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Abstract - Extended 

Background 

Cancer is a major contributor to morbidity and mortality and a severe public health concern [1]. In 

Germany, breast and prostate cancer are the most common types of cancer in women and men and 

cause approximately 500’000 years of life lost in 2017 [2, 3]. Despite this very high number of years of 

life lost, the age-standardised incidence of breast and prostate cancer remained quite stable in recent 

decades and standardised mortality has declined [3]. Although cancer remains a substantial driver of 

mortality, life expectancy has continued to rise over the past decades [4], with recent studies showing 

persisting or even increasing social inequalities in life expectancy [5, 6]. There is a large body of 

evidence showing that morbidity is socially unequally distributed. This is true for more general 

subjective health measures (e.g. self-rated health [7]) and specific outcomes, such as cancer incidence 

and mortality (e.g. [8, 9]). However, little is known on time trends in social inequalities in healthy life 

years, or in our case life years free of cancer. Against this background, the question arises whether this 

increase in life expectancy is accompanied by an increase in cancer-free life years (CFLY) and whether 

these are unequally distributed across socioeconomic groups. 

International studies have shown considerable social differences in both cancer incidence and cancer 

mortality for most specific malignant diseases (e.g. [8-10]). The few studies that examined time trends 

in social inequality in site-specific cancer incidence reported increasing inequalities over time [8, 9, 11]. 

A reverse social gradient was observed in the incidence of prostate cancer and female breast cancer 

in several high-income countries, with higher rates in advantaged social groups [8, 9, 12, 13]. For 

Germany, the incidence of almost all cancer sites is well documented by the Federal Health Monitoring 

System [3], but there is a lack of evidence on social inequalities in cancer incidence and mortality. In 

one of the few existing studies, Hoebel et al. analysed inequalities in site-specific cancer incidence 

using area-based socioeconomic information at the district level within a single-period of observation 

[10]. The authors reported no clear social gradients for female breast cancer and prostate cancer 

respectively [10]. To our knowledge, there is only one study investigating time trends in inequalities in 

life years free of cancer, which focused on lung cancer and was based on health insurance data from 

Germany [14]. Here, rising income inequalities in life years free of lung cancer for both sexes and in 

life years affected by lung cancer in women were reported. The study reveals that the share of life 

years affected by lung cancer in total life expectancy decreased in men, but increased in women over 

time [14]. 

To our knowledge, there are no studies investigating time trends and social inequalities in CFLY with 

respect to female breast and prostate cancer, two of the most common cancer types that cause high 



numbers of years of life lost. The aim of our study is to step into this gap and analyse time trends in 

CFLY in prostate cancer and female breast cancer using German health insurance data. 

The study is guided by the following research questions: 

1. How did the incidence of breast and prostate cancer develop over time? 

2. What income inequalities exist in the incidence of breast and prostate cancer? 

3. How did life years free of breast and prostate cancer develop over time? 

4. How did the proportion of life years free of breast and prostate cancer in total life expectancy 

develop over time? 

Methods 

The study is based on data from one of the largest German health insurance providers, the Allgemeine 

Ortskrankenkasse Niedersachsen (AOKN). The AOKN insures about one third of the total population in 

the federal state of Lower Saxony. For our analyses, we used longitudinal data of individuals aged 20 

and older from 2006 to 2018. The data contain numerous information on morbidity outcomes (e.g. 

ICD-10 diagnosis codes) as well as on socio-demographic information and mortality for the entire 

insurance population of approximately 3 million individuals in total (e.g. [5, 15]). The data are 

comparable to the total German population in terms of sex and age distributions but differ in terms of 

socioeconomic characteristics since individuals having higher socioeconomic positions are 

underrepresented [15]. 

To identify incident cases, the individual first inpatient or outpatient ICD-10 diagnosis of breast cancer 

(C50) and prostate cancer (C61) was used. The following additional assumptions were made to ensure 

that the diagnosis was counted as an incidence diagnosis: First, one-year look-back periods were 

applied to prevent prevalent cases from being incorrectly counted as incidence cases. This implies in 

detail that the first individual cancer diagnoses must be preceded by an individual insurance history of 

at least one year without any other ICD-10 cancer diagnosis. Second, to exclude prevalent diagnoses 

from outpatient data or to avoid counting data artefacts (e.g. unconfirmed suspected diagnosis), the 

individual outpatient cancer diagnosis must be confirmed by another outpatient or inpatient diagnosis 

in the respective calendar year. An exception was made if death occurred within the quarter of first 

diagnosis. In order to increase the number of cases in the one-year age groups (by gender, income 

group, and cancer type), the total observation period was divided into three periods of 52 months 

respectively. 

To analyse income inequalities in cancer incidence and CFLY, we used individual income information 

from our data. The German average income from salaries (GAI) of 2006 (published in the appendix 1, 

Book VI of the Social Code (SGB VI. Anlage 1. https://www.gesetze-im-

https://www.gesetze-im-internet.de/sgb_6/anlage_1.html


internet.de/sgb_6/anlage_1.html)) was set as cut-off value to define two income groups: lower income 

(less than 60% of GAI) and higher income (≥ 60% of GAI). Subjects with missing information on income 

were excluded from the analyses. 

First, we employed proportional hazard models with constant baseline hazard to estimate smoothed 

age-specific incidence and mortality rates from our data (models are stratified by sex, income group, 

and period and contain single-year age groups as second-degree polynomial). In a second step, the 

expected number of CFLY were estimated from multiple-decrement life tables using smoothed 

predicted rates as input [16]. Third, we calculated the proportion of CFLY in total life expectancy (i.e. a 

proportion of 100% would indicate that all remaining life years are cancer-free). 95% confidence 

intervals were calculated from 1000 bootstrap replication. 

Results 

The data include approximately 3 million person-years per period in both sexes. The absolute number 

of incident cases decreases over time (by 21.7% in breast cancer and 20.2% in prostate cancer). 

 Our analyses reveal a substantial decline in breast and prostate cancer incidence over time. These 

positive developments also had a positive effect on CFLY. In both analysed cancer types, we found 

clear gains in CFLY indicating that the average life span spent free of cancer increased over time. This 

equally holds for men and women with lower and higher incomes, respectively. Mainly driven by 

differences in mortality, the number of CFLY differs substantially between income groups with men 

and women with higher incomes having higher numbers of CFLY. With respect to the incidence of 

prostate and breast cancer, a reverse income gradient emerged in prostate cancer while inequalities 

in breast cancer remained small. However, among elderly women a reverse income gradient appeared 

in the second and third observation period. Overall, income inequalities in the incidence of those 

cancers persisted throughout the study period and time trends did not differ substantially between 

income groups.  

https://www.gesetze-im-internet.de/sgb_6/anlage_1.html


Discussion 

To our knowledge, this is the first study examining CFLY in terms of breast and prostate cancer along 

with the corresponding social inequalities. Overall, the differentiation by cancer type allows a closer 

look at the social epidemiological trends in incidence and the development of cancer-free life lifespan 

over time. 

Previous studies have shown that a considerable proportion of years of life lost is due to cancer. 

Furthermore, substantial inequalities in cancer incidence and cancer mortality have been shown as 

well as a growing gap in total life expectancy between socioeconomic groups [2, 5, 8, 14, 17]. These 

previous findings underline the high public health relevance of socioeconomically differentiated 

analyses of cancer morbidity and mortality. 

Due to data restrictions, the evidence on social inequalities in cancer morbidity and mortality for 

Germany is limited, especially with respect to time trends. However, our results on social inequalities 

are largely in line with former findings from single-period analyses based on official cancer registry 

data [10]. Despite measures of social inequalities differ, both studies report a reverse social gradient 

in female breast cancer. In line with international studies [8, 9, 12, 13], the present study reports 

additionally a reverse social gradient in prostate cancer. 

Our study provides a more detailed picture of the temporal dynamics of social inequalities in age-

specific cancer incidence, mortality and CFLY based on individual insurance histories. The results 

illustrate that social inequalities in cancer are dynamic and that time trend analyses are therefore 

preferable to single-period analyses whenever the dataset allows it. 
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