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Purpose: Previous studies have suggested a link between cardiovascular

disease (CVD) and the subsequent development of lung cancer. However,

empirical evidence on the association of CVDs, particularly type-specific CVDs,

with lung cancer incidence and survival remains limited.

Methods: The cohort study included 306,285 patients with CVD and 1,222,140

individuals without CVD. We performed stratified Cox regression to estimate

the hazard ratio (HR).

Results: During up to 42 years of follow-up, 243 (0.08%) and 537 (0.04%)

participants were diagnosed with lung cancer among CVD patients

and matched individuals, respectively. Patients with CVD had a 67%

increased risk of lung cancer (HR: 1.67, 95% confidence interval

[CI]: 1.42–1.96). The increased risks were observed in patients with heart

disease (1.93, 1.30–2.85), vascular disease (1.88, 1.35–2.61), and

hypertensive disease (1.46, 1.15–1.85), respectively. Patients with CVD

had a 95% increased risk of lung cancer mortality (1.95, 1.50–2.55),

particularly vascular disease (3.24, 1.74–6.02) and heart disease

(2.29, 1.23–4.26). Patients with CVD diagnosed in middle adulthood

(>40 years old) tended to have a higher incidence risk (3.44, 2.28–5.19)

and mortality (3.67, 1.80–7.46) than those diagnosed at younger ages.

Conclusions: Our findings on the association of CVD diagnosis, especially

heart and vascular disease, with increased risk of lung cancer incidence and
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mortality suggest that CVD contributes to the development and worsening of

lung cancer survival. In particular, people with CVD diagnosed in middle

adulthood (>40 years old) would benefit from early preventive evaluation and

screening for lung cancer.
KEYWORDS
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Introduction

Lung cancer is the most commonly diagnosed cancer, with

2.1 million new cases globally in 2018 (1). Despite advances in

diagnosis and treatment, the five-year lung cancer survival has

not improved significantly over the last several decades (2).

Many lung cancer patients are not diagnosed until the advanced

stages of the disease and have a low survival rate (3).

Additionally, although tobacco use is still the most prevalent

risk factor for lung cancer, approximately 25% of lung cancer

cases occur in non-smokers (4). Accordingly, identifying high-

risk groups besides smokers for prevention and early detection

of lung cancer could be a new strategy to reduce morbidity

and mortality.

Cardiovascular disease (CVD) is a leading contributor to

the burden of disease (5, 6). Many shared risk factors, such as

smoking, diabetes, obesity, CVD, and lung cancer, are often

comorbid (5, 7). Previous studies have shown that

inflammation, hypoxia, and clonal hematopoiesis play

important roles in the association between CVD and cancer

development (8). Several epidemiologic studies have suggested

a link between CVD and the subsequent incidence of lung

cancer (2, 9–15). However, those studies were mainly based on

self-reported CVD, restricted to certain subtypes of CVDs, or

had a relatively small sample size (2, 9–15). Age is an

independent risk factor for both CVD and lung cancer, but

no previous studies have evaluated the role of age at CVD

diagnosis in the association. Finally, lung cancer remains the

leading cause of cancer death, accounting for one-fifth of

cancer-related deaths worldwide. However, few studies have

investigated the association of overall and type-specific CVDs

with subsequent lung cancer mortality (1, 13).

We hypothesized that CVD might contribute to lung cancer

development and worsening survival (8). In this Danish

population-based matched cohort study, we examined

associations of overall and type-specific CVDs with lung

cancer incidence and mortality and whether these associations

varied by age at CVD diagnosis.
02
Material and methods

Study population

We conducted a population-based matched cohort study

based on prospectively collected data from the Danish national

registries (16). All live births and new residents in Denmark have

been assigned a unique personal identification number (Central

Personal Register number, CPR) since 1968, which allows

accurate linkage of data from all registries (16). By Danish law,

no informed consent is required for register-based studies based

on anonymized data.
CVD exposed cohort

We identified all patients with a first-time diagnosis (the

index date) of CVD (n = 365,537) from the Danish National

Patient Registry (DNPR, 1967–2006), and included them in

the exposed cohort. Information on the diagnosis of CVD was

coded using the International Classification of Disease (ICD)

codes (ICD-8: 390–444.1, 444.3–458, 782.4; ICD-10: I00–I99)

(Table S1). The DNPR includes hospital discharge diagnoses

since 1977 and outpatient and emergency diagnoses

from 1995 (16). CVD was defined as the first occurrence of

CVD diagnosis in the DNPR, of cardiovascular drug use

in the Danish National Prescription Registry, or of

the cause of death as CVD in the Danish Register of Causes

of Death. We also investigated the following CVD

subtypes: heart disease (ICD-8: 393–398, 410–414, 420–429;

ICD-10: I05–I09, I20–I28, I30–I52), hypertensive disease

(ICD-8: 400–404; ICD-10: I10–I15), and vascular diseases

(ICD-8: 430–438, 440–444.1, 444.3–448, 450–454, 456; ICD-

10: I60–I83, I85–I87) (Table S1). We excluded 16,582

patients with CVD diagnosed before ten years old

to exclude the most likely congenital heart diseases (17),

and 2,315 with lung cancer before the diagnosis of CVD

(Figure S1).
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The population-matched
unexposed cohort

For each CVD patient, we randomly selected four

individuals who were alive and CVD-free on the index

date, and matched them, with replacement, on sex and

age. The general population comparison cohort was

selected using the same exclusion criteria as the CVD

cohort (that is, no previous lung cancer diagnosis before the

index date).
The outcome of interest

The outcomes of interest were lung cancer incidence and

mortality. Incident lung cancer was defined as the first

diagnosis of lung cancer in the Danish Cancer Registry

(DCR) and the DNPR, or death due to lung cancer in the

Danish Causes of Death Register using ICD-codes (Table S1).

The DCR systematically collected information on all

incident cases of cancer in Denmark (16). The information

on lung cancer mortality is from the Danish Causes of

Death Register.
Follow-up

Follow-up of all study participants was from the index

date of CVD diagnosis until the first diagnosis of lung

cancer (in the DCR, the DNPR, or Danish Causes of Death

Register for lung cancer incidence, or in the Danish Causes

of Death Register for lung cancer mortality), non-lung

cancer death, emigration, or 31 December 2018, whichever

came first.
Covariates

Potential confounders were selected a priori based on

previous knowledge (5). Confounders included obesity (yes,

no), diabetes mellitus (yes, no), smoking disorders (yes, no),

alcohol disorders (yes, no), cohabitation (yes, no, unknown),

and education level (0–9, 10–14, ≥15 years, unknown).

The covariate status was the latest status before the start

of follow-up. Matching factors, including age and sex,

were contro l led by study des ign . Informat ion on

the diagnosis of obesity, smoking disorders, and alcohol

disorders was retrieved from the DNPR, and diabetes

mellitus from the Danish National Diabetes Register,

the DNPR, and the Danish Nat ional Prescr ipt ion

Registry (16).
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Statistical analysis

We used competing risk analysis to estimate the cumulative

incidence of lung cancer in the CVD cohort and matched

unexposed cohort. Incidence rates were calculated per

1,000,000 person-years of follow-up. We performed stratified

Cox proportional hazards regression to estimate the hazard ratio

(HR) with 95% confidence intervals (CI) to assess the association

between CVD and lung cancer with time since the index date as

the time scale and matching factors (sex and age) as strata. Also,

we examined the association of lung cancer with type-specific

CVDs (heart disease, vascular disease, hypertensive disease, and

other CVD diseases), age at CVD diagnosis (10–20, 21–30, 31–

40, and ≥41 years) and effect modification by sex. We used

multiple imputation to impute missing information (18).

We performed the following sensitivity analyses: First, to

evaluate the impact of detection bias and possible overestimation

of cancer risk following CVD diagnosis, we re-assessed the

association between the CVD and risk of lung cancer

incidence and applied different latency periods of 3 months, 6

months, 1 year, and 3 years between CVD diagnosis date and

subsequent lung cancer diagnosis. That is, we restricted the

follow-up to 3 months, 6 months, 1 year, or 3 years after the

index date for both CVD patients and matched individuals

(accordingly, any individuals diagnosed with lung cancer

before these landmarks were excluded, and all individuals

matched to excluded subjects were excluded as well). Second,

as the DNPR was established in 1977, we could not accurately

determine when the residents born before 1977 had the first

diagnosis of CVD. We, therefore, examined the association

between CVD and cancer by birth year (<1977 or ≥1997).

Third, as smoking is a strong risk factor for lung cancer (19),

but information on smoking was only recorded for pregnant

women in the Danish Medical Birth Registry since 1991 (16), we

identified a sub-cohort of female CVD patients registered in the

Danish Medical Birth Registry as the exposed cohort, and

we randomly sampled four CVD-free mothers from the

birth register matched on age to the unexposed cohort

(N = 546,370), and undertook stratified analysis by smoking

status. Fourth, in order to evaluate the influence of uncontrolled

confounding due to shared genetic or familial characteristics, we

conducted sibship analysis by restricting offspring to sibling

pairs born to the same mother irrespective of the father (half-

sibling) (N = 236,716), and using the date of CVD diagnosis of

the affected sibling as the index date for both siblings (20, 21).

Fifth, the definition of CVD subtypes is broad in our study; we

also assessed the association between specific CVD subtypes of

heart disease and vascular disease with lung cancer incidence,

such as ischemic heart disease and cerebrovascular disease.

Sixth, atherosclerotic disease, the most likely associated with

cancer risk, is unlikely to occur in the first three decades of life
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(22). We re-assessed the association of overall CVD and CVD

subtypes with lung cancer incidence after excluding patients

with CVD diagnosed up to the age of 30 years. All analyses were

conducted using R Software (version 3.6.1).
Results

This study included 306,285 CVD patients as the exposed

cohort and 1,222,140 matched unexposed individuals (Table S2).

The average age at diagnosis of CVD was 29.2±8.8 years, and

approximately 55% of the study population were females.

Exposed patients were likely to have a higher prevalence of a

history of obesity, diabetes, smoking disorders, and alcohol

disorders, compared with unexposed individuals (Table S2).

During a follow-up of up to 42 years (median 10.2, IQR [5.5

to 16.1]), 243 (0.08%) and 537 (0.04%) were diagnosed with lung

cancer among exposed patients and matched unexposed

subjects, respectively (Figure S2). CVD patients had a 67%

higher risk of lung cancer [HR: 1.67, 95% confidence interval

(CI): 1.42–1.96] compared to their matched unexposed subjects

(Figure 1A). The increased risks of lung cancer were also

observed for vascular disease (1.88, 1.35–2.61), heart disease

(1.93, 1.30–2.85), and hypertensive disease (1.46, 1.15–

1.85) (Figure 1A).

Analyses stratified by sex found overall CVD and type-specific

CVD were associated with increased risks of lung cancer among

both males and females (Figure 2A). Regarding overall CVD,

increased risks seemed slightly higher among females (1.69, 1.36–

2.09) than in males (1.65, 1.30–2.10) but with overlapping CI.
Frontiers in Oncology 04
Similar patterns were also observed for heart disease, vascular

disease, and hypertensive disease (Figure 2A).

The magnitude of the association between CVD and lung

cancer incidence tended to increase with age at diagnosis of CVD

(Table 1). Those who had been diagnosed with CVD during

middle age (>40 years) tended to have higher lung cancer

incidence (3.44, 2.28–5.19). The associations between CVD and

lung cancer incidence attenuated yet may remain when latency

periods were applied, namely, 3-month latency period (1.48, 1.26–

1.75), 6-month latency period (1.36, 1.15–1.62), 1-year latency

period (1.32, 1.11–1.57), and 3-year latency period (1.15, 0.96–

1.38), respectively (Figure 3). Analyses restricted to those born

after 1977 found an increased incidence of lung cancer after CVD

diagnosis (3.00, 1.96–4.60) (Table S3). After adjusting for smoking

status in the sub-cohort of pregnant women, the increased risk of

lung cancer remained (1.33, 1.01–1.76) (Table S4). Further

analyses stratified by smoking status found that the association

of lung cancer with CVD was likely higher in non-smokers (1.49,

1.03–2.16) than in smokers (1.17, 0.78–1.77) (Tables S4, S5). The

results from the sibling cohort also observed an increased risk of

lung cancer incidence after CVD diagnosis (Table S6).

Regarding lung cancer mortality, 98 (0.03%) and 181

(0.01%) died of lung cancer among exposed patients and

matched unexposed subjects, respectively (Figure S2). In

particular, CVD patients had a 95% higher risk of lung cancer

mortality (1.95, 1.50–2.55) compared to matched unexposed

subjects (Figure 1B), in particular for heart disease (2.29, 1.23–

4.26) and vascular disease (3.24, 1.74–6.02). Increased mortality

risks seemed to be higher among males (2.03, 1.39–2.96) than

females (1.84, 1.25–2.69) (Figure 2B). The magnitude of the
A

B

FIGURE 1

Associations of overall and type-specific CVDs with lung cancer incidence (A) and lung cancer mortality (B). Controlled for matching factors
(age and sex) by design and adjusted for obesity, diabetes mellitus, smoking disorders, alcohol disorders, marital status, and educational level.
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association between CVD and lung cancer mortality also tended

to increase with age at diagnosis of CVD (Table 2).
Discussion

In this population-based matched cohort study with up to 42

years follow-up, patients with CVD had a 67% increased risk of

lung cancer and 95% increased risk of lung cancer mortality

compared with those without CVD. Increased risks of lung
Frontiers in Oncology 05
cancer were found in subjects with heart disease and vascular

disease, followed by hypertensive disease. Both lung cancer

incidence and mortality tended to increase with increasing age

at CVD diagnosis. The risk of lung cancer tended to increase

after excluding CVD patients who remained lung cancer-free up

to 3 years after their CVD diagnosis.

Taking advantage of a large sample size and long-term

follow-up, we examined the association of overall CVD and

CVD subtypes with the risk of lung cancer incidence and

mortality. Our findings suggest a long-term impact of CVD on
TABLE 1 Associations of overall CVD with lung cancer incidence by age at CVD diagnosis.

CVD
diagnosisage

Exposure
(CVD)

No. of cases (%) Rate per 1million person-
years

Crude hazard
ratio

(95% CI)a

Adjusted hazard
ratio

(95% CI)b

10–20

Non-exposed 49 (0.02) 15.70 1.0 (reference) 1.0 (reference)

Exposed 15 (0.03) 19.17 1.03 (0.57–1.87) 1.02 (0.55–1.89)

21–30

Non-exposed 230 (0.05) 36.56 1.0 (reference) 1.0 (reference)

Exposed 81 (0.07) 51.64 1.38 (1.07–1.78) 1.26 (0.97–1.66)

31–40

Non-exposed 203 (0.05) 57.05 1.0 (reference) 1.0 (reference)

Exposed 98 (0.1) 111.31 1.99 (1.56–2.53) 1.83 (1.41–2.37)

>40

Non-exposed 55 (0.04) 94.58 1.0 (reference) 1.0 (reference)

Exposed 49 (0.14) 342.38 3.60 (2.44–5.30) 3.44 (2.28–5.19)
aControlled for matching factors (age and sex) by design.
bControlled for matching factors (age and sex) by design and adjusted for obesity, diabetes mellitus, smoking disorders, alcohol disorders, marital status, and educational level.
A

B

FIGURE 2

Associations of overall and type-specific CVDs with lung cancer incidence (A) and lung cancer mortality (B) in males (left) and females (right). *
The number of deaths from lung cancer is less than 6, which is not allowed to report due to privacy protection. Controlled for matching factors
(age and sex) by design and adjusted for obesity, diabetes mellitus, smoking disorders, alcohol disorders, marital status, and educational level.
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the risk of lung cancer, consistent with studies from Nordic and

other European countries (2, 9–14). A Norwegian study

including 97,087 participants found that self-reported CVD (a

composite exposure including myocardial infarction, angina

pectoris, or stroke) was associated with an increased

occurrence of lung cancer in former and current smokers but

not in never smokers (2). Except for the Norwegian study, other

previous studies mainly focused on a single type-specific CVD

(9–14). Several Danish studies have suggested an increased risk

of lung cancer among patients with pulmonary embolism and

superficial and deep venous thrombosis (10, 11). In addition,

cohort studies from Finland, Sweden, Norway, and Austria

suggested that high blood pressure was associated with an
Frontiers in Oncology 06
increased risk of lung cancer (12, 13). Also, an increased

occurrence of lung cancer after vascular disease and chronic

heart failure (HF) was observed in the Dutch population

(standardized incidence ratios: 1.56, 1.31–1.83) and the Danish

population (1.81, 1.54–2.12), respectively (9, 14). Compared

with the 81% increased risk of lung cancer in the Danish

study, such an association was not observed among the 28,341

Physicians’Health Study male participants from the USA, which

might be due to a relatively lower number of HF in the US study

(1,420 HF) than in the Danish study (9,307 HF), or selection bias

as the study participants were only male physicians with high

socioeconomic status (15). Using a large sample from Danish

registers, our study showed an association between CVD,
A

B

D

C

FIGURE 3

Associations of overall and type-specific CVDs with lung cancer incidence by different latency periods: (A) at least 3 months of lung cancer
morbidity-free after index date; (B) at least 6 months of lung cancer-free after index date; (C) at least 1 year of lung cancer-free after index
date; and (D) at least 3 years of lung cancer-free after index date. Controlled for matching factors (age and sex) by design and adjusted for
obesity, diabetes mellitus, smoking disorders, alcohol disorders, marital status, and educational level. Cardiovascular disease and risk of lung
cancer incidence and mortality: A nationwide matched cohort study.
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including but not limited to some specific CVD subtypes, such as

heart disease, vascular disease, and hypertensive disease, with

lung cancer among both males and females, which extended the

previous findings (2, 9–14). Furthermore, we first observed that

the risk of lung cancer tended to increase with age at the

diagnosis of CVD, especially after 40 years old. One possibility

may be that aging contributes to a decline in immune function

and affects various aspects of immune functional networks, thus

increasing lung cancer risk in middle adulthood (23).

Empirical evidence is also limited for associating overall and

type-specific CVDs with lung cancer survival, and has mainly

focused on hypertension previously (13, 24–26). A UK study

showed a higher proportion of lung cancer deaths, among people

with CVD than among people without CVD (25). Also, studies

from Norway, Austria, and Sweden found that high blood

pressure levels were related to an increased mortality risk of

lung cancer in males but not in females (13). In contrast, a Dutch

study with a sample size of 11,075 participants reported that

hypertensive women had a 2.19-fold (2.19, 1.21–3.97) risk of

lung cancer mortality compared with women without

hypertensive disorders (26). A Korean study found an

association between hypertension and lung cancer mortality,

but further analyses stratified by smoking status suggested that

the increased risk was restricted to current smokers (24).

Consistent with those findings, our observations suggested a

higher risk of lung cancer mortality after a diagnosis of CVD,

including heart disease, vascular disease, and hypertensive

disease, although most of the CIs are crossing the unity due to

a small number of events.

The potential mechanisms underlying the association

between CVD and increased incidence and mortality of lung

cancer remain unclear (8). Inflammation has been proposed to

explain the association between CVD and lung cancer (8). Most
Frontiers in Oncology 07
CVDs develop from atherosclerosis, which begins with damaged

endothelial cells allowing cholesterol-containing low-density

lipoprotein particles to accumulate and oxidize in the vessel

walls (27). These processes trigger a chronic inflammatory

response and the overexpression of proinflammatory factors,

especially interleukin-1b (8, 27). Tumor-promoting

inflammation would block anti-tumor immunity and active

inflammatory responses in the tumor microenvironment to

promote cancer development (28). Studies have shown that

canakinumab, a potent interleukin-1b inhibitor that would

reduce cardiovascular events in treated participants,

could significantly reduce lung cancer incidence and is

beneficial for lung cancer survival (8, 29, 30).
Strengths and limitations

Our study has several strengths. First, the diagnoses of CVD

and lung cancer were obtained prospectively and independently,

minimizing the probability of recall and selection bias (16).

Second, the completeness and validity of the Danish Cancer

Registry have been reported to be high (31). Third, the large

sample size and long follow-up of the cohort allowed us to assess

the association between subtype CVDs and lung cancer.

Several limitations need to be noted. First, although the

Danish registers allowed us to adjust for a wide range of

confounders, we cannot omit the possibility of residual

confounding by some uncontrolled factors. Smoking is the

leading risk factor for lung cancer, and a lack of information

on smoking may partially account for the association between a

diagnosis of CVD and a subsequent risk of lung cancer. We have

adjusted for smoking disorders, which may have controlled for

the impact of smoking to some degree. In addition, as the
TABLE 2 Associations of overall CVD with lung cancer mortality by age at CVD diagnosis.

CVD diagnosis
age

Exposure
(CVD)

No. of cases (%) Rate per 1million person-
years

Crude hazard
ratio

(95% CI)a

Adjusted hazard
ratio

(95% CI)b

10–30*

Non-exposed 77 (0.01) 8.18 1.0 (reference) 1.0 (reference)

Exposed 43 (0.02) 18.29 2.19 (1.50–3.20) 2.01 (1.32–3.07)

31–40

Non-exposed 82 (0.02) 23.04 1.0 (reference) 1.0 (reference)

Exposed 34 (0.03) 38.61 1.71 (1.14–2.55) 1.58 (1.03–2.42)

>40

Non-exposed 22 (0.02) 37.83 1.0 (reference) 1.0 (reference)

Exposed 21 (0.06) 146.68 3.82 (2.10–6.94) 3.67 (1.80–7.46)
*Age groups 10–20 and 20–30 were combined as the number of events in age group 10–20 is less than 6, which is not allowed to report due to privacy protection.
aControlled for matching factors (age and sex) by design.
bControlled for matching factors (age and sex) by design and adjusted for obesity, diabetes mellitus, smoking disorders, alcohol disorders, marital status, and educational level.
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smoking status was recorded for pregnant women in the Danish

Medical Birth Registry, analysis adjusting for smoking status in

the sub-cohort of female CVD patients and the unexposed cohort

suggested an increased risk of lung cancer after a diagnosis of

CVD. Accordingly, these findings suggest that the observed

associations are less likely completely attributable to

confounding by smoking. Moreover, our sibship design yielded

results similar to those of the main analysis in the matched

population cohort. Second, potential misclassification bias might

remain because subjects born before 1977 with a potential CVD

event would be misclassified as unexposed subjects. Also,

individuals born between 1967 and 1977 might have a first

CVD diagnosis before 1977 and a second CVD diagnosis later

in life, which would lead to an underestimation of follow-up time

at risk. However, the association persisted in sensitivity analyses

restricted to subjects born after 1977. Third, patients with CVD

might have a higher possibility of being detected as having cancer

due to their more frequent visits to doctors than the general

population, leading to detection bias. However, we repeated our

main analysis with a 1-year latency period and a 3-year latency

period between CVD diagnosis and cancer event, and the risk of

lung cancer tended to be increased using a 3-year latency period.

Fourth, the maximum CVD diagnosis age was 52 years old;

therefore, our findings might not be generalized to people with

CVD diagnosed at later ages. Fifth, the definitions of heart disease

and vascular disease are too broad in our study, meaning that not

all specific heart disease or vascular disease is associated with

lung cancer. Thus, the association of specific heart disease or

vascular disease with lung cancer requires further research.
Conclusion

Our findings suggest that patients with CVD, especially heart

and vascular disease, have increased lung cancer incidence and

mortality risks. CVD may be an independent risk factor for lung

cancer, and people with CVD in middle adulthood may benefit

more from lung cancer screening than those diagnosed at

younger ages.
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