
Vol:.(1234567890)

Heart and Vessels (2019) 34:1086–1095
https://doi.org/10.1007/s00380-018-01339-0

1 3

ORIGINAL ARTICLE

Coronary computed tomography angiography as a tool for long‑term 
cardiovascular risk stratification in diabetic patients

Tom Finck1  · Albrecht Will1 · Eva Hendrich1 · Stefan Martinoff1 · Martin Hadamitzky1

Received: 4 October 2018 / Accepted: 28 December 2018 / Published online: 11 January 2019 
© Springer Japan KK, part of Springer Nature 2019

Abstract
Objectives of the study were to examine the long-term prognostic power of coronary computed tomography angiography 
(CCTA) to predict death or myocardial infarction in patients with diabetes mellitus (DM). The prognostic value of CCTA 
in diabetic patients has been confirmed for short- and intermediate follow-up durations. The slowly progressing nature of 
coronary artery disease (CAD), however, underlines the necessity to validate CCTA for longer observation periods in this 
high-risk population. A total of 132 patients with DM and 1781 without DM were examined by CCTA and followed for a 
median duration of 9.7 (IQR 6.9, 11.2) and 9.9 (IQR 6.9, 11.1) years, respectively. Cox proportional hazards analysis was 
used for the composite endpoint of death and myocardial infarction. Warranty period was defined as the number of years that 
an individual stays in a low-risk group with a cumulative probability for the endpoint below 1% and calculated for patients 
with/without DM and rising degrees of CAD. The study endpoint was reached in 12 (9.1%) patients with and 87 (4.9%) 
patients without DM (p = 0.024). Quantification of coronary stenosis by CADRADS or CAD severity (normal/non-obstruc-
tive/obstructive) was incremental for endpoint prediction with a multivariate (+Morise) χ2 of 3.90 and 3.85, respectively. 
The lowest annual event rate of 0.19% was noted in non-diabetic patients with no CAD, translating to a warranty period of 
5.26 years. The highest annual event rate of 1.73% was found in diabetic patients with obstructive CAD, corresponding to 
a warranty period of 0.58 years. Compared to patients with no DM and no CAD, the risk of death or myocardial infarction 
in diabetic patients increased with rising levels of coronary obstruction at multivariate hazard ratios (HR) of 3.28 [95% CI 
2.32, 4.64 (p < 0.001)], 3.02 [95% CI 2.19, 4.17 (p < 0.001)] and 9.40 [95% CI 4.90, 18.03 (p < 0.001)] for normal coronary 
arteries, non-obstructive CAD and obstructive CAD. This study validates the long-term prognostic utility of CCTA-assessed 
CAD for predicting death or myocardial infarction in a population of patients with DM. The rates of death or myocardial 
infarction rise with CAD severity in diabetic and non-diabetic patients, identifying the highest risk group of patients with 
DM and obstructive CAD.
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Abbreviations
DM  Diabetes mellitus
CAD  Coronary artery disease
CCTA   Coronary computed tomography 

angiography
SIS  Segment involvement score
CADRADS  Coronary Artery Disease-Reporting and 

Data System™

ROC  Receiver operator characteristics
SC  Spotty calcification
GC  Gross calcification

Introduction

Throughout the western and developing world the prev-
alence of diabetes mellitus (DM) continues to rise and 
become a major public health issue. Affecting over 8% 
of the world population, DM has long been considered a 
coronary artery disease (CAD) equivalent, with cardio-
vascular disease being the most frequent cause of death in 
affected patients [1, 2]. This perception has however begun 
to change and newly proposed guidelines acknowledge a 
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heterogeneous population risk with different treatment rec-
ommendations for diabetic patients considered to be at low 
risk [3, 4]. As metabolic processes differ largely between 
diabetic and non-diabetic patients, established clinical risk 
scores that have been derived from predominantly non-
diabetic cohorts cannot reliably identify diabetic patients 
at elevated cardiovascular risk. Early detection of relevant 
CAD is however paramount in these high-risk patients as 
it widens the window for optimized treatment and contrib-
utes to prognosis improvement.

The incremental value of coronary computed tomography 
angiography (CCTA) over calcium scoring has been shown 
as not all plaques are calcified and a relevant part of patients 
with a calcium score of 0 still have obstructive stenoses [5]. 
Yet, outcome data of diabetic patients after CCTA are lim-
ited by follow-up periods that might not sufficiently grasp 
the slowly evolving nature of CAD. We therefore decided to 
investigate the long-term prognostic power of CCTA in oli-
gosymptomatic diabetic patients and identify its incremental 
predictive value beyond clinical risk scoring.

Methods

Study population

Eligible for analysis were all consecutive patients with sus-
pected but not previously diagnosed CAD undergoing CCTA 
at our institution from 01/10/2004 to 31/10/2008. Exclusion 
criteria were patients with angina pectoris, patients in an 
acute life-threatening situation and patients with no stable 
sinus rhythm during the exam. Written informed consent 
was obtained before the investigation. Information about 
age, weight and height of the patient, symptoms, cardiac 
history and current medication was collected. The follow-
ing cardiac risk factors were recorded: (1) presence and 
degree of hypertension (for binary analysis hypertension 
was defined as a systolic blood pressure of > 140mmHg or 
administration of antihypertensive therapy); (2) diabetes 
mellitus (defined as fasting blood glucose level > 7mmol/l 
or abnormal oral glucose tolerance test as defined by the 
World Health Organization, use of oral anti-diabetic therapy 
or subcutaneous insulin therapy); (3) smoking (defined as 
current smoker or previous smoker within the last year), 
and (4) positive family history (defined as presence of CAD 
in first-degree relatives younger than 55 years in males or 
65 years in females). In addition, laboratory results for total 
cholesterol, LDL- and HDL-fraction, and triglycerides were 
collected. From these data, the Morise score was calculated 
and reduced by the 2 points attributed for DM in diabetic 
patients to prevent data overcorrection. The study design 
was approved by the local ethics committee.

Computed tomography procedure

The detailed scan protocol has been described elsewhere 
[6]. Different CT hardware has been used during the study 
period: a 64-slice single-source CT scanner was used from 
October 2004 to September 2006 and a 64-slice dual-source 
CT scanner from October 2006 to October 2008 (both Sie-
mens Healthineers, Erlangen, Germany).

Coronary artery segmentation was done according to the 
simplified American Heart Association classification, using 
the first 15 of the original 18 segments. Vessel segments > 
1.5 mm diameter were evaluated by two physicians with an 
experience of having read more than 400 cardiac CTs at the 
time the scan was performed. Disagreements were settled 
by consensus.

Each stenosis was rated visually according to the fol-
lowing groups: no stenosis (0%), minimal stenosis (1–24%) 
mild (25–49%), moderate (50–69%), and severe (≥ 70%) 
stenosis. Segments with artifacts were assigned to the most 
appropriate group. Calcified plaques were defined as hav-
ing a signal intensity above the contrasted vessel lumen and 
further specified as “spotty” if the calcifications showed a 
maximum diameter of < 3 mm in any direction or “gross” 
if the calcifications had an extent ≥ 3 mm in any direction.

From the primary analysis the following CCTA scores 
were calculated: CAD severity as proposed by Ostrom 
et al. with the categories “normal”, “non-obstructive” and 
“obstructive” (which was itself divided into “one-vessel 
obstructive”, “two-vessel obstructive” and “three-vessel 
obstructive”) [7]. Segment involvement score (SIS): num-
ber of segments with any stenosis ≥ 25% or any calcified or 
non-calcified plaque irrespective of the degree of stenosis. 
Addition of affected segments results in a score ranging from 
0 to 15. CADRADS (Coronary Artery Disease-Reporting 
and Data System™) as proposed by Cury et al.[8].

Follow‑up

Follow-up information was obtained by clinical visits, if 
available, by detailed questionnaires sent by mail or, if the 
questionnaires were not returned, by phone contact. All 
reported events were verified by hospital records or phone 
contact with the attending physician if possible and adju-
dicated by two physicians in consensus. A composite of 
all-cause mortality and myocardial infarction was chosen 
as endpoint.

Definition of warranty period

In analogy to established practice, low patient risk is defined 
as a cumulative event rate for a defined endpoint below 1% 
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[9]. In our study, warranty period is defined as the dura-
tion in years that an individual can be considered to be at 
low-risk for death or myocardial infarction, maintaining a 
cumulative probability for the defined endpoint of below 1%.

Statistical analysis

Categorical variables were expressed as frequencies and 
percentages, continuous variables are described as means 
± standard deviation or as median (interquartile range, 
IQR) for time intervals. All statistical evaluations are based 
on the event-free survival for the study endpoint using 
Kaplan–Meier method. Hazard ratios and multivariable 
analyses were calculated and performed using the Cox 
proportional hazards method. The likelihood-ratio test was 
used to test for significant differences in survival curves. 
Concordance c-indices were evaluated from time-to-event 
data as proposed by Harrell et al. [10]. In the multivariate 
model the incremental c-index for adding the CCTA vari-
able to clinical risk scores was calculated. All statistical tests 
were performed two-sided and a significance level of 5% was 
used. The statistical package R version 2.10.1 including the 
package rms was used for statistical analysis [11, 12]

Results

Study population and patient characteristics

During the study period, 2176 patients with suspected but 
not previously diagnosed CAD underwent CCTA. In total 
175 patients were excluded; 98 patients with stable angina, 
5 patients with acute aortic dissection undergoing CCTA 
as a pre-operative assessment, 1 patient in the setting of 
acute coronary syndrome and 71 patients who did not have 
a stable sinus rhythm during the scan. Out of the remaining 
2001 patients, 1913 patients could be contacted for follow-
up and included into the study (follow-up rate of 96%). 
There were a total of 132 patients with diabetes mellitus. 
The control group consisted of 1781 patients without dia-
betes mellitus. Median follow-up was 9.7 [IQR 6.9, 11.2] 
years for diabetic patients and 9.9 [IQR 6.9, 11.1] years for 
non-diabetic patients. Diabetic patients were significantly 
older, more often overweight and had a higher prevalence 
of arterial hypertension but showed lower levels of total 
cholesterol and its LDL-fraction compared to controls. 
The pre-test score (Morise) was higher for diabetic patients 
(12.0 ± 2.1 vs. 10.6 ± 2.7, p < 0.001) after subtraction of the 
2 diabetes-attributed points. There were no significant dif-
ferences between sex, smoking status or family history for 
both groups. Detailed patient baseline characteristics are 
provided in Table 1.

Endpoints and clinical correlation

Diabetic patients experienced 3 cardiac deaths, 7 non-car-
diac deaths and 2 non-fatal myocardial infarctions leading 
to an occurrence of the endpoint in 12 (9.1%) patients. In 
comparison, non-diabetic patients experienced 35 cardiac 
deaths, 42 non-cardiac deaths and 10 non-fatal myocardial 
infarctions leading to an endpoint occurrence in 87 (4.9%) 
patients. Overall, diabetic patients were more likely to suf-
fer from the endpoint than non-diabetics (9.1% vs. 4.9%, 
p = 0.024).

Computed tomography results

CCTA demonstrated more pronounced CAD in diabetics as 
only 18 patients (13.6%) had normal coronary arteries vs. 
533 (29.9%) of non-diabetic patients (p < 0.001). A similar 
frequency of non-obstructive plaques (CADRADS 1–2) of 
less than 50% stenosis level was noted in diabetic (42.4%) 
and non-diabetic (45.5%) patients (p = 0.93); obstruc-
tive lesions (CADRADS ≥ 3) of more than 50% stenosis 
level were significantly more common in diabetics (43.9% 
vs. 24.5%, p < 0.001). Notably more high-grade stenoses 
between 70–99% (CADRADS 4a) were present in diabet-
ics (8.3% vs. 3.4%, p = 0.014). Total coronary vessel occlu-
sion as given by CADRADS 5, as well as CADRADS 4b 
occurred rarely and similarly often in both groups.

The segment involvement score (SIS) was higher for 
diabetics (SIS 4.96 ± 3.57 vs. 2.89 ± 3.08, p < 0.001) than 
control. Diabetic patients had notably more plaques with 
a spotty (2.93 ± 2.49 vs. 1.68 ± 2.15 p < 0.001) or gross 
(0.97 ± 1.73 vs. 0.39 ± 1.09, p < 0.001) calcification pattern. 
Detailed CCTA results are given in Table 2.

Predictive power of CCTA parameters

In patients with DM, CADRADS showed the best primary 
endpoint correlation on univariate analysis (HR 1.74 [95% 
CI 1.01, 3.02], p = 0.047) and significantly improved out-
come prediction over clinical risk on multivariate analysis 
(HR 1.72 [95% CI 0.98, 3.01], p = 0.048). CAD severity 
had good predictive power on univariate analysis (HR 1.60 
[95% CI 1.02, 2.52], p = 0.040) and just significant incre-
mental power on multivariate analysis (HR 1.59 [95% CI 
1.01, 2.51], p = 0.050). Generalized plaque extent, as given 
by the SIS showed a trend for univariate (HR 2.13 [95% CI 
0.83, 5.47], p = 0.12) and multivariate (HR 2.01 [95% CI 
0.74, 5.41], p = 0.17) outcome prediction. In patients with 
DM the amount of spotty or grossly calcified plaques were 
non-predictive for outcome at respective univariate haz-
ard ratios of 1.51 [95% CI 0.78, 2.93 (p = 0.23)] and 1.17 
[95% CI 0.93, 1.49 (p = 0.18)]. A comparable relation of 
endpoint prediction between spotty calcifications and gross 
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calcifications could be noted in patients with DM (univariate 
χ2 of 1.47 and 1.77, respectively) and without DM (univari-
ate χ2 of 19.0 and 20.9, respectively).

Univariate and multivariate analyses for diabetic/non-dia-
betic patients are given in Tables 3 and 4. Receiver operator 
characteristic (ROC) analysis for diabetic patients with a 
marked increase of the area under the curve (AUC) after 
addition of the best performing CCTA parameters to pre-test 
risk (Morise) is shown in Fig. 1.

Relative risk of diabetic patients

Taking non-diabetic patients with normal coronary arteries 
as a reference, a gradual risk increase for the endpoint was 
noted for the non-diabetic group in non-obstructive (HR 2.70 
[95% CI 2.02, 3.60], p = 0.008) and obstructive (HR 6.29 
[95% CI 3.68, 10.75], p < 0.001) CAD on univariate analysis 
as well as after correction for clinical risk in non-obstructive 
(HR 2.43 [95% CI 1.15, 5.13], p = 0.019) and obstructive 

(HR 5.39 [95% CI 2.57, 11.29], p < 0.001) CAD. Compared 
to non-diabetic patients with no CAD, diabetic patients had 
an elevated risk that failed to reach statistical significance 
if normal coronary arteries (HR 3.28 [95% CI 2.32; 4.64], 
p = 0.26) or non-obstructive CAD (HR 3.02 [95% CI 2.19; 
4.17], p = 0.10) but beyond statistical significance if obstruc-
tive CAD (HR 9.40 [95% CI 4.90; 18.03], p < 0.001) was 
present. After correction for clinical risk the hazard of dia-
betics stayed significantly elevated for patients with obstruc-
tive CAD (HR 7.78 [95% CI 2.93, 20.67], p < 0.001). On 
multivariate analysis, the presence of normal coronary arter-
ies or non-obstructive CAD in diabetic patients still failed 
to significantly improve endpoint prediction beyond clinical 
risk at respective hazard ratios of 2.95 [95% CI 0.37, 23.35 
(p = 0.31)] and 2.50 [95% CI 0.67, 9.41 (p = 0.17)].

Hazard analysis of diabetic patients vs. non-diabetic 
controls as a function of CAD extent is given in Table 5. 
Kaplan–Meier event-free survival curves for the endpoint as 
a function of coronary obstruction levels are given in Fig. 2.

Table 1  Clinical characteristics

Data are given as means ± standard deviation or absolute numbers (percentages). Only the leading indica-
tion for coronary computed tomography angiography (CCTA) is counted for each patient
CAD coronary artery disease
a To prevent overcorrection, the Morise clinical risk score was subtracted by 2 points if diabetes mellitus 
was present

Patient characteristics No diabetes (n = 1781) Diabetes (n = 132) p value

Age 58.6 ± 11.1 64.0 ± 8.3 < 0.001
Male gender 1184 (66.5%) 89 (67.4%) ns
Body mass index (kg/m2) 25.9 ± 3.9 28.5 ± 4.6 < 0.001
Arterial hypertension 1023 (57.4%) 100 (77.8%) < 0.001
Smoking 605 (34.0%) 50 (37.9%) ns
Hypercholesterolemia 898 (50.4%) 78 (59.1%) 0.058
Family history of CAD 553 (31.0%) 37 (28.0%) ns
Atypical chest pain 684 (38.4%) 49 (37.1%) ns
Dyspnoea (NYHA > 2) 51 (2.9%) 5 (3.8%) ns
Positive test for ischemia 151 (8.5%) 14 (10.6%) ns
Total cholesterol (mg/dL) 220 ± 45 201 ± 44 < 0.001
LDL (mg/dL) 132 ± 37 115 ± 37 < 0.001
HDL (mg/dL) 59 ± 18 55 ± 36 ns
Triglycerides (mg/dL) 150 ± 118 172 ± 98 0.02
Morise risk  scorea 10.6 ± 2.7 12.0 ± 2.1 < 0.001
Low (0–8 points) 399 (22.4%) 0 (0%)
Moderate (9–15 points) 1355 (76.1%) 96 (72.7%)
High (> 15 points) 27 (1.5%) 36 (27.3%)
Indication for CCTA ns
CAD risk assessment 523 (29.4%) 50 (37.9%)
Dyspnoea 97 (5.5%) 16 (12.1%)
Ischemia 148 (8.3%) 7 (5.3%)
Arrhythmia 386 (21.7%) 18 (13.6%)
Chest pain 568 (31.9%) 37 (28.0%)
Other 59 (3.3%) 4 (3.0%)
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Table 2  Coronary computed 
tomography angiography 
(CCTA) results for diabetic and 
non-diabetic patients

CAD coronary artery disease, SIS segment involvement score, CADRADS Coronary Artery Disease-
Reporting and Data System™, SC spotty calcified, GC grossly calcified

Non-diabetics (n = 1781) Diabetics (n = 132) p value

CAD severity <0.001
Normal coronary arteries 533 (29.9%) 18 (13.6%)
Presence of CAD 1248 (71.1%) 114 (86.4%)
Non-obstructive CAD 811 (45.5%) 56 (42.4%)
Obstructive CAD 437 (24.5%) 58 (43.9%)
One-vessel obstructive CAD 227 (12.7%) 26 (19.7%)
Two-vessel obstructive CAD 139 (7.8%) 21 (15.9%)
Three-vessel obstructive CAD 71 (4.0%) 11 (8.3%)
CADRADS <0.001
CADRADS 0 533 (29.9%) 18 (13.6%)
CADRADS 1 285 (16.0%) 14 (10.6%)
CADRADS 2 526 (29.5%) 42 (31.8%)
CADRADS 3 348 (19.5%) 45 (34.1%)
CADRADS 4a 60 (3.4%) 11 (8.3%)
CADRADS 4b 20 (1.1%) 2 (1.5%)
CADRADS 5 9 (0.5%) 0 (0%)
SIS 2.89 ± 3.08 4.96 ± 3.57 <0.001
SC plaques per patient 1.68 ± 2.15 2.93 ± 2.49 <0.001
GC plaques per patient 0.39 ± 1.09 0.91 ± 1.73 <0.001

Table 3  Endpoint analysis in 
132 diabetic patients

CAD coronary artery disease, CADRADS Coronary Artery Disease-Reporting and Data System™, SIS seg-
ment involvement score

Diabetes Univariate model Multivariate model (+MORISE)

Hazard ratio p value χ2 Hazard ratio p value χ2 c-index after 
addition to 
Morise

CAD severity 1.60 (1.02, 2.52) 0.040 4.22 1.59 (1.01, 2.51) 0.050 3.85 0.568–0.657
CADRADS 1.74 (1.01, 3.02) 0.047 3.93 1.72 (0.98, 3.01) 0.048 3.90 0.568–0.700
SIS 2.13 (0.83, 5.47) 0.12 2.45 2.01 (0.74, 5.41) 0.17 1.91 0.568–0.651
Spotty calcifications 1.51 (0.78, 2.93) 0.23 1.47 1.42 (0.70, 2.88) 0.35 0.88 0.568–0.671
Gross calcifications 1.17 (0.93, 1.49) 0.18 1.77 1.15 (0.91, 1.47) 0.28 1.14 0.568–0.594

Table 4  Endpoint analysis in 
1781 non-diabetic patients

CAD coronary artery disease, CADRADS Coronary Artery Disease-Reporting and Data System™, SIS seg-
ment involvement score

No diabetes Univariate model Multivariate model (+MORISE)

Hazard ratio p value χ2 Hazard ratio p value χ2 c-index after 
addition to 
Morise

CAD severity 1.59 (1.35, 1.87) < 0.001 31.0 1.51 (1.27, 1.80) < 0.001 20.4 0.568–0.661
CADRADS 2.23 (1.61, 3.09) < 0.001 23.2 2.03 (1.44, 2.86) < 0.001 16.4 0.568–0.650
SIS 2.29 (1.73, 3.04) < 0.001 33.8 2.11 (1.56, 2.86) < 0.001 21.9 0.568–0.662
Spotty calcifications 1.65 (1.32, 2.07) < 0.001 19.0 2.48 (1.46, 4.20) < 0.001 10.2 0.568–0.635
Gross calcifications 1.28 (1.15, 1.42) < 0.001 20.9 2.0 (1.26, 3.17) 0.005 9.81 0.568–0.615
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While diabetic patients had no heightened risk com-
pared to non-diabetic patients in the absence of spotty 
calcified plaques (HR 1.46 [95% CI 0.20, 10.95], 
p = 0.71), there was a marked risk increase of death or 
myocardial infarction in the presence of any spotty cal-
cified plaque, both in diabetics (HR 4.36 [95% CI 2.07, 
9.17], p < 0.001) and non-diabetics (HR 2.88 [95% CI 
1.73, 4.78], p < 0.001) alike. On multivariate analysis the 
elevated risk persisted in both, non-diabetic patients (HR 
2.48 [95% CI 1.47, 4.20], p = 0.001) and diabetic patients 
(HR 3.49 [95% CI 1.62, 7.53], p = 0.0014) (Table 6).

Warranty periods

Differing annual event rates as a function of CAD severity 
and diabetes status allowed for the calculation of warranty 
periods, as given in Fig. 3. Shorter warranty periods were 
noted in diabetics at 1.64, 1.75 and 0.58 years if normal 
coronary arteries, non-obstructive CAD or obstructive CAD 
was present compared to 5.26, 2.04 and 0.85 years for non-
diabetic patients.

Discussion

For oligosymptomatic patients with DM and no previous 
history of CAD we could demonstrate that: (1) incremental 
to clinical risk, CCTA maintains a long-term value to predict 
death and myocardial infarction, (2) CCTA allows for risk 
stratification according to CAD severity, (3) even if DM is 
associated with more protruded CAD, plaque morphology 
and the associated risks are similar to non-diabetic patients.

To date, reports on cardiovascular prognosis based on 
non-invasive myocardial imaging are often limited by fol-
low-up periods too short to sufficiently grasp the slowly 
evolving nature of CAD. Validation of the long-term pre-
dictive power of CCTA for death and myocardial infarc-
tion is nonetheless paramount in the early management of 
chronic diseases such as DM. Consistent with previous 
studies that used shorter observation periods and in some 
cases softer endpoints (i.e., inclusion of revascularization), 
our results demonstrate that compared to a non-diabetic 
population with a similar cardiovascular risk profile, dia-
betics experience more profound CAD and heightened 
hazards for death and myocardial infarction with rising 
degrees of coronary vessel obstruction [5, 13–16]. Even 
if the endpoint occured overall more often in diabetic 
patients, the underlying study demonstrates that identifi-
cation of high-risk diabetic patients with obstructive CAD 
is feasible, potentially opening the door for a more targeted 
and cost-effective use of preventive strategies. Thus, for 
the longest follow-up reported so far, this study validates 

Fig. 1  Receiver operator characteristics (ROC) curves for patients 
with DM in a univariate model based on Morise and a multivariate 
model after further adjustment to CAD severity, CADRADS and SIS. 
DM diabetes mellitus, CADRADS Coronary Artery Disease-Report-
ing and Data System™, CAD coronary artery disease, SIS segment 
involvement score

Table 5  Occurence of death or myocardial infarction with respective hazard ratios as a function of diabetes mellitus and coronary stenosis

MI myocardial infarction, DM diabetes mellitus

No death/MI 
(n = 1814)

Death/MI 
(n = 99)

Univariate Multivariate (+Morise)

Hazard ratio (95% CI) p Hazard ratio (95% CI) p

No DM, normal 524 9 Reference Reference
No DM, ≤ 50% stenosis 775 34 2.70 (2.02; 3.60) 0.008 2.43 (1.15; 5.13) 0.019
No DM, > 50% stenosis 393 44 6.29 (3.68; 10.75) < 0.001 5.39 (2.57; 11.29) < 0.001
DM, normal 17 1 3.28 (2.32; 4.64) 0.26 2.95 (0.37; 23.35) 0.31
DM, ≤ 50% stenosis 53 3 3.02 (2.19; 4.17) 0.10 2.50 (0.67; 9.41) 0.17
DM, > 50% stenosis 50 8 9.40 (4.90; 18.03) < 0.001 7.78 (2.93; 20.67) < 0.001
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the role of CCTA as a non-invasive risk-stratification tool 
in a diabetic population. Although not reaching statistical 
significance, it is worthwhile to mention that a non-neg-
ligible share of 14% of diabetic patients with no evident 
CAD still had a higher risk for death or myocardial infarc-
tion, contrasting previously published data of shorter fol-
low-up periods that acknowledged excellent prognoses for 
both, patients with and without DM in the absence of any 
CAD [13, 14, 17–20]. On the one hand, the vast evidence 
of factors promoting endothelial dysfunction and leading 
to a pro-atherosclerotic environment in diabetic patients 
allows for the assumption that during a long observa-
tion period of 10 years, vascular damage appears even in 

patients with normal coronary arteries on baseline CCTA 
[21]. On the other hand, our findings are in agreement to 
accumulating data that the systemic nature of DM not only 
deteriorates cardiovascular prognosis, but also leads to an 
elevated non-cardiac morbidity and mortality [22–25]. 
Our findings of potentially impaired prognoses in diabetic 
patients with no obvious CAD might help elucidate why 
the FACTOR-64 trial, a forerunner in CCTA-directed ther-
apy, could not significantly improve outcome of diabetic 
patients compared to guideline-conform therapy, even if a 
newly introduced intensified therapy regime shortly before 
study initiation might have reduced the scope of treatment 
intensification [26].

Fig. 2  Kaplan–Meier endpoint analysis as a function of diabetes mellitus and degree of coronary artery obstruction. DM diabetes mellitus, CAD 
coronary artery disease, LR test likelihood-ratio test

Table 6  Occurence of death 
or myocardial infarction with 
respective hazard ratios as a 
function of diabetes mellitus 
and spotty calcified plaques

MI myocardial infarction, SC spotty calcified plaques, DM diabetes mellitus

No death/MI 
(n = 1814)

Death/MI 
(n = 99)

Univariate Multivariate (+Morise)

Hazard ratio p Hazard ratio p

No DM, no SC 769 19 Reference Reference
No DM, SC 925 68 2.88 (1.73, 4.78) < 0.001 2.48 (1.47, 4.20) < 0.001
DM, no SC 28 1 1.47 (0.20, 10.95) 0.71 1.31 (0.18, 9.82) 0.79
DM, SC 92 11 4.36 (2.07, 9.17) 0.001 3.49 (1.62, 7.53) 0.0014
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Previous studies have hinted at the prognostic role of 
differing plaque compositions in diabetic and non-diabetic 
patients [27–29]. Our findings confirm a higher absolute 
number of plaques with a spotty or gross calcification pat-
tern in diabetic patients, in line with results gathered by 
intravascular ultrasound [30]. Considering that CAD is 
more protruded in patients with DM, as shown in previous 
studies from our working group, the relative distribution of 
spotty or grossly calcified plaques was nonetheless simi-
lar to non-diabetics [16, 31]. Furthermore, the magnitude 
with which spotty and gross calcifications correlated with 
outcome was comparable in patients with and without DM. 
Hence, our data suggest a higher plaque quantity with com-
parable plaque qualities in diabetic compared to non-diabetic 
patients.

Limitations

Worth mentioning is the fact that this is a single-center study 
and no information on diabetes subtype (type 1 vs. type 2), 
duration of disease, treatment regimes, compliance to treat-
ment or blood glucose levels was available. These data were 
not included into our registry and retrospective determina-
tion of blood glucose levels would be of limited value after 
such a long follow-up. However, the long observation period 
partially offsets lacking information on disease duration as 
even a newly diagnosed DM can be expected to accelerate 
cardiovascular disease after 10 years. The actual popula-
tion of diabetic patients in this study is comparatively small, 
potentially reducing the statistical power of our analysis. 
Even as the overall low event rates of diabetic patients in 
our cohort might soften the statistical power of our analysis, 

we are convinced that restrictive endpoint selection in this 
cohort is of greatest clinical utility. For multivariate analysis, 
correction has been done for clinical risk only to prevent 
overfitting of the model.

Conclusions

Beyond clinical risk scoring, CCTA has incremental value 
for predicting long-term mortality and morbidity in patients 
with DM. Of clinical relevance is the finding, that especially 
when obstructive CAD is present, the risk of death and myo-
cardial infarction of diabetic patients significantly exceeds 
that of their non-diabetic peers. While diabetic patients have 
a higher burden of CAD, their plaque composition is com-
parable to non-diabetics.
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