
ABSTRACT
Background: Lung cancer, once rare, has evolved into the global leading cause of cancer-related mortality, 
primarily driven by widespread cigarette smoking in the 20th century. This study explores the historical 
trends of lung cancer incidence in Denmark over four decades, emphasizing the impact of smoking prev-
alence, age, and gender on the observed patterns.
Materials and methods: Drawing upon data from the Danish National Patient Register and information 
on smoking habits provided by the Danish Health Authority, this study investigates lung cancer incidence 
rates, demographic shifts, and smoking prevalence from 1980 to 2022.
Results: Smoking prevalence exhibited a consistent decline in males from 1950 to 2022, whereas female 
smoking prevalence maintained a stable level from 1950 to 1987, followed by a subsequent decline from 
1987 to 2022. A peak in lung cancer crude incidence rates was identified during 2014–2017, with no sig-
nificant difference observed before and after this period. Over the period, the gender distribution transi-
tioned from a male majority to an equal male-female ratio, and age-specific disparities indicated declines 
in patients aged 50–59 and increases in those above 80 years.
Interpretation: The certainty of a decline in lung cancer incidence in the coming years remains unclear. 
Based on smoking prevalence, it might still be a decade away. To ensure a sustained decline in lung cancer 
incidence, targeted interventions are imperative, including customized smoking cessation programs that 
could be designed favorably for females. Given the modest decline in smoking prevalence over the last 
decade, legislation aimed at discouraging young individuals from smoking is pivotal. As of now, these 
efforts have not been implemented in Denmark.
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Introduction

Lung cancer has emerged as the leading cause of cancer-related 
deaths globally [1], marking a significant historical shift from its 
rare occurrence at the onset of the 20th century [2] to its current 
status as the most prevalent cancer worldwide [1]. This transfor-
mation is directly linked to the widespread adoption of cigarette 
smoking throughout the 20th century [3, 4], exemplified by the 
exponential surge in lung cancer cases. The time lapse between 
smoking initiation and lung cancer onset varies due to factors 
such as genetic predisposition, cumulative smoking exposure, 
and early onset of smoking during adolescence [5]. While 
tobacco smoking, both active and passive, remains the primary 
contributor to lung cancer in Western populations [6], other fac-
tors like legislation, ethnicity, genetics, and life expectancy also 
play roles [7].

Notably, regional disparities in lung cancer rates, with Eastern 
Europe exhibiting the highest incidence among males and 
North America, Australia, and Western Europe among females, 
are primarily attributed to differing levels of smoking exposure 

[8]. However, unique genetic susceptibilities contribute to 
disparities, as seen in certain populations like African Americans, 
Polynesians, and South Korean women [910–11]. The hypothesis 
of our study suggests a peak and subsequent decline in lung 
cancer incidence in Denmark, aligning with historical smoking 
trends [12]. Over the last decade, Denmark has seen 
approximately 5,000 cases of lung cancer annually. We aim to 
analyze lung cancer trends over four decades in Denmark, 
exploring gender and age-specific variations and identifying 
factors contributing to high rates among Danish women.

Material and methods

The Danish National Health Service provides tax-funded univer-
sal health care [13]. Upon birth or immigration, every Danish 
resident is assigned a unique 10-digit Civil Registration System 
(CPR) number, which enables precise individual-level record 
linkage across national registries and lifelong follow-up [14].

Patients aged 18 years or older who were diagnosed with 
lung cancer between January 1, 1980, and December 31, 2022, 
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were identified in the Danish National Patient Register (DNPR). 
The DNPR, an administrative registry, has achieved complete 
nationwide coverage for all non-psychiatric diagnoses since 
1978 [14]. Registration, which is mandatory and submitted by 
treating physicians, serves the purpose of continuously 
monitoring hospital and health service utilization and facilitating 
billing.

Primary and secondary diagnoses are classified according to 
the International Classification of Diseases and Related Health 
Problems (ICD) [15]. During the period from 1980 to 1993, lung 
cancer cases were identified using ICD 8th revision (ICD-8) codes 
163 and 164. From 1994 to 2022, ICD-10 codes c33–c34 were 
used. The CPR number reveals both the age and sex of 
individuals.

Smoking habits in Denmark were provided by the Danish 
Health Authority [16]. Data were collected by Gallup and PLS 
Consult  at the request of organizations such as the Danish Heart 
Foundation, the Danish Cancer Society, the Council on Tobacco 
Damage, the Danish Health Authority, and the Danish Lung 
Foundation. The data collection was conducted through random 
sampling across cohorts of varying sizes.

Analysis of differences in incidence rate was calculated as 
incidence rate ratio with 95% confidence intervals using Exact 
Poisson Method. Analyses were performed using R statistical 
software (Fox & Leanage, 2016) and graphs were produced in 
Microsoft Excel version 16.71.

Results

Table 1 illustrates the attributes of lung cancer patients across 
three distinct time spans: 1980–1993, 1994–2007, and 2008–
2018. Notably, during the initial period (1980–1993), the major-
ity of patients were males, while the sex distribution approached 
a near balance of 50/50 in the most recent interval (p < 0.01). The 
analysis of age distribution reveals a decline in patients aged 
50–59 years between 1980–1993 and 2007–2018, along with a 
concurrent rise in patients aged above 80 years (p < 0.01).

Figure 1 illustrates the prevalence of daily smoking in the 
general population of Denmark for both males and females as 
well as the crude incidence of lung cancer per 100,000 
inhabitants. In 1950, approximately 78% of the male population 
were smokers. Over the course of the following five decades, a 
gradual decrease in smoking prevalence was noted, resulting in 
a consistent smoking rate of around 17% from 2012 to 2018. 
Subsequently, there was a further decline to 13% in the years 
2020–2022. In contrast, the prevalence of daily smoking among 
the female population showed an increase from the 1950s to 
the late 1970s, with rates ranging between approximately 40 
and 45%. However, a significant decline has been observed 
since 1980, leading to smoking prevalence levels comparable to 
those of men from 2012 to 2022.

The crude lung cancer incidence rate per 100,000 inhabitants 
ranged from 66 to 77 per 100,000 inhabitants in the 1980s and 
gradually climbed to a peak of 90 per 100,000 inhabitants during 
2014–2017 followed by a decline to 84–86 per 100,000 
inhabitants. The incidence rate ratio before and after the peak 

(periods 2009–2013 and 2018–2022) was 1.06 (95% confidence 
interval 0.98–1.06).

Figure 2 depicts the crude incidence of lung cancer per 
100,000 inhabitants as well as separately for males and females. 
Analyzing the gender-specific differences, the incidence rate 
among males declined from a peak of 106 per 100,000 in 1985 to 
a consistent range between 81 and 92 per 100,000 inhabitants 
from 1998 to 2018. Among female lung cancer patients, the 
incidence rate exhibited an ongoing upward trajectory, rising 
from a low rate of 34 per 100,000 inhabitants in 1980 to a peak 
of 89 per 100,000 inhabitants in 2015.

Patients were categorized into age ranges: below 50 years, 
50–59 years, 60–69 years, 70–79 years, and 80 years and above. 
Figure 3 showcases the evolution of lung cancer incidence within 
male age groups. Incidence remained stable for males under 50 
years, hovering around 2–6 per 100,000 inhabitants. For males 
aged 50–59, 60–69, and 70–79 years, noticeable declines in 
incidence were observed, plummeting from approximately 150–
50 per 100,000 inhabitants (50–59 years), 390–210 per 100,000 
inhabitants (60–69 years), and 630–390 per 100,000 inhabitants 
(70–79 years). Notably, lung cancer incidence among males 
above 80 years experienced an initial decline from 600 to 400 per 
100,000 inhabitants in the 1980s, followed by an increase that 
peaked in 2012 at 624 per 100,000 inhabitants.

The age-specific incidence of lung cancer of females is shown 
in Figure 4. For females, the lung cancer incidence remained 
steady within age groups below 50 years (3–7 per 100,000 
inhabitants) and 50–59 years (60–100 per 100,000 inhabitants). 
In the 60–69 years age group, a notable increase was observed, 
climbing from 100 to 230 per 100,000 inhabitants over the study 
period. Age groups 70–79 years and 80 years and above 
exhibited distinct increases in incidence over time, rising from 
130 to 400 per 100,000 inhabitants (age group 70–79) and from 
100 to 350 per 100,000 inhabitants (age group 80 and above).

Discussion

Our study presents an overview of sex- and age-specific inci-
dence rates of lung cancer and smoking prevalence trends in 

Table 1.  Attributes of lung cancer patients across three distinct time spans: 
1980–1993, 1994–2007, and 2008–2018.

Variable 1980–1993 1994–2007 2008–2018

Lung cancer patients 53,056 56,071 53,869
  Males (%) 67.4 56.0 50.8
  Females (%) 32.6 44.0 49.2
Mean age at diagnosis
  All patients (years) 67.7 68.3 70.4
  Males (years) 68.2 68.8 70.7
  Females (years) 66.4 67.6 70.1
Age groups 
  < 50 years (%) 5.7 4.9 2.6
  50–59 years (%) 15.4 15.7 11.4
  60–69 years (%) 32.8 30.4 30.7
  70–79 years (%) 33.6 34.5 36.1
  80+ years (%) 12.5 14.5 19.2
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Figure 1.  Prevalence of daily smoking (left y-axis) and incidence of lung cancer per 100,000 inhabitants (right y-axis).

Figure 2.  Incidence of lung cancer per 100,000 inhabitants (Black line: All incidence; Green line: Male incidence; Red line: Female incidence).
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Denmark over several decades. Notably, although a peak in the 
crude incidence rate was observed in 2014–2017, no significant 
difference in incidence rate was noted before and after the peak, 
and there is no clear indication that lung cancer incidence is cur-
rently declining. Furthermore, there has been a significant shift 
in the sex distribution of patients, transitioning from a male 
majority to an equal male-female ratio in recent years. The 

analysis also highlights changes in age distribution, indicating a 
decline in patients aged 50–59 and an increase in those aged 
above 80. Regarding smoking prevalence, the male population 
has exhibited a consistent decline from 1950 to 2000. In con-
trast, during the same period, female smoking prevalence ini-
tially increased but has shown a decline from the late 1980s to 
2020.

Figure 3.  Incidence of lung cancer per 100,000 inhabitants among males (Yellow line: males <50 years; Green line: males 50–59 years; Blue line: males 60–69 
years; Black line: males 70–79 years; Orange line: males >80 years).

Figure 4.  Incidence of lung cancer per 100,000 inhabitants among females (Yellow line: females <50 years; Green line: females 50–59 years; Blue line: 
females 60–69 years; Black line: females 70–79 years; Orange line: females >80 years).



ACTA ONCOLOGICA  530

There was no significant difference observed in the crude 
incidence of lung cancer before and after the peak in the years 
2014–2017. Currently, it remains uncertain whether a downward 
trend in lung cancer incidence has commenced. Considering 
the history of smoking prevalence and the estimated 40–50-
year time lag between smoking initiation and the diagnosis of 
lung cancer, a decrease in the incidence of lung cancer, especially 
among females, is unlikely to occur for a couple of decades. This 
is attributed to the fact that smoking prevalence was relatively 
stable in the 1980s, and the anticipated increase in life 
expectancy supports this perspective [17, 18]. Given the high 
incidence of lung cancer among females, consideration should 
be given to implementing specific smoking cessation programs 
targeting women [19]. Cigarette smoking prevalence has only 
seen a small decline over the last decade, and ensuring a 
continued decline in lung cancer incidence necessitates the 
initiation of legislation aimed at discouraging young individuals 
from starting smoking as suggested in certain countries 
adopting the concept of the tobacco endgame [20].

The incidence rate of lung cancer in women in Denmark is 
now equal to that of men, even when accounting for differences 
in life expectancy, as demonstrated by the similar trends in age-
standardized incidence rate [21]. Although Danish women have 
a high prevalence of smoking at a global level [22], the 
prevalence of smoking has never exceeded that of men. A 
possible explanation for this observation is that women are 
more susceptible to developing lung cancer than men, also 
within the Caucasian population. This possibility is supported by 
the fact that the majority of heavy smokers between 1970 and 
2002 were male [16] and could be attributed to lower lung size 
among women and sex-related differences in airway behavior 
[23]. Alternatively, women might be more likely to identify 
themselves as never-smokers at the hospital, even if they are 
current or previous smokers, due to the greater stigma attached 
to smoking for women than for men in certain cultures and 
social contexts. This is substantiated by a prior discovery that 
approximately 20% of pregnant women attending smoking 
cessation programs were registered as non-smokers in the 
National Birth Registry [24].

Over the course of four decades, there has been a notable 
decline in the proportion of diagnosed lung cancer patients 
aged under 50, dropping from 5.7% during the period 1980–
1993 to 2.6% in the period 2008–2018. Moreover, crude 
incidence rates within this age group, for both males and 
females, have exhibited a similar decreasing trend, plummeting 
from 6 cases per 100,000 individuals in 1980 to 2–3 cases per 
100,000 individuals in 2018. Previous characteristics of young 
lung cancer patients have indicated that this subgroup shared 
smoking rates with their older counterparts. Additionally, 
females were more prevalent among young lung cancer 
patients, and adenocarcinoma was the predominant histologic 
subtype [25, 26]. Notably, young lung cancer patients often 
harbor a higher frequency of driver mutations, including 
epidermal growth factor receptor (EGFR) and anaplastic 
lymphoma kinase (ALK) translocations [27]. The decrease in the 
number of young lung cancer patients is likely attributable to 

the concurrent reduction in cigarette smoking exposure 
observed in the younger population [16].

Perspectives

Considering historical smoking trends and the substantial time 
lag between smoking initiation and lung cancer diagnosis, a 
decline in female lung cancer incidence is unlikely for several 
decades. To address this, targeted smoking cessation programs 
for women are crucial. Legislation discouraging smoking initia-
tion among youth is essential to sustain lung cancer incidence 
reduction. With Western countries experiencing aging popula-
tions and declining smoking rates, the median age of lung can-
cer patients is expected to rise [17, 18], emphasizing the need 
for tailored diagnostic [28] and treatment strategies. Future 
research should prioritize early detection, minimally invasive 
diagnostics, and personalized treatments to accommodate the 
needs of a growing frail population [29].

Strengths and limitations

One advantage of the present cohort study is its comprehensive 
coverage of nationwide lung cancer incidence in Denmark, 
using the well-established validity of the Danish Cancer Registry 
[30]. However, the inherent limitations of epidemiological study 
design mean that detailed information about individual lung 
cancer patients is not accessible. Consequently, the underlying 
reasons for the elevated incidence of lung cancer in females, 
despite their lower cigarette smoking prevalence compared to 
males, remain speculative. The study is expected to demon-
strate high external validity among European individuals with 
similar ethnic demographics.

Conclusions

In summary, our study offers a comprehensive analysis of the 
sex and age distribution of lung cancer over a four-decade span 
at the national level. A decline in lung cancer incidence within 
the decade is uncertain. Notably, female lung cancer patients 
have surpassed males in incidence, despite lower rates of ciga-
rette smoking. The age distribution trends are evident, pointing 
to an anticipated rise in lung cancer cases among the elderly 
population in the future. This scenario underscores the need for 
increasingly personalized diagnostic methods and treatment 
options to address the unique characteristics of this aging and 
potentially frail subgroup.
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