baseline.

The tests will be analyzed by 3 observers. The first
observer will assess the measures twice and a second
observer once. The third observer will be available to
resolve doubts. Interobserver and intraobserver variabil-
ity will be identified and corrected by consensus.

Arterial stiffness

All patients will be evaluated for vascular stiffness at base-
line and at the end of follow-up. Measurement of arterial
stiffness is considered to be particularly interesting in the
proposed scenario since the absence of atherosclerotic
obstructions indicated by conventional angiograms, and
confirmed by coronary artery calcium scan, empowers in
significance prospective changes in arterial mechanical
properties. It is thus conceivable that this will be a useful
tool in informing the development and possible progres-
sion of atherosclerotic disease. Arterial stiffness can be
assessed noninvasively by different methodologies. The
measurement of aortic pulse wave velocity is generally
accepted as a very reliable method since it is simple, non-
invasive, and reproducible, and can be compared periodi-
cally being supported by the greatest number of
epidemiological studies for its predictive value for initia-
tion or progression of coronary artery disease.
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Briefly, wave forms will be obtained transcutaneously
over the radial or common carotid artery and the right
femoral artery, and the time delay is measured between
the feet of the 2 wave forms.

Laboratory measurements

The following laboratory measurements will be recorded
on the same day: HbAlc (agarose electrophoresis; nor-
mal value <6%; Hyrys Hydrasys, Sebia, France); serum
total cholesterol, HDL cholesterol, and triglycerides
(enzymatic colorimetry; Hitachi 912; Roche Diagnostic);
creatinine (colorimetry; Kone Optima; Thermolab Sys-
tems, Helsinki, Finland); and urinary albumin excretion
rate on a 24-h urine collection (laser immunonephelo-
metry; BN100; Dade-Behring, Paris, France). LDL cho-
lesterol will be calculated according to the Friedwald
formula and creatinine clearance according to the Cock-
roft and Gault formula.

Genetic Analysis

All patients will have genomic DNA extracted from
whole blood at study enrollment. Genomic DNA will be
extracted following a standard salting-out protocol.
Assuming that genetic factors will be responsible, at
least in part, for different outcomes of diabetic patients
regarding coronary artery disease progression, we plan
to use this resource for genetic risk stratification of the
studied individuals. Initially, our protocol will follow
previously described loci associated with different inter-
mediate phenotypes of coronary artery disease pathology
(ie, lipid levels, diabetes, atherosclerosis phenotypes,
hypertension/blood pressure), hypothesizing that they
will also modulate the risk of coronary disease progres-
sion in this particular cohort.

Statistical analyses

All data will be expressed as means + SD. Differences
between the data of patients for clinical and biological
characteristics and basal hemodynamic parameters were
analyzed by the nonparametric Mann-Whitney test.
Changes in hemodynamic parameters at baseline and
the end of follow-up will be analyzed with the paired
Student ¢ test. Comparisons between coronary artery
dimensions at baseline and the end of the study will be
made by 2-way ANOVA with repeated measures for
experimental condition factor followed by the Fisher
protected least-significance difference test.

The Spearman test will be used to find the correlates
of coronary endothelium-dependent vasoreactivity. Due
to its skewed distribution, urinary albumin excretion
rate will be log transformed in the correlation analyses.
A backward linear multiple regression will be performed
to find the independent predictors for endothelium-
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dependent coronary vasoreactivity. Statistical signifi-
cance is assumed when P < 0.05.

Discussion

The MASS IV-DM trial is a study designed to include
diabetic patients with suspected myocardial ischemia
whose conventional angiogram showed coronary arteries
to be angiographically normal.

Even if diabetes has been implicated as the main causal
factor in the development of coronary atherosclerosis, the
question that arises is what are the protective mechanisms
of this so-called micro- and macrovascular disease. On the
other hand, the mechanisms associated with coronary
artery disease are likely multifactorial, including hyperten-
sion, abdominal obesity, and plurimetabolic syndrome;
diabetes plays an important role in this scenario.

Patients with CAD without diabetes compared with
diabetic patients have coronary atherosclerosis that is
more advanced, and rates of ventricular dysfunction and
cardiac events are higher. Additionally, the prognosis of
CAD is less favorable in patients with diabetes than
their nondiabetic counterparts; mortality after infarction
is higher in diabetic patients and is particularly high
among women.

Few studies discuss in depth the occurrence of major
cardiovascular events in long-term follow-up in patients
with type 2 diabetes with angiographically normal cor-
onary arteries.

The MASS IV-DM Trial is a great opportunity to
address all these issues, and it will add relevant informa-
tion to this field.

Ethical Considerations

The MASS IV-DM Trial is conducted in accordance
with the principles of the Declaration of Helsinki and
with laws and regulations of our country. The Ethics
Committee of the Heart Institute of the University of
Sao Paulo, Brazil approved the study protocol. The
attending physician obtained written informed consent
from the study participants.

Final Considerations

The MASS IV-DM trial is designed to include diabetic
patients with clinically suspected myocardial ischemia in
whom conventional angiography shows angiographically
normal coronary arteries. The idea that diabetes mellitus
is a micro- and macrovascular disease leads us to reflect
on the difficulties of comprehending the pathophysiolo-
gical mechanisms of the disease. The question that
arises is what is the protective mechanism of vascular
involvement? The result of extensive research including
angiographic follow-up by several methods, vascular
reactivity, pro-thrombotic mechanisms, genetic and
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biochemical studies may facilitate this understanding
and lead to more specific studies for the prevention of
so-called micro- and macrovascular disease.

Abbreviations

MASS IV: Medical Angiplasty or Surgery Study; DM: Diabetes Melittus; LDL
low-density lipoprotein cholesterol; VLDL: high triglycerides, increased; CAD:
coronary artery disease; AMI: acute myocardial infarction; PCl: Percutaneous
Coronary Intervention; CABG: Coronary Artery Bypass Graft; NCEP: National
Cholesterol Education Program; CT: Computed tomography; MPI = Stress
myocardial perfusion imaging; CAC: CAC-Scan = Coronary-artery calcium
scan; EBCT: electron-beam computed tomography; SPECT: Single Photon
Emission Computed Tomography; MBg Mega Becquerel; Tc: technetium;
RAO: Right anterior oblique; LPO: Left posterior oblique; keV: Kilo eletrovolts;
ESS: exercise score summed; RSS: resting score summed; DSS: difference in
the score summed; mHz: mili hertz; TRIVE: relaxation time of the left
ventricle; HbATc: haemoglobin A1C; DNA: Deoxyribonucleic acid.

Acknowledgements

We would like to thank all members of the MASS IV-DM Trial for their hard
work in putting together all the forces for performing this study. This study
was funded partially by the Zerbini Foundation. Medical writing support was
provided by Ann Conti Morcos during the preparation of this paper,
supported by the Zerbini Foundation. Responsibility for opinions,
conclusions, and interpretation of data lies with the authors.

Steering Committee

Whady Hueb, Neuza HM Lopes, Bernard J Gersh, Ricardo DOliveira Vieira,
Eduardo Gomes Lima, Cibele Larrosa Garzillo, Rosa Rhami Garcia, Alexandre
Costa Pereira, Raul Maranhao, Paulo R Soares, Dalton A. Chamone and José
AF Ramires

Cardiologist Committee

Whady Hueb, Neuza HM Lopes, Eduardo Gomes Lima, Luiz Antonio M César,
Paulo R Soares, and José AF Ramires

Hematologic Disorders Committee

Dalton AF Chamone, Roberto Abi Rached, Alexandre Costa Pereira
Endocrinologist Committee

Rosa Rhami Garcia, Raul Maranhdo, Marilia da Costa Sprandel, Célia Maria
Strunz

Cardiac Imaging Techniques Committee

Claudio Meneghetti, Maria Clementina, Jeane Tsutsui, Luiz Francisco
Rodrigues de Avila, Alexandre Volney, Jose Parga, Marisa Goes, Myrthes E.
Takiuti and Célia Maria Strunz

Electrocardiography and Exercise Stress Testing Committee

Paulo Jorge Moffa, Augusto Ushida

Interventional Committee

Eulégio E Martinez, Expedito Ribeiro, Pedro Lemos, Alexandre C Hueb, Marco
A Perin

Cost-effectiveness and Quality of Life Committee

Priscyla Girardi, Célia Regina Nogueira, Myrthes E Takiuti, Teryo Nakano
Ancillary Studies Committee

Neuza HM Lopes, Alexandre Costa Pereira, Jeane Tsutsui, Claudio
Meneguetti, Raul Maranhao

Data and Safety Monitoring Board

Eliana Lima, Laura Caringe, Marcela Silva

Source Information

The members of the writing group Whady Hueb, Neuza H Lopes, Alexandre
Costa Pereira, Pedro Lemos, Raul Maranhao Dalton A. Chamone, José A.
Ramires assume responsibility for the overall content and integrity of the
article.

Funding

The MASS IV-DM trial is funded in part by the Zerbini Foundation, Séo Paulo,
Brazil.

Author details
"From the Heart Institute of the University of Sdo Paulo, Sdo Paulo, Brazil.
2r\/layo Clinic, Rochester, Minnesota, USA.

Page 6 of 7

Authors’ contributions

Each of the authors has made substantial contributions either to the
conception and design of the study or to the drafting of this article and
critical revision for this important intellectual content. Specifically, WH is the
Principal Investigator of the study described in the manuscript; WH, RM, DC,
ACP, PL, and JAFR actively participated in designing and performing the
research. Additionally, CM, JT, and JP performed the examination procedures.
WH, ACP, RR, and NHML are following all the patients during the follow-up
clinical visits. Finally, NHML, ACP, RM, and DC planned the Ancillaries Studies.
All authors participated in drafting and revising the manuscript, and all
authors read and approved the final manuscript.

Competing interests
None of the authors of the MASS IV-DM Trial has a financial or any other
relation that would pose a conflict of interest.

Received: 18 January 2010 Accepted: 29 September 2010
Published: 29 September 2010

References

1. Wild S, Roglic G, Green A, Sicree R, King H: Global prevalence of diabetes:
estimates for the year 2000 and projections for 2030. Diabetes Care 2004,
27:1047-1053.

2. Hadi HA, Suwaidi JA: Endothelial dysfunction in diabetes mellitus. Vasc
Health Risk Manag 2007, 3:853-876.

3. Contreras F, Rivera M, Vasquez J, De la Parte MA, Velasco M: Diabetes and
hypertension physiopathology and therapeutics. J Hum Hypertens 2000,
14(Suppl 1):526-31.

4. Schéchinger V, Britten MB, Zeiher AM: Prognostic impact of coronary
vasodilator dysfunction on adverse long-term outcome of coronary
heart disease. Circulation 2000, 101:1899-1906.

5. Henry RM, Ferreira |, Kostense PJ, Dekker JM, Nijpels G, Heine RJ, Kamp O,
Bouter LM, Stehouwer CD: Type 2 diabetes is associated with impaired
endothelium-dependent, flow-mediated dilation, but impaired glucose
metabolism is not; The Hoorn Study. Atherosclerosis 2004, 174:49-56.

6. Rosenbaum P, Gimeno SG, Sanudo A, Franco LJ, Ferreira SR, Japanese-
Brazilian Diabetes Study Group: Independent impact of glycemia and
blood pressure in albuminuria on high-risk subjects for metabolic
syndrome. Clin Nephrol 2004, 61:369-376.

7. Celermajer DS, Sorensen KE, Spiegelhalter DJ, Georgakopoulos D,

Robinson J, Deanfield JE: Aging is associated with endothelial dysfunction
in healthy men years before the age-related decline in women. J Am
Coll Cardiol 1994, 24:471-476.

8. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller O,

Sullivan ID, Lloyd JK, Deanfield JE: Non-invasive detection of endothelial
dysfunction in children and adults at risk of atherosclerosis. Lancet 1992,
340:1111-1115.

9. Dogra GK, Watts GF, Chan DC, Stanton K: Statin therapy improves brachial
artery vasodilator function in patients with Type 1 diabetes and
microalbuminuria. Diabet Med 2005, 22:239-242.

10. Haines CJ, Yim SF, Sanderson JE: The effect of continuous combined
hormone replacement therapy on arterial reactivity in postmenopausal
women with established angina pectoris. Atherosclerosis 2001,
159:467-470.

11, Libby P: Inflammation in atherosclerosis. Nature 2002, 420:868-874.

12. Stone KE, Chiquette E, Chilton RJ: Diabetic endovascular disease: role of
coronary artery revascularization. Am J Cardiol 2007, 99:105B-112B.

13. Tan KC, Chow WS, Ai VH, Lam KS: Effects of angiotensin Il receptor
antagonist on endothelial vasomotor function and urinary albumin
excretion in type 2 diabetic patients with microalbuminuria. Diabetes
Metab Res 2002, 18:71-76.

14. Beckman JA, Creager MA, Libby P: Diabetes and atherosclerosis:
epidemiology, pathophysiology, and management. JAMA 2002,
287:2570-2581.

15. Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA,
Livingstone SJ, Thomason MJ, Mackness MI, Charlton-Menys V, Fuller JH,
CARDS investigators: Primary prevention of cardiovascular disease with
atorvastatin in type 2 diabetes in the Collaborative Atorvastatin


http://www.ncbi.nlm.nih.gov/pubmed/15111519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15111519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18200806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10854077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10854077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10779454?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10779454?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10779454?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15135250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15135250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15135250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15224799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15224799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15224799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8034885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8034885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1359209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1359209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15717868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15717868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15717868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11730828?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11730828?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11730828?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12490960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17307063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17307063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12020339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12020339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15325833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15325833?dopt=Abstract

Hueb et al. BMC Cardiovascular Disorders 2010, 10:47
http://www.biomedcentral.com/1471-2261/10/47

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Diabetes Study (CARDS): multicentre randomized placebo-controlled
trial. Lancet 2004, 364:685-696.

Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, Fonseca V,
Gerstein HC, Grundy S, Nesto RW, Pignone MP, Plutzky J, Porte D,

Redberg R, Stitzel KF, Stone NJ, American Heart Association; American
Diabetes Association: Primary prevention of cardiovascular diseases in
people with diabetes mellitus: a scientific statement from the American
Heart Association and the American Diabetes Association. Circulation
2007, 115:114-126.

Sobel BE: Potentiation of vasculopathy by insulin: implications from an
NHLBI clinical alert. Circulation 1996, 93:1613-1615.

Sobel BE: Increased plasminogen activator inhibitor-1 and vasculopathy.
A reconcilable paradox. Circulation 1999, 99:2496-2498.

Hammoud T, Tanguay JF, Bourassa MG: Management of coronary artery
disease: therapeutic options in patients with diabetes. J Am Coll Cardiol
2000, 36:355-365.

Giri S, Shaw LJ, Murthy DR, Travin MI, Miller DD, Hachamovitch R, Borges-
Neto S, Berman DS, Waters DD, Heller GV: Impact of diabetes on the risk
stratification using stress single-photon emission computed tomography
myocardial perfusion imaging in patients with symptoms suggestive of
coronary artery disease. Circulation 2002, 105:32-40.

Miettinen H, Lehto S, Salomaa V, M&hdénen M, Niemeld M, Haffner SM,
Pyérdld K, Tuomilehto J: Impact of diabetes on mortality after the first
myocardial infarction. The FINMONICA Myocardial Infarction Register
Study Group. Diabetes Care 1998, 21:69-75.

Malmberg K, Yusuf S, Gerstein HC, Brown J, Zhao F, Hunt D, Piegas L,
Calvin J, Keltai M, Budaj A: Impact of diabetes on long-term prognosis in
patients with unstable angina and non-Q-wave myocardial infarction:
results of the OASIS (Organization to Assess Strategies for Ischemic
Syndromes) Registry. Circulation 2000, 102:1014-1019.

Jacoby RM, Nesto RW: Acute myocardial infarction in the diabetic patient:
pathophysiology, clinical course and prognosis. J Am Coll Cardiol 1992,
20:736-744.

Haffner SM, Lehto S, Rénnemaa T, Pyordld K, Laakso M: Mortality from
coronary heart disease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior myocardial infarction. N
Engl J Med 1998, 339:229-234.

Laskey WK, Selzer F, Vlachos HA, Johnston J, Jacobs A, King SB, Holmes DR,
Douglas J, Block P, Wilensky R, Williams DO, Detre K, Dynamic Registry
Investigators: Comparison of in-hospital and oneyear outcomes in
patients with and without diabetes mellitus undergoing percutaneous
catheter intervention (from the National Heart, Lung, and Blood Institute
Dynamic Registry). Am J Cardiol 2002, 90:1062-1067.

Third Report of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel lll) final report: National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
). Circulation 2002, 106:3143-3421.

Nitenberg A, Paycha F, Ledoux S, Sachs R, Attali JR, Valensi P: Coronary
artery responses to physiological stimuli are improved by deferoxamine
but not by L-arginine in non-insulin-dependent diabetic patients with
angiographically normal coronary arteries and no other risk factors.
Circulation 1998, 97:736-743.

Nitenberg A, Valensi P, Sachs R, Cosson E, Attali JR, Antony I: Prognostic
value of epicardial coronary artery constriction to the cold pressor test
in type 2 diabetic patients with angiographically normal coronary
arteries and no other major coronary risk factors. Diabetes Care 2004,
27:208-215.

Cosson E, Pham |, Valensi P, Pariés J, Attali JR, Nitenberg A: Impaired
coronary endothelium-dependent vasodilation is associated with
microalbuminuria in patients with type 2 diabetes and angiographically
normal coronary arteries. Diabetes Care 2006, 29:107-112.

Hueb WA, Bellotti G, Ramires JA, Pileggi F: Natural history of coronary
artery disease. Long-term clinical follow-up of patients refusing surgical
treatment. Arq Bras Cardiol 1988, 50:145-151.

Frye RL, August P, Brooks MM, Hardison RM, Kelsey SF, MacGregor JM,
Orchard TJ, Chaitman BR, Genuth SM, Goldberg SH, Hlatky MA, Jones TL,
Molitch ME, Nesto RW, Sako EY, Sobel BE: A randomized trial of therapies
for type 2 diabetes and coronary artery disease. BARI 2 D Study Group.
N Engl J Med 2009, 360:2503-2515.

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

Page 7 of 7

Rumberger JA: Electron beam CT and coronary calcium score. Circulation
1998, 26:2095-2096.

Rumberger JA, Sheedy PF, Breen JF, Schwartz RS: Electron beam
computed tomography coronary calcium score cutpoints and severity of
associated angiographic lumen stenosis. J/ Am Coll Cardiol 1997,
29:1542-1548.

Schmermund A, Baumgart D, Gorge G, Gronemeyer D, Seibel R, Bailey KR,
Rumberger JA, Paar D, Erbel R: Measuring the effect of risk factors on
coronary atherosclerosis: coronary calcium score versus angiographic
disease severity. J Am Coll Cardiol 1998, 31:1267-1273.

Rumberger JA: Personal reflections on coronary artery calcium
quantitation by CT. Am Heart Hosp J 2006, 4:51-52.

Budoff MJ, Cohen MC, Garcia MJ, Hodgson JM, Hundley WG, Lima JA,
Manning WJ, Pohost GM, Raggi PM, Rodgers GP, Rumberger JA, Taylor AJ,
Creager MA, Hirshfeld JW Jr, Lorell BH, Merli G, Rodgers GP, Tracy CM,
Weitz HH, American College of Cardiology Foundation; American Heart
Association; American College of Physicians Task Force on Clinical
Competence; American Society of Echocardiography; American Society of
Nuclear Cardiology; Society of Atherosclerosis Imaging; Society for
Cardiovascular Angiography & Interventions; Society of Cardiovascular
Computed Tomography: ACCF/AHA clinical competence statement on
cardiac imaging with computed tomography and magnetic resonance.
Circulation 2005, 112:598-617.

Rampersaud E, Bielak LF, Parsa A, Shen H, Post W, Ryan KA, Donnelly P,
Rumberger JA, Sheedy PF, Peyser PA, Shuldiner AR, Mitchell BD: The
association of coronary artery calcification and carotid artery intima-
media thickness with distinct, traditional coronary artery disease risk
factors in asymptomatic adults. Am J Epidemiol 2008, 168:1016-1023.
Bielak LF, Yu P, Ryan KA, Rumberger JA, Sheedy PF, Turner ST, Post W,
Shuldiner AR, Mitchell BD, Peyser PA: Differences in prevalence and
severity of coronary artery calcification between two non-Hispanic white
populations with diverse lifestyles. Atherosclerosis 2008, 196:888-895.
Michos ED, Nasir K, Braunstein JB, Rumberger JA, Budoff MJ, Post WS,
Blumenthal RS: Framingham risk equation underestimates subclinical
atherosclerosis risk in asymptomatic women. Atherosclerosis 2006,
184:201-206.

Committee on Advanced Cardiac Imaging and Technology, Council on
Clinical Cardiology, American Heart Association Cardiovascular Imaging
Committee, American College of Cardiology, and Board of Director,
Cardiovascular Council, Society of Nuclear Medicine: Standardization of
cardiac tomography imaging. Circulation 1992, 86:338-349.

Port CS, Berman D, Garcia E: Imaging guidelines for nuclear cardiology
procedures. J Nucl Cardiol 1999, 6:47-84.

Berman DS, Kiat H, Friedman JD, Wang FP, van Train K, Matzer L, Maddahi J,
Germano G: Separate acquisition rest thallium-201/stress technetium-99
m sestamibi dual-isotope myocardial perfusion single-photon emission
computed tomography: a clinical validation study. J Am Coll Cardiol 1993,
22:1455-1464.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2261/10/47/prepub

doi:10.1186/1471-2261-10-47

Cite this article as: Hueb et al: Hypotheses, rationale, design, and
methods for prognostic evaluation in type 2 diabetic patients with
angiographically normal coronary arteries. The MASS IV-DM Trial. BMC
Cardiovascular Disorders 2010 10:47.



http://www.ncbi.nlm.nih.gov/pubmed/15325833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15325833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8653862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8653862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10330378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10330378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10933343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10933343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11772873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11772873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11772873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11772873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9538972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9538972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9538972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10961966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10961966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10961966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10961966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1512357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1512357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9673301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9673301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9673301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12423704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12423704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12423704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12423704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12485966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12485966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12485966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12485966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14693991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14693991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14693991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14693991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16373905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16373905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16373905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16373905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3228362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3228362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3228362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19502645?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19502645?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9180117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9180117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9180117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9581719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9581719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9581719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16470105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16470105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16046290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16046290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18805900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18805900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18805900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18805900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17368463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17368463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17368463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15907856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15907856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1617787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1617787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8227805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8227805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8227805?dopt=Abstract
http://www.biomedcentral.com/1471-2261/10/47/prepub

	Abstract
	Background
	Methods/Design
	Discussion

	Background
	Methods/Design
	Patients
	Coronary artery calcium scan
	Myocardial scintigraphy
	Doppler echocardiography
	Arterial stiffness
	Laboratory measurements
	Genetic Analysis
	Statistical analyses

	Discussion
	Ethical Considerations
	Final Considerations

	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

