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Aims In patients without obstructive coronary artery disease (CAD), we examined the prognostic value of risk factors
and atherosclerotic extent.

Methods Patients from the long-term CONFIRM registry without prior CAD and without obstructive (>50%) stenosis were
and results included. Within the groups of normal coronary computed tomography angiography (CCTA) (N=1849) and
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non-obstructive CAD (N =1698), the prognostic value of traditional clinical risk factors and atherosclerotic extent
(segment involvement score, SIS) was assessed with Cox models. Major adverse cardiac events (MACE) were
defined as all-cause mortality, non-fatal myocardial infarction, or late revascularization. In total, 3547 patients were
included (age 57.9 £ 12.1 years, 57.8% male), experiencing 460 MACE during 5.4 years of follow-up. Age, body mass
index, hypertension, and diabetes were the clinical variables associated with increased MACE risk, but the magni-
tude of risk was higher for CCTA defined atherosclerotic extent; adjusted hazard ratio (HR) for SIS >5 was 3.4
(95% confidence interval [Cl] 2.3—4.9) while HR for diabetes and hypertension were 1.7 (95% Cl 1.3-2.2) and 1.4
(95% Cl 1.1-1.7), respectively. Exclusion of revascularization as endpoint did not modify the results. In normal
CCTA, presence of >1 traditional risk factors did not worsen prognosis (log-rank P=0.248), while it did in non-
obstructive CAD (log-rank P=0.025). Adjusted for SIS, hypertension and diabetes predicted MACE risk in non-
obstructive CAD, while diabetes did not increase risk in absence of CAD (P-interaction = 0.004).

Conclusion Among patients without obstructive CAD, the extent of CAD provides more prognostic information for MACE
than traditional cardiovascular risk factors. An interaction was observed between risk factors and CAD burden,
suggesting synergistic effects of both.

Keywords coronary computed tomography angiography e risk stratification e atherosclerosis e imaging e preventive
cardiology

Introduction Methods

Coronary computed tomography angiography (CCTA) is increasing-
ly used to diagnose coronary artery disease (CAD) in patients with
low to intermediate cardiovascular risk profile. When obstructive
CAD (> 50% stenosis) is identified, further non-invasive testing can
be used to assess the haemodynamic significance of the stenosis,
eventually followed by invasive coronary angiography and percutan-
eous coronary intervention as recommended in the recent CAD-
RADS (Reporting And Data System) consensus document.’ If CCTA
does not show obstructive CAD (i.e. no CAD or non-obstructive
CAD), optimal medical care is uncertain. The majority of patients
who undergo CCTA for suspected CAD belong to this subgroup. As
shown in a large registry, approximately two-thirds of the patients do
not have obstructive CAD.> These patients generally have multiple
cardiovascular risk factors and are at risk for cardiovascular events.
Recently, a large prospective trial evaluating patients with suspected
CAD using CCTA showed that the majority of cardiovascular events
occurred among patients with non-obstructive CAD.?

Optimal medical treatment strategy of patients without obstruct-
ive CAD is unclear. Primary cardiovascular risk prevention guidelines
indicate that treatment intensity should be based on clinical risk pro-
file. On the other hand, multiple studies showed that CCTA findings
(especially the number of vessels with obstructive CAD) have strong
prognostic value.*” Also, patients can have multiple cardiovascular
risk factors combined with a normal CCTA or absence of risk factors
combined with extensive CAD. Accurate estimation of risk for future
cardiovascular events is important, since the higher the risk the more
intense the medical therapy should be.® The aim of the current study
was to assess which factors (clinical or CCTA findings) are strongest
correlated with cardiovascular events in patients without obstructive
CAD and should, therefore, determine the intensity of medial
therapy.

Patients

Patients were derived from the CONFIRM (Coronary CT Angiography
Evaluation for Clinical Outcomes: An International Multicenter) registry,
an open-label, prospective, international, multicenter observational co-
hort, collecting data from consecutive adults >18 years who underwent
>64-detector row CCTA for suspected CAD; the methodological details
of this registry have been described previously.? The current analysis
includes patients from the long-term follow-up CONFIRM cohort, which
comprises patients who underwent CCTA at 17 centres in nine countries
between 2002 and 2009, with prospective follow-up over 5years. Of
6620 patients without known CAD [history of myocardial infarction (Ml),
coronary artery bypass grafting, or coronary revascularization] and ob-
structive CAD, 2849 patients without information for all clinical end-
points and 224 patients with incomplete coronary stenosis data were
excluded, leaving 3547 patients in the current analysis. Institutional review
board approval was obtained at each site and patients provided informed
consent.

Clinical data

Standardized demographical and clinical patient information were pro-
spectively collected at each study site. Definitions of risk factors for CAD
have been reported in earlier reports from the CONFIRM registry.”'°
Diabetes was defined as a fasting glucose of >126 mg/dL or the use of in-
sulin and/or oral hypoglycaemic agents. Hypertension was defined as a
documented history of high blood pressure or treatment with anti-
hypertensive medication. Hypercholesterolaemia was defined as untreat-
ed high serum cholesterol or treatment with lipid-lowering medication.
Smoking was defined as having smoked in the last 90days or current
smoking. Family history of CAD was defined as a first-degree family mem-
ber diagnosed with CAD <65 years for women or <55years for men.
Chest pain symptoms were categorized as non-anginal, atypical, or typical
chest pain.
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Table I Patient characteristics

Total (N =3547)

Age (years) 579 £ 121
Male gender (%) 2051 (57.8)
BMI (kg/m?) 272450
Chest pain symptoms
No chest pain (%) 1344 (43.4)
Non-anginal (%) 385 (12.4)
Atypical (%) 1066 (34.4)
Typical (%) 301 (9.7)
Dyspnoea without chest pain 155 (12.7)
Cardiovascular risk factors
Diabetes (%) 456 (12.9)
Hypertension (%) 1758 (49.7)
Hypercholesterolaemia (%) 1731 (49.0)
Family history for CAD (%) 1029 (29.3)
Current smoker (%) 663 (18.8)
Medication use
Aspirin (%) 642 (234)
Beta blocker (%) 709 (25.9)
ACE-| (%) 526 (19.2)
Statin (%) 742 (26.9)
CCTA findings
Segment involvement score
1
2-3 (%)
4-5 (%)
>5 (%)
Diseased segments
LM (%)

Proximal LAD (%)
Proximal LCX (%)
Proximal RCA (%)

Stenosis in any proximal segment

Normal CCTA Non-obstructive CAD P-value®

(N =1849) (N =1698)

546+ 124 61.5+£10.6 <0.001

969 (52.4) 1082 (63.8) <0.001

270+ 49 274 £ 5.1 0.026
0.004

678 (41.7) 666 (45.2)

183 (11.3) 202 (13.7)

586 (36.1) 480 (32.6)

177 (10.9) 124 (84)

75 (11.8) 80 (13.6) 0.363
227 (12.3) 229 (13.5) 0.293
803 (43.9) 949 (56.1) <0.001
769 (41.7) 962 (56.8) <0.001
554 (30.4) 475 (28.1) 0.137
325 (17.8) 338 (20.0) 0.093
287 (19.8) 355 (27.5) <0.001
324 (22.3) 385 (29.8) <0.001
208 (14.3) 318 (24.7) <0.001
321 (220 421 (32.3) <0.001

2.68 £ 2.07
633 (37.3)
649 (38.2)
237 (14.0)
179 (10.5)
384 (25.0)
1125 (69.9)
420 (27.2)
517 (32.9)
1443 (85.0)

“Comparison between patients with normal CCTA and non-obstructive CAD. CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LAD, left
anterior descending artery; LCX, left circumflex; LM, left main; RCA, right coronary artery.

CCTA acquisition and interpretation
CCTA acquisition and imaging protocols at each site were in adherence
with the Society of Cardiovascular Computed Tomography guidelines."’
Level lll-trained experts interpreted the computed tomography images
using a 16-segment coronary artery tree model. In each coronary artery
segment, the presence of plaque was reported with corresponding sten-
osis severity.”'° The stenosis severity of coronary artery plaque was cate-
gorized as normal (0% stenosis), non-obstructive (1-49% stenosis), or
obstructive CAD (>50% stenosis) by visual assessment. Based on these
data, the segment involvement score (SIS) was calculated as the total
number of coronary artery segments exhibiting plaque, irrespective of
the degree of stenosis (ranging from 0 to 16).* Since patients with ob-
structive CAD were excluded from the current study, the SIS represents
the number of non-obstructive coronary plaques per patient.

In addition, the Leiden CCTA score, a comprehensive evaluation of
CCTA incorporating plaque presence, extent, severity, and composition,

was calculated for each patient. Score creation and calculation have been
previously described.””

Outcomes

Primary combined endpoint consisted of major adverse cardiac events
(MACE) defined as all-cause mortality, non-fatal Ml, and late revasculari-
zation (>90days after CCTA). Late revascularization was included as
endpoint since this can be the result of CAD progression causing
progressive/new-onset angina or unstable angina among non-obstructive
CAD. A follow-up methodology has been previously described in detail >
The Social Security Index was reviewed for assessment of mortality with-
in the USA or determined through mail or telephone contact with the
patients, family, or physician or review of medical records. Other events
were collected through a combination of direct interviewing of patients
using scripted interview and examination of the patient’s medical files by
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trained physicians or nurses. Non-fatal Ml and late revascularization were
further ascertained by reviewing the medical charts.”

Statistical analysis

Continuous variables were presented as mean * standard deviation; cat-
egorical variables as counts with percentages. For the comparison of con-
tinuous variables, the Student’s t-test was used; categorical variables were
compared with the > test. Cox-proportional hazard analyses were per-
formed to assess the prognostic value of clinical and CCTA variables. SIS
categories were defined as 0, 1, 2-3, 4-5, and >5. The highest risk group
was defined as SIS >5 based on previous studies demonstrating strong
prognostic value of this category.*'® Hazard ratios (HRs) with their 95%
confidence intervals (Cls) were derived. Univariable associates with a P-
value <0.10 were entered into the multivariable analysis to determine
their independent association with outcome. Furthermore, specific inter-
actions between clinical risk factors and CAD burden were explored.
Event-free survival was estimated using the Kaplan—Meier method and
compared with the log-rank test. The C-statistic was calculated to assess
the incremental discriminatory ability of SIS using MedCalc Statistical
Software (version 18, Ostend, Belgium) and compared according to
Delong et al.'* Other analyses were performed using SPSS (version 24,
Armonk, NY, USA). A two-sided P-value <0.05 was considered statistic-
ally significant.

Results

Patients

A total of 3547 patients were included, with a mean age of
57.9 £ 12.1 years, and 57.8% were male. In total, 460 first events (219
death, 161 non-fatal MI, and 80 late revascularization) occurred dur-
ing a median follow-up duration of 5.4 years (25-75% interquartile
range 5.1-6.0 years). Patients with non-obstructive CAD (N = 1698)
were significantly older than patients without CAD (N =1849; 61.5
vs. 54.6 years, P<0.001), had more often hypertension and diabetes
and displayed higher cardiovascular medication use, as shown in
Table 1. Of note, the patients without follow-up information were on
average 5years younger, more frequently female, and had similar
presence of diabetes and hypertension as the current study
population.

Prognostic value of clinical risk profile vs.

coronary atherosclerosis

Of the clinical variables, age (HR 1.04, 95% Cl 1.03—1.05; P<0.001),
body mass index (BMI) (HR 1.03, 95% CI 1.01-1.05; P=10.002), dia-
betes (HR 1.90, 95% Cl 1.51-2.38; P<0.001), and hypertension (HR
1.60 95% CI 1.33-1.93; P < 0.001), were significantly associated with
MACE (Table 2). A gradual increase in risk was observed for increas-
ing CAD burden: SIS 1 (HR 1.77, 95% Cl 1.35-2.30; P<0.001) and
SIS >5 (HR 3.70, 95% Cl 2.65-5.01; P <0.001). In multivariable ana-
lysis of clinical variables and plaque burden, diabetes (HR 1.63, 95%
Cl 1.23-2.14; P<0.001) and hypertension (HR 1.27 95% Cl 1.01—
1.60; P=0.043) remained predictive, but higher magnitudes of risk
for MACE were observed for the SIS subgroups (SIS = 1, HR 1.88,
95% Cl 1.37-2.58; P<0.001 and SIS > 5 HR 3.25, 95% Cl 2.22-4.75;
P<0.001), Figure 1. Furthermore, compared with absence of plaque,
the adjusted HR for plaque in either left main or proximal left anter-
ior descending artery was numerically higher than for plaque in any

coronary segment: HR 2.53 (95% C12.06-3.11) and HR 2.17 (95% ClI
1.64-2.85).

Restricting to asymptomatic individuals showed highest risk for SIS
>5 and only hypertension but not diabetes was associated with
MACE (Table A1). When excluding late revascularization as an end-
point, the results remained essentially unchanged: HR for diabetes
1.37 (95% C10.99-1.88; P=0.055), 1.36 (95% CI 1.05-1.77 P = 0.020)
for hypertension, 1.54 (95% ClI 1.08-2.20; P=0.017) for SIS = 1 and
2.56 (95% Cl 1.66-3.93 P <0.001) for SIS >5 in multivariable analysis.
The addition of SIS to a clinical model of age, sex, BMI, diabetes,
hypertension, hypercholesterolaemia, smoking, and positive familial
history for CAD increased the C-statistic significantly (0.70 vs. 0.67,
P=0.001).

When atherosclerotic burden was defined according to the Leiden
CCTA score, a similar stepwise increase in risk was observed with
increasing score. Patients with a Leiden CCTA score >12 demon-
strated an adjusted HR of 2.64 (95% Cl 1.79-3.90), which was com-
parable to those with SIS >5 (Table A2).

MACE risk according to absence or

presence of CAD

Patients without CAD had a 5-year incidence of MACE of ~5%; and
the absence vs. presence of one or more cardiovascular risk factors
did not significantly change this event rate (P=0.248, Figure 2).
Among patients with non-obstructive CAD, 5-year MACE incidence
was significantly higher if patients had >1 traditional risk factor
(P=10.025, Figure 2). In non-obstructive CAD, cox-regression analysis
showed that hypertension and diabetes were among the risk factors
significantly associated with increased MACE risk; with a specific
higher magnitude of risk for diabetes in the presence of non-
obstructive CAD vs. absence of CAD (P-interaction = 0.004,
Table 3). Results for CAD defined by the Leiden score are provided
in Table A3.

Discussion

The main findings are that patients without obstructive CAD, the ex-
tent of CAD on CCTA provides more prognostic information com-
pared with traditional cardiovascular risk factors. Specifically, in
absence of CAD, the presence or absence of risk factors did not influ-
ence MACE-free survival, but in patients with non-obstructive CAD,
hypertension and diabetes provided additional prognostic value.

CCTA for patients with suspected CAD

CCTA is increasingly being used in symptomatic and asymptomatic
patients with suspected CAD. From a diagnostic point of view, the
identification of obstructive CAD is the target since obstructive
lesions may cause myocardial ischaemia and angina which may be alle-
viated with coronary revascularization. Also, several studies have
demonstrated that these patients are at highest cardiovascular event
risk and, therefore, require high-intensity medical therapy for prog-
nostic reasons.*>'> However, the majority of patients who undergo
CCTA do not show obstructive CAD. An earlier report of the
CONFIRM registry showed that 26.5% of the 27 125 patients in total
had obstructive CAD. Non-obstructive CAD is generally not related
to myocardial ischaemia and patients may not need further ischaemia
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Table 2 Clinical profile and CCTA findings associated with major cardiovascular events

Univariable HR (95% CI)

Age (years) 1.04 (1.03-1.05)
0.94 (0.78-1.13)

1.03 (1.01-1.05)

Male gender
BMI (kg/m?)
Chest pain symptoms

No chest pain Reference

Non-anginal 1.03 (0.74-1.44)

Atypical 0.84 (0.65-1.08)

Typical 1.21 (0.85-1.72)
Cardiovascular risk factors

Diabetes 1.90 (1.51-2.38)

Hypertension 1.60 (1.33-1.93)
0.97 (0.81-1.17)
1.01 (0.82-1.23)

1.12 (0.89-1.40)

Hypercholesterolaemia

Family history of CAD

Current smoker
CCTA findings

Segment involvement score 1.18 (1.14-1.22)

0 Reference

1 1.77 (1.35-2.30)
2-3 2.53 (1.99-3.21)
4-5 3.09 (2.26-4.22)
>5 3.68 (2.66-5.09)

Diseased segments

Left main 1.80 (1.41-2.29)
Proximal LAD 2.06 (1.71-2.49)
Proximal RCA 1.98 (1.60-2.50)
Proximal LCX 2.40 (1.92-2.98)

P-value Multivariable HR (95% CI)? P-value

<0.001 1.03 (1.01-1.04) <0.001
0.938
0.003 1.01 (0.98-1.03) 0.506

0.864
0.170
0.284

<0.001 1.59 (1.16-2.18) 0.004
<0.001 1.33 (1.02-1.73) 0.038
0.769
0.945
0.338

<0.001

<0.001 189 (1.32-2.71) 0.001
<0.001 2.48 (1.76-3.47) <0.001
<0.001 2.54 (1.64-3.95) <0.001
<0.001 3.08 (1.98-4.81) <0.001

<0.001
<0.001
<0.001
<0.001

?Adjusted for statin and/or aspirin use and early revascularization. CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LAD, left anterior

descending artery; LCX, left circumflex; LM, left main; RCA, right coronary artery.

testing or extensive follow-up." From a prognostic point of view, it is
known that patients with non-obstructive CAD have a more benign
prognosis than obstructive CAD, but a worse prognosis than patients
without CAD.> Recently, Hoffmann et al® confirmed that patients
with non-obstructive CAD are at risk, since the majority of events
cardiovascular events occur among these patients. In addition, the re-
cent ICONIC (Incident COroNary Syndromes Identified by
Computed Tomography) demonstrated that ~75% of the lesions
that became future acute coronary syndrome culprit lesions were
<50% in stenosis at baseline CCTA.'®

Risk stratification of patients with no vs.
non-obstructive CAD

Absence of CAD on CCTA is associated with excellent long-term
outcomes.> """ However, patients undergoing CCTA usually have
one or more cardiovascular risk factors and the prognostic implica-
tions combined with the CAD burden are uncertain. CCTA is a very
sensitive technique to detect early atherosclerosis. Compared with
histopathology of 322 coronary plaques from 25 human heart speci-
mens, Leschka et al.'® demonstrated that CCTA identified 100% of
more advanced plaques (Stary IV-VIll) and only minimal

atherosclerotic plaques (Grades | and Il) could not reliable be identi-
fied. If risk factors are present, but CAD on CCTA absent, it could be
hypothesized that these patients represent a subgroup less suscep-
tible to the pro-atherosclerotic and thrombogenic effects of risk fac-
tors on the coronary arteries. Indeed, using data from the muilti-
ethnic study of atherosclerosis, Budoff et al?® demonstrated that
asymptomatic individuals without coronary calcium consistently
experienced 10-year MACE rates below the recommended thresh-
old for statin recommendation, irrespective of sex, ethnicity, and age.
We demonstrated that among patients without CAD, risk factors did
not substantially increase 5-year MACE rates. Reducing medication
usage in these patients is likely to improve patient well-being and can
reduce medication side effects.

Non-obstructive CAD was associated with more events and hav-
ing >1 risk factor did provide additional prognostic information be-
yond number of diseased segments. More specifically, independent
prognostic value of hypertension and diabetes was observed while
adjusting for SIS. Diabetes did not associate with MACE in patients
without CAD but only among patients with non-obstructive CAD.
This underscores the prognostic importance of CAD burden by
CCTA, which resembles a summary of life-long exposure to meas-
urable and unmeasurable risk factors for vascular atherosclerosis.
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Predictive value of risk factors and atherosclerosis extent
41 for death, Ml and late revascularization

Hazard ratio
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HR* 1.65 1.36 0.87 1.25 1.41 1.92 2.27 2.57 3.37
(95%Cl) | (1.26-2.16) | (1.08-1.72) | (0.70-1.08) | (0.99-1.58) | (1.08-1.84) (1.41-2.64) | (1.69-3.07) | (1.75-3.76) | (2.31-4.92)

*Adjusted for age and BMI

Figure | Age and body mass index adjusted hazard ratios are provided for cardiovascular risk factors and the segment involvement score sub-
groups showing that the number of coronary segments with plaque provide the strongest prognostic information. BMI, body mass index; MI, myocar-

dial infarction; SIS, segment involvement score.

A normal CCTA identifies a subgroup of patients with a more benign
phenotype of cardiovascular risk factors. On the other hand, non-
obstructive CAD is a marker of more adverse risk factor profile with
secondary disease manifestation. Importantly, more prognostic im-
portance of risk factors in non-obstructive CAD is observed despite
more use of statin, aspirin, beta blocker, and angiotensin-converting
enzyme inhibitor. Hypertension, by an increase in pulse pressure,
and diabetes, by chronic glucose disbalance and systemic inflamma-
tion, result in endothelial dysfunction which facilitates lipids to enter
the blood vessel, initiating the atherosclerotic disease process.
Atherosclerosis manifestation as can be observed with CCTA
‘upgrades’ the severity of diabetes or hypertension. Clinically, this
means that in the presence of CAD, a synergistic effect exists be-
tween risk factors and CAD burden and implies increasing treatment
intensity according to number of risk factors and CAD burden.

The translation of improved risk stratification into more appropri-
ate medical care and subsequently improved outcomes has been
observed in the SCOT-HEART (Scottish Computed Tomography of
the HEART Trial) trial>" In total, 4146 patients with stable chest pain
were randomized to standard care alone or standard care plus
CCTA, and rates of coronary heart disease death or myocardial

infarction were 41% lower in the CCTA arm. This effect has been
explained by the increased use of antiplatelet and statin therapy in
patients with non-obstructive and obstructive disease, and potentially
by revascularization of high-risk CAD.*> The PROMISE (Prospective
Multicenter Imaging Study for Evaluation of Chest Pain) trial random-
ized 10 003 symptomatic patients to CCTA or functional testing.
Although the primary endpoint (death, myocardial infarction, hospi-
talization of unstable angina, or major procedural complications) did
not differ between arms, an endpoint of death and myocardial infarc-

tion was significantly lower in the CCTAarmat 1 year.23

Limitations

The observational design of the study is a limitation since changes in
lifestyle, medical therapy, and revascularization after CCTA may have
influenced the results. As such, the observations of this study are
based on patients who received treatment for their adverse cardio-
vascular risk profile according to local guideline recommendations.
Not all patients had available follow-up information, but the clinical
profile of the missing cohort generally revealed a lower risk for future
events. In contemporary clinical practice, guidelines focus on treat-
ment of risk factors not necessarily the quantity of plaque on CCTA.
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Figure 2 (A) Five-year cumulative MACE-free Kaplan—Meier survival curves among patients without coronary artery disease showing no difference
for absence vs. presence of risk factors. (B) Among patients with non-obstructive CAD, MACE-free survival is worse in the presence of cardiovascu-
lar risk factors. MACE, major adverse cardiac events.

Table 3 Interactions between clinical variables and presence or absence of CAD
No CAD Non-obstructive CAD P-interaction
Univariable HR (95% CI) P-value Univariable HR (95% CI) P-value
Age (years) 1.02 (1.01-1.04) 0.003 1.03 (1.02-1.05) <0.001 0.182
Male gender 0.88 (0.64-1.21) 0.425 0.82 (0.65-1.03) 0.085 0.715
BMI (kg/m?) 1.04 (1.00-1.08) 0.061 1.02 (1.00-1.04) 0.052 0.477
Chest pain symptoms 0.110
No chest pain Reference Reference
Non-anginal 1.39 (0.78-2.47) 0.270 0.87 (0.58-1.31) 0.511
Atypical 0.77 (0.48-1.25) 0.289 0.93 (0.69-1.26) 0.636
Typical 0.80 (0.39-1.65) 0.551 1.67 (1.12-2.49) 0.012
Cardiovascular risk factors
Diabetes 1.07 (0.66-1.73) 0.783 2.35(1.82-3.04) <0.001 0.004
Hypertension 1.61(1.16-2.22) 0.004 1.38 (1.10-1.75) 0.006 0.486
Hypercholesterolaemia 0.83 (0.60-1.16) 0.277 0.87 (0.69-1.08) 0.203 0.807
Family history of CAD 0.92 (0.64-1.32) 0.655 1.10 (0.86—1.40) 0.467 0.447
Current smoker 1.02 (0.67-1.54) 0.939 1.12 (0.85-1.46) 0.428 0.763

CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LAD, left anterior descending artery; LCX, left circumflex; LM, left main; RCA, right coron-

ary artery.

This may have served to enhance the prognostic importance of pla-
que and diminish that of the cardiovascular risk factors. Also, no inde-

pendent committee adjudicated the events, which may have limited
the accuracy of events. Finally, all-cause death instead of cardiac death

was included as an endpoint. More advanced methods for quantifying

both calcific and non-calcific plaque burden are being developed

which may further improve the prognostic information provided

with CCTA.

€202 dUN( ZZ U0 J9sn DNNT / UapIaT JeNSIAIUN Aq 08Y6ELS/6.21/S/1.Z/910Me/BuiBewolye/woo dno-olwapeoe//:sdjy WoJy papeojumod



486

A.R. van Rosendael et al.

Conclusion

Among patients without obstructive CAD, the extent of CAD pro-
vides more prognostic information for MACE than traditional cardio-
vascular risk factors. In absence of CAD, the presence of one or
more risk factors did not increase risk for MACE. In non-obstructive
CAD, the number of diseased segments was predictive, and diabetes
and hypertension were further independently associated with MACE,
suggesting synergistic effects of plaque burden and risk factors.
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Table Al Prognostic value of risk factors and CCTA findings restricted to asymptomatic individuals
Univariable HR P-value Multivariable HR P-value
(95% CI) (95% CI)
Age (years) 1.04 (1.02-1.05) <0.001 1.03 (1.01-1.05) 0.004
Male gender 0.84 (0.59-1.20) 0.332
BMI (kg/m?) 1.05 (1.02-1.07) <0.001 1.04 (1.01-1.06) 0.003
Cardiovascular risk factors
Diabetes 1.52 (0.93-2.48) 0.092 1.08 (0.62-1.90) 0.778
Hypertension 2.20 (1.53-3.16) <0.001 1.63 (1.09-2.43) 0.018
Hypercholesterolaemia 0.74 (0.52-1.06) 0.100
Family history of CAD 0.84 (0.55-1.28 0.838
Current smoker 122 (0.79-1.87) 0.377
CCTA findings
Segment involvement score 1.17 (1.10-1.24) <0.001
0 Reference
1 2.14 (1.27-3.59) 0.004 1.18 (0.84-2.61) 0.177
2-3 3.02 (1.91-4.76) <0.001 2.13 (1.30-3.49) 0.003
4-5 2.26 (1.17-4.35) 0.015 1.44 (0.71-2.90) 0.309
>5 4.29 (2.40-7.67) <0.001 222 (1.17-4.21) 0.015

CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LAD, left anterior descending artery; LCX, left circumflex; LM, left main; RCA, right coron-

ary artery.
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Table A2 Clinical profile and CCTA Leiden score associated with major cardiovascular events

Endpoint death, MI, and late revascularization

Endpoint death and Mi

Univariable P-value Multivariable P-value Univariable P-value Multivariable P-value
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Age (years) 1.03 (1.02-1.04)  <0.001 1.02 (1.01-1.03) 0.002 1.04 (1.03-1.05) <0.001 1.03 (1.01-1.04) <0.001
Male gender 0.91 (0.74-1.12) 0.376 0.90 (0.71-1.14)  0.372
BMI (kg/m?) 1.03 (1.01-1.05) 0.006 1.02 (1.00-1.04) 0.072 1.03 (1.01-1.05)  0.013 1.02 (1.00-1.05)  0.052
Chest pain symptoms 0.033 0.074 0.007 0.012
No chest pain Reference Reference Reference Reference
Non-anginal 1.05 (0.75-1.49) 0.769 1.03 (0.72-1.47) 0.868 1.03 (0.71-1.50)  0.868 0.98 (0.67-1.45)  0.935
Atypical 0.67 (0.50-0.89) 0.006 0.68 (0.50-0.93) 0.014 0.58 (0.42-0.81)  0.001 0.58 (0.41-0.82)  0.002
Typical 0.90 (0.59-1.38) 0.618 0.92 (0.58-1.45) 0.710 0.75 (0.46-124)  0.264 0.69 (0.40-1.20)  0.190
Cardiovascular risk factors
Diabetes 1.56 (1.18-2.05) 0.002 1.45 (1.04-2.02) 0.029 147 (1.07-2.01)  0.016 1.34(0.92-195)  0.131
Hypertension 1.61 (1.30-2.00) <0.001 1.49 (1.13-1.95) 0.005 1.69 (1.33-2.14) <0.001 1.60 (1.18-2.18)  0.003
Hypercholesterolaemia  1.00 (0.81-1.23) 0.973 0.85 (0.67-1.07)  0.172
Family history of CAD  1.00 (0.80-1.26) 0.985 0.97 (0.75-1.25)  0.808
Current smoker 1.16 (0.90-1.50) 0.245 1.17 (0.89-1.56)  0.265
CCTA Leiden score <0.001 <0.001 <0.001 0.009
0 Reference Reference Reference Reference
0-6 1.68 (1.28-2.20)  <0.001 1.55 (1.11-2.16) 0.010 147 (1.09-1.98)  0.012 1.30 (0.90-1.88)  0.161
6-12 2.00 (1.50-2.68) <0.001 1.92 (1.35-2.73)  <0.001 1.90 (1.39-2.60) <0.001 1.64 (1.11-241)  0.012
>12 298 (2.17-4.10)  <0.001 2.64 (1.79-3.90)  <0.001 242 (1.68-3.49) <0.001 1.99 (1.28-3.09)  0.002

Results are given from patients with he CCTA Leiden score available (3186). CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LAD, left
anterior descending artery; LCX, left circumflex; LM, left main; RCA, right coronary artery; M, myocardial infarction.

Table A3 Interactions between clinical variables and presence or absence of CAD
Leiden score =0 Leiden score Leiden score >6 P-interaction
(N =1849) 0-6 (N =656) (N=681)
P-value P-value P-value
Age (years) 1.02 (1.01-1.04) 0.003 1.02 (1.00-1.04)  0.067 1.04 (1.02-1.06) <0.001 0.361
Male gender 0.88 (0.64-1.21) 0.425 0.79 (0.52-1.22)  0.293 0.78 (0.54-1.13) 0.184 0.876
BMI (kg/m?) 1.04 (1.00-1.08) 0.061 1.00 (0.95-1.05)  0.903 1.03 (1.00-1.05) 0.027 0.451
Chest pain symptoms 0.272 0.088 0.102 0.174
No chest pain Reference Reference
Non-anginal 1.39 (0.78-2.47) 0.270 0.48 (0.32-0.97)  0.042 1.49 (0.87-2.56) 0.147
Atypical 0.77 (0.48-1.25) 0.289 0.58 (0.33-1.00)  0.050 0.80 (0.49-1.30) 0.370
Typical 0.80 (0.39-1.65) 0.551 0.86 (0.34-2.16)  0.744 1.64 (0.85-3.14) 0.140
Cardiovascular risk factors
Diabetes 1.07 (0.66-1.73) 0.783 2.24 (1.30-3.86)  0.004 1.89 (1.22-2.94) 0.005 0.104
Hypertension 1.61(1.16-2.22) 0.004 1.52 (0.97-2.39)  0.068 1.34 (0.92-1.94) 0.130 0.766
Hypercholesterolaemia ~ 0.83 (0.60-1.16) 0.277 1.00 (0.65-1.54)  0.995 0.84 (0.58-1.21) 0.335 0.753
Family history of CAD 0.92 (0.64-1.32) 0.655 0.88 (0.54-1.43)  0.603 1.23 (0.84-1.80) 0.277 0.481
Current smoker 1.02 (0.67-1.54) 0.939 0.86 (0.49-1.50)  0.595 1.46 (0.98-2.19) 0.064 0.282

CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LAD, left anterior descending artery; LCX, left circumflex; LM, left main; RCA, right coron-

ary artery.
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