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Resolution of myocardial ischemia in the DIAD Study

Abstract

Objective: To assess whether the prevalence of inducible myocardial ischemia increases
over time in patients with type 2 diabetes.

Research design and methods: Participants enrolled in the Detection of Ischemia in
Asymptomatic Diabetics (DIAD) study underwent repeat adenosine-stress myocardial
perfusion imaging 3 years after initial evaluation. Patients with intervening cardiac
events, revascularization or unable/unwilling to repeat imaging were excluded.

Results: Of the initial 522 DIAD patients, 358 had repeat stress imaging (DIAD-2) of
whom 71 (20%) had ischemia at enrollment (DIAD-1). Of 287 patients with normal
DIAD-1 studies, 259 (90%) remained normal in DIAD-2, while 28 (10%) developed new
ischemia in DIAD-2. Of the 71 patients with abnormal DIAD-1 studies, 56 (79%)
demonstrated resolution of ischemia, while 15 (21%) remained abnormal. During this 3-
year interval, medical treatment was intensified, with more patients using statins, aspirin
and ACE inhibitors than at baseline. Patients with resolution of ischemia had
significantly greater increases in these medications than patients who developed new
ischemia (p=.04).

Conclusion: Thus, the majority of asymptomatic patients with type 2 diabetes,
demonstrated resolution of ischemia upon repeat stress imaging after 3 years. This
resolution was associated with more intensive treatment of cardiovascular risk factors.



The Detection of Ischemia in
Asymptomatic Diabetics (DIAD) study
was designed to assess the prevalence of
silent myocardial ischemia and the 5-year
cardiac event rate in asymptomatic
patients with type 2 diabetes mellitus
(T2DM). We have previously reported
that inducible ischemia was detected in
22% of patients and could not be
predicted by either traditional or novel
risk factors for coronary artery disease
(CAD), but was associated with cardiac
autonomic dysfunction (1). Since T2DM
is a powerful risk factor for CAD
progression (2), we hypothesized that the
prevalence of ischemia would increase
over time. Thus, the DIAD-2 study was
designed to reassess the prevalence of
inducible ischemia after 3 years.

Methods

Inclusion and exclusion criteria for
the DIAD study have been published
previously (1). In brief, patients eligible
for the DIAD study had T2DM, a normal
resting electrocardiogram (ECG), and no
symptoms, signs or prior history of CAD.
A total of 1,123 patients were enrolled
from diabetes clinics between July 2000
and August 2002. Of these, 561 patients
were randomized to adenosine-stress
single photon emission computerized
tomography (SPECT) myocardial
perfusion  imaging  with  Tc-99m-
sestamibi. Of these randomized patients
522 underwent imaging and 113 (22%)
had evidence of inducible ischemia (1).
These results will be referred to as DIAD-
1. Importantly, ischemia detected in
DIAD-1 was treated at the discretion of
the patients’ primary care giver.

According to protocol, all patients
initially randomized to stress imaging
were invited to have repeat imaging after
3 years (with a window of up to 6 months)
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of their DIAD-1 imaging, unless major
intervening cardiac events (death, non-
fatal myocardial infarction) or
revascularization had occurred. A total of
162 patients did not undergo repeat
imaging because of intervening death (n=
10), nonfatal myocardial infarction (n= 2),
coronary bypass surgery (n= 9),
percutaneous coronary intervention (n=
6), new severe co-morbidities that made
stress imaging unfeasible (n= 10), patient
refusal (n= 87), loss to follow-up (n=17)
or logistic issues resulting from Hurricane
Katrina at our New Orleans site (n=21).
Two additional patients had not
interpretable imaging studies. Thus, a total
of 164 patients were not included because
they lacked acceptable paired stress
imaging studies.

The remaining 358 patients will be
referred to as the DIAD-2 cohort..
Seventy-one (20%) had ischemia on
DIAD-1 stress imaging, similar to the
overall 22% prevalence of ischemia
observed in 522 DIAD-1 patients.

Vasodilator stress SPECT myocardial
perfusion imaging

ECG-gated adenosine-technetium-
99m-sestamibi SPECT imaging was
performed in an identical manner to
DIAD-1 (1). No attenuation correction
was applied to images. Vasodilator stress
was performed by intravenous infusion of
adenosine (140 mcg/kg/min) (3) to ensure
comparable stress in all patients.
Simultaneous low-level treadmill exercise
(Bruce stage 1) was performed by 255
(71%) patients during DIAD-2 and by 205
(57%) patients in DIAD-1 (p=NS). During
adenosine infusion a 12-lead ECG, heart
rate and blood pressure were recorded
each minute.



Image Analysis

Unprocessed ECG-gated SPECT
images were sent to the Yale University
Radionuclide Core Laboratory for
processing and quantitative analysis using
WLCQ software (4). Myocardial
perfusion defects were quantified and
expressed as a percentage of the left
ventricle relative to a normal database.
Left ventricular ejection fraction was
derived from ECG-gated images (5). To
assess reproducibility of quantification in
the DIAD population all abnormal DIAD-
2 studies and a random selection of
normal DIAD-2 studies, totaling 130 in
all, were processed independently on two
separate occasions.

The same panel of expert readers
(AEIl, GVH and FJW) that interpreted the
DIAD-1 images in 2002 interpreted the
DIAD-2 images in 2006. The readers were
blinded to the patient’s identity and
adenosine ECG responses, and had no
access to the DIAD-1 images or their
interpretations. All DIAD-2 images were
read by consensus, based on visual
analysis and defect quantification. DIAD-
2 images were reviewed in random order
and mixed with 20 non-DIAD studies,
unknown to the panel, in order to prevent
interpretation bias. Image quality was
scored subjectively as excellent, good,
poor or not interpretable. Images were
interpreted as normal or abnormal. Images
with obvious or probable diaphragmatic or
breast attenuation artifacts were scored as
normal. Myocardial perfusion
abnormalities were described as reversible
(ischemia), fixed (scar) or mixed (scar
plus ischemia). The size of visually
identified myocardial perfusion
abnormalities was additionally
categorized on the basis of computer
quantification as small (0 to <5 % of left
ventricle), moderate (>5 and <10 %), or
large (>10%) (1,4). This computer
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analysis incorporates both the extent and
severity of perfusion abnormalities.
Images revealing increased radiotracer
lung uptake, transient ischemic left
ventricular dilation after stress, and
resting left ventricular dysfunction
(ejection fraction < 45 %) without
associated  perfusion  defects were
categorized as non-perfusion
abnormalities. Flat or downsloping ST-
segment depression > 1mm at 80 ms after
the J-point in two or more leads on the
ECG during adenosine infusion was also
interpreted as an abnormal test result (6).

In addition to the consensus
interpretation by the expert readers, paired
DIAD-1 and DIAD-2 images were
analyzed based on  computerized
quantification. The reproducibility of
computer quantification of defect size was
established previously to be within 3% of
the left ventricle (7). Thus, studies with a
stress defect size < 3% were considered
normal, and studies with larger stress
defects were deemed abnormal. All
DIAD-1 and DIAD-2 SPECT images,
identified as having attenuation artifacts
by the panel readers, were categorized for
this quantitative analysis as normal,
regardless of computerized defect size.
The separate interpretations of DIAD-1
and DIAD-2 studies by the panel were
compared to the paired computerized
quantitative image analysis.

Analysis

All data were imported into
Statistical Analysis Software for analysis
(8). Differences between  subjects
undergoing and not undergoing repeat
imaging were assessed using t-tests and
chi-square analysis. McNemar’s test was
used to compare changes in medications
from  baseline to 36  months.
Reproducibility of defect quantification



was evaluated by Bland-Altman analysis

9).

Based on the interpretation of
DIAD-1 and DIAD-2 images, patients
were categorized as: normal — normal
(NL-NL), normal-abnormal (NL-ABN),
abnormal- abnormal (ABN-ABN) and
abnormal-normal (ABN-NL). The ABN-
NL category suggested resolution of
ischemia, whereas the category NL-ABN
indicated development of new ischemia.

To determine whether changes of
medical therapy occurred during the
course of the study, the use of preventive
cardiac medications (statins, aspirin and
angiotensin-converting enzyme [ACE]
inhibitors) was analyzed. First, the
number of patients on these medication at
the time of DIAD-1 imaging (baseline)
and at each 6-month time point including
the time of DIAD-2 imaging (36 months)
were determined, using mixed modeling
procedures. Second, the mean duration of
exposure to statin, aspirin or ACE
inhibitors, alone and in combination,
during the 3-year interval was calculated
and assessed with analysis of variance
using linear contrasts to determine
differences between those with resolution
of ischemia and new ischemia. Third, the
total months of exposure to drugs were
summed, e.g. a patient taking statin,
aspirin and ACE inhibitor for 36 months
would have a total exposure of 108 drug-
months. Finally, factors associated with
the development of new ischemia in the
287 patients with normal imaging at
baseline were assessed with bivariate
measures  followed by multivariate
relative risk regression.

Results

Table 1 shows baseline demographics,
characteristics and original myocardial
perfusion imaging findings for the 522
DIAD patients who underwent initial
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imaging as well as for the 358 patients
with and 164 patients without repeat
imaging. Patients who had repeat imaging
were less often African-American, had
lower HbALC, less peripheral neuropathy,
erectile  dysfunction and  diabetic
retinopathy, and were less likely taking
oral hypoglycemic medication,
particularly sulfonylureas. However, the
prevalence of ischemia at initial imaging
was similar in the DIAD-2 cohort (20%)
and the total DIAD-1 cohort of 522
patients (22%). In addition, the prevalence
of ischemia at initial imaging in the 164
patients who did not have repeat imaging
was similar (26%) to that in the 358
patients with repeat imaging (20%,
p=0.12).

DIAD-2 myocardial perfusion imaging
DIAD-2 image quality was deemed good
to excellent in 319 (89%) and poor in 39
(11%) patients. The expert readers
identified seven attenuation artifacts that
they interpreted as normal, whereas
during DIAD-1 imaging 16 artifacts were
identified in the same cohort of patients.
Table 2 shows the results of the
interpretation of DIAD-2 images by the
panel of expert readers as well as by
computerized quantitative analysis. The
readers interpreted 43 (12%) of 358
DIAD-2 studies as abnormal, which was
significantly less (p= 0.008) than the
prevalence of ischemia in DIAD-1, i.e. 71
of 358 (20%).

Of the 43 abnormal DIAD-2 SPECT
studies, 24  demonstrated regional
myocardial perfusion abnormalities and
19 were non-perfusion abnormalities.
Amongst the 43 patients with abnormal
results, 15 were also abnormal in DIAD-1,
while the other 28 were new
abnormalities. Figure 1 shows the changes
in stress-inducible myocardial ischemia
over time. Table 2 also shows



categorizations of paired imaging
findings. Of 287 normal studies in DIAD-
1, 259 (90%) remained normal in DIAD-
2, whereas 28 studies (10%) showed
evidence of new inducible myocardial
ischemia. Of the 71 abnormal studies in
DIAD-1, 15 (21%) remained abnormal
while 56 studies (79%) became normal
and had apparent resolution of inducible
ischemia. Of the 71 abnormal DIAD-1
studies, 54  demonstrated regional
perfusion abnormalities, of which 43
(80%) normalized in DIAD-2. Resolution
occurred in 11 of 16 studies (69%) with
moderate/large defects and in 32 of 38
studies (84%) with small defects. Of 17
DIAD-1 studies with non-perfusion
abnormalities (mainly ischemic ECG ST
segment changes during adenosine
infusion), 13 (76%) resolved.

Analysis based on computer
quantification (Table 2) showed very
similar results and categorization as those
by the panel.

Bland-Altman analysis of 43
abnormal and 87 normal DIAD-2 studies
showed excellent reproducibility (=0.98,
y=0.97 x 0.05) of computer quantification
over the entire range of perfusion
abnormalities. The mean difference and
standard deviation (SD) were -0.02 % and
0.52 % of the left ventricle, respectively.
The 95% limit of agreement for defect
size was + 1 % (2 SD).

Medical therapy and inducible ischemia
Over the 3-years after initial stress
imaging, there was a significant increase
in the use of cardiac medication by the
DIAD patients. At the time of DIAD-1
imaging, only 151 (42%) patients were on
aspirin, 136 (38%) on statins and 120
(34%) on ACE inhibitors. Thirty-six
months later, at the time of DIAD-2
imaging, the use of these medications
increased to 248 (69%, p<0.0001
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compared with baseline), 212 (59%,
p<0.0001) and 149 (42 %, p=0.002)
patients, respectively.

Medication use was analyzed according to
the results of repeat imaging studies
Aspirin use increased in all patients,
however, those with resolution of
ischemia (ABN-NL) were significantly
more often on aspirin during follow-up
(p=0.04). Statin use also increased over
time, but no statistical differences were
apparent between groups. The use of ACE
inhibitors remained about the same
overtime, with patients categorized as
ABN-ABN having consistently low usage.
Combined time of exposure to cardiac
medications (aspirin, statin and ACE)
over the intervening 36 months was
greater in patients with resolution of
ischemia than in those with new ischemia
(59+31 vs. 45+28 total drug-months,
p=0.04).

Patients with new ischemia had a
significantly higher (p= 0.005) incidence
of peripheral vascular disease than those
with resolution, but otherwise
demographic and clinical variables,
including conventional risk factors, were
similar.  In  multivariate  analyses,
peripheral vascular disease (RR=3.4; 95%
Cl 1.45, 8.11; p=0.005) and elevated
LDL-C levels (RR=2.37; 95% CI 0.82,
6.9; p=0.11) were associated with risk of
new ischemia.

Discussion

This study is the first to evaluate changes
in inducible myocardial ischemia over
time in patients with T2DM without
symptomatic or known CAD. The most
striking and unexpected finding of this
study is that inducible ischemia resolved
in 79% of patients who had perfusion
abnormalities at the start of the DIAD
study and who underwent repeat imaging
3 years later. This was unanticipated since



T2DM is an important aggravating risk
factor for CAD and CAD progression (2).
Although new ischemia occurred as well,
it developed in a relatively small
proportion (10%) of patients.

The observed resolution of
ischemia on SPECT imaging was
associated  with intensification  of
treatment with cardiac medications. At the
time of repeat imaging a significantly
greater number of patients were on statins,
aspirin and ACE inhibitors than at the
beginning of the DIAD study. More
aggressive treatment of cardiac risk
factors might have been driven by
increasingly stringent practice guidelines
impacting on the care of patients with
T2DM (10). However, the DIAD study
was not designed as a treatment trial and
the association of resolution of ischemia
and intensification of medical treatment
does not prove a causal relationship
between the two. Although this
observation should be interpreted with
caution, it is of interest in view of
previous studies that have shown the
beneficial effect of aggressive lipid-
lowering treatment on  myocardial
perfusion imaging abnormalities.
Schwartz et al showed that 48% of
dyslipidemic patients improved
myocardial perfusion abnormalities after 6
months of treatment with pravastatin (11).
Similarly, Sdringola et al observed
marked decreases in the size and severity
of myocardial perfusion abnormalities, as
well as in cardiac events after intensive
lifestyle changes and pharmacologic
antilipid treatment (12).

Myocardial ischemia in patients with
diabetes

Stress-induced  myocardial  perfusion
defects in patients with diabetes may be
caused by obstructive epicardial coronary
artery disease, microvascular disease or
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endothelial dysfunction. In DIAD-1 most
myocardial perfusion abnormalities were
relatively small and only 40% were
moderate/large in size (1). It is therefore
conceivable that microvascular disease
was partly responsible for the previously
observed abnormalities.  Statins have
pleiotropic effects beyond lipid-lowering
and may improve endothelial dysfunction

and stabilize atherosclerotic plaques
through anti-inflammatory actions
(13,14). Similarly, aspirin and ACE

inhibitors may also have direct beneficial
effects on vascular remodeling (15-17).
Although small myocardial perfusion
abnormalities might also be due to
microvascular disease, endothelial
dysfunction or in some instances
unrecognized imaging artifacts, moderate
and large perfusion abnormalities are most
often caused by obstructive CAD. They
are of great clinical concern because they
are associated with a high incidence of
future cardiac events and often trigger
invasive evaluation (18). Thus, the
observed improvement of moderate or
large perfusion abnormalities is a
significant  finding in  this study.
Moreover, ECG changes during adenosine
infusion, another  manifestation  of
ischemia with prognostic significance in
symptomatic patients with CAD (6, 19),
resolved in some patients as well.
Although these findings are consistent
with the conclusion that inducible
ischemia improved over time, they do not
address whether there was in fact
regression of coronary atherosclerosis,
improvement in collateral flow or
endothelial dysfunction. Serial coronary
angiography or intracoronary
ultrasonography would be needed to make
this assessment and were not required
elements of the DIAD protocol.



Limitations
Not all DIAD-1 patients randomized to
SPECT imaging underwent repeat

imaging. Patients who had cardiac events
or coronary revascularizations were
excluded from DIAD-2 imaging. There
were additional patients who did not have
repeat imaging for a variety of reasons.
Although the patients without repeat
imaging had a similar prevalence of
ischemia at baseline, they were at higher
cardiovascular risk from a clinical
perspective.  Because of this selection
bias, the overall prevalence of progression
of ischemia may have been
underestimated in our study.

Nonetheless, the current observations are
of clinical interest in suggesting that
ischemia can be improved by optimizing
medical therapy in a substantial number of
patients with T2DM.

Potential limitations of stress myocardial
perfusion imaging should also be
considered in interpreting our findings.
Exercise myocardial perfusion imaging
with  SPECT is generally highly
reproducible in stable patients with CAD
(20,21), but variations in the amount of
exercise can impact on the results.
However, one would expect a high level
of reproducibility in DIAD, because all
patients underwent pharmacologic stress
with adenosine and a similar number of
patients performed additional low-level
exercise in DIAD-2 as in DIAD-1. Inter-
and intra-observer variability in the
processing or interpretation of SPECT
images might also impact on the
reproducibility of findings (22). The
DIAD-2 images were interpreted
separately 3-4 years after the DIAD-1
images, raising the possibility that the
interpretative approach of the readers
might have changed over time. Paired
computer analysis of DIAD-1 and DIAD-
2 studies (table 2) showed excellent
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concordance with the expert panel
interpretation  and  thus  provided
substantial  support for the lower
prevalence of inducible ischemia on
follow-up studies.

Clinical implications

Unexpected resolution of ischemia
occurred in the majority of patients with
T2DM  without symptomatic CAD,
potentially due to more aggressive
medical treatment of cardiovascular risk
factors. This analysis highlights the
importance of studying whether a strategy
of screening for inducible ischemia
impacts on clinical outcomes in such

patients. It is unclear whether the
observed resolution of ischemia and
associated intensification of medical

treatment were causally related to initial
screening. The ongoing 5-year follow-up
of all 1,123 DIAD patients will help to
address this issue. The results will be of
particular interest in view of recent
randomized trials which showed that
optimized medical therapy resulted in
similar outcomes to coronary
revascularization in  stable  CAD
(COURAGE) and after acute myocardial
infarction  (INSPIRE) (23,24). The
ongoing BARI 2D trial which randomized
asymptomatic or mildly symptomatic
patients with diabetes to intensive medical
treatment with or without coronary
revascularization  will also provide
guidance in terms of how best to manage
these patients (25). These clinical studies
will hopefully provide data that will help
to formulate evidence-based guidelines
for the evaluation and management of the
large number of patients with T2DM and
asymptomatic CAD.
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Appendix

DIAD Study Investigators.

Principal Investigators: Frans J. Th. Wackers, MD; Lawrence H. Young, MD; Silvio E.
Inzucchi, MD (Yale University School of Medicine, New Haven, CT), Deborah
A. Chyun, RN, MSN, PhD (YYale University School of Nursing, New Haven CT)

Study Coordinator: Janice A. Davey, APRN, MSN (Yale University School of
Medicine, New Haven, CT)

Clinical Centers:

University of Montreal: Raymond Taillefer, MD; Sylvain Prévost, MD; Carole
Benjamin, CNMT; Andre Gagnon, CNMT

MedStar Research Institute: Robert Ratner, MD; Maureen Passaro, MD;
Evelyn Robinson, RN; Amy Smith, BA

Hartford Hospital: Gary Heller, MD; Neil Grey, MD; Deborah Katten, RN, MPH

Tulane University: Vivian Fonseca, MD, Richard Campeau, MD, Rhonda Fontenot, RN;
Sunil Asnani, MD

University of Alabama: Ami Iskandrian, MD; Fernando Ovalle, MD; Mary Beth
Schaaf, RN; Misty Collins, RN

University of Virginia: Eugene Barrett, MD, George Beller, MD; Wendie Price, RN;
Denny Watson, PhD

Soundview Research Associates: Samuel Engel, MD; Mindy Sotsky, MD;
Jean Ritacco, RN

University of Rochester: Steven Wittlin, MD, Ronald Schwartz, MD; Mary Kelly, RN

University of North Carolina: Jean Dostou, MD; John Buse, MD; Joe Largay, PA-C,
Michele Duclos, MPH; Cristina Metz, BS

Midwest Cardiology Research Foundation: Dennis A. Calnon, MD; Connie
Zimmerman, ARRT

Maine Cardiology Associates: Mylan C. Cohen, MD, MPH

Cardiology Consultants: Neil Filipchuk, MD; Marie Small, RN

Kansas City Cardiology: Timothy Blackburn, MD; Eric Hockstad, MD; Terry Plesser,

RN; Denetta Nelson, MA

Yale University Radionuclide Core Laboratory and Data Coordinating Center:

Donna Natale, CNMT, Roberta O’Brien.

Advisory Board and Data Safety and Monitoring Board: Barry L. Zaret, MD, Robert

S. Sherwin, MD, Ralph I. Horwitz, MD

10



Resolution of myocardial ischemia in the DIAD Study

References

1. Wackers FJ Th, Young LH, Inzucchi SE, Chyun DA, Davey JA, Barrett EJ, Taillerfer
R, Wittlin SD, Heller GV, Filipchuk N, Engel S, Ratner RE, Iskandrian AE, for the
Detection of Ischemia in Asymptomatic Diabetics (DIAD) Investigators. Detection of
Silent Myocardial Ischemia in Asymptomatic Patients with Type 2 Diabetes (The DIAD
Study). Diabetes Care 27:1954-1961, 2004

2. Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease
associated with diabetes in men and women: meta-analysis of 37 prospective cohort
studies. Brit Med J 332:73-78, 2006

3. DePuey GE. Imaging guidelines for nuclear cardiology
procedures. 2006. On line: www.asnc.org Menu: “Manage Your Practice”: Guidelines
and Standards” (accessed May 2007)

4. Liu YH, Sinusas AJ, DeMan P, Zaret BL and Wackers FJTh. Quantification of single
photon emission computerized tomographic myocardial perfusion images: methodology and
validation of the Yale-CQ method. J Nucl Cardiol 6:190-203, 1999

5. Liu YH, Sinusas AJ, Khaimov D, Gebuza Bl, Wackers FJTh. New hybrid count and
geometry-based method for quantification of left ventricular volumes and ejection
fraction from ECG-gated SPECT: methodology and validation. J Nucl Cardiol 12:55-65,
2005

6. Abbot BG, Afshar M, Berger AK, Wackers FJTh. Prognostic significance of ischemic
electrocardiographic changes during adenosine infusion in patients with normal
myocardial perfusion imaging. J Nucl Cardiol 10:9-16, 2003

7. Kirac S, Wackers FJTh, Liu YH. Validation of the Yale-CQ SPECT quantification
methodusing 201TI and 99mTc: a phantom study. J Nucl Med 41:1436-1441, 2004

8. SAS [computer program]. Version 9.1. Cary, NC: SAS Institute, Inc.; 2002-2003

9. Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. The Lancet 1(8476): 307-310, 1986

10. American Diabetes Association. Clinical Practice Recommendations 2001: Position
Statement. Management of dyslipidemia in adults with diabetes. Diabetes Care 24: S58-
S61, 2001

11. Schwartz RG, Pearson TA, Kalaria VG, Mackin ML, Williford DJ, Awasthi A, Shah
A, Rains A, Guido JJ. Prospective evaluation of myocardial perfusion and lipids during
the first six months of pravastatin therapy. J Am Coll Cardiol 42: 600-610, 2003

12. Sdringola S, Nakagawa K, Nakagawa Y, Yusuf SW, Boccalandro F, Mullani N,

Haynie M, Hess MJ, Gould KL. Combined intense lifestyle and pharmacologic lipid
treatment further reduce coronary events and myocardial perfusion abnormalities

11



Resolution of myocardial ischemia in the DIAD Study

compared with usual-care cholesterol-lowering drugs in coronary artery disease. J Am
Coll Cardiol 41: 263-272, 2003

13. Libby P, Sasiela W. Plaque stabilization: Can we turn theory into evidence? Am J
Cardiol 98: 26P-33P, 2006

14. Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM, Davignon J,
Erbel R, Fruchart JC, Tardif JC, Schoenhagen P, Crowe T, Cain V, Wolski K,
Goormastic M, Tuzcu EM, and for the ASTEROID Investigators. Effect of very high-
intensity statin therapy on regression of coronary atherosclerosis: the ASTEROID trial.
JAMA 295:1556-1565, 2006

15. Ambrose JA, Martinez EE. A new paradigm for plaque stabilization. Circulation
105:2000-2004, 2002

16. Klein LW. Atherosclerosis regression, vascular remodeling, and plaque stabilization.
J Am Coll Cardiol 49:271-273, 2007

17. Corti R, Farkouh ME, Badimon JJ. The vulnerable plaque and acute coronary
syndrome. Am J Med 113:668-680, 2002

18. Rajagopalan N, Miller TD, Hodge DO, Frye RL, Gibbons RJ. Identifying high-risk
asymptomatic diabetic patients who are candidates for screening stress single-photon
emission computed tomography imaging. J Am Coll Cardiol 45: 43-49, 2005.

19. Klodas E, Miller TD, Christian TF, Hodge DO, Gibbons RJ. Prognostic significance
of ischemic electrocardiographic changes during vasodilator stress testing in patients with
normal SPECT images. J Nucl Cardiol 10: 4-8, 2003.

20. Alazraki NP, Krawczynska, DePuey EG, Ziffer JA, Vansant JP, Pettigrew RI, Taylor
A, King SB, Garcia EV. Reproducibility of thallium-201 SPECT studies. J Nucl Med
35:1237-1244, 1994

21. Mahmarian JJ, Moyé LA, Verani MS, Bloom MF, Pratt CM. High reproducibility of
myocardial perfusion defects in patients undergoing serial exercise thallium-201
tomography. Am J Cardiol 75:1116-1119, 1995

22. Wackers FJTh, Bodenheimer M, Fleiss JL, Brown M, and the MSSMI TI-201

Investigators: Factors affecting uniformity in interpretation of planar TI-201 imaging in
a multicenter trial. J Am Coll Cardiol 21:1064-1074, 1993

12



Resolution of myocardial ischemia in the DIAD Study

23. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ. et al.
Optimal medical therapy with or without PCI for stable coronary artery disease. New
Engl J Med 356: 1503-1516, 2007

24. Mahmarian JJ, Dakik HA, Filipchuk NG, Shaw LJ, Iskander SS, Ruddy TD, Keng F,
Henzlova MJ, Allam A, Moyé LA, Pratt CM, for the INSPIRE investigators. An initial
strategy of intense medical therapy is comparable to that of coronary revascularization for
suppression of scintigraphic ischemia in high-risk but stable survivors of acute
myocardial infarction. J Am Coll Cardiol 48:2458-2467, 2006

25. Sobel BE, Frye R, Detre KM. Burgeoning dilemmas in the management of diabetes

and cardiovascular disease: rationale for the Bypass Angioplasty Revascularization
Investigation 2 Diabetes (BARI 2D) trial. Circulation 107: 636-642, 2003

13



Resolution of myocardial ischemia in the DIAD Study

Table 1. Baseline characteristics of the original DIAD-1 cohort and patients with (DIAD-2) and without repeat adenosine Tc-

99m Sestamibi SPECT imaging.

Original Adenosine | Repeat Adenosine No Repeat
SPECT [DIAD-1] SPECT [DIAD-2] Adenosine SPECT P
(n=522) (n=358) (n=164)
Demographics
Age — years (meanSD) 60.7+6.8 60.6+6.7 60.9+6.9 .67
Sex - no. (%)
Male 277 (53%) 196 (56%) 81 (49%)
Female 245 (47%) 162 (44%) 83 (51%) .25
Race - no. (%)

White 419 (80%) 305 (85%) 114 (70%)

Black 79 (15%) 36 (10%) 43 (26%)

Other 24 ( 5%) 17 ( 5%) 7 ( 4%) <.0001
Body mass index — kg/m” (M+SD) 31.1+6.6 31.0+6.4 31.1+6.9 .99
Diabetes duration — years (meanzSD) 8.2+7.1 8.0+£7.0 8.6+7.3 .36
HbA1C - % (M+SD) 7.1+1.5 7.0+1.4 7.4+1.7 .005
Treatment - no. (%)

Insulin 52 (10%) 35 (10%) 17 (10%)

Insulin + oral agent 67 (12%) 46 (13%) 21 (13%)

Diet only 77 (15%) 64 (18%) 13 ( 8%)

Oral agent 326 (63%) 213 (59%) 113 (69%) .04
Metformin 286 (55%) 190 (53%) 96 (59%) .24
Sulfonylurea 207 (40%) 126 (35%) 81 (49%) .002
Thiazolidinedione 106 (20%) 75 (21%) 31 (19%) .59
Peripheral neuropathy symptoms/signs- no. (%)

Numbness 163 (31%) 101 (28%) 62 (38%) .03

Pain 51 (10%) 32 (9%) 19 (12%) .34

Tingling 141 (27%) 92 (26%) 49 (30%) .32

Absent vibration 145 (28%) 90 (25%) 55 (34%) .05

Absent sensation 59 (11%) 36 (10%) 23 (14%) .18

Absent reflex 161 (31%) 116 (32%) 45 (27%) .25
Autonomic neuropathy symptoms - no. (%)

Bloating 85 (16%) 55 (15%) 30 (18%) .40

Dizziness 89 (17%) 54 (15%) 35 (21%) .08

Erectile dysfunction 134 (48%) 87 (44%) 81 (58%) .03
Abnormal Valsalva ratio 99 (19%) 60 (17%) 39 (24%) .06
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Peripheral vascular disease 47 (9%) 29 ( 8%) 18 (11%) .29
Smoking - no. (%)

Never/Past 471 (90%) 327 (91%) 144 (88%)

Current 51 (10%) 31 ( 9%) 20 (12%) .33
Lipid treatment - no. (%) 242 (47%) 169 (47%) 73 (45%) .57
LDL — mg/dL (M+SD) 113432 114431 111434 .36
Triglycerides - mg/dL (M£SD) 170+118 169+115 173+125 74
HTN treatment - no. (%) 291 (56%) 193 (54%) 98 (60%) 21
Systolic BP mmHg (M£SD) 131+17 132417 131+17 57
Diastolic BP mmHg (M+SD) 79+8 7949 78+8 .16
Aspirin use 229 (44%) 151 (42%) 78 (48%) .25
Family history CAD - no. (%) 110 (21%) 70 (20%) 40 (24%) 21
Retinopathy — no. (%) 73 (14%) 41 (11%) 32 (20%) <.0001
Albuminuria — no. (%) 112 (22%) 70 (20%) 42 (26%) .10
Adenosine Tc-99m SPECT Imaging Results (DIAD-1)

Normal 409 (78%) 287 (80%) 122 (74%) A2
Abnormal 113 (22%) 71 (20%) 42 (26%)
Perfusion Abnormalities 83 (16%) 54 (15%) 29 (17%)
-Small Defects 50 (10%) 38 (11%) 12 ( 7%)
- Moderate/Large Defects 33 ( 6%) 16 ( 4%) 17 (10%)
Non-Perfusion Abnormalities 30 ( 6%) 17 ( 5%) 13 (9%)
- Abnormal ECG 21 (4%) 11 ( 3%) 10 ( 7%)
- Transient Ischemic Dilation 4 (1%) 4 (1%) 0 (0%)
- Left Ventricular Dysfunction 5 (1%) 2 (1%) 3 (2%)

HTN, hypertension; LDL, low-density lipoprotein cholesterol; SPECT, single photon emission computed tomography.
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Table 2. Results of repeat adenosine Tc-99m Sestamibi SPECT Imaging

DIAD-2 Adenosine SPECT

Blinded Panel Read
(n=358)

Computer Quantification
(n=358)

Normal 315 (88%) 321 (90%)
Abnormal 43 (12%) 36 (10%)
Regional Perfusion Abnormalities 24 ( 7%)* 18 ( 5%)
e Small 11 ( 3%)** 4 (1%)

e Moderate /Large 13 ( 4%)*** 14 ( 4%)

Non Perfusion Abnormalities

e Positive ECG
e Transient Dilation
¢ LV Dysfunction

19 (5%)#

15 (4%)##
2 (0.5%)##
2 (0.5%)####

DIAD-1 vs. DIAD-2

Categorization

Normal - Normal

Normal - Abnormal

Abnormal Abnormal

Abnormal Normal

259 (72%)
28 ( 8%)
15 ( 4%)
56 (16%)

274 (77%)
25 ( 7%)
12 ( 3%)
47 (13%)

LV=left ventricular

* 18 new, ** 9 new; *** 9 new; # 12 new, ## 9 new, ### 2 new, #### 1 new abnormality in DIAD-2

analysis.
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Legend to Figure 1.

Changes in stress-induced myocardial ischemia in the DIAD study over time. At
enrollment into the study (DIAD-1) the prevalence of ischemia in 358 patients was 20%.
At repeat stress imaging 3 year later (DIAD-2) only 12% of patients had inducible
myocardial ischemia. This was due to resolution of ischemia in 79% of 71 patients who
initially had abnormal studies, whereas 10% of 287 patients with initially normal studies
developed new ischemia.
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Figure 1

DIAD-1 DIAD-2

Abnormal
71 (20%)
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