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ABSTRACT
Objectives  Only a few studies on health inequalities in 
terms of lung cancer are available. We examined whether 
social inequalities are present for the occurrence of lung 
cancer. Confining the analyses to patients, it was also 
examined whether survival over the observation period 
and over a standardised period of 18 months differed by 
occupational position and income.
Methods  Our findings are based on claims data from a 
German statutory health insurance covering 2005–2016. 
The database comprised N=3 163 211 women (50.7%) 
and men (49.3%) aged 18 years and older. Diagnoses 
(International Statistical Classification of Diseases and 
Related Health Problems 10th Revision: C34.0 to C34.9) 
were hospital-based, and income and occupational 
position were used as indicators of socioeconomic 
position. Analyses on social gradients were performed 
for employed and retired insured, but only for employed 
insured information on occupation and on income were 
available, for retired women and men only income 
was available. Analyses were performed by means of 
proportional hazard regression.
Results  In employed women, social gradients for the 
occurrence emerged for occupational position, but not for 
income. In men, social differences were found for both 
indicators. For retired insured, income gradients were 
found in men. Looking at overall survival, neither in women 
nor in men social gradients emerged.
Conclusions  The reported social inequalities in the 
occurrence of lung cancer are pointing towards social 
differences in smoking behaviour, exposition to hazardous 
occupation-related substances and differences in 
preventive strategies. The absence of social inequalities 
in survival after lung cancer suggests equality in medical 
treatment of the disease.

BACKGROUND
Lung cancer is one of the most frequent 
malignant diseases in Germany. According to 
national statistics for 2014, age-standardised 
rates were 57.3/100 000 in men and 

29.0/100 000 in women.1 In 2013/2014, it 
had the largest share of cancer-related deaths 
in men (25%) and the second most frequent 
one in women (15%). In spite of decreasing 
rates of smokers and due to demographic 
change, lung cancer will also make a substan-
tive contribution to population morbidity in 
the years to come.2 Social inequalities were 
also reported for lung cancer.3 However, 
compared with studies on subjective health 
or other frequently occurring diseases like 
cardiovascular conditions, only limited empir-
ical evidence exists regarding social inequali-
ties in lung cancer. Analysing inequalities in 
lung cancer requires differentiation between 
incidence/prevalence and death.

Studying social inequalities in lung cancer 
is a meaningful endeavour. With respect to 
the disease course and outcomes, differ-
ence by socioeconomic status (SES) refers 
to different types of behaviours and expo-
sitions that can be changed in particular to 

Strengths and limitations of this study

►► A large population-based sample was used.
►► Different indicators of social inequality at different 
points in the illness process were used to study 
inequality, including inequality in the occurrence of 
lung cancer and the survival of patients with lung 
cancer.

►► Sensitivity analyses indicated the robustness of the 
current results.

►► The sample was geographically limited to the area 
of Lower Saxony, Germany.

►► Information about psychosocial and behavioural fac-
tors to explain inequalities in lung cancer could not 
be obtained, which needs to be analysed in future 
studies.
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smoking,4 to the differential success of preventive poli-
cies5 and to occupation-related expositions to potentially 
hazardous environmental conditions and carcinogenic 
substances such as asbestos or polycyclic hydrocar-
bons.6–8 If social inequalities in patients are considered, 
that is, with respect to the disease course and outcomes, 
analyses are rather not pointing towards differences in 
behaviour. In this case, stage at diagnosis and differing 
qualities of medical care may be responsible for varia-
tions of disease outcomes. This had been demonstrated, 
for example, for the USA, where the membership in 
different types of health insurances was associated with 
the risk of death after lung cancer, and the types of 
insurances were again associated with different socio-
economic positions.9

Research on social inequalities in lung cancer inci-
dence is rare, and this applies to Germany as well as to 
the international literature. Nationwide cancer regis-
tration was implemented in 2006, but registers do not 
contain sociodemographic information. Thus, only a few 
publications are available. In an individual-level study, 
social inequalities in the incidence of lung cancer were 
reported, but the situation was less clear for case fatali-
ties.10 Three more incidence studies were published, but 
they used area-based measures for classifying women and 
men according to socioeconomic position.11–13 In inter-
national publications, social inequalities in terms of lung 
cancer incidence were also reported for income, educa-
tion and occupational position14; a recent study was based 
on pooled samples from different countries, but the 
numbers of lung cancer cases did not permit to differ-
entiate between countries.15 Social inequalities for lung 
cancer incidence were also reported for Danish males,16 
and in a Canadian ecological study, associations between 
area-based income levels and lung cancer were found.17 
The situation is less straightforward for the survival of 
lung cancer. For Germany, an older study reported social 
differences in terms of income, but not for education.10 At 
the international level, survival differences were reported 
in terms of income18 or education,14 while in a Dutch 
study, no social gradients were reported for occupation.19 
Social gradients as depicted by area-based measures were 
also examined for survival, and lower survival rates were 
reported for patients from areas classified as socially 
deprived.20 Taken together, the findings of these studies 
are heterogeneous and may depend on the structure of 
the healthcare system.9 21 22

Against the backdrop of the findings reported above, 
the current situation of health inequalities in terms of 
incidence of lung cancer and survival of patients with lung 
cancer in Germany is unclear. As registry data are unsuit-
able for inequality analyses, we used claims data derived 
from a large German statutory health insurance covering 
the time period 2005–2016. This made it possible to 
perform analyses by considering income and occupation 
as indicators of socioeconomic position and for different 
groups of insured on the basis of large case numbers. 
Differentiating between these two is necessary because 

for retired insured only one SES indicator (income) was 
available.

The size of the insurance data made it possible to 
perform analyses along three lines:

►► It was examined whether lung cancer differed by 
income and occupation by performing separate anal-
yses for women and for men. Further differentiations 
had to be carried out for economically active and 
for retired individuals. Only for the first-mentioned 
group data on occupational position and income 
were available, while for pensioners, only income was 
recorded. Besides the availability of SES indicators, 
the differentiation between economically active indi-
viduals and pensioners is appropriate because social 
gradients are narrowing with age, that is, after transi-
tion into retirement.23

►► It was examined whether case fatalities (mortality) of 
patients with lung cancer were differing by income 
and occupation. In these analyses, only patients with 
lung cancer were considered.

►► Mortality was considered for the whole study period 
by adjusting the length of follow-up. A different line 
of analysis was performed for survival of 18 months 
after clinical diagnosis. According to the data of 
2013/2014 published by the Robert Koch Institute, 
approximately 60% of patients will have died within 
18 months after diagnosis. It was assumed that this 
observation period would permit to differentiate by 
SES with sufficient precision.1

Thus, given the missing evidence about social inequali-
ties in lung cancer in Germany, the current study aims to 
examine the extent of social inequalities in incidence and 
mortality of lung cancer in Germany.

METHODS
The following analyses are based on claims data of all 
insured persons from the Local Statutory Health Insur-
ance of Lower Saxony (Allgemeine Ortskrankenkasse 
Niedersachsen, AOKN). The data used in the current 
study do not represent a sample of this health insur-
ance population, but consist of the entire population of 
insured persons of the Local Statutory Health Insurance 
of Lower Saxony, covering the years 2005–2016 for indi-
viduals aged at least 18 years.24 The insurance population 
included in the analyses consisted of 3 163 211 cases of 
men (49.3%) and women (50.7%). The membership in 
the insurance may vary, thus the dataset is left and right 
censorised.

In Germany, health insurance coverage is compulsory 
for all residents,25 and below a certain income threshold 
insurance with the statutory system is obligatory. Statu-
tory health insurances are operating under public law, 
and all are covering the same healthcare programme as 
defined by a national board (‘Gemeinsamer Bundesauss-
chuss’). In 2011, 86% of all employed women and men 
were covered by the statutory system, family members 
are insured free of charge, and in 2015, only 0.1% were 
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uninsured. Insured are divided into different groups; for 
the following analyses, this applies to employed, family 
insured, unemployed, pensioners and an undefined 
group.

Diagnoses were all hospital-based and coded according 
to the International Statistical Classification of Diseases 
and Related Health Problems 10th Revision (ICD-10); for 
lung cancer, this referred to ICD-10: C34.0 to C34.9, but 
the data do permit to differentiate neither by histological 
type of cancer nor by tumour size.

Mortality was recorded with date of death as this termi-
nates insurance membership. Due to German data privacy 
protection laws, only general mortality was recorded.

Income was available on the basis of individual wages 
as they are the basis for calculating insurance premiums. 
In order to make income data comparable over time, 
incomes were classified according to nationwide annual 
averages as published by the German Statistical Office. 
Women and men were classified into one of seven groups 
based on their pre-tax annual income (>100% of national 
mean wage, >80%–100% of national mean wage, >60%–
80% of national mean wage, >40%–60% of national mean 
wage, >20%–40% of national mean wage, <20 of national 
mean wage, unclassified). The group of individuals with 
missing data on indicators of socioeconomic position is 
mainly made up out of family members without occupa-
tion, individuals who are on unemployment benefits or in 
training and education without receiving a regular salary. 
This group also includes self-employed individuals whose 
exact incomes are not reported to the health insurance. 
Thus, their mean age is lower than in the whole insurance 
population.26

Occupational position was classified according to a 
system of occupations as proposed by Blossfeld.27 Origi-
nally the classification contains 12 categories of occupa-
tions that are homogeneous with respect to education and 
vocational training and occupational activities (agricul-
tural occupations, unskilled manual occupations, skilled 
manual occupations, technicians, engineers, unskilled 
services, skilled services, semi-professions, professions, 
unskilled commercial and administrational occupations, 
skilled commercial and administrational occupations, 
managers). For the following analyses, they were reduced 
to four: unskilled (eg, unskilled service personal), skilled 
(eg, skilled manual occupations like glassblowers), special-
ists (eg, semi-professions like nurses) and highly qualified 
positions (eg, professions like university professors).26 For 
falling into the ‘highly qualified’ group, a person usually 
needed a university degree, and the occupation included 
management tasks.

Statistical analyses
In the first line of analysis, it was examined whether 
incident cancer and non-cancer cases are differing with 
respect to SES. Employed insured were classified by occu-
pational position and income, but for retired women and 
men, only income was available. Due to the unavailability 
of SES classifications, only employed and retired insured 

were considered. Thus, in the first line of analysis, we 
analysed whether incident lung cancer cases differed by 
SES via Cox regression analysis.

In the second line of analysis, only lung cancer cases 
were included. It was examined whether deaths (case 
fatalities) were differing by socioeconomic position. As 
above, separate analyses were performed for employed 
and retired insured. Thus, in the second line of analysis 
we analysed whether all-cause mortality of people with 
lung cancer differed by SES via Cox regression analysis.

In the third line of analysis, a time limit will be intro-
duced to set a common condition for all socioeconomic 
groups. Case fatality rates will be analysed for a time period 
of 18 months after primary treatment of lung cancer. 
This will include all death cases up to this date, all other 
cases will be censorised. This requires the application of 
some restrictions on the data. In order to determine time 
periods correctly, incident and prevalent cases had to be 
separated. To exclude prevalent cases, a preobservation 
period of 1 year had to be introduced for all insured, 
thus leading to a reduction of cases. Then an observation 
period of 18 months was applied. According to national 
data, 40% of all lung cancer cases are expected to survive 
after this time period.1 This analysis constitutes a sensi-
tivity analysis and enables judgements about the robust-
ness of our analyses. Thus, in the third line of analysis, we 
analysed whether mortality in lung cancer cases differed 
by SES via Cox regression analysis with a maximum 
follow-up observation period of 18 months.

For the three lines of analyses, proportional hazards 
regression was applied.28 The Cox model estimates HRs 
for an endpoint to occur in different groups by setting 
one as point of reference. By estimating HRs, lengths of 
observation periods are taken into account what in our 
data is necessary due to censorisations and different 
lengths of insurance periods. All Cox regression anal-
yses were controlled for age and stratified by gender and 
employment status. All estimations were performed by 
means of STATA V.15MP.29

Patient and public involvement
No patient involvement. It was not appropriate or possible 
to involve patients or the public in the design, or conduct, 
or reporting or dissemination plans of our research.

RESULTS
The basic distributions of the relevant variables are 
displayed in tables 1 and 2. The total sum of person years 
covered with our dataset is 24 744 814.

In table 3, HRs for lung cancer by group of insured are 
displayed. It has to be emphasised that controlling for 
age could only be incompletely successful as the retired 
insured were differing from the other groups mainly by 
their age structure. Below a certain age, only a very small 
fraction of all insured was falling into the group of retired 
insured. Except the heterogeneous unclassified group, all 
others had higher HRs than employed women and men. 
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In particular, the high HR among unemployed will have 
to be considered.

In the following analyses, only employed and retired 
insured were included. Table  4 shows the findings for 
incident or prevalent cases of lung cancer for employed 
and retired women and men.

In women, social differences were found only in the 
employed group. For the case of income, a gradient 
emerged for income, but due to large confidence bound-
aries, it was statistically significant only for the lowest 
income group. In contrast, a marked gradient emerged 
for occupation with a HR of 2.52 for the unskilled group. 
In retired women, income effects were completely absent. 
The rank order correlation between the two indicators 
was r=0.32.

In employed men, marked social differences were 
found for income as well as for occupation, although the 
rank order correlation was only r=0.18. Both indicators 
had independent effects on the disease outcome. This 
was reproduced in retired men where the effects were 
again substantial and statistically significant from the 
group with incomes below 40% of the national level. No 
interpretable effects emerged in the unclassified group.

Table 5 presents the findings for deaths. In men and 
in women, irrespective of whether employed or retired, 
social gradients were absent. Only in employed men 
earning less than 20% of the national average the HR 
was marginally significant. These general results were 
supported when conducting the analyses for 18 months 
of survival with death as endpoint (online supplementary 
appendix table A1).

DISCUSSION
We investigated whether there were social inequali-
ties in the occurrence and mortality of lung cancer. 
Regarding the occurrence of lung cancer, social inequal-
ities emerged for income as well as for occupational posi-
tion in men and women, although in employed women, 
effects were only statistically significant in the lowest 
income group. In retired insured, social differences 
emerged only in men. This result is in line with previous 
studies. Multiple previous studies had found inequali-
ties regarding smoking, occupation-related exposure to 
carcinogens and lung cancer.4–8 The main explanation for 
inequality in lung cancer incidence is that social inequal-
ities tobacco consumption and occupation-related expo-
sures may play a role.8 In Germany, the rates of smokers 
were decreasing from 1999 to 2013, but in men holding 
higher socioeconomic positions, this development took 
place at a faster pace than in lower positions.30 In women, 
smoking rates underwent a continuous decline in lower 
socioeconomic positions, while in higher socioeconomic 
positions, rates dropped from 24.2% to 15.7%. Addition-
ally, in a recent meta-analysis, the association between 
income and smoking rates had also been confirmed, 
particularly in countries with higher life expectancy.31 
The authors explained this association with marketing 
strategies of tobacco companies and lower success of 
preventive measures in individuals with lower incomes.32 
Thus, social inequalities regarding the occurrence of 
lung cancer emerged, which might largely be due to 
differential smoking rates and occupation-related expo-
sures. This knowledge might also be useful to identify 

Table 2  Mean age at occurrence of lung cancer and mean age at death for patients with lung cancer

Women Men

Age at occurrence, M (SD) Age at death, M (SD) Age at occurrence, M (SD) Age at death, M (SD)

Employed 55.1/7.0 55.3/6.5 56.9/6.9 57.5/7.1

Retired 71.0/8.4 72.5/8.6 71.2/7.7 72.1/8.2

Unemployed 56.9/8.7 57.5/8.2 57.3/7.6 58.0/7.5

Family insured 58.7/9.1 60.5/9.7 62.0/8.8 62.9/8.9

Unclassified 56.3/12.8 60.7/9.7 65.3/11.6 65.9/11.6

Table 3  HRs for lung cancer by group of insured, estimated separately for women and men, controlled by age at occurrence

Women Men

HR 95% CI P value HR 95% CI P value

Group of insured

Employed 1 (ref.) – – 1 (ref.) – –

Retired 1.89 1.69 to 2.12 <0.001 2.74 2.55 to 2.95 <0.001

Unemployed 1.74 1.52 to 1.98 <0.001 2.32 2.13 to 2.52 <0.001

Family insured 1.28 1.15 to 1.43 <0.001 2.68 2.37 to 3.03 <0.001

Unclassified 0.35 0.26 to 0.49 <0.001 1.01 0.87 to 1.18 0.86

Age in years 1.018 1.02 to 1.02 <0.001 1.04 1.038 to 1.041 <0.001

https://dx.doi.org/10.1136/bmjopen-2019-036506
https://dx.doi.org/10.1136/bmjopen-2019-036506
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vulnerable groups in lung cancer. Perhaps public health 
programmes could be developed and implemented that 
explicitly target groups with a lower SES in Germany.

Regarding the survival of lung cancer, we found no signif-
icant social inequalities. This result is not in line with some 
previous studies. Most previous studies found inequalities 
in survival of cancer, including in Germany.14 18 20 This 
absence of social differences in survival may be explained 
by the universally applied cancer therapies (surgery, 
chemotherapy, radiation therapy and medications) being 
used under medical control without self-medication. This 
may leave only limited opportunity for non-compliance 
and thus ensures equal outcomes. Supporting this point, 
cancer therapies are also directed by guidelines, and 
under the conditions of the German healthcare system, 
financial barriers to lung cancer treatment are absent. 
Thus, no significant social inequalities regarding the 
survival of lung cancer resulted, which might be due to 
the equality in and universal appliance of lung cancer 
treatments in Germany. This may be different in coun-
tries where barriers to treatment do exist and where 
payments for treating the same disease are different.9 
Another explanation for the absence of inequalities in 
survival from lung cancer might be that lung cancer is a 
very lethal disease. Perhaps, inequalities might have been 
observed in cancers with higher survival rates. Given the 

Table 4  HRs for having lung cancer, estimated separately 
for employed and retired female and male insured by 
controlling for age

Women, employed

HR 95% CI P value

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

0.72 0.51 to 1.01 0.06

>60%–80% of national 
mean wage levels

0.98 0.74 to 1.30 0.88

>40%–60% of national 
mean wage levels

1.02 0.78 to 1.34 0.87

>20%–40% of national 
mean wage levels

1.24 0.94 to 1.63 0.14

<20 of national mean wage 
levels

1.72 1.24 to 2.39 <0.01

Unclassified 1 0.75 to 1.34 0.97

Occupation

Highly qualified 1 (ref.) – –

Specialists 2.28 1.30 to 4.0 <0.01

Skilled positions 2.08 1.18 to 3.67 0.01

Unskilled positions 2.52 1.44 to 4.41 <0.01

Unclassified 1.46 0.77 to 2.78 0.25

 �  Women, retired

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

1.5 0.92 to 2.47 0.1

>60%–80% of national 
mean wage levels

1.19 0.75 to 1.89 0.47

>40%–60% of national 
mean wage levels

1.17 0.74 to 1.84 0.51

>20%–40% of national 
mean wage levels

1.09 0.69 to 1.71 0.74

<20 of national mean wage 
levels

0.95 0.60 to 1.50 0.83

Unclassified 0.73 0.45 to 1.19 0.2

 �  Men, employed

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

1.15 1.00 to 1.32 0.05

>60%–80% of national 
mean wage levels

1.45 1.26 to 1.68 <0.01

>40%–60% of national 
mean wage levels

2.09 1.79 to 2.45 <0.01

>20%–40% of national 
mean wage levels

2.22 1.82 to 2.70 <0.01

Continued

Women, employed

HR 95% CI P value

<20 of national mean wage 
levels

2.35 1.84 to 3.00 <0.01

Unclassified 1.05 0.90 to 1.22 0.53

Occupation

Highly qualified 1 (ref.) – –

Specialists 1.85 1.26 to 2.71 <0.01

Skilled positions 1.71 1.2 to 2.44 <0.01

Unskilled positions 2.76 1.93 to 3,94 <0.01

Unclassified 1.07 0.73 to 1.58 0.73

 �  Men, retired

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

1.1 0.86 to 1.45 0.45

>60%–80% of national 
mean wage levels

1.26 0.98 to 1.62 0.07

>40%–60% of national 
mean wage levels

1.47 1.15 to 1.87 <0.01

>20%–40% of national 
mean wage levels

1.6 1.25 to 2.05 <0.01

<20 of national mean wage 
levels

1.52 1.17 to 1.98 <0.01

Unclassified 0.86 0.66 to 1.13 0.28

Table 4  Continued
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divergence of our survival results from some studies in 
the literature, future studies should further examine case 
fatalities in cancer.

In an additional line of analysis, we examined differ-
ences in lung cancer among groups of insured. In our 
main analyses, we have included only the two groups of 
insured where SES indicators were available. Regarding 
the general differences between groups of insured, we 
found that unemployed had higher lung cancer risks 
than employed insured. This may at least be explained 
by the risk of unemployment increasing with decreasing 
qualification,33 34 thus individuals with lower qualification 
are likely to being more frequent in this group of insured. 
The higher lung cancer rate among family insured may 
also be explained by selection effects, that is, individuals 
with lung cancer may not return to work but decide to 
stay at home, particularly if partners are economically 
active, but there may be also other less specific reasons 
for this finding. Higher disease risks in family insured as 
compared with employed individuals were also reported 
for other types of disease.35 Thus, we also found inequal-
ities in the emergence lung cancer regarding insurance 
status, the reasons for which should be explored by future 
studies.

The current study has several strengths and limitation. 
Our data have the advantage of large case numbers, thus 

Table 5  HRs for deaths (case fatalities) after the 
occurrence lung cancer, estimated separately for employed 
and retired female and male insured patients by controlling 
for age for the whole observation period

Women, employed

HR 95% CI P value

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

0.94 0.48 to 1.83 0.85

>60%–80% of national 
mean wage levels

1.05 0.62 to 1.80 0.86

>40%–60% of national 
mean wage levels

0.98 0.59 to 1.64 0.95

>20%–40% of national 
mean wage levels

0.91 0.53 to 1.55 0.72

<20 of national mean wage 
levels

0.7 0.37 to 1.33 0.28

Unclassified 0.36 0.19 to 0.68 <0.01

Occupation

Highly qualified 1 (ref.) – –

Specialists 0.92 0.28 to 3.04 0.89

Skilled positions 1.2 0.36 to 3.99 0.76

Unskilled positions 1.47 0.45 to 4.80 0.53

Unclassified 3.63 1.02 to 12.99 0.05

 �  Women, retired

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

1.95 0.77 to 4.93 0.16

>60%–80% of national 
mean wage levels

1.72 0.70 to 4.22 0.24

>40%–60% of national 
mean wage levels

1.75 0.72 to 4.24 0.22

>20%–40% of national 
mean wage levels

1.74 0.72 to 4.21 0.22

<20 of national mean wage 
levels

1.74 0.71 to 4.22 0.22

Unclassified 0.63 0.23 to 1.72 0.37

 �  Men, employed

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

0.97 0.75 to 1.26 0.82

>60%–80% of national 
mean wage levels

1.03 0.79 to 1.35 0.8

>40%–60% of national 
mean wage levels

1.26 0.96 to 1.65 0.09

>20%–40% of national 
mean wage levels

1.21 0.88 to 1.68 0.25

Continued

Women, employed

HR 95% CI P value

<20 of national mean wage 
levels

1.46 1.01 to 2.09 0.05

Unclassified 0.32 0.22 to 0.47 <0.01

Occupation

Highly qualified 1 (ref.) – –

Specialists 1.37 0.65 to 2.91 0.41

Skilled positions 1.06 0.52 to 2.15 0.88

Unskilled positions 1.43 0.70 to 2.91 0.33

Unclassified 2.06 0.97 to 4.38 0.06

 �  Men, retired

Income

>100% of national mean 
wage levels

1 (ref.) – –

>80%–100% of national 
mean wage levels

0.88 0.58 to 1.33 0.56

>60%–80% of national 
mean wage levels

0.97 0.66 to 1.41 0.86

>40%–60% of national 
mean wage levels

0.96 0.66 to 1.40 0.83

>20%–40% of national 
mean wage levels

1.01 0.69 to 1.48 0.95

<20 of national mean wage 
levels

1.22 0.82 to 1.82 0.32

Unclassified 0.45 0.28 to 0.70 <0.01

Table 5  Continued
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making it possible to study the occurrence of lung cancer 
as well as cancer deaths. The data have nevertheless also 
some shortcomings. Due to the nature of claims data, no 
information on smoking behaviour as the main risk factor 
are recorded. Also, comorbidities cannot be related to 
lung cancer as the structure of our data does not permit to 
establish causal relationships. The ICD-10 diagnoses are 
not differentiated by type of cancer or by disease stage. As 
can be seen from table 1, for some groups of insured, SES 
indicators were unavailable, and our data do not include 
privately insured women and men (14% of the econom-
ically active part of the population). Our claims data are 
also skewed with respect to the social structure covered.25 
Although the distributions of age and gender were 
corresponding to those of Lower Saxony and Germany 
as a whole, lower occupational groups were represented 
with higher frequencies.36 This does, however, not chal-
lenge our findings, but it may underestimate the social 
gradients reported. Furthermore, although the current 
study was able to use the objective individual income and 
occupational position to study inequality in lung cancer, 
there were some cases of unclassified incomes and occu-
pational positions where it was not possible to assign an 
individual income and occupational position. Future 
studies should further investigate this subpopulation. 
Lastly, some of the literature has used other indicators 
of inequality such as income at the household level or 
the distinction between manual and non-manual workers. 
Future studies should replicate our results using these 
alternative operationalisations.

In conclusion, only few studies on health inequalities 
in terms of lung cancer in Germany were available. Thus, 
we examined social inequalities in the occurrence of lung 
cancer and the survival of patients with lung cancer, using 
a large claims dataset from a German statutory health 
insurance covering 2005–2016. Social gradients emerged 
regarding the occurrence of lung cancer, but not for 
the survival of patients with lung cancer, which might be 
explained by social differences in smoking behaviour, 
exposition to hazardous occupation-related substances 
and differences in preventive strategy use. The absence 
of social inequalities in death after lung cancer suggests 
equality in medical treatment of the disease. Future 
studies should examine whether our hypothesised causes 
of social inequalities in lung cancer can be empirically 
validated.
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