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Abstract
Purpose Myocardial ischaemia is frequently silent in patients
with type 2 diabetes. Although it has been proposed as a
potential screening tool, the role of myocardial perfusion single
photon emission computed tomography (MPS) has recently
been questioned, due to the low prevalence of positive scans

and the low rate of cardiac events. The aim of this study was to
assess if pretest clinical variables can identify a subgroup of
asymptomatic patients with type 2 diabetes at risk of silent
myocardial ischaemia and a subsequent poor outcome
Methods This prospective study included 77 patients (50 men,
mean age 63 ± 9 years) with type 2 diabetes and no known
coronary artery disease (CAD) or angina pectoris who under-
went gated MPS to screen for CAD between March 2006 and
October 2008. MPS images were interpreted using a semiquan-
titative visual 20-segment model to define summed stress, rest
and difference scores. Ischaemia was defined as a sum differ-
ence score (SDS) ≥2. Patients were followed-up (median
4.1 years, range 0.8 – 6.1 years) and cardiac hard events (cardiac
death or nonfatal myocardial infarction) were recorded.
Results Silent ischaemia was detected in 25 of the 77 patients
(32 %). Specifically, 10 patients (13 %) had mild ischaemia
(SDS 2 to ≤4) and 15 patients (19 %) had severe ischaemia
(SDS >4). In univariate binary logistic analysis, microalbumi-
nuria was the only significant predictor of silent ischaemia on
MPS (odds ratio 4.42, 95 % CI 1.27 – 15.40; P = 0.019). The
overall accuracy of microalbuminuria for predicting silent
ischaemia was 71.4 % and was 89.6 % for predicting severe
ischaemia. Kaplan-Meier curves showed no significant group
differences in 5-year cardiac event-free survival between
patients with and those without microalbuminuria, or between
patients with SDS ≥2 and those with SDS <2. In contrast, 5-
year event-free survival was significantly lower in patients
with SDS >4 than in patients with SDS ≤4: 55.6 % (95 % CI
39.0 – 72.2 %) vs. 94.5 % (95 % CI: 91.4 – 97.6 %), respec-
tively (Breslow test, chi-square 20.9, P < 0.001). Median
cardiac event-free survival was not observed in the whole
group, while the 25th percentile of cardiac event-free survival
was reached only in patients with SDS >4 (2.3 years). In
univariate Cox regression analysis, SDS >4 predicted cardiac
event-free survival (hazard ratio 12.87, 95 % CI 2.86 – 27.98;
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P = 0.001), while SDS ≥2 did not (hazard ratio 2.78, 95 % CI
0.62 – 12.46, P = 0.16).
Conclusion In this group of patients with type 2 diabetes,
microalbuminuria was the only predictor of silent ischaemia
onMPS. Assessment of microalbuminuria should be routinely
considered among the first risk stratification steps for CAD in
patients with type 2 diabetes, even though severe ischaemia on
MPS is a major predictor of cardiac event-free survival.
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Introduction

Type 2 diabetes is a growing health problem associated with
high rates of cardiovascular morbidity and mortality [1]. Indi-
viduals with diabetes have a higher prevalence of silent coro-
nary artery disease (CAD) than those without diabetes, and
diabetic patients without prior myocardial infarction have as
high a risk of death from CAD as nondiabetic patients with
previous myocardial infarction [1, 2]. In comparison to non-
diabetic patients, diabetic patients have a lower incidence of
one-vessel disease and a higher incidence of three-vessel/left
main artery disease and left ventricular dysfunction [3]. Most
importantly, myocardial ischaemia is often asymptomatic in
patients with diabetes until the onset of myocardial infarction
or cardiac death [4, 5]. Although it has been proposed as a
potential screening tool, the role of myocardial perfusion
single photon emission computed tomography (MPS) has
recently been questioned due to the low prevalence of positive
results and the low rate of cardiac events [5–8].

Risk stratification is of primary importance for identifica-
tion of asymptomatic patients who have a higher risk of
developing symptomatic cardiovascular disease and who
might benefit from testing by MPS [6, 7]. Risk factors asso-
ciated with detection of myocardial ischaemia have varied
across studies depending on study design, inclusion criteria
and data analysis [5, 9, 10]. Thus, further studies demonstrat-
ing an association between CAD risk factors and silent myo-
cardial ischaemia are warranted to identify patients who may
benefit most from screening procedures [6, 11]. The aim of
this study was to identify clinical predictors of silent ischae-
mia in patients with type 2 diabetes using MPS.

Materials and methods

Patients

This prospective study included 77 patients with type 2
diabetes who were referred for MPS from March 2006 to

October 2008 from the Diabetes Center to the Nuclear
Medicine Department of the S. Andrea Hospital, La Spezia,
Italy. These patients were referred for MPS as part of a
screening programme for CAD offered to all patients receiv-
ing therapy at the Diabetes Center of the S. Andrea Hospital.
Study exclusion criteria were: (1) angina pectoris, (2) pre-
vious coronary angiography or coronary artery revasculari-
zation, (3) history of myocardial infarction or heart failure,
(4) electrocardiographic evidence of Q-wave myocardial
infarction, ischaemic ST-segment or T-wave changes, (5)
history of ketoacidosis or dialysis, (6) macroalbuminuria,
and (7) inability to provide signed informed consent [12].

In each patient a medical history was obtained and physical
examination performed. Blood and urine samples were
obtained for laboratory testing, including dyslipidaemia,
microalbuminuria and HbA1c concentration. Hypertension
was defined as a blood pressure >140/90 mmHg or normal
blood pressure values on antihypertensive drug treatment.
Dyslipidaemia was defined as total cholesterol >240 mg/dl,
low-density lipoproteins >100 mg/dl or HDL cholesterol
<35 mg/dl [5, 9]. Microalbuminuria was defined as albumin
urine excretion between 20 and 200 µg/min. Microalbuminu-
ria was measuredwithin 1month ofMPS. Pathological HbA1c

urine concentration was set at >7 %. Family history of CAD
was defined as diagnosis of CAD in parents or siblings under
50 years of age. Autonomic nervous function was assessed in
terms of changes in heart rate during deep breathing and after
postural change, and variation in systolic blood pressure dur-
ing postural change. The thresholds adopted for positive tests
were those recommended by Ewing et al. [13]. The definitive
presence of diabetic autonomic neuropathy was established if
one or more of the above tests were positive [13]. The char-
acteristics of the patients are presented in Table 1.

MPS protocol

Patients underwent gated single photon emission computed
tomography (SPECT) imaging according to a 2-day protocol.
A bicycle exercise stress test was performed with a standard
Bruce protocol using a 12-lead electrocardiogram (ECG). Ex-
ercise endpoints included physical exhaustion, ECG ischaemic
changes, angina, sustained ventricular tachycardia, haemody-
namically significant supraventricular arrhythmias, or exertional
hypotension. Blood pressure wasmeasured and recorded at rest,
at the end of each exercise stage and at peak exercise. Horizontal
or downsloping ST segment depression ≥1 mm or upsloping
≥1.5 mmwas considered positive for inducible ischaemia. MPS
was performed using a 2-day protocol. At maximum stress,
740 MBq of 99mTc-tetrofosmin was injected intravenously.
After tracer injection, exercise was continued at the maximum
workload for at least 1 min. MPS imaging was started within
30 min of tracer injection. Patients who failed to perform
maximal exercise underwent a pharmacological stress test with
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dipyridamole and were excluded from this analysis. Rest imag-
ing was performed within 1 week of stress imaging.

SPECT acquisition protocol

Gated SPECT was performed with a double-head gamma
camera (E-Cam Dual Head; Siemens Medical Solutions)
equipped with a high-resolution collimator. Raw data were
collected in a 64 × 64 matrix, with a zoom of 1.45, using 32
projections over a 180° semicircular orbit for each detector,
with an acquisition time of 45 s for each step. The energy
setting was centred on the 140 keV photopeak of 99mTc with
a 20 % window. Activity counts were gated over 12 frames
per cycle. Images were reconstructed with filtered back-
projection using a Butterworth filter, with an order of 5
and a cut-off frequency of 0.4 cycles per pixel. No attenu-
ation correction was performed.

Data analysis

Fixed and reversible perfusion defects were automatically
quantified using the 20-segment model of the Quantitative

Perfusion SPECT (QPS) software (Cedars-Sinai Medical
Center, Los Angeles, CA). Each myocardial segment was
visually scored using a five-point scoring system: 0 normal,
1 mildly reduced, 2 moderately reduced, 3 severely reduced,
and 4 absent. Total scores in 20 segments were calculated as
the sum of stress, rest and difference scores (SSS, SRS and
SDS) [14]. SDS ≥2 was used as the threshold for defining
myocardial ischaemia and SDS >4 was used to define severe
ischaemia [15–18]. SSS ≥4 was considered pathological
[15–18]. Four SSS categories were used for risk-based strat-
ification: SSS <4 was considered normal, 4 – 8 mildly
abnormal, 9 – 13 moderately abnormal, and ≥14 severely
abnormal [15–18]. Based on SRS and SDS scores, myocar-
dial perfusion defects were classified as reversible (SRS <4
and SDS ≥2), fixed (scar; SRS ≥4 and SDS <2), and mixed
defects (SRS ≥4 and SDS ≥2) [16, 19]. End-diastolic vol-
ume, end-systolic volume and ejection fraction for stress
and rest were computed with the Quantitative Gated SPECT
(QGS) software.

Patient follow-up

To assess the value of the examined variables in predicting
cardiac event-free survival, patients were followed-up by
periodic examinations every 3 – 6 months at the Diabetes
Center of the S. Andrea Hospital. None of the patients was
lost to follow-up. Endpoints of the survival analysis were
cardiac hard events, defined as either cardiac death or non-
fatal myocardial infarction. Cardiac death was defined as
death due to any cardiovascular cause, and was confirmed
by review of the death certificate, hospital chart, or physi-
cian’s record. Nonfatal myocardial infarction was docu-
mented by a consistent history accompanied by elevation
of cardiac enzymes and/or new Q waves on the ECG. The
study was approved by the ethics committee of S. Andrea
Hospital, La Spezia, Italy. All patients gave written in-
formed consent to participation in the study.

Statistical analysis

Patient groups were compared using unpaired Student’s t
test for continuous variables and the chi-square test for
categorical variables. Normality of the distribution of con-
tinuous variables was assessed with the Kolmogorov-
Smirnov test (all variables showed a normal distribution).
Factors predicting silent myocardial ischaemia were
assessed using binary logistic analysis. The independent
variable in the binary logistic analysis was SDS ≥2 (inde-
pendent of SSS). The odds ratios (ORs) computed by logis-
tic regression, together with their 95 % confidence intervals
(CIs), are reported. Because of the small sample size, only
the following dependent variables were considered for lo-
gistic regression analysis: family history of CAD,

Table 1 Demographic and clinical characteristics of the patients
(n = 77)

Characteristic Value

Age at MPS (years) 63 ± 9

Gender (male) 65 %

Family history of CAD 24 %

Microalbuminuria 18 %

Hypertension 76 %

Dyslipidaemia 77 %

Smoking 31 %

Two or more CAD risk factors 79 %

Autonomic neuropathy 23 %

HbA1c (%) 6.8 ± 0.8

BMI (kg/m2) 28.2 ± 4.0

Diabetes duration (years) 8.9 ± 6.3

Age at first diagnosis (years) 54 ± 10

Diabetes treatment

Diet only 6 %

Oral agent 64 %

Insulin 19 %

Insulin plus oral agent 11 %

Other drugs

ACE inhibitors 52 %

β-blockers 18 %

Calcium channel blockers 24 %

Aspirin 28 %

Statins 58 %

550 Eur J Nucl Med Mol Imaging (2013) 40:548–557



microalbuminuria, hypertension, dyslipidaemia, autonomic
nervous function and smoking habit [9].

Cardiac event-free survival was estimated using Kaplan-
Meier curves. Since cardiac hard events occurred early
during follow-up (all events occurred before the median
follow-up), differences between survival curves were eval-
uated using the Breslow test. Patients were censored from
Kaplan-Meier cardiac event-free survival curves at timing of
elective revascularization (i.e. revascularization performed
>6 months after MPS in patients who did not experience a
hard event). The association with cardiac event-free survival
was assessed using Cox proportional hazard regression
models. Hazard ratios (HRs) are reported together with their
95 % CIs.

Results

On the basis of SDS score, 25 of the 77 patients (32 %) had
ischaemia. Specifically, 15 patients (19 %) had mild ischae-
mia and 10 (13 %) had severe ischaemia. On the basis of
SSS scores, perfusion defects were abnormal in 17 patients
(22 %). Specifically, stress perfusion defects were mildly
abnormal in 14 patients (18 %), moderately abnormal in 1
(1 %) and severely abnormal in 2 (3 %). Thus, in the whole
population, moderate to severe stress perfusion defects were
found in 3 patients (4 %). In patients with ischaemia, SSS
was only slightly higher than SDS (5.5 ± 4.6 vs. 4.5 ± 3.1,
P = 0.017, paired t test). On the basis of SRS and SDS, 20
patients (26 %) had only ischaemia, 5 (6 %) had both
ischaemia and fixed defects, and only 1 (1 %) had only a
fixed defect. Eight patients (10 %) had ischaemic ECG
abnormalities during exercise.

Among clinical variables, patients with silent ischaemia
significantly differed from patients without ischaemia only
for the higher rate of microalbuminuria (32.0 % vs. 9.6 %,
respectively; P = 0.014; Table 2). The rate of ischaemia did
not significantly differ between patients treated with insulin
and patients treated with metformin and/or sulphonylureas
(34.6 % vs. 31.4 %; P = 0.77).

In univariate binary logistic analysis (Table 3), only
microalbuminuria was a significant predictor of myocardial
ischaemia (OR 4.42, 95 % CI 1.27 – 15.40; P = 0.019). No
statistically significant trend (P < 0.1) was observed for any
other variable, and therefore multivariate analysis was not
performed. Similar results were obtained using SSS ≥4 as
independent variable (independent of SDS) (OR 4.13, 95 %
CI 1.16 – 14.69; P = 0.029), but not using SRS ≥4 (OR 0.98,
95 % CI 0.10 – 9.19; P = 0.99).

The classification table for microalbuminuria is shown in
Table 4. Silent ischaemia was present in 61.5 % of patients
with microalbuminuria, while there was no evidence of silent
ischaemia in 73.4 % of patients without microalbuminuria.

Overall accuracy of microalbuminuria for predicting silent
ischaemia was 71.4 %. Overall accuracy of microalbuminuria
was higher for prediction of severe ischaemia (89.6 %).

Themedian follow-upwas 4.1 years (range 0.8 – 6.1 years).
During follow-up there were five cardiac deaths and two
nonfatal myocardial infarctions. Medical treatment (continua-
tion and/or intensification) was adopted in all 15 patients with
mild ischaemia and in six of ten patients with severe ischae-
mia. Elective coronary angiography with revascularization
was adopted in four of ten patients with severe ischaemia.

Kaplan-Meier cardiac event-free survival curves are
shown in Fig. 1. There was no significant group difference
in 5-year cardiac event-free survival between patients with
and without microalbuminuria: 85.7 % (95 % CI
72.5 % – 98.9 %) vs. 90.2 % (95 % CI 86.4 – 94.0 %),
respectively (Breslow test, chi-square 0.3; P = 0.61). Simi-
larly, there was no significant group difference in 5-year
cardiac event-free survival between patients with SDS ≥2
and those with SDS <2: 84.0 % (95 % CI 76.7 – 91.3 %) vs.
92.5 % (95 % CI 89.5 – 95.5 %), respectively (Breslow test,
chi-square 2.7; P = 0.10). In contrast, 5-year event-free
survival was significantly lower in patients with SDS >4
than in patients with SDS ≤ 4: 55.6 % (95 % CI
39.0 – 72.2 %) vs. 94.5 % (95 % CI 91.4 – 97.6 %), re-
spectively (Breslow test, chi-square 20.9; P < 0.001). The
median cardiac event-free survival was not reached in the
whole group. The 25th percentile of cardiac event-free sur-
vival was reached only in patients with SDS >4 (2.3 years).

The results of Cox regression analysis for cardiac event-
free survival are shown in Table 5. In univariate analysis,
SDS significantly predicted cardiac event-free survival (HR
1.18, 95 % CI 1.03 – 1.36; P = 0.021). However, when the
variable was dichotomized to distinguish according to grade
of ischaemia, SDS >4 predicted cardiac event-free survival
(HR 12.87, 95 % CI 2.86 – 27.98; P = 0.001), while SDS ≥2
did not (HR 2.78, 95 % CI 0.62 – 12.46; P = 0.16). Signif-
icant results were also obtained using SSS (HR 1.14, 95 %
CI 1.04 – 1.25; P = 0.004) and SRS (HR 1.60, 95 % CI
1.21 – 2.11; P = 0.001).

Discussion

Over recent decades there has been increasing interest in the
use of imaging techniques to detect subclinical CAD and
improve risk stratification in patients with type 2 diabetes
[5–9, 20, 21]. Currently, the American Diabetes Association
guidelines recommend screening for CAD in asymptomatic
patients with diabetes who have an abnormal resting ECG
suggesting prior myocardial infarction or ischaemia, periph-
eral arterial disease, or two or more additional CAD risk
factors among dyslipidaemia, hypertension, smoking, fami-
ly history of CAD, and micro- or macroalbuminuria [9].
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Screening of diabetic patients has been advocated for many
years as a potential tool for identifying patients at high
cardiovascular risk and for reducing the likelihood of car-
diovascular events through aggressive treatment [9]. Several
retrospective studies have shown that the prevalence of
myocardial perfusion defects in diabetic patients is highly
dependent on the characteristics of the population, and that
perfusion defects are associated with a worse outcome [18,
22–27]. Therefore, cardiac imaging was thought to have the
potential for risk stratification of diabetic patients. However,
the value of such screening has long been debated in the
absence of prospective studies.

In 2004, the first report of the Detection of Ischemia in
Asymptomatic Diabetics (DIAD) study was published. The
study was a controlled trial in which patients were randomly
assigned either to systematic screening with MPS and 5-year
clinical follow-up or to follow-up only [5]. In the initial
DIAD report 22 % of patients had silent ischaemia [5]. All
patients underwent a second MPS study after intensification
of medical therapy. The vast majority (79 %) of patients
with baseline perfusion defects had resolution of perfusion
defects while only a minor proportion (10 %) of patients
with normal baseline MPS developed new ischaemia [12].
Longitudinal clinical evaluation showed that nonfatal and
fatal cardiac events were similar in the screened group and
in the nonscreened group. Overall cardiac events and revas-
cularizations were much lower than anticipated on the basis

Table 2 Demographic and clinical characteristics of patients with and without silent ischaemia

No ischaemia (n = 52) Ischaemia (n = 25) P

Age at MPS (years) 63 ± 8 62 ± 11 0.97

Gender (male) 62 % 72 % 0.36

Family history of CAD 26 % 20 % 0.54

Microalbuminuria 10 % 32 % 0.014

Hypertension 75 % 76 % 0.92

Dyslipidaemia 90 % 84 % 0.44

Smoking 33 % 24 % 0.43

Two or more CAD risk factors 79 % 80 % 0.26

Autonomic neuropathy 26 % 16 % 0.92

HbA1c (%) 6.8 ± 0.7 6.8 ± 0.9 0.57

BMI (kg/m2) 28.2 ± 3.8 28.2 ± 4.5 0.97

Diabetes duration (years) 8.8 ± 6.4 8.3 ± 5.2 0.72

Age at first diagnosis (years) 53.7 ± 9.6 54.1 ± 11.8 0.86

High-sensitivity C-reactive protein (mg/l) (n = 69) 0.42 ± 0.27 0.35 ± 0.18 0.48

Stress end-diastolic volume (ml) 67 ± 26 76 ± 24 0.25

Stress end-systolic volume (ml) 21 ± 15 27 ± 19 0.28

Stress ejection fraction (%) 73 ± 14 68 ± 16 0.35

Rest end-diastolic volume (ml) 72 ± 28 79 ± 23 0.38

Rest end-systolic volume (ml) 22 ± 16 27 ± 18 0.38

Rest ejection fraction (%) 73 ± 14 70 ± 13 0.34

SSS 0.2 ± 0.5 5.5 ± 4.6 < 0.001

SRS 0.1 ± 0.3 1.0 ± 2.0 0.027

SDS 0.2 ± 0.4 4.5 ± 3.1 < 0.001

Table 3 Univariate binary logistic analysis of factors predicting silent
ischaemia

OR (95 % CI) P

Microalbuminuria 4.42 (1.27 – 15.40) 0.019

Family history of CAD 0.68 (0.21 – 2.15) 0.51

Hypertension 1.06 (0.34 – 3.20) 0.92

Dyslipidaemia 0.54 (0.17 – 1.67) 0.28

Smoking 0.65 (0.22 – 1.92) 0.43

Autonomic neuropathy 0.57 (0.16 – 1.97) 0.37

Table 4 Classification table for microalbuminuria

Silent ischaemia Percentage
correct

Negative Positive

Microalbuminuria Negative 47 17 73.4

Positive 5 8 61.5

Total 71.4
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Fig. 1 Kaplan-Meier cardiac
event-free survival curves.
Patients are stratified for: a
microalbuminuria (Breslow
test, chi-square 0.2; P = 0.65), b
SDS ≥2 vs. SDS <2 (Breslow
test, chi-square 2.7; P = 0.10), c
SDS >4 vs. SDS ≤4 (Breslow
test, chi-square 21.4;
P < 0.001)
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of the MPS results and their occurrence was not modified by
the screening procedure [8]. In the present investigation,
silent ischaemia was found in 32 % of patients. This value
is higher than that found in the prospective DIAD study and
this can be attributed to the less conservative definition of
ischaemia (SDS ≥2). Indeed, only a minor proportion of
patients (12 %) displayed severe ischaemia (SDS >4).

The patients in our selected population were receiving
multiple drug treatment and were under good metabolic
control. Great care was taken to exclude diabetic patients
with symptomatic disease, those with previous infarctions or
those with previous revascularization procedures. In fact, in
patients with ischaemia, SSS was only slightly higher than
SDS (Table 2). We found that microalbuminuria was the
only predictor of silent ischaemia on MPS. The overall
accuracy of microalbuminuria for predicting silent ischae-
mia was 71.4 % and was 89.6 % for predicting severe
ischaemia.

The frequency of perfusion defects in asymptomatic dia-
betic patients varied considerably across studies and ranged
between 12 % and 51 % [26, 28, 29]. Generally, the prev-
alence of silent ischaemia increased in the presence of one
or more cardiovascular risk factors [6, 7]. However, in the
DIAD study the frequency of silent ischaemia was the same
in patients with two or more CAD risk factors an in patients
with fewer than two risk factors [5]. In our series, we also
did not find a significant difference in the frequency of silent
ischaemia between patients with two or more CAD risk
factors in comparison to patients with fewer than two risk
factors. The frequency of abnormal results and of large
perfusion defects is higher in retrospective than in prospec-
tive studies [11, 26, 28–33].

Many studies that addressed the role of clinical factors in
predicting MPS in diabetic patients did not include micro-
albuminuria [5, 10, 20, 24–26, 29, 32–34], while in other
studies patients with microalbuminuria were not distinguished

from patients with macroalbuminuria [18, 22, 35]. Nakajima
reported significantly higher urine albumin levels in patients
with SSS >8 than in patients with SSS <8 [19]. In the Milan
study, proteinuria, but not microalbuminuria, predicted MPS
findings [22]. Giugliano et al. reported a higher prevalence of
microalbuminuria in patients with positive MPS than in
patients with negative MPS [35]. However, in that study
patients presenting with chest pain and ischaemic ECG
changes were also included [35]. Rutter et al. found that in
multivariate analysis microalbuminuria was the strongest in-
dependent predictor of silent ischaemia [36]. In that study,
patients with macroalbuminuria were excluded but ischaemia
was assessed by ECG changes on exercise stress testing
without MPS [36]. In the current study patients with macro-
albuminuria were excluded because we wanted to evaluate
whether early kidney dysfunction could be used for identifi-
cation of patients at higher risk of silent ischaemia.

Recent studies have indicated that insulin resistance, as
quantified by the homeostasis model (HOMA-IR), predicts
silent ischaemia in prediabetic adults [37, 38]. In patients
without obstructive CAD receiving haemodialysis, low
HOMA-IR predicted earlier cardiac death [39]. Unfortunate-
ly, HOMA-IR could not be quantified in the current study
because insulin is not routinely measured in our department
in the follow-up of patients with type 2 diabetes. This is
acknowledged as a limitation of the study. In our study
population, we did not find any significant difference in
the prevalence of silent ischaemia between patients treated
with insulin and patients treated with metformin or sulpho-
nylureas. Moreover, BMI, which is related to insulin resis-
tance [40], did not differ between patients with and without
ischaemia. However, we would expect HOMA-IR to be a
more sensitive index for assessing the relationship between
insulin resistance and silent ischaemia on MPS.

Emerging evidence indicates that measurements of high-
sensitivity C-reactive protein and fibrinogen improve strat-
ification of cardiovascular risk and could be helpful in
reducing cardiovascular events in the screened population
[41]. In patients with type 2 diabetes, high-sensitivity C-
reactive protein, which is closely linked to the HOMA-IR
[42], was associated with greater risk of silent ischaemia
[43, 44]. However, in the current study, we found no signif-
icant differences in levels of high-sensitivity C-reactive
protein between patients with and without ischaemia.

According to the traditional, simplified concept of ischaemia
pathogenesis, myocardial perfusion defects may be due either to
atherosclerotic obstruction of the epicardial coronary arteries or
to endothelial dysfunction [20, 45]. Endothelial dysfunction
would account for the fact that in 20 – 40 % of diabetic patients
myocardial perfusion defects are found in the absence of angio-
graphic obstruction of the coronary arteries [20, 45]. It has been
hypothesized that microalbuminuria and cardiovascular disease
may be linked by a common pathophysiological process (the

Table 5 Univariate Cox regression analysis of factors predicting car-
diac event-free survival

HR (95 % CI) P

SSS 1.14 (1.04 – 1.25) 0.005

SRS 1.60 (1.21 – 2.11) 0.001

SDS 1.18 (1.03 – 1.36) 0.021

SDS ≥2 2.78 (0.62 – 12.46) 0.16

SDS >4 12.87 (2.86 – 27.98) 0.001

Microalbuminuria 0.80 (0.10 – 6.86) 0.84

Family history of CAD 1.18 (0.23 – 6.10) 0.83

Hypertension 2.13 (0.25 – 17.68) 0.48

Dyslipidaemia 1.89 (0.22 – 15.74) 0.55

Smoking 0.36 (0.04 – 3.03) 0.35

Autonomic neuropathy 1.35 (0.26 – 6.96) 0.72
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Steno hypothesis), i.e. dysfunction of the vascular endothelium
[46]. Microalbuminuria in type 2 diabetes is accompanied by
impairment of several endothelial functions, including
endothelium-dependent vasodilation and nitric oxide synthesis
[47]. Thus, it is conceivable that the association that we detected
betweenmicroalbuminuria and silent ischaemiamay be partially
attributed to endothelial dysfunction.

Diabetic patients with myocardial ischaemia had shorter
survival than nondiabetic patients [48]. Diabetic patients
with ischaemia had an annual cardiac hard event rate 2.4
times higher than diabetic patients with normal MPS and the
rate of objective evidence of CAD and annual critical events
were similar to those found in diabetic patients with angina
[26]. A multicentre study showed that patients with type 2
diabetes with positive MPS had shorter cardiac event-free
survival than patients with normal MPS for all clinical risk
categories. Addition of MPS imaging data to a model based
on traditional risk factors and ECG stress testing significant-
ly improved coronary heart disease risk classification [30].
In the current study, SDS >4 predicted cardiac event-free
survival, while SDS ≥2 did not. SSS >4 and SRS >4 also
predicted cardiac event-free survival, confirming previous
results in patients with type 2 diabetes as well as in nondi-
abetic patients [8, 15, 17, 18, 26, 30, 49].

Previous studies with larger patient samples have found
an association between microalbuminuria and cardiovascu-
lar disease and mortality [31, 50–57]. For example, individ-
uals with microalbuminuria and type 2 diabetes have a total
annual mortality of approximately 8 % and a cardiovascular
disease mortality of 4 % [55]. These values are up to four
times higher than in patients without microalbuminuria [55].
In the current study, we failed to show a significant associ-
ation between microalbuminuria and cardiovascular hard
events. We also failed to show associations between low-
density lipoprotein concentrations and various risk factors
and cardiovascular hard events that in other studies have
been found to be associated with either myocardial ischae-
mia or cardiac event-free survival [10, 58–60]. Because of
the low number of events and limited follow-up in our small
sample, these findings could be attributed to a type II error.

Other limitations of this study need to be acknowledged.
No attenuation correction was performed and we cannot ex-
clude the possibility that attenuation artifacts could have led to
partial overestimation of the observed perfusion defects.
Quantification of endothelial dysfunction was not performed,
even though indirect, noninvasive measurement of coronary
endothelial dysfunction is feasible [20]. In the absence of such
information, the hypothesis that the association between
microalbuminuria and perfusion defects is mirrored by endo-
thelial dysfunction remains under evaluation.

In summary, in a small but carefully selected sample of
asymptomatic patients with type 2 diabetes screened for CAD
byMPS, silent ischaemia was detected in 32% of patients, but

only 12% of patients had severe ischaemia.Microalbuminuria
was the only predictor of silent ischaemia. Assessment of
microalbuminuria should be routinely considered among the
first risk stratification steps for CAD in patients with type 2
diabetes, even though severe ischaemia on MPS is a major
predictor of cardiac event-free survival.

Conflicts of interest None.
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