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Abstract

:

(1) Background: Lung cancer screening (LCS) consists of low-dose computed tomography (LDCT) results to reduce lung cancer-related mortality. The LCS program has a unique opportunity to impact CVD mortality by providing tools for CVD risk assessment and implementing preventative strategies. In this study, we estimated standardized CVD risk (SCORE) and assessed the prevalence of coronary artery calcium (CAC) in a Polish LCS cohort. (2) Methods: In this observational study, 494 LCS participants aged 50–79 years with a cigarette smoking history of at least 30 pack-years were included. Medical history, anthropometric measurements, blood pressure measurements, serum glucose, and cholesterol levels were assessed in one visit. CVD risk assessment using SCORE tables was performed. The results were compared to the general population (NATPOL 2011 study). On LDCT scans, CAC was classified using an Ordinal Score ranging from 0 to 12. (3) Results: The prevalence of classic cardiovascular risk factors was very high. Among study participants, 83.7% of men and 40.7% of women were classified with a very high CVD SCORE risk (>10%). CAC was reported in 190 (47%) participants. Calcification was categorized as severe (CAC ≥ 4) in 84 (21%) participants. (4) Conclusions: Due to the high cardiovascular risk, intensive preventive strategies are recommended for LCS participants.
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1. Introduction


Tobacco dependence is a significant social and health problem caused by the pharmacological effects of nicotine [1]. Smoking is known to be a severe risk factor for many heterogeneous diseases. Smoking is the leading cause of lung cancer and chronic obstructive pulmonary disease (COPD). It also significantly increases the risk of cardiovascular disease (CVD). According to a WHO report [2], these three diseases are the leading causes of noncommunicable diseases and deaths worldwide [3]. However, they are preventable. In the USA [4], (National Lung Screening Trial, NLST) and Europe [5,6,7] (NELSON, UKLS, and MILD studies), effective attempts have been made to significantly reduce all-cause mortality and lung cancer-related mortality in current and former smokers using low-dose computed tomography (LDCT) screening. In 2013, in response to an NLST study, the US Preventive Services Task Force recommended lung cancer screening (LCS) using low-dose computed tomography [8]. Several years later, similar recommendations have also been developed in Europe [9,10]. Despite the obvious benefits, implementing lung cancer screening is a complex organizational and economical task. It may pose a significant financial burden on healthcare systems. Furthermore, patients who qualify for lung cancer screening programs may also be characterized by a high prevalence of other smoking-related diseases [11]. High exposure to tobacco in the LCS population can significantly increase the risk of cardiovascular comorbidities (acute coronary syndrome, stroke). LCS presents a unique opportunity to evaluate cardiovascular status using classic cardiovascular risk factors assessment (SCORE) and additional information from chest LDCT images, such as Coronary Artery Calcification (CAC). CAC has been shown to predict cardiovascular events and death [12,13] and can be used as another accurate indicator for identifying patients at high cardiovascular risk. In this group, conducting lung cancer screening and preventing cardiovascular diseases simultaneously appears justified [14]. Implementing preventive actions may also enhance the health significance and cost-effectiveness of LCS. However, cardiovascular risk varies significantly between different populations and countries. There is a lack of studies in the LCS population for precisely determining cardiovascular risk. In this study, we assessed classic cardiovascular risk factors and coronary artery calcifications using LDCT in a Polish cohort participating in lung cancer screening.




2. Materials and Methods


The population analysis was based on results obtained from a lung cancer screening trial MOLTEST-BIS cohort conducted at the Medical University of Gdańsk. They were compared to the general population sample from the NATPOL 2011 study. A MOLTEST-BIS program was designed to assess lung cancer screening effectiveness using low-dose computed tomography [15]. A total of 5534 healthy volunteers were enrolled in the program between January 2016 and December 2017. Based on the Lung Cancer Screening NCCN Clinical Practice Guidelines [16], inclusion criteria included an age of 50–79 years with a smoking history of >30 pack-years. As part of the trial, 494 responders were examined for cardiovascular risk factors. During the visit, an interview was conducted using a standardized questionnaire. The survey contained detailed questions about medical history, including diagnosed diseases, smoking status, symptoms, medications, socio-economic status, physical activity, health-promoting behaviors, and the presence of risk factors for heart and vascular diseases. Afterward, anthropometric measurements (body weight, height, and waist, hip, and neck circumference) were obtained, and physical examinations, blood pressure measurements, and laboratory blood tests were conducted. Body mass index (BMI) and waist–hip ratio (WHR) were calculated from anthropometric measurements. Blood pressure measurements were performed according to the recommendations of the European Society of Cardiology. Measurements were obtained with an automatic sphygmomanometer (A&D Medical, model UA-787+, 4622 Runway Boulevard, Ann Arbor, MI 48108, USA). The mean of the second and third measurements was taken as a blood pressure value [17]. Hypertension was defined as systolic blood pressure ≥140 and/or diastolic blood pressure ≥90 or a history of antihypertensive therapy. During laboratory testing, fasting serum glucose, total cholesterol, LDL, HDL, and triglyceride levels were measured. Diabetes was diagnosed based on medical history (previously diagnosed with diabetes or antihyperglycemic therapy) or fasting serum glucose (≥126 mg/dL). Hyperlipidemia was diagnosed based on medical history (previously diagnosed with hyperlipidemia or lipid-lowering therapy) and LDL level ≥115 mg/dL. Based on the obtained results, the 10-year SCORE risk of death from cardiovascular diseases was calculated. According to the ESC Guidelines for Prevention of Cardiovascular Diseases, patients with a history of acute coronary syndrome, coronary revascularization, stroke, aortic aneurysm, peripheral arterial disease, type 2 diabetes, and chronic kidney disease were classified as being very high risk. The SCORE risk was calculated using the Pol-SCORE algorithm validated for the Polish population [18]. Participants were classified into low/moderate risk (SCORE <5%), high risk (SCORE <10%), and very high risk (SCORE ≥10%) groups. A representative sample of the Polish population was selected as the control group from the NATPOL 2011 cross-sectional and observational. In this study, we assessed the prevalence and control of CVD risk factors in Poland based on a representative sample of adults aged 18–79. The survey was conducted between January and August 2011. The study comprised a questionnaire, blood pressure (BP), and anthropometric measurements as well as a blood and urine sample collection. A more detailed methodological description, sample selection procedure, and examination methods were used to assess existing risk factors. The procedure for blood samples obtained in the NATPOL 2011 survey was published elsewhere [18]. The NATPOL study sample was matched in terms of age and sex to avoid statistical differences between the populations.



The severity of coronary artery calcification was assessed by non-ECG-gated low-dose computed tomography (Figure 1 and Figure 2). LDCT scans were performed in the Radiology Department at the Medical University of Gdańsk using a 64-slice CT scanner (Lightspeed VCT, GE Healthcare, Milwaukee, WI, USA) without intravenous contrast agent administration. The scanning parameters were as follows: 120 kV tube voltage, 20–30 mAs tube current, and 1.25 mm slice thickness at the mediastinal window. CTs were not electrocardiographic (ECG) gated. The obtained CT images were not optimized for standard Agatston CAC scoring. In this context, the visual method for CAC assessment (ordinal scoring [19,20,21]) was chosen as an alternative approach. In this method, each coronary artery (left main coronary artery, left anterior descending artery, left circumflex artery, and right coronary artery) was scored from 0 to 3 depending on calcification length. In the absence of calcifications, a score of 0 was assigned. Calcifications covering less than a third of the vessel length were scored at 1 point. For calcifications involving one to two-thirds of the vessel, 2 points. In the case of calcifications over two-thirds of the vessel length, the score was 3 points. The total CAC score was the sum of the calcification scores in each artery, ranging from 0 to 12 points. For the purpose of statistical analyses, the study population was divided into the following CAC score subgroups: 0, 1–3, 4–6, and 7–12. This study was approved by the Independent Bioethics Committee for Scientific Research (no. NKBBN/173/2016).



Statistical Analisys


Statistical calculations were performed in the R environment (version 3.2.3). Quantitative variables were presented using the median (25th–75th percentile). Qualitative variables were presented as numbers (n) and percentages (%). The assumption of a normal distribution was evaluated using the Shapiro–Wilk test. The assumption of homogeneity of variances was assessed using Leven’s test. A nonparametric Kruskal–Wallis test was used to compare groups. Post-hoc tests were performed using Dunn’s test with Bonferroni p-value correction. Differences between qualitative variables were tested using Fisher’s exact test. Values of p < 0.05 were considered significant.





3. Results


The general population characteristics and their anthropometric measurements are presented in Table 1 and Table 2. The average age was 63.5 years for men and 63 years for women. Significant differences in the education level between the study and control groups were found. Participants of the MOLTEST-BIS study had higher tertiary (31.6% vs. 20.8% in women and 28.9% vs. 15.4% in men) and secondary (41.5% vs. 27.2% in women and 48.1% vs. 42.3% in men) education compared to the general population. Moltest study participants smoked significantly more pack-years and had a higher number of active smokers than the general population.



Women in the Moltest study had a significantly lower body weight and BMI than women in the NATPOL study (body weight, 71.5 vs. 74; BMI, 27.5 vs. 28.8) and were characterized by a higher incidence of abdominal obesity (WHR ≥ 0.85 in 69% vs. 57%). Compared to women, reverse relationships were observed in the male population. Male smokers were characterized by a higher body weight (88.8 kg vs. 84.5 kg), BMI (29.1 vs. 28.2), and prevalence of abdominal obesity (WHR ≥ 1 in 45% vs. 29.5%).



In Table 3, the prevalence of classic risk factors for coronary artery disease, such as type 2 diabetes, hypertension, and hypercholesterolemia is compared between the Moltest and NATPOL 2011 participants. There were no significant differences between established and newly diagnosed type 2 diabetes in the analyzed populations.



The overall prevalence of hypercholesterolemia was high but there were no significant differences between the groups. The proportion of men with previously diagnosed hypercholesterolemia was significantly higher in the Moltest study (62.4% vs. 33.8%), which resulted in a lower frequency of diagnosed de novo hypercholesterolemia (22.1% vs. 43.8%). There were no significant differences in total cholesterol, LDL, HDL, and triglyceride levels.



The prevalence and distribution of hypercholesterolemia in the female population showed a similar relationship to the male population.



The studied populations did not differ in terms of prevalence and mean values of blood pressure in men.



Furthermore, in the case of women, mean blood pressure values did not differ between populations but the overall prevalence and medical history of hypertension was statistically lower in the Moltest population.



The number of people classified as being at high or very high risk of cardiovascular (CV) death was considerable in the Moltest study (Table 4). Among women in the MOLTEST-BIS study, 20.9% were classified as having a very high (>10%) risk of CV death vs. 4.7% in the NATPOL study. Additionally, 27.3% of women in the Moltest study were classified as high risk (5–10%) vs. 15% in the NATPOL study. As many as 43.5% of men in the MOLTEST-BIS study were classified as having a very high risk of cardiovascular death vs. 15.5% in the NATPOL study. Conversely, the high-risk group included 14.6% of men in the Moltest study vs. 24.4% in the NATPOL study. In total, as many as 68% of women and 98.3% of the men assessed in the Moltest study were classified as high or very high risk, with a strong CVD factor.



Low-dose computed tomography showed coronary calcifications in as many as 47% of patients (Table 5). Moderate calcifications were found in 26% of the subjects, and severe calcifications (CAC ≥ 4) were found in 21% of participants.




4. Discussion


The Moltest study was designed to analyze the outcomes of CVD risk assessment in the LCS population. The resulting observations of the Polish cohort participating in lung cancer screening with low-dose computed tomography indicate that this population does not differ significantly from the general population in the prevalence of classic cardiovascular risk factors. Despite fewer differences in the assessed burden of risk factors, 68% of women and 98% of men were classified as having a high or very high risk of fatal cardiovascular complications according to the SCORE algorithm. Higher estimated cardiovascular risks for the study group than the control group were due to the first group’s significantly different smoking history. In addition, as many as 47% of the study participants had calcifications in the coronary arteries, and 21% of participants had calcifications categorized as severe, which corresponds with other studies [22,23,24]. The above data lead to considerations about implementing parallel preventive measures for cardiovascular diseases to reduce mortality. Furthermore, the high CVC prevalence in this group suggests the possibility of using CAC to personalize cardiovascular risk more precisely. Data on comorbidity in LCS cohorts vary by country and population screened [25]. However, according to our results, they indicate a high cardiovascular risk [26,27] and increased mortality due to cardiovascular diseases [28]. In the 10-year follow-up of participants in a Multi-Ethnic Study of Atherosclerosis (MESA), patients who met the inclusion criteria for LCS had more than a threefold higher risk of cardiovascular events (20.8%) [28] than the rest of the MESA cohort [29]. The above data suggest potential benefits associated with implementing CVD prevention, considering that prevention is most effective and cost-effective for those at high risk [30].



4.1. Cardiovascular Risk Estimation and Preventive Strategies


The lack of significant differences in the prevalence of hypertension, diabetes, and hypercholesterolemia in the study population compared to the control group from the general Polish population was surprising. In the Moltest group, the percentage of people with a history of cardiovascular disease risk factors (e.g., hypercholesterolemia) was even higher than in the general population. This is most likely due to the recruitment of study participants from a large urban center; therefore, they have easier access to basic medical care and are characterized by higher education and greater awareness than the general population. These findings are true for most screening populations [31]. However, in the Polish population, this effect is particularly strong [32]. In both groups, however, the absolute prevalence of these risk factors was high, which translates directly into a high SCORE risk. Despite the lack of significant differences in the prevalence and control of classic CVD risk factors, the Moltest population was characterized by a significantly higher 10-year risk of death due to cardiovascular diseases. A positive history of smoking is mainly associated with a higher risk of cardiovascular complications, so preventing smoking should be the main goal. Smoking cessation is a modifiable health behavior that can significantly impact mortality. This behavior is supported by pharmacological–behavioral anti-smoking interventions conducted by medical professionals. Furthermore, specific legislation implementing comprehensive tobacco control programs using price and non-price interventions can substantially raise smoking cessation rates and play a crucial role in anti-nicotine politics [33,34]. The importance of smoking cessation is particularly evident in the male population, of which almost 85% are in the very high-risk group. This finding nearly qualifies the entire study population for intensive preventive measures. The proportion of participants at very high cardiovascular risk may appear higher than expected compared to the results of other LCS cohorts. However, these studies were conducted on populations with a lower baseline risk than the Polish population and recruited younger participants [35,36]. On the other hand, the study results conducted on all-comer populations showing a higher degree of social deprivation were characterized by a very high CVD risk similar to the Polish population [26,27,36]. In addition, risk estimation using the SCORE calculator in such a high-risk group may be imprecise by overestimating or underestimating clinical risk in individual patients. Moreover, as new preventive treatments become available, this group’s uniformly high CVD risk may justify the need for more thorough risk stratification strategies.




4.2. Coronary Artery Calcification


Assessing calcifications in the coronary arteries from computed tomography can be very useful. There is evidence for CAC as a standalone risk factor [37,38], and when combined with classical CVD risk assessment [12,39], it can offer a much more refined and precise approach to risk stratification. An additional advantage of CAC assessment is that information on coronary artery calcification is obtained simultaneously during LDCT examination without involving additional financial and logistic resources. Shemesh et al., analyzing a group of 8782 people, showed that high CAC values correlate with the risk of cardiovascular death [20]. The subgroup with CAC ≥4 had an almost five times higher odds ratio for cardiovascular death than the group with CAC=0. It should be noted that the value of CAC ≥4 was found in 21% of the Polish cohort. The extent of coronary artery calcifications is important for patients with low and moderate risk, according to the classical SCORE algorithm, in whom a seemingly good prognosis can be expected. In the case of the Polish cohort, this problem mainly concerned women (32.1% had moderate SCORE risk). LDCT showing severe calcifications in moderate-risk patients allows reclassification to the high-risk group to be considered [27,40]. The added value of CAC was demonstrated by meta-analysis results [32], which showed that CAC detection improved patients’ adherence to medication and motivated them to change their health-related behavior. However, using CAC has some limitations. Firstly, due to image quality, the non-ECG-gated LDCT used in LCS does not allow calcification assessment with well-validated objective methods such as the Agatston method. In most screening studies, CAC was assessed by a subjective visual method. The visual assessment method has shown high agreement with the Agatston method results [19,21,41]. Despite several studies, the visual assessment method for calcifications requires further research to verify its clinical usefulness compared to classic cardiovascular risk assessment scales.





5. Study Limitations


Our study has several limitations. Firstly, our study was not randomized and was based on voluntary participation. Secondly, we did not include the entire cohort of LCS participants due to time constraints. Moreover, due to easier access to the LCS program, the study population mostly constituted people from a large urban agglomeration, which might have influenced the obtained results.




6. Conclusions


In conclusion, people participating in LCS are characterized by a high prevalence of CVD risk factors, a very high cardiovascular risk, and significant calcification of the coronary arteries, indicating that intensive interventions are required to prevent cardiovascular disease. The high risk of cardiovascular complications is mainly associated with a positive history of smoking, which should be prevented. Coronary artery calcification assessed by the visual method can be an additional indicator of estimating cardiovascular risk. Lung cancer screening programs address individuals with high cardiovascular risk and offer unique opportunities for parallel CVD prevention.
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Figure 1. Massive calcifications in LM, LAD, and RCA. LM—left main, LAD—left anterior descending, RCA—right coronary artery. 
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Figure 2. Long calcifications in LAD. LAD—left anterior descending. 
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Table 1. General characteristics.






Table 1. General characteristics.





	

	
Women

	

	
Men

	




	

	
Moltest (N = 223)

	
NATPOL (n = 274)

	
p-Value

	
Moltest (N = 271)

	
NATPOL (n = 279)

	
p-Value






	
Age

	

	

	
0.303

	

	

	
0.265




	
Mean (SD)

	
63.0 (5.9)

	
62.5 (6.5)

	

	
63.5 (6.6)

	
63.0 (7.0)

	




	
95% CI for mean

	
(62.4–63.6)

	
(61.7–63.3)

	

	
(62.9–64.1)

	
(62.1–63.8)

	




	
Education

	

	

	
<0.001

	

	

	
<0.001




	
Primary

	
20.3%

	
36.9%

	

	
29.6%

	
57.3%

	




	
Secondary

	
48.1%

	
42.3%

	

	
41.5%

	
27.2%

	




	
Tertiary

	
31.6%

	
20.8%

	

	
28.9%

	
15.4%

	




	
Smoking status

	

	

	
<0.001

	

	

	
<0.001




	
Current smoker

	
68.4%

	
22.3%

	

	
63.2%

	
29.4%

	




	
Ex-smoker

	
31.6%

	
33.2%

	

	
36.8%

	
43.7%

	




	
Never-smoker

	
0%

	
44.5%

	

	
0%

	
26.9%

	




	
Pack-years

	

	

	
<0.001

	

	

	
<0.001




	
Mean (SD)

	
38.5

	
15.9

	

	
47.2 (18.0)

	
23.7 (17.3)

	




	
95% Cl

	
(37.4–39.6)

	
(13.3–18.4)

	

	
(45.6–48.8)

	
(21.2–26.1)

	











 





Table 2. Anthropometric measurements.
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Women

	
Men




	

	
Moltest (N = 223)

	
NATPOL (N = 274)

	
p-Value

	
Moltest (N = 271)

	
NATPOL (N = 279)

	
p-Value






	
Weight

	

	

	
0.022

	

	

	
<0.001




	
Mean (SD)

	
71.5 (13.3)

	
74.0 (14.5)

	

	
88.8 (15.3)

	
84.5 (14.3)

	




	
95% CI for mean

	
(70.2–72.8)

	
(72.2–75.7)

	

	
(87.4–90.2)

	
(82.8–86.2)

	




	
Waist circumference

	

	

	
0.432

	

	

	
0.031




	
Mean (SD)

	
93.2 (13.7)

	
94.1 (13.4)

	

	
104.5 (12.3)

	
102.6 (11.0)

	




	
95% CI for mean

	
(91.9–94.6)

	
(92.5–95.7)

	

	
(103.4–105.7)

	
(101.3–103.9)

	




	
BMI

	

	

	
<0.001

	

	

	
0.010




	
Mean (SD)

	
27.5 (4.8)

	
28.8 (5.3)

	

	
29.1 (4.8)

	
28.2 (4.3)

	




	
95% CI for mean

	
(27–27.9)

	
(28.1–29.4)

	

	
(28.7–29.6)

	
(27.7–28.7)

	




	
<18.5

	
2 (1%)

	
4 (1.5%)

	

	
1 (0.4%)

	
4 (1.5%)

	




	
18.5–25

	
71 (32%)

	
65 (24%)

	

	
48 (17.6%)

	
47 (17%)

	




	
25–30

	
85 (38%)

	
106 (39%)

	

	
119 (44%)

	
127 (46.5%)

	




	
≥30

	
65 (29%)

	
97 (35.5%)

	

	
103 (38%)

	
96 (35%)

	




	
WHR

	

	

	
0.002

	

	

	
<0.001




	
≥1 in men, ≥0.85 in women

	
153 (69%)

	
156 (57%)

	

	
123 (45%)

	
82 (29.5%)

	




	
Waist circumference

	

	

	
0.840

	

	

	
0.463




	
≥94 in men, ≥80 in women

	
186 (83%)

	
226 (83%)

	

	
225 (83%)

	
226 (81%)

	








BMI—Body mass index, WHR—waist hip ratio.













 





Table 3. Prevalence of diabetes, hypertension, and hypercholesterolemia.
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Women

	
Men




	

	
Moltest

	
NATPOL

	
p

	
Moltest

	
NATPOL

	
p






	
Diabetes, N

	
212

	
145

	

	
264

	
165

	




	
History of diabetes, n (n/N%)

	
21 (9.9%)

	
18 (12.8%)

	
0.589

	
14.3%

	
12.9%

	
0.811




	
Newly diagnosed diabetes, n (n/N%)

	
5 (2.3%)

	
1 (0.7%)

	
0.230

	
2.7%

	
3.0%

	
0.852




	
Overall prevalence n (n/N%)

	
26 (12.2%)

	
19 (12.4%)

	
0.953

	
17.0%

	
16.3%

	
0.833




	
Hypercholesterolemia, N

	
223

	
144

	

	
271

	
160

	




	
History of hypercholesterolemia, n (n/N%)

	
149 (66.8%)

	
73 (50.7%)

	
0.002

	
169 (62.4%)

	
54 (33.8%)

	
<0.001




	
Newly diagnosed hypercholesterolemia, n (n/N%)

	
44 (19.7%)

	
54 (37.5%)

	
<0.001

	
60 (22.1%)

	
70 (43.8%)

	
<0.001




	
Overall prevalence, n (n/N%)

	
193 (86.5%)

	
127 (88.2%)

	
0.645

	
229 (84.5%)

	
124 (77.5%)

	
0.068




	
Hypertension, N

	
223

	
274

	

	
271

	
279

	




	
History of hypertension, n (n/N%)

	
40%

	
55%

	
0.0001

	
50%

	
48%

	
0.68




	
Newly diagnosed hypertension, n (n/N%)

	
21%

	
16%

	
0.206

	
21%

	
24%

	
0.46




	
Overall prevalence, n (n/N%)

	
61%

	
71%

	
0.003

	
71%

	
72%

	
0.88











 





Table 4. SCORE risk groups.
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Women

	
Men




	
SCORE

	
Moltest (N = 187)

	
NATPOL (N = 386)

	
Moltest (N = 239)

	
NATPOL (N = 439)






	
<5%

	
60 (32.1%)

	
187 (48.4%)

	
4 (1.7%)

	
100 (22.8%)




	
5–10%

	
51 (27.3%)

	
58 (15.0%)

	
35 (14.6%)

	
107 (24.4%)




	
>10%

	
39 (20.9%)

	
18 (4.7%)

	
104 (43.5%)

	
68 (15.5%)




	
CVD

	
37 (19.8%)

	
123 (31.9%)

	
96 (40.2%)

	
164 (37.4%)








SCORE—Sys