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EDITORIAL POINT OF VIEW
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Non-invasive imaging in assessment of the
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Type 2 diabetes is increasing in prevalence and is
associated with at least a two-fold increased risk of
cardiovascular mortality.! While diabetes has been
widely considered a coronary heart disease (CHD)
equivalent—implying a 10-year cardiovascular risk of
>20% for every diabetes patient’—increasing data
refute this assertion. A recent systematic review and
meta-analysis of 13 studies involving 45,108 patients
followed for a mean of 13.4 years showed that patients
with diabetes without prior myocardial infarction had a
43% lower risk of developing total CHD events com-
pared with patients without diabetes with previous
myocardial infarction (summary odds ratio 0.56, 95%
confidence interval 0.53-0.60).> New guidelines have
begun to acknowledge the heterogeneity in risk and
include different treatment recommendations for
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diabetic patients without other risk factors who are
considered to be at lower risk.*> Thus, to consider dia-
betes a coronary heart disease equivalent may no longer
be warranted, raising the possibility that non-invasive
testing might be useful in distinguishing levels of risk
and guiding management in the asymptomatic diabetic
patient.

In this issue of the Journal, van den Hoogen et al®
report a study on the value of coronary CT angiography
in diabetic patients without chest pain. This editorial
point of view seeks to consider this manuscript in the
context of a broader discussion of the value of non-
invasive imaging in assessment of these patients.

CORONARY ARTERY CALCIUM (CAQ)
SCANNING

CAC is a direct marker of coronary artery
atherosclerosis and has been shown to be a powerful
predictor of risk, consistently providing risk stratifica-
tion beyond global risk scores.”'® Multiple studies have
addressed the prognostic value of CAC scanning in the
asymptomatic diabetic patient. Raggi et al'' reported
findings in 10,377 asymptomatic individuals, of whom
903 were type 2 diabetes mellitus patients, followed up
for an average of 5 years. For any degree of CAC
abnormality, all-cause mortality was higher in diabetic
vs non-diabetic patients. However, 39% of the diabetic
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patients had either a zero CAC score or low score <10),
and in this group, the risk of death was only slightly
higher than in non-diabetic patients at 5 years (~ 1%).
Thus, short-term mortality risk appeared to be low
among the more than one-third of diabetics with very
low CAC scores.

The high prevalence of the absence of coronary
calcification—CAC 0—in the asymptomatic diabetic
patient has now been shown in two large population-
based studies. In the Multi-Ethnic Study of Atheroscle-
rosis (MESA), 38% of patients with diabetes had a CAC
score of 0.'? In the similar Heinz Nixdorf Recall (HNR)
study, 39.3% of women with diabetes and 13.4% of men
with diabetes had a CAC score of 0.'> The MESA and
HNR both also demonstrated that CAC provided incre-
mental prognostic value over traditional risk factors in
the asymptomatic diabetic patient. In a report combining
data from the MESA and HNR studies,'* CAC was a
better predictor of incident cardiovascular events com-
pared to the Framingham Risk Score and the United
Kingdom Prospective Diabetes Study (UKPDS).

Potentially, the demonstration of a zero or low CAC
score might be useful in modifying the potential
intensity of medical management among diabetics. For
instance, in an observational study of 2384 patients with
diabetes, of whom 162 died after a follow-up of
5.6 + 3 years, Silverman et al'> reported that CAC
allowed the discrimination of patients at lower risk for
whom aspirin preventive treatment might not be bene-
ficial. Potentially, a low CAC score might be useful in
developing a more ‘‘wait and see’’ attitude among
patients who have statin intolerance. A low CAC score
may also be useful in guiding the intensity of follow-up
of visits and the threshold for downstream stress testing
(higher threshold with low CAC scores) among diabetic
patients.

CORONARY CT ANGIOGRAPHY

Coronary CTA has extended the potential applica-
tions of CT in the asymptomatic diabetic patient, by
providing an accurate assessment of non-calcified coro-
nary plaque and coronary stenosis. Despite the youth of
the modality, the use of coronary CTA in asymptomatic
patients with diabetes has already been reported in
numerous studies.'®'” The overall conclusion from
these studies is that the findings from CTA are hetero-
geneous and include both (1) patients with diabetes who
have a high prevalence of coronary atherosclerosis,
obstructive CAD, and higher prevalence of adverse
plaque features compared to non-diabetic subjects, while
(2) a substantial proportion of these patients have
entirely normal coronary CTA with no evidence of
atherosclerotic plaque.
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Prevalence of Coronary Atherosclerosis
and Any Plaque on Coronary CTA

Coronary CTA allows the assessment of non-calci-
fied plaque and coronary stenosis as well as calcified
plaque. The proportion of patients having >50% steno-
sis on coronary CTA has generally ranged from 24% to
32%. Eight prior studies reported both CAC (including
the CAC 0) categories and coronary plaque as seen on
coronary CTA in asymptomatic diabetic.'®* Of 1747
patients in these studies, 38% (659 patients) had CAC
0—an identical percentage to that seen in the MESA
study. On coronary CTA, 26% (455 patients) had
entirely normal studies—i.e., no non-calcified or calci-
fied plaque. In a recent study, Park et al compared
coronary CTA findings in 1017 self-referred asymp-
tomatic diabetic individuals (age 56 + 8 years) to 1017
non-diabetic subjects propensity matched for 19 baseline
clinical variables.>* While any plaque on CCTA was
more prevalent in those with diabetes than in those
without [58.4% vs 51.29%, respectively (P = 0.001)],
41.6% of the diabetic subjects had no coronary plaque.
The lower prevalence of coronary plaque in these
individuals compared to those in the other reported
studies is likely due to their being subjects who referred
themselves for coronary CTA, rather than patients
referred clinically for the examination.”

Prediction of Cardiac Events

As within other patient groups, coronary CTA has
been shown to have strong prognostic value in asymp-
tomatic diabetic patients. Park et al followed 557
asymptomatic diabetic Korean patients after coronary
CTA for cardiac events, including cardiac death, non-
fatal MI, acute coronary syndromes, and late revascu-
larization.'” Atherosclerosis was observed in 71% of the
patients, of whom 31% had significant (>50%) stenosis,
and 17% had significant stenosis in the LM or proximal
LAD. During a mean follow-up of 34 months, the
prognosis was excellent for patients without atheroscle-
rosis (0.5% total event rate). The patients with
atherosclerosis but no stenosis had worse outcomes than
those without coronary atherosclerosis. The event rate
was further elevated in those with significant stenosis by
CT (7.1%) and stenosis of the left main or proximal
LAD (10.9%). Min et al provided the first study to
examine the ability of coronary CTA to improve risk
stratification over the CAC score. They reported findings
from the multinational CONFIRM registry in 400
asymptomatic patients with diabetes who underwent
coronary CTA as well as CAC scanning and were
followed for 2.4 = 1.1 years for major adverse cardiac
events (MACE).'® Thirty-six percent of patients had
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CAC 0, and the absence of any plaque on coronary CTA
was observed in 30%. By multivariable regression
analysis, in a model containing coronary heart disease
risk factors and CAC, CAC was the only significant
predictor of MACE) (P < .001). When coronary CTA
was added to the model, while CAC remained signif-
icant, the maximal stenosis severity grade, the number
of vessels with obstructive CAD (>50%), and the
segment stenosis score were each independently and
more strongly associated with cardiac events. The
number of vessels with obstructive CAD was the
strongest predictor of MACE (P < .001). There was
significant upward risk reclassification by coronary CTA
over the CAC score, even in the patients with CAC 0.

RANDOMIZED TRIALS

Evidence evaluating the utility of non-invasive
testing among asymptomatic diabetic patients in ran-
domized trials has been extremely limited, involving two
trials involving SPECT-MPI and one trial involving
coronary CTA. The first SPECT-MPI trial was the DIAD
study.”® In this study, 1143 asymptomatic diabetic
patients were randomized to either a screening approach
using SPECT-MPI (n = 522) or a non-imaging regimen.
No treatment plan was specified in either group. While
the prevalence of any perfusion or LV function abnor-
mality was 22% in this study, a moderate-to-large
ischemic perfusion defect was present in only 6%.
During a mean follow-up of 4.8 years, the cardiac event
rates were low. Overall, there was no outcome benefit in
the group randomized to SPECT-MPI vs usual medical
care. In the small group that did have moderate-to-large
perfusion defects, the event rate was elevated (106).

The second randomized trial involving SPECT-
MPI, the Basel Asymptomatic High-Risk Diabetes
Outcome (BARDOT) trial,”” studied 400 asymptomatic
diabetic patients pre-selected at high a priori risk for
clinical events. Patients underwent clinical evaluation
and SPECT-MPI at baseline and again at 2 years.
Patients with a normal SPECT-MPI study were assigned
to usual medical care, while those with an abnormal
SPECT-MPI study were randomly assigned on a 1:1
basis to intensive medication alone or medication plus
invasive angiography, with revascularization if feasible.
Baseline SPECT-MPI was abnormal in 22%, concordant
with the results of the DIAD study, despite the selection
of higher risk patients. The abnormal SPECT-MPI group
had a higher frequency of overall cardiac events. In the
87 patients with abnormal SPECT-MPI, there was no
difference in outcomes in those randomized to medical
therapy only vs combined medical therapy and invasive
angiography. This small trial, however, leaves unad-
dressed questions as to whether the benefit from SPECT
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or PET-MPI might be greater in even higher risk
asymptomatic diabetic patients, possibly defined by
high-risk CAC scores or abnormal coronary CTA
findings.

The randomized trial involving coronary CTA was
the FACTOR-64 trial which evaluated whether routine
coronary CTA screening in asymptomatic diabetic
patients affects changes in treatment that leads to a
reduction in cardiac events.”® Patients were randomized
to either screening with coronary CTA with subsequent
therapy directed by the imaging results or standard
treatment. In patients with moderate stenosis (50-69%),
stress imaging was recommended, and in those with
severe stenosis (>70%), invasive angiography was rec-
ommended, with the decision for revascularization left to
the treating physician. In addition, within those random-
ized to CTA for those with any plaque or a CAC score
>10 an intensive medical regimen with pre-specified
aggressive treatment targets was recommended, while
standard guidelines were recommended in the patients in
the control arm. By the end of follow-up, the CTA group
had achieved a greater reduction in CAD risk factors.
There was also a tendency toward a lower overall event
frequency of MACE in the CTA group, although the
differences were modest, with absolute event rates being
modest in both groups. Both increasing CAC abnormality
and increasing CTA abnormality predicted a higher event
rate in the group randomized to CTA.

Current Study

In this issue of the Journal, van den Hoogen et al®
report their experience in the evaluation of 444 patients
referred from a diabetes clinic for coronary CTA who
were then followed up for cardiac events, defined as
death, non-fatal MI, or late revascularization (>90 days
after testing). The follow-up period was for a median of
5 years after CTA. Of the 444 patients, 431 had
interpretable coronary CTA studies and 410 had CAC
studies. Coronary CTA studies were categorized using
standard categories (normal, non-obstructive, and 50-
69% and >70% stenosis). Standard CAC categories
were employed. During follow-up, 65 events occurred
(14%), and 52 (80%) of these were late revasculariza-
tions. Of the revascularization events, only 52% were
associated with new symptoms, while the remaining
48% occurred after an ischemic stress SPECT-MPL
There were no non-fatal myocardial infarctions.

The investigators reported a series of findings that are
consistent with the emerging literature concerning
atherosclerotic imaging in diabetics. First, as in other
studies, there was a wide heterogeneity of atherosclerotic
findings in this diabetic population. Among their patients,
15% had entirely normal coronary CTA examinations
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(lower than the average prevalence reported in previous
studies), 51% had non-obstructive CAD, 27% had mod-
erate stenosis, and 7% had severe stenosis. This wide
heterogeneity was also present in the results of CAC
scanning, with 35% having CAC 0, and 26% CAC 1-99,
16% CAC 100-399, and 23% CAC > 400.

Second, an increasing event rate was observed with
increasing atherosclerotic burden: 3% in normal CTA, 5%
in the non-obstructive, 33% in the moderate, and 40% in
the severe stenosis groups over the 5-year period. Similar
findings regarding the low-risk group were noted for CAC
scanning, with the event rate of patients in the CAC 0
category being equal to the very low rate in those in the
normal CTA group. By multivariable analysis, obstruc-
tive CAD provided incremental information for
prediction of events over baseline variables, including
the CAC score (P = .001). Of note, the authors also
evaluated event rates by plaque type on CTA, observing
that patients with events had more calcified and mixed
plaques than the patients with no events. Interestingly,
there was no difference in event rates according to the
number of non-calcified plaques.

Third, the investigators noted a low overall event
rate in their diabetic population, consistent with the
growing recognition that modern aggressive medical
management has substantially reduced event risk in
diabetic patients. In fact, while the authors pointed out
that some events might have occurred in other medical
centers and missed in the study, there were no non-fatal
myocardial infarctions in their diabetic population.

The analysis of outcomes in this study, however, is not
without substantial limitation. Specifically, 80% of the
composite cardiac events were late revascularizations—
with half of these being in patients without new symptoms.
The results of the CTA and their combination with
ischemic SPECT-MPI findings undoubtedly contributed
strongly to the high rate of revascularization events. Thus,
as stated by the authors, conclusions regarding hard
endpoints are not justified based on this study—there were
only 13 hard events. Further, the observation of incremental
prognostic information provided by the CTA findings of
>50% stenosis over the CAC scan findings is likely to have
been affected by post-test referral bias, with the CTA
findings influencing the revascularization events.

As the authors also acknowledge, the study was not
designed to assess the difference in prognostic perfor-
mance between CTA and CAC scores. In this regard, it
is noteworthy that the event rates in the CAC 0 group in
this study were as low as those in the CTA normal group
and that the number of non-calcified plaques was not
predictive of cardiac events. Future study that would
randomize patients to CAC scanning vs CTA in appro-
priately selected patient populations would be the best
approach to assess this issue.
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CONCLUSIONS

Several conclusions might be drawn from the
literature and the current manuscript regarding cardiac
CT in the asymptomatic patient. (1) Findings with
cardiac CT have shown that a substantial proportion of
asymptomatic patients have no evidence of coronary
atherosclerosis: more than one-third have CAC 0 and
approximately one-fourth have no plaque on coronary
CTA. In these patients, the risk of cardiac events is
exceedingly low. These findings would appear conclu-
sive that diabetes per se should not be considered a CHD
equivalent. (2) Defining the absence of a CHD equiv-
alent in a substantial proportion of asymptomatic
patients with diabetes has potential therapeutic implica-
tions. CAC scanning might be particularly relevant in
the low-risk patients with diabetes. The absence of CAC
in these patients might influence downscaling treatment
and may be particularly relevant in the statin-intolerant
patient. (3) A strategy based on coronary CTA in high-
risk asymptomatic diabetic patients may have the
potential to improve outcomes in these patients by
leading to intensification of medical therapy or coronary
revascularization. The results of the FACTOR-64 trial,
while not reaching statistical significance, suggest that
this strategy—including combination with ischemia
assessment when results are borderline—might be asso-
ciated with improved outcomes. (4) Whether CAC
scanning without CTA—possibly in combination with
ischemia testing—might provide an outcome benefit has
not been tested and warrants evaluation.

Ultimately, outcome analyses must be combined
with assessments of costs to assess the value of non-
invasive testing strategies. However, extensive evidence
results using cardiac CT in the asymptomatic patient
with diabetes suggest that if the right patients are
selected for testing—and if appropriate changes in
therapy are applied after testing—a strategy of non-
invasive testing with cardiac CT will prove to be of
value.
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