
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(3):1427-1433 | http://dx.doi.org/10.21037/jtd-20-2102

Original Article

Preoperative coronary artery calcifications in veterans predict 
higher all-cause mortality in early-stage lung cancer: a cohort 
study
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Background: Lung cancer patients often have comorbidities that may impact survival. This observational 
cohort study examines whether coronary artery calcifications (CAC) impact all-cause mortality in patients 
with resected stage I non-small cell lung cancer (NSCLC).
Methods: Veterans with stage I NSCLC who underwent resection at a single institution between 2005 and 
2018 were selected from a prospectively collected database. Radiologists blinded to patient outcomes graded CAC 
severity (mild, moderate, or severe) in preoperative CT scans using a visual estimation scoring system. Inter-rater 
reliability was calculated using the kappa statistic. All-cause mortality was the primary outcome. Kaplan-Meier 
survival analysis and Cox proportional hazards regression were used to compare time-to-death by varying CAC.
Results: The Veteran patients (n=195) were predominantly older (median age of 67) male (98%) smokers (96%). 
The majority (68%) were pathologic stage IA. Overall, 12% of patients had no CAC, 27% mild, 26% moderate, 
and 36% severe CAC. Median unadjusted survival was 8.8 years for patients with absent or mild CAC versus 
6.3 years for moderate and 5.9 years for severe CAC (P=0.01). The adjusted hazard ratio for moderate CAC 
was 1.44 (95% CI, 0.85–2.46) and for severe CAC was 1.73 (95% CI, 1.03–2.88; P for trend <0.05).
Conclusions: The presence of severe CAC on preoperative imaging significantly impacted the all-cause 
survival of patients undergoing resection for stage I NSCLC. This impact on mortality should be taken into 
consideration by multidisciplinary teams when making treatment plans for patients with early-stage disease.
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Introduction

Coronary artery calcifications (CAC), a radiographic sign 
of cardiovascular disease (CVD), are well established as 
a robust predictor of all-cause mortality in smokers and 

non-smokers alike (1-8). This is true above and beyond 

traditional cardiovascular risk factors included in the 

Framingham Coronary Heart Disease Risk Score and 

the American College of Cardiology/American Heart 
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Association Pooled Cohort Equations such as smoking, 
cholesterol levels, and blood pressure (6). In one study, 
among patients without any traditional risk factors (current 
cigarette smoking, dyslipidemia, diabetes, hypertension, 
family history of coronary heart disease), increasing CAC 
scores were associated with a 3.00 to 13.38-fold higher all-
cause mortality risk when adjusted for age and sex. Of note, 
patients without any risk factors but with a high CAC score 
(≥400) had a significantly higher all-cause mortality rate 
than patients with multiple risk factors but no CAC (9).

More recently, CAC scores have also been shown to be 
independent predictors of all-cause mortality and of fatal 
and non-fatal cardiac events in several lung cancer screening 
populations, including the National Lung Screening Trial 
(NLST) and the Danish Lung Cancer Screening Trial (10-15). 
As many as half of patients undergoing lung cancer screening 
had CAC incidentally found on computed tomography (CT) 
scans, while fewer than one-third of these patients carried 
a pre-screening diagnosis of CAD (16,17). In the NLST 
population, 50% of deaths were related to cardiovascular 
events, and CAC identified on screening CT scans were 
a very high predictor of major cardiovascular events and 
mortality even without a prior diagnosis of CAD (13,18,19). 
The lung cancer screening population is of interest because 
it constitutes an enriched population of current and former 
smokers in which there is not only the mortality benefit of 
identifying early-stage lung cancer, but also a highly teachable 
moment to intervene on smoking cessation and secondary and 
tertiary CVD prevention alike (20-22). 

Comparatively little attention has been paid towards 
assessing CAC in patients diagnosed with lung cancer, 
despite the fact that this population of predominantly older 
current and former heavy smokers is at least at intermediate 
risk of coronary artery disease (CAD) (10,11,15). Predicting 
major cardiovascular events after lung resection is of critical 
importance (23,24). The prevalence of CAC in patients with 
early-stage lung cancer is just beginning to be explored; one 
small study found almost 90% of patients with lung cancer 
who were screened for CAC were found to have plaques (25). 
Similar to results from screening studies, the majority of lung 
cancer patients identified to have CAC did not carry a pre-
existing diagnosis of CAD, CVD, or peripheral artery disease 
(PAD) (26). This is concerning as patients with a preoperative 
diagnosis of CAD have increased mortality following open 
and minimally invasive lung resections (27-29).  However, 
the direct impact of CAC on mortality in lung cancer patients 
has yet to be determined. The primary objective of our study 

was to investigate whether preoperative CAC independently 
increases all-cause mortality in patients with resected 
pathologic stage I non-small cell lung cancer (NSCLC).

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2102).

Methods
 

Study population

We used a single-institution cohort study design, which was 
comprised of Veterans who underwent surgical resection 
for pathologic stage I NSCLC at the Tennessee Valley 
Healthcare Center (TVHS) Veterans Hospital, a tertiary 
Veterans Affairs (VA) facility in Nashville, TN, over the  
13-year period from 2005 to 2018. Patient demographics 
and clinical covariates were collected from chart review. 
There was no missing data from study participants. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the TVHS Institutional Review Board (registration number 
00005465) and individual consent for this retrospective 
analysis was waived.

Eligibility criteria included patients who underwent 
a lung resection (open or minimally invasive) at TVHS 
during the above dates and had a final pathologic diagnosis 
of stage I NSCLC. Exclusion criteria included a final 
diagnosis of benign disease and the absence of readable 
computed tomography or positron-emission tomography 
(PET)/CT images in the VA medical record. For patients 
who underwent a second lung resection for a separate 
nodule or for a known or suspected recurrence during the 
study period, only the first surgical resection was included, 
and time-to-death was calculated from the initial resection. 

Outcome

The primary outcome was all-cause mortality as determined 
by chart review. Cause-specific mortality data was limited 
only to deaths which occurred in the Veterans Hospital, 
representing a skewed population. As cause-specific 
mortality was available for only a small percentage of the 
study population, all-cause mortality was selected as our 
primary outcome. Secondary outcomes included years 
of follow up and time to death. Years of follow up was 
determined by date of last contact with the Veteran. Loss to 
follow up was censored from our survival analysis.

http://dx.doi.org/10.21037/jtd-20-2102
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Exposure

The exposure of interest was the presence and degree 
of preoperative CAC. Preoperative chest CT or PET/
CT images were reviewed separately by two radiologists, 
with a third radiologist serving as a tiebreaker if needed. 
Radiologists identified the presence and grade (mild, 
moderate, or severe) of CAC as determined using the visual 
estimation method (13). CAC was considered present if any 
coronary calcium was visualized in the right, left main, left 
anterior descending, or left circumflex distribution. CAC 
was considered mild if less than 5% of the total length of 
the coronary arteries were calcified, moderate if 5–20%, 
and severe if greater than 20% by visual estimate. 

This study used the visual estimation method for grading 
CAC on CT scans as described above. CAC are often 
formally calculated using the semi-automated Agatston 
coronary calcium score, which requires a specific quality CT 
scan as well as specialized software (30). However, multiple 
previous reports demonstrate that visual scoring of CAC on 
CT correlates well with semi-automated Agatston scoring and 
is predictive of all-cause and CVD mortality (13,15,31,32). 
Additionally, visual estimation of CAC was recently re-
affirmed as adequate for the lung cancer screening population 
in a joint consensus report from the Society of Cardiovascular 
Computed Tomography and the Society of Thoracic 
Radiology (8). 

Statistical analysis

R Studio software version 0.99.896 were used for all 
statistical analyses. Patient demographics and clinical 
characteristics were summarized using descriptive statistics. 

Kaplan-Meier survival analysis and Cox proportional 
hazards regression were used to compare time-to-death by 
varying CAC after adjusting for patient age and pathologic 
stage.

Results

Table 1 describes the study population. A total of 195 
veterans were found eligible for our study using criteria 
as mentioned above. This determined our sample 
size. As expected in this Veteran cohort, patients were 
predominantly older male smokers, with a median pack-
year history of 60 [interquartile range (IQR), 40–90]. 68% 
of patients had stage IA NSCLC while 32% had stage IB 
NSCLC. The stage distribution did not significantly differ 
by CAC group. Overall, 23 Veterans (12%) had no CAC, 52 
(27%) had mild CAC, 50 (26%) had moderate CAC, and 70 
(36%) had severe CAC. The median time between CT scan 
and surgery was 56 days. Inter-rater reliability between two 
radiologists for grade of CAC was 80%. 

The median follow-up time was 3.5 years;  this 
significantly differed by CAC grade with those with 
severe CAC having a shorter median follow-up time (3.1 
vs. 4.8 years for those with absent or mild CAC.) Table 2 
demonstrates that overall, 50% of patients died during the 
study period and 22% within 2 years of surgery. Survival at 
2 years was 87% for absent/mild CAC, 76% for moderate 
CAC, and 71% for severe CAC, which was not significantly 
different between groups. 

Figure 1 shows the Kaplan-Meier curve for survival by 
grade of CAC. Median unadjusted survival was 8.8 years 
for patients with absent or mild CAC, versus 6.3 years for 

Table 1 Patient characteristics by grade of CAC

Characteristics Total population (n=195) Absent/mild CAC (n=75) Moderate CAC (n=50) Severe CAC (n=70) P value

Median age (IQR) 67 (61, 72) 63 (59, 69) 67 (61, 73) 69 (66, 73) 0.005

Male gender 192 (98%) 72 (97%) 49 (98%) 70 (100%) 0.4

Smokers 189 (96%) 71 (95%) 48 (96%) 70 (100%) 0.1

Median pack-years (IQR) 60 (40, 99) 60 (40, 97) 60 (40,99) 55 (40, 97) 0.31

Median BMI (IQR) 26 (23, 30) 26 (23, 30) 26 (23, 30) 26 (23, 30) 0.8

Pathological 0.6

Stage IA 132 (68%) 48 (64%) 34 (68%) 50 (71%)

Stage IB 63 (32%) 27 (36%) 16 (32%) 20 (29%)

CAC, coronary artery calcification; IQR, interquartile range; BMI, body mass index (kg/m2). 
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moderate CAC and 5.9 years for severe CAC (P=0.01). 
The results of the multivariate Cox proportional hazards 

analysis adjusted for age and pathologic stage are presented 
in Table 3. As compared to patients with absent/mild CAC, 
the hazard ratio for patients with moderate CAC was 1.44 
(95% CI, 0.85–2.46) and for severe CAC was 1.73 (95% CI, 
1.03–2.88; P for trend <0.05). 

Discussion

Patients diagnosed with lung cancer have high-risk 
comorbidities that can impact overall survival. CAC is a 
known risk factor for major cardiac events and death in 
surgical patients, regardless of prior diagnosis of CAD or 
CVD (1-8). While studies have analyzed the impact of 
CAC on mortality in lung cancer screening patients, the 
impact on surgically resectable lung cancer patients has not 
been determined (10-15). This study evaluated the impact 
of CAC identified on preoperative CT scans on all-cause 
mortality in stage I NSCLC surgical patients. We found 
that patients with severe CAC were significantly more likely 

to die than patients with absent or mild CAC, even when 
controlling for age of the patient and stage of NSCLC. 
Patients with severe CAC survived nearly 2 years less than 
patients with mild or absent CAC (median of 5.9 years after 
surgery) and were 1.7 times more likely to die within the 
study period. 

In light of these findings, it would be unwise for surgeons 
and other clinicians to disregard an incidental finding of 
CAC in lung cancer patients. As of 2016, the American 
College of Radiology mandates the reporting of moderate 
or severe CAC in their National Lung Cancer Screening 
Registry (8). In a population similar to ours, a large 
proportion of patients (62% of our patients had moderate/
severe CAC) may present with this finding. In terms of 
generalizability, our study population exhibited typical 
characteristics of a Veteran cohort; older, male smokers. 

Additionally, the diagnosis of cancer has been shown 
to be associated with the development of CAC even 
after taking traditional CVD risk factors into account, 
particularly in women (33,34). 

Unfortunately, CAC grade is not currently incorporated 
into common preoperative risk assessment scales. Current 
practice prior to lung resection includes calculation of 

Table 2 Patient outcomes by grade of CAC

Outcome Total population (n=195) Absent/mild CAC (n=75) Moderate CAC (n=50) Severe CAC (n=70) P value

Median follow-up years (IQR) 3.5 (1.7, 7) 4.8 (2.1, 8.7) 4.0 (1.9, 6.7) 3.1 (1.3, 5.3) 0.001

Median time-to-death years (IQR) 2.3 (1.1, 6.1) 2.8 (1.8, 6.6) 2.6 (0.8, 6.1) 1.6 (0.9, 5.5) 0.4

Deaths at 2 years 42 (22%) 10 (13%) 12 (24%) 20 (29%) 0.2

CAC, coronary artery calcification; IQR, interquartile range.
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Figure 1 Kaplan-Meier curve for overall survival by grade of CAC. 
CAC, coronary artery calcification. 

Table 3 Results of multivariate Cox proportional hazard analysis 

Covariate Hazard ratio (95% CI) P value

Age (per year) 1.02 (1.0–1.05) 0.09

Stage 0.8

IA Ref

IB 1.04 (0.68–1.60)

CAC 0.03

Absent/mild Ref

Moderate 1.44 (0.85–2.46)

Severe 1.73 (1.03–2.88)

CAC, coronary artery calcification. 
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the thoracic revised cardiac risk index (ThRCRI), which 
predicts absolute and relative cardiovascular risk after major 
lung resection, and gives 1.5 points out of a total 5.5 points 
for a history of CAD or congestive heart failure but does not 
include CAC presence or grade (35). Similarly, the Veterans 
Affairs Surgical Quality Improvement Program (VASQIP) 
risk calculator, used before all VA surgeries, does not 
include the presence or degree of CAC in its assessment (36). 
Thoracic surgeons and multidisciplinary teams should work 
to include CAC in a systematic way in risk stratification or 
as part of the shared decision-making process in NSCLC, 
as CAC can significantly impact mortality even in early-
stage, resectable lung cancers and could alter patients’ goals 
of care and treatment plans.

Limitations of our study include its single-center 
design and small sample size (n=195), which limited 
the ability to perform an analysis adjusting for smoking 
exposure, pulmonary function, R0/R1 surgical resection, 
other variables in the models, as well as other risk factors 
for death among lung cancer patients. This limited 
adjustment analysis may falsely relate CAC to mortality. 
However, previous studies, including the NELSON trial 
in lung cancer screening participants, have established the 
predictive contribution of CAC even after adjusting for 
smoking pack-years (14). Because of a lack of cause-specific 
mortality data, our outcome was all-cause mortality, and 
thus an unknown proportion of deaths may have been due 
to cancer or causes other than CAD. Finally, the quality of 
chest CT imaging varied by patient, and radiologic studies 
were not originally performed for the purpose of evaluating 
CAC, which limits our ability to accurately detect and grade 
CAC. However, multiple recent studies have demonstrated 
that CT scans done for other indications can be adequate 
for assessment of CAC, in particular low-dose screening 
CT scans for lung cancer (37,38). 

Conclusions

In conclusion, the presence of severe CAC on preoperative 
imaging significantly impacted the all-cause survival of 
patients undergoing resection for stage I NSCLC. This 
impact on mortality should be taken into consideration by 
multidisciplinary teams when making treatment plans for 
patients with early-stage disease. Further work is needed to 
determine how the presence and degree of CAC impacts 
more diverse populations and in other stages of NSLC, 
and how to incorporate this information into preoperative 
shared decision-making discussions with patients.
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