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                        ORIGINAL ARTICLE    

 Coronary artery calcifi cation detected in lung cancer screening 
predicts cardiovascular death      

    THOMAS     RASMUSSEN  1  ,       LARS     K Ø BER  1  ,       JAWDAT     ABDULLA  3  ,       JESPER HOLST
    PEDERSEN  4  ,       MATHILDE MARIE WINKLER     WILLE  5  ,       ASGER     DIRKSEN  5   
  &         KLAUS FUGLSANG     KOFOED  1,2    

  1 Department of Cardiology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark,   2 Department of Radiology, 
Rigshospitalet, University of Copenhagen, Copenhagen, Denmark,  3 Division of Cardiology, Department of Medicine, 
Glostrup Hospital, Glostrup, Denmark,  4 Department of Thoracic Surgery, Rigshospitalet, University of Copenhagen, 
Copenhagen, Denmark, and  5  Department of Pulmonary Medicine, Gentofte Hospital, University of Copenhagen, 
Gentofte, Denmark                             

  Abstract 
  Objectives . It remains unknown whether non-electrocardiogram-gated coronary artery calcium (CAC) score in lung cancer 
screening provides incremental prognostic value. The aim of this study was to evaluate the prognostic value of CAC in the 
Danish Lung Cancer Screening Trial (DLCST), in addition to conducting a systematic review and meta-analysis including 
previously published studies regarding CAC in lung cancer screening.  Design . In DLCST, we measured Agatston CAC 
scores in 1,945 current and former smokers. Causes of death were extracted from the Danish National Death Registry. We 
used Cox proportional hazards model to determine hazard ratios (HRs) of CAC scores. A weighted fi xed-effects model 
was used for the meta-analysis.  Results . Median follow-up in DLCST was 7.1 years, and 55% were men. Overall survival 
rates associated with CAC scores of 0, 1 – 400, and    �    400 were 98%, 96%, and 92% ( p   �  0.001), respectively. Adjusted HR 
of cardiovascular death associated with CAC  � 400 was 3.8 (1.0 – 15) ( p   �    0.05). The meta-analysis included 28,045 asymp-
tomatic participants. A high non-gated CAC score was associated with fatal or non-fatal cardiovascular events ( p   �    0.0001). 
 Conclusion . Assessment of non-electrocardiogram-gated CAC in lung cancer screening programs is a robust prognostic 
measure of fatal or non-fatal cardiovascular events in current and former smokers independent of traditional cardiovascu-
lar risk factors.  

  Key words:   atherosclerosis  ,   coronary artery calcium score  ,   lung cancer screening  ,   smoking  

  Abbreviations:   ACCF: The American College of Cardiology Foundation; AHA: The American Heart Association; 
BMI: Body mass index; CABG: Coronary artery bypass graft; CAC: Coronary artery calcium; CAD: Coronary 
artery disease; COPD: Chronic obstructive pulmonary disease; DLCST: The Danish Lung Cancer Screening 
Trial; ECG: Electrocardiogram; FEV 1 : Forced expiratory volume in fi rst second; FVC: Forced vital capacity; 
GOLD: Global Initiative for Chronic Obstructive Lung Disease; ICD: International Classifi cation of Disease; 
MDCT: Multidetector computed tomography; MI: Myocardial infarction; NCBI: National Center for 
Biotechnology Information; PCI: Percutaneous coronary intervention   

  Introduction 

 Smoking is associated with the development of 
coronary artery disease (CAD), chronic obstructive 
pulmonary disease (COPD), and lung cancer. The 
Danish Lung Cancer Screening Trial (DLCST) 
(1), to which this study is a part of, is one of the 

lung cancer multidetector computed tomography 
(MDCT) screening trials among smokers that are 
currently aiming to reduce lung-cancer-related mor-
tality and morbidity. While atherosclerotic disease 
accounts for substantial amounts of deaths and dis-
ability in these high-risk patient populations, it is of 
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substantial clinical interest that these lung cancer 
screening trials might permit the concomitant 
evaluation of both lung disease and atherosclerotic 
disease (2). 

 The extent of coronary artery calcium (CAC) 
deposit measured by MDCT and the Agatston scor-
ing method (3) is a marker of total atherosclerotic 
plaque burden (4) in the coronary arteries and an 
independent predictor of future cardiovascular events 
(5 – 7). The assessment of CAC with MDCT is ideally 
performed with electrocardiogram (ECG) synchro-
nization and under beta-blocker administration to 
reduce heart rate and thus motion artifacts. Yet, this 
approach is time consuming and more complex than 
the type of chest CT used in lung cancer screening. 
The evaluation of subclinical atherosclerosis in the 
settings of lung cancer screening trials (i.e., non-
ECG-gated and without beta-blocker administra-
tion) is still in the early phase and it remains unknown 
to what extent this method provides incremental 
prognostic value. 

 The aim of this study was to evaluate the prog-
nostic value of non-ECG-gated MDCT CAC mea-
surements in the DLCST in addition to conducting 
a systematic review and meta-analysis including 
DLCST data and previously published studies 
regarding the prognostic value of CAC measured in 
MDCT lung cancer screening programs.   

 Methods  

 Danish Lung Cancer Screening Trial  

  Study population and design . Participants for the 
CAC outcome study were recruited from DLCST 
(www.ClinicalTrials.gov, registration number: NCT
00496977), a randomized controlled trial conducted 
between 2004 and 2010 (1). Participants in the 
DLCST volunteered in response to local media 
advertisements. Current and former smokers aged 
50 – 70 years with at least 20 pack-years and forced 
expiratory volume in fi rst second (FEV 1 ) of more 
than 30% of predicted value were included. Partici-
pants with body weight above 130 kg, previous treat-
ment for any kind of cancer within 5 years, 
tuberculosis within 2 years, and any serious illness 
with life expectancy less than 10 years were excluded. 
The study was approved by the National Ethics 
Committee of Denmark (identifi cation no. H-KA-
02045, supplementary protocol 20148) and all par-
ticipants gave written informed consent. Overall, 
4104 long-term smokers were randomized to either 
5 annual MDCT screenings or no screening. 

 In this DLCST substudy, participants who under-
went MDCT at DLCST study inclusion ( n     �    2052) 
were included. Participants with implanted cardiac 

pacemaker or identifi ed with clinically manifested 
CAD defi ned as  “ previous coronary artery bypass 
graft (CABG) surgery, percutaneous coronary inter-
vention (PCI), or myocardial infarction (MI) ”  at 
entry were excluded ( n     �    41). Participants with 
angina pectoris by Rose Angina Questionnaire (8) 
( n     �    46), poor MDCT image quality, or missing 
image slices ( n     �    20) were excluded. Overall, 1945 
participants were included.   

  Data acquisition.  All CT scans were performed in a 
single institution with a 16-row Philips Mx8000 
MDCT scanner, Philips Medical Systems, Eind-
hoven, the Netherlands. A detailed description of the 
scan technique has previously been published (9). 
In brief, scans were performed in supine position 
after full inspiration in caudocranial scan direction 
including the entire rib cage and upper abdomen 
with a low-dose technique, at 120 kV and 40 mAs. 
Scans were performed with spiral data acquisition 
with the following parameters: section collimation, 
16    �    0.75 mm; pitch, 1.5; and rotation time, 0.5 s. 
The obtained data were reconstructed with a section 
width of 3 mm and a soft kernel algorithm. All image 
data were stored in DICOM format. 

 CAC was assessed using Vitrea V6.0 (Vital Images 
Inc., Minnesota, USA) and the Agatston scoring 
method (3). The method has previously been 
described in detail (9). CAC scores at study inclu-
sion were categorized into very-low-, low – moderate-, 
and high-risk groups according to CAC score 
(0, 1 – 400, and     �    400, respectively) as suggested by 
American College of Cardiology Foundation/Ameri-
can Heart Association or ACCF/AHA (10). For the 
meta-analysis, low and high CAC scores in DLCST 
were defi ned as  “ CAC scores    �    400 and    �    400, ”  
respectively. 

 Clinical characteristics regarding smoking status, 
family history of premature coronary heart disease, 
and medical treatment for diabetes, hypertension, or 
hypercholesterolemia were collected at inclusion as 
previously defi ned and described (9). 

 Furthermore, spirometry was performed accord-
ing to recommendations by the European Respiratory 
Society (11), as previously described (9). Measure-
ments included FEV 1 , forced vital capacity (FVC), 
and the ratio of FEV 1 /FVC; severity of COPD was 
defi ned and classifi ed according to the Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) 
criteria (12).   

 Mortality data.   All participants were followed up 
as part of the lung cancer screening protocol and 
mortality data were extracted from the Danish 
National Death Registry. Deaths were catego-
rized into all-cause mortality and cardiovascular 
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mortality. Cardiovascular mortality was defi ned as 
 “ International Classifi cation of Disease or ICD-10 
codes I00-99 as the underlying or contributing cause 
of death. ”  Median follow-up was 7.1 years.    

 Systematic literature review and meta-analysis 

 We conducted a systematic literature search of pub-
lished studies regarding CAC outcome in lung can-
cer screening. We searched the National Center for 
Biotechnology Information (NCBI) website (pubmed.
gov) using the keywords  “ coronary artery calcium, ”  
 “ low-dose CT, ”  and  “ lung cancer. ”  The search was 
ended in February 2014. To be included in the meta-
analysis, studies should provide extractable outcome 
frequencies in high versus low CAC score groups. 
Authors were contacted in case of insuffi ciently 
published data. Event data were not extractable or 
suitable for inclusion in two studies (13,14). In two 
other studies (15,16), event data in CAC groups 
were not directly extractable and were presented as 
percentages in a case cohort and in a subcohort, 
where we were able to extrapolate frequencies to rep-
resent the full event-free cohort and the case 
cohort. 

 Among previous and ongoing lung cancer screen-
ing trials (17 – 26), we found six studies regarding 
non-gated MDCT CAC and clinical outcome. 
Additionally, we found one study in a clinical care pop-
ulation that was comparable to the above-mentioned 
lung cancer screening trials regarding non-gated 
CAC outcome. There were three studies from the 
NEederlands-Leuvens Longkanker Screenings 
Onderzoek (NELSON) study (14,16,27), in which 
only one could be included in the meta-analysis 
while two were excluded — one in which CAC was 
classifi ed in interquartile ranges and one with mainly 
male participants. Furthermore, one study focusing 
on the prognostic value of detectable versus non-
detectable CAC was excluded. Consequently, includ-
ing DLCST, fi ve studies were included in the 
meta-analysis (Table I) (1,15,16,28,29). The total 
number of participants in the meta-analysis was 
28.045 with a mean follow-up period ranging from 
18 to 85 months. In total, there were 616 fatal or 
non-fatal cardiovascular events. No participants in 
the included studies had a history or symptoms of 
cardiovascular disease before CT examination.   

 Statistical analysis 

 Categorical variables were expressed as percent-
ages, and continuous variables were reported as 
medians and interquartile ranges. Differences in 
baseline characteristics between groups were asse-
ssed with the chi-square test for discrete variables 

and Kruskal – Wallis test for continuous variables. 
All-cause survival was illustrated with Kaplan – Meier 
survival curves. Curves were compared for differ-
ences with the log-rank test. Cox proportional hazard 
test was used to compute unadjusted and adjusted 
CAC score group hazard ratios (HRs). Besides CAC 
score groups, the adjusted Cox regression model 
included gender, age, current smoking, hypertension, 
hypercholesterolemia, and diabetes. To secure that 
the Cox hazards assumptions were satisfi ed, the haz-
ard function was tested to secure proportionality over 
time. Additionally, variables in the Cox regression 
model were tested to secure linearity and no interac-
tions were found. A two-tailed  p  value    �    0.05 was 
considered statistically signifi cant. Statistical analy-
ses were performed using SAS   ®    for Windows, version 
9.1 (SAS institute, Cary, North Carolina). 

 Regarding the meta-analysis, the reported num-
bers of events in high versus low CAC score groups 
were pooled together providing the odds ratio (OR) 
with 95% confi dence interval (CI). We used a 
weighted fi xed effects model for data combination 
when the data were homogeneous. Heterogeneity 
was tested using Chi 2  method and I 2  statistic. The I 2  
(measured as 0 – 100%) indicates the percentage of 
variation in the study results attributed to between-
study heterogeneity rather than sampling error. 
A value of I 2  of     �   20% was considered signifi cant. 
Meta-analysis package of the statistic software pro-
gram STATA version 12 (STATA Corporation, 
Lakeway Drive, College Station, TX, USA) was used 
for meta-analysis.    

 Results  

 Danish Lung Cancer Screening Trial  

  Characteristics of participants . Baseline characteristics 
of the included population are given in Table II. Men 
were slightly older than women and had slightly 
higher body mass index (BMI) and more pack-years 
than women. Additionally, men had a little higher 
frequency of diabetes. Furthermore, men had higher 
CAC scores.   

  CAC score and outcome.  Characteristics of partici-
pants who died from cardiovascular causes are given 
in Table III. Participants who died from cardiovascu-
lar causes had higher number of pack-years and 
higher frequencies of diabetes and hypercholester-
olemia compared with participants who survived or 
died from non-cardiovascular causes. Additionally, 
they had signifi cantly higher CAC scores at baseline. 
Furthermore, both participants who died from car-
diovascular and non-cardiovascular causes had higher 
frequency of hypertension. 
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 All-cause mortality according to CAC group 
(0, 1 – 400, and     �    400) is illustrated in Figure 1. 
There were a total of 72 deaths. Participants with 
CAC scores of 1 – 400 and     �   400 had signifi cantly 
higher all-cause mortality rates than participants 
with a CAC score of 0 (log-rank     �    0.001). Cox 
HRs associated with CAC scores of 1 – 400 
and     �    400 are given in Table IV. CAC scores of 
1 – 400 and     �    400 were associated with unadjusted 
HRs of 2.1 (1.3 – 3.6) and 3.4 (1.6 – 7.2), respec-
tively, compared with a CAC score of 0, while 

adjusted for gender, age, smoking, hypertension, 
hypercholesterolemia, and diabetes HRs were 1.7 
(1.0 – 2.9) and 2.1 (1.0 – 4.8) ( p     �    0.06 for both), 
respectively. 

 In total, there were 19 cardiovascular deaths. 
Unadjusted Cox HRs of cardiovascular mortality 
associated with CAC scores of 1 – 400 and     �    400 
were 2.4 (0.8 – 7.6) and 8.3 (2.4 – 29) compared with 
a CAC score of 0, while CAC scores of 1 – 400 
and     �    400 adjusted for gender, age, smoking, hyper-
tension, hypercholesterolemia, and diabetes were 

  Table II. Summary of clinical characteristics in the DLCST.  

Overall 
( N     �    1945)

Men 
( N     �    1075)

Women 
( N     �    870)  P  value * 

Age, years 57 (53 – 61) 58 (54 – 61) 57 (53 – 60)  �    0.0001
BMI, kg/m 2 25 (23 – 27) 25 (23 – 28) 24 (22 – 27)  �    0.0001
Medical treatment of

Hypertension,  N  (%) 270 (14%) 138 (13%) 132 (15%) 0.14
Hypercholesterolemia,  N  (%) 138 (7%) 87 (8%) 51 (6%) 0.06
Diabetes,  N  (%) 34 (2%) 26 (2%) 8 (1%)  �    0.05

Previous stroke,  N  (%) 32 (2%) 23 (2%) 9 (1%) 0.06
Current smoking,  N  (%) 1468 (76%) 813 (76%) 655 (75%) 0.86
Pack-years,  N  (years) 34 (27 – 42) 36 (29 – 45) 31 (26 – 39)  �    0.0001
Lung function

No COPD,  N  (%) 1109 (57%) 614 (57%) 495 (57%)
Mild COPD,  N  (%) 549 (28%) 310 (29%) 239 (28%) 0.60
Moderate – severe COPD,  N  (%) 286 (15%) 151 (14%) 135 (16%)

CAC score 0,  N  (%) 1035 (53%) 431 (40%) 604 (69%)  �    0.0001
CAC score    �    400 (%) 132 (7%) 105 (10%) 27 (3%)  �    0.0001
Median Agatston CAC score 0 (0 – 50) 9 (0 – 107) 0 (0 – 5)  �    0.0001
Follow-up (years) 7.1 (6.8 – 7.5) 7.1 (6.8 – 7.5) 7.2 (6.8 – 7.5) 0.17

 BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAC, Coronary Artery 
Calcium.   

  Table III. Clinical characteristics of participants in the DLCST, who were alive or died from 
cardiovascular and non-cardiovascular causes.  

Alive 
 (N     �    1873)

Cardiovascular 
death ( N     �    19)

Non-cardiovascular 
death ( N     �    53)

Male sex,  N  (%) 1027 (55%) 17 (89%) 31 (58%)
Age, years 57 (53 – 61) 57 (53 – 61) 60 (56 – 63)
BMI, kg/m 2 25 (23 – 27) 25 (23 – 27) 26 (23 – 29)
Medical treatment of

Hypertension,  N  (%) 252 (13%) 5 (26%) 13 (25%)
Hypercholesterolemia,  N  (%) 130 (7%) 3 (16%) 5 (9%)
Diabetes,  N  (%) 31 (2%) 2 (11%) 1 (2%)

Previous stroke,  N  (%) 29 (2%) 1 (5%) 2 (4%)
Current smoking,  N  (%) 1410 (75%) 15 (79%) 43 (19%)
Pack-years (years) 34 (27 – 42) 42 (31 – 68) 37 (29 – 45)
Lung function

No COPD,  N  (%) 1066 (57%) 16 (84%) 27 (49%)
Mild COPD,  N  (%) 532 (28%) 1 (5%) 16 (30%)
Moderate – severe COPD,  N  (%) 274 (15%) 2 (11%) 10 (21%)

CAC score    �    0,  N  (%) 1011 (54%) 5 (26%) 19 (36%)
CAC score    �    400,  N  (%) 122 (7%) 5 (26%) 5 (9%)
Median Agatston CAC score 0 (0 – 48) 68 (0 – 501) 16 (0 – 68)

 BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAC, Coronary Artery 
Calcium.   
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associated with HRs of 1.6 (0.5 – 4.9) ( p     �    0.43) and 
3.8 (1.0 – 15) ( p     �    0.05), respectively.    

 Meta-analysis 

 The meta-analysis of outcome of included studies is 
shown in Figure 2. A high non-gated MDCT CAC 
score was signifi cantly associated with fatal or non-
fatal cardiovascular events (unstable angina pectoris, 
acute MI, CABG, and PCI) [OR (95% CI): 3.3 
(2.8 – 4.0)].    

 Discussion 

 In the DLCST, an Agatston CAC score of     � 400 was 
associated with an adjusted HR of cardiovascular 
death of 3.8 (1.0 – 15) ( p     �    0.05) compared with a 

CAC score of 0. This fi nding corresponds well with 
the value of 5.8 (CAC    �    400 – 699 vs. CAC    �    0) 
reported by Budoff et   al. using classical electron 
beam CT imaging ( N     �    25.253) (6). The correspon-
dence between ECG-gated and non-ECG-gated 
CAC score prediction of outcome is further sup-
ported by comparable CAC score values provided by 
 “ state-of-the-art ”  ECG-gated and non-gated CAC 
score measurements (30 – 32). 

 The results of the DLCST study are in accor-
dance with previous prognostic studies regarding 
non-gated CAC. In a large case – control study from 
the NELSON trial by Jacobs et   al. (Table I) (16,27), 
there were a total of 56 all-cause deaths and 61 fatal 
and non-fatal cardiac events during the follow-up 
period. Adjusting for sex, age, smoking, hyperten-
sion, diabetes, and hypercholesterolemia, CAC was 
found to be signifi cantly associated with all-cause 
mortality and fatal and non-fatal cardiac events. 
Thus, in spite of a relative short follow-up period of 
21.5 months, the total number of fatal and non-fatal 
cardiac events was enough to show statistical signifi -
cance. Mets et   al. (14) also studied participants, pri-
marily men, from the NELSON study. CAC volume 
measured in mm 3  was signifi cantly associated with 
fatal or non-fatal cardiac events which corroborate 
results from DLCST, although differing in the inclu-
sion of participants with known CAD. This inclusion 
poses a relative problem because the CAC measures 
in the presence of coronary artery stents or coronary 
artery bypass clips produce relatively higher CAC 
results than in their absence. While, in DLCST, 
the follow-up period was relatively long in compari-
son to the above studies, only mortality events were 
measured in a smaller population than in the 

  Table IV. Mortality rate in addition to unadjusted and adjusted Cox regression HRs according to CAC score 
category in the DLCST.  

CAC score    �    0 
( N     �    1035)

CAC score    �    1 – 400 
( N     �    778)

CAC score    �    400 
( N     �    132)  P  value

All-cause mortality rate,  N  (%) 24 (2%) 32 (4%) 10 (8%)  �    0.001 * 
Cardiovascular mortality rate, 

 N  (%)
5 (0%) 9 (1%) 5 (4%)  �    0.01 * 

Unadjusted Cox HR — all-cause 
(95%CI)

1 2.1 (1.3 – 3.6) 3.4 (1.6 – 7.2)  �    0.01  α  β  

Adjusted Cox HR — all-cause 
(95%CI)  §  

1 1.7 (1.0 – 2.9) 2.1 (1.0 – 4.8) 0.06   α  β  

Unadjusted Cox HR —
 cardiovascular (95%CI)

1 2.4 (0.8 – 7.6) 8.3 (2.4 – 29) 0.11  α  

   �    0.001  β  
Adjusted Cox HR —

 cardiovascular (95%CI)  §  
1 1.6 (0.5 – 4.9) 3.8 (1.0 – 15) 0.43  α  

   �    0.05  β  

 CAC, coronary artery calcium; HR, hazard ratio; 95%CI, 95% confi dence interval.   
  * Chi-Square test.   
  § Cox regression model adjusted for gender, age, smoking, hypertension, hypercholesterolemia, and diabetes.   
   α  p -value for CAC    �    1 – 400;  β p-value for CAC    �    400;  αβ p-value for CAC    �    1 – 400 and CAC    �    400 . 

  Figure 1.     Kaplan – Meier survival curves in the DLCST for all-
cause mortality according to CAC category (log-rank    �    0.001).  
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NELSON study (16,27), thus counting fewer events. 
Nevertheless, the results corroborate those from 
DLCST. 

 In another large study, the PROgnostic Value of 
unrequested Information in Diagnostic Imaging 
(PROVIDI) study,  Jacobs et   al. (15) (Table I) stud-
ied a clinical care population in a case-cohort study. 
Although representing a clinical care population, the 
study was comparable to the lung cancer screening 
trials regarding non-ECG-gated CAC score predic-
tion of outcome. During the follow-up period there 
were 310 cardiac events and 128 non-cardiac events. 
Although CAC was only measured semiquantita-
tively rather than more precisely with the Agatston 
CAC score and the relatively short follow-up period 
of 17.8 months, CAC was predictive of both cardiac 
and non-cardiac events corresponding with the fi nd-
ings in DLCST. 

 Although limited by the use of a single-slice 
MDCT scanner with a slice thickness of 10 mm, 
Itani et   al. (13) studied a large lung cancer screening 
population. Due to the low scan quality, this study 
was limited only to examine the association between 
the detection versus no detection of CAC rather than 
a stratifi cation of CAC scores in the prediction of 
outcome. During the follow-up period, there were 
14 cardiac and 64 non-cardiac deaths. CAC was 
detected in 10 of 14 (71%) participants who died 
from cardiac causes and 31 of 64 (48%) participants 
who died from non-cardiac causes. Despite the 
above-mentioned limitations, the detection of CAC 
tended to predict cardiac mortality corresponding 
with the fi ndings in DLCST. 

 In the large International Early Lung Cancer 
Action Program (I-ELCAP) study which also pro-
vided a long follow-up, Shemesh et   al. (28) studied 
the association between visually scored CAC (as in 
the PROVIDI study) and cardiovascular mortality 

(Table I). During the follow-up period, there were 
192 cardiovascular deaths and visual CAC was found 
to be an independent predictor of cardiovascular 
death. 

 In one study, although limited by a rather small 
number of participants, Sverzellati et   al. (29) studied 
participants from the Multicentric Italian Lung 
Detection (MILD) study (Table I). The Agatston 
CAC score was measured in non-standard 5-mm 
slices, referred to as modifi ed CAC (mCAC). During 
the follow-up period, there were 33 cardiovascular 
events and 14 deaths of which 2 were related to car-
diac causes. Despite the small number of participants 
and relative short follow-up, a mCAC of     �    400 was 
an independent predictor of both cardiovascular 
events and all-cause mortality. 

 As it appears above and in Table I, studies regard-
ing prognostic performance were highly heteroge-
neous in MDCT scanners used, MDCT scan 
protocol, population composition, and method of 
measuring CAC. Nonetheless, despite these hetero-
geneities, the meta-analysis of the DLCST by 
Jacobs et   al., (15,16) Shemesh et   al., (28) and 
Sverzellati et   al. (29) showed a signifi cant association 
between a high non-ECG-gated CAC and fatal or 
non-fatal cardiovascular events in current and former 
smokers in the setting of lung cancer screening [OR: 
3.3 (2.8 – 4.0)], which is furthermore in agreement 
with  “ gold standard ”  ECG-gated fi ndings (6). 

 The fi ndings of this study highly support the use-
fulness of CAC detection and quantifi cation in non-
ECG-synchronized lung cancer MDCT screening to 
identify subjects in high risk of cardiovascular events. 
It is therefore highly recommended that CAC is 
evaluated in these high-risk populations screened for 
lung cancer to designate subjects who might benefi t 
from preventive medical treatment to potentially 
decrease cardiovascular morbidity and mortality.   

  Figure 2.     Meta-analysis of published studies including data from the DLCST. Please notice that the defi nitions of low and high CAC were 
different in different studies, refer to Table I.  
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 Limitations 

 The inclusion of participants in response to adver-
tisements in the written media in the DLCST con-
stituted a bias for selection that favored the more 
enlightened and possibly less sick smokers (33). Our 
study is limited to be representative only for current 
or former long-term smokers, while never smokers 
and smokers with less than 20 pack-years were not 
included. Furthermore, blood pressure and blood 
cholesterols were not measured at baseline. Conse-
quently, only people with known hypercholester-
olemia and hypertension were selected to represent 
these two groups, rather than both participants with 
known and unknown diseases. Data about arrhyth-
mias and heart rate during CT were not available. 
Additionally, our study was limited to report HRs of 
mortality rather than a composite of fatal and non-
fatal events. 

 An Agatston CAC score threshold of 400 was 
considered a cutoff in DLCST to distinguish between 
severe and non-severe CAD (34). While non-severe 
CAC was stratifi ed into a no detectable CAC group 
and a detectable non-severe CAC group, we were not 
able to further stratify all-cause or cardiovascular 
mortality according to more CAC score categories 
because of the relatively small number of events. 

 Data from two case – control studies in the meta-
analysis were extrapolated to represent the complete 
cohorts rather than representing exact data.   

 Conclusion 

 Assessment of non-ECG-gated CAC in lung cancer 
screening programs is a robust prognostic measure 
of fatal or non-fatal cardiovascular events in current 
and former smokers independent of traditional car-
diovascular risk factors.                 
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