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Abstract

Background

An association between low socioeconomic status (SES) and lung cancer has been
observed in several studies, but often without adequate control for smoking behavior. We
studied the association between lung cancer and occupationally derived SES, using data
from the international pooled SYNERGY study.

Methods

Twelve case-control studies from Europe and Canada were included in the analysis. Based
on occupational histories of study participants we measured SES using the International
Socio-Economic Index of Occupational Status (ISEI) and the European Socio-economic
Classification (ESeC). We divided the ISEI range into categories, using various criteria.
Stratifying by gender, we calculated odds ratios (OR) and 95% confidence intervals (Cl) by
unconditional logistic regression, adjusting for age, study, and smoking behavior. We con-
ducted analyses by histological subtypes of lung cancer and subgroup analyses by study
region, birth cohort, education and occupational exposure to known lung carcinogens.

Results

The analysis dataset included 17,021 cases and 20,885 controls. There was a strong ele-
vated OR between lung cancer and low SES, which was attenuated substantially after
adjustment for smoking, however a social gradient persisted. SES differences in lung cancer
risk were higher among men (lowest vs. highest SES category: ISEI OR 1.84 (95% Cl 1.61—
2.09); ESeC OR 1.53 (95% CI 1.44—1.63)), than among women (lowest vs. highest SES cat-
egory: ISEI OR 1.54 (95% Cl 1.20-1.98); ESeC OR 1.34 (95% Cl 1.19-1.52)).

Conclusion

SES remained a risk factor for lung cancer after adjustment for smoking behavior.

Introduction

Lung cancer has the highest mortality rate of all cancers worldwide [1]. Socioeconomic status
(SES) has been associated with lung cancer in several studies, with people from lower socioeco-
nomic backgrounds having the highest incidence rates [2-8]. SES reflects one’s position in
societal hierarchies, and is generally assessed by the interdependent dimensions of education,
occupation and income. SES is linked with health/disease through multiple interacting path-
ways in terms of material and social resources, physical and psycho-social stressors, and
health-related behaviors [9,10]. SES is strongly associated with smoking behavior [11], the
most important risk factor in the etiology of lung cancer. However, many studies on lung can-
cer and SES do not adequately control for smoking behavior [12], and findings about the
extent to what SES is explained by smoking are not consistent [3,7,13,14]. We investigated
whether SES is a risk factor for lung cancer, and to what extent the association is reduced by
consideration of smoking. We operationalized SES by two different occupation-based
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concepts. First, we measured SES by application of the International Socio-Economic Index of
occupational status (ISEI) [15]. ISEI was originally constructed to create an internationally
comparable socio-economic index by combining data on education, income, and occupation
as the three main dimensions of SES. The different ISEI scores for occupations were calculated
by assuming that occupation represents an intermediate factor which converts education into
income [15]. Second, we used the European Socio-economic Classification (ESeC), which cate-
gorizes social positions on the basis of typical employment relations and conditions of occupa-
tions [16]. We applied these two concepts to different job periods to investigate variations of
occupational SES and lung cancer associations. Additionally, we explored whether the rela-
tionships between SES and lung cancer differed by histological tumor subtype, and conducted
subgroup analyses to explore effects according to study region, occupational exposures, smok-
ing status, education, birth cohort, study control type and city size of last residence. Consider-
ing biological as well as social differences between men and women with regard to lung cancer
[17], we stratified all analysis by gender.

Materials and methods
Data availability

We analyzed data from the SYNERGY study (‘Pooled Analysis of Case-Control Studies on the
Joint Effects of Occupational Carcinogens in the Development of Lung Cancer’) database.
Detailed information on the SYNERGY project has been published previously [18,19] and is
available at the study website (http://synergy.iarc.fr). Briefly, SYNERGY is an international col-
laboration to study the role of occupational exposures on lung cancer risk. All included studies
solicited detailed information on the participants’ occupational biography (ISCO-68 coded job
periods along with ISIC (Rev. 2) coded industries) and smoking history. Individual participant
data from 16 studies and 22 study centers conducted between 1985 and 2010 are currently
included in SYNERGY. The ethics committees of the individual studies approved the conduct
of the study, as well as the Institutional Review Board of the International Agency for Research
on Cancer. Study subjects or -in the case of deceased subjects- their relatives gave written
informed consent to participate in the study.

We included studies from Europe and North America and used data from 12 studies con-
ducted in 18 study centers. We excluded two studies because of missing information: The
MORGEN study (Netherlands) did not contain data on the time since smoking cessation for
former smokers, and the PARIS study (France) did not have information on education and
was restricted to smokers. Participants were excluded if they had no ISCO codes in their occu-
pational history to derive occupational SES (n = 651). These included, for example, house-
wives, participants working exclusively in the military or lifetime unemployed. Participants
with missing smoking history were also excluded (n = 23).

Cases were histologically confirmed lung cancer cases, categorized into lung cancer sub-
types (squamous cell carcinoma (SQCC), small cell lung cancer (SCLC), adenocarcinoma
(ADC), other/unspecified).

Information was available on several further variables, which either constituted the “exposure
variables” or covariates. This included gender, age, geographic area of residence, smoking his-
tory, education, and occupational history. The occupational history was used to create the “expo-
sure variables” and to create an indicator of potential exposure to occupational carcinogens.

Indices of socioeconomic status

In order to classify the SES of study participants, we used two indices that can be assigned by
the participant’s occupation, namely, the ISEI [15] and the ESeC [16]. The ISEI is a continuous
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status score for occupations, derived by Ganzeboom and co-workers based on age, education
and income. The minimum score was 10 (e.g. for cook’s helpers), the maximum 90 (judges).
We used each participant’s job history in conjunction with the ISEI score for the occupations
to assign an ISEI score to each job. We categorized subjects into categories in two ways: first by
dividing the entire ISEI range into four equal sub-ranges (10-29, 30-50, 51-70, 71-90 points)
and second by calculating frequency distribution quartiles based on the gender-specific distri-
bution of scores among control subjects.

The ESeC is a derivative of the Erikson-Goldthorpe-Portocarero (EGP) scheme [20]. In
contrast to the continuous ISEI scale, ESeC defines discrete categories of social positions:
Occupations are classified according to their typical employment relations and conditions
referring to the labor market (income, security, prospects) and work situation (authority,
autonomy) [21]. We applied the ESeC with 3 classes (“The Salariat”, “Intermediate”, and
“Working Class”), which shows a hierarchical order unlike the original scale of 9 classes
(optionally plus the class of unemployment, which we analyzed independently). The con-
densed version is recommended by the ESeC-authors when additional information about
employment status and size of organization is missing [21].

For the assignment of the indicators we utilized instruments available on the authors’ web-
sites [21, 22]. We assigned scores based on each participant’s longest, first and last held job
period and additionally, the lowest and highest score ever reached (ISEI only). Jobless periods
due to unemployment (including illness) were assessed separately. We categorized the maxi-
mum duration of unemployed periods and, for comparison, the sum of unemployed years for
each participant (never, >0-1, >1-5, >5-10, >10 years). We further categorized participants
in those who ever or never worked in blue collar jobs by the first digit of ISCO codes (trans-
formed into ISCO-88) (white-collar: 1-5, blue-collar: 6-9).

Education was categorized as follows: no formal/some primary education (<6 years), pri-
mary/some secondary education (6-9 years), secondary education/some college (10-13 years),
university.

Covariates

The smoking history was parametrized by means of multiple variables: smoking status (non-
smokers, former, current cigarette smokers, and smokers of other types of tobacco only), years
since quitting smoking, and pack-years (log(cigarette pack-years+1)). Non-smokers were
defined as participants who smoked less than one pack-year. Smokers were considered former
smokers if they had quit smoking at least 2 years before the interview/diagnosis; otherwise
they were considered current smokers [23]. Former smokers were subdivided into categories
of 2-5, 6-10, 11-15, 16-25, 26-35 and more than 35 years since quitting smoking.

To indicate occupational exposures to lung carcinogens, we used a classification of occupa-
tions developed by Ahrens and Merletti [24] on the basis of occupational categories (ISCO-68)
and industrial sectors (ISIC Rev.2). The list of occupations with potential carcinogenic risk is
known as ‘list A’ and includes, among others, jobs in metal production and processing, con-
struction, mining, the chemical industry, asbestos production [24,25]. Participants were classi-
fied as ever or never having worked in a ‘list A’ job.

We combined countries to the following study regions: Northern/Central Europe (France,
Germany, Sweden, United Kingdom), Eastern Europe (Czech Republic, Hungary, Poland,
Romania, Russia, Slovakia), Southern Europe (Italy, Spain), and Canada. We differentiated
whether controls were recruited population-based or in hospitals. We categorized birth
cohorts (<1930, 1930-1939, >1939) and city size of last residence (rural/midsize: < = 100,000
inhabitants, urban: >100,000 inhabitants).
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Statistical analysis

We estimated odds ratios (OR) with 95% confidence intervals (CI) by unconditional logistic
regression models, and used the longest held job for the main analyses. Categories with the
highest SES were set as reference. We adjusted for log(age) and study center in model 1 and
added smoking variables in model 2. We stratified analyses by gender, restricted in some cases
to men because of insufficient numbers in women. We calculated tests for trend for all analy-
ses. To quantify the difference of ORs between the two models, we applied ((OR 0de11~ORmo-
de12)/(ORmodell_ 1)* 100) [ 13, 26] .

We additionally adjusted models for educational level as a second SES indicator and ‘list A’
to study the impact on the association of occupational SES and lung cancer.

To investigate whether the SES-lung cancer associations differed by histologic type, we con-
ducted separate analyses in the main histological subtypes of lung cancer (SQCC, SCLC, ADC).

Subgroup or sensitivity analyses were conducted to elucidate possible effects by education,
study region, city size of last residence, birth cohort, employment in ‘list A’ job, employed in a
blue collar job, smoking status, and type of control recruitment.

We calculated correlations between the selected job periods (first, last, etc.) and correlations
with education by Spearman’s rank correlation coefficient for ISEI and by Cramér’s V for
ESeC.

We used random-effect meta-regression models to examine heterogeneity between study
centers. The LUCA study was not included in the meta-analysis because adjustment for smok-
ing was not possible due to missing cases in the reference category (non-smokers).

All statistical analyses were carried out with SAS, version 9.3 (SAS Institute Inc., Cary, NC)
except for meta-analyses, which were performed using Comprehensive Meta-Analysis Version
2.2.027 software (Biostat, Englewood, NJ).

Results
Characteristics of the study population

Altogether, 17,021 cases of lung cancer and 20,885 controls were included in the final analysis.
The characteristics of the study participants are shown in Table 1. Approximately 80% of cases
and controls were male. Lung cancer cases less frequently held jobs in the highest occupational
categories, had lower education, were more frequently smokers at time of interview, had
smoked more pack-years and slightly more often experienced unemployment than controls.
Fractions of participants with higher occupational SES (summing up the two upper categories
of ISEI and ESeC, respectively), higher education, and non-smokers were lower among men.
The maximum duration of periods of unemployment was higher for women than for men.

When combining the upper categories of ISEI to high SES and the lower categories to low
SES, current smokers represented 47% of men and 36% of women with low SES compared to
34% of men and 31% of women with high SES. Non-smokers accounted for 12% of men with
high SES and 20% of men with low SES. In women, the proportion of non-smokers was equal
for low and high SES (46%).

The distribution of SES among the controls varied by study center in particular with a
higher proportion of lower SES in CAPUA (Spain) and higher SES in TORONTO (Canada)
(S1A Fig and S1B Fig).

Associations between SES and lung cancer

Table 2 displays the association of occupational SES, applied to the longest held job, and lung
cancer, comparing models with and without adjustment for smoking. Risk estimates increased
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Table 1. Characteristics of the study population by gender and case-control status.

Men Women
Characteristics Cases n (%) Controls n (%) Cases n (%) Controls n (%)
Age (years)
Median (Interquartile range) 63 (57-69) 63 (56-69) 61.0 (53-69) 61.0 (52-69)
ISEI (longest job)
1 quarter (71-90) 591 (4.3) 1482 (9.0) 146 (4.5) 293 (6.7)
ond quarter (51-70) 2449 (17.8) 4297 (26.1) 1002 (30.8) 1534 (34.8)
3rd quarter (30-50) 8415 (61.1) 8471 (51.4) 1218 (37.5) 1600 (36.3)
4t quarter (10-29) 2317 (16.8) 2230 (13.5) 883 (27.2) 978 (22.2)
ESeC (longest job)
The Salariat 3262 (23.7) 5517 (33.5) 830 (25.5) 1405 (31.9)
Intermediate 1888 (13.7) 2819 (17.1) 684 (21.1) 950 (21.6)
Working Class 8622 (62.6) 8144 (49.4) 1735 (53.4) 2050 (46.5)
Duration of unemployment (longest period)
Never 12,125 (88.0) 14,885 (90.3) 2878 (88.6) 3955 (89.8)
>0-1 year 557 (4.0) 618 (3.8) 118 (3.6) 133 (3.0)
>1-5 years 708 (5.1) 684 (4.2) 151 (4.6) 182 (4.1)
>5-10 years 233 (1.7) 164 (1.0) 50 (1.5) 72 (1.6)
>10 years 149 (1.1) 129 (0.8) 52(1.6) 63 (1.4)
Education
University 1401 (10.2) 2920 (17.7) 488 (15.0) 913 (20.7)
Secondary/some college (10-13 years) 2568 (18.6) 4095 (24.8) 705 (21.7) 1117 (25.4)
Primary/some secondary (6-9 years) 6600 (47.9) 6861 (41.6) 1417 (43.6) 1577 (35.8)
No formal education/some primary (<6 years) 2736 (19.9) 2326 (14.1) 560 (17.2) 729 (16.5)
Missing 467 (3.4) 278 (1.7) 79 (2.4) 69 (1.6)
Smoking status
Non-smoker 336 (2.4) 4066 (24.7) 877 (27.0) 2650 (60.2)
Former smoker 4876 (35.4) 7410 (45.0) 641 (19.7) 885 (20.1)
Current smoker 8407 (61.0) 4596 (27.9) 1731 (53.3) 868 (19.7)
Other types of tobacco 153 (1.1) 408 (2.5) 0 (0) 2 (0)
Pack-years
Median (Interquartile range) 38.5(25.3-54.0) 14.0 (0-32.1) 22.5 (0-40.0) 0 (0-10.0)
Histological lung tumor subtypes
SQCC 5866 (42.6) 658 (20.3)
SCLC 2195 (15.9) 524 (16.1)
ADC 3424 (24.9) 1409 (43.4)
Other/unspecified 2207 (16.0) 644 (19.8)
Missing 80 (0.6) 14 (0.4)
Birth cohort
<1930 5328 (38.7) 6523 (39.6) 961 (29.6) 1109 (25.2)
1930-1939 4673 (33.9) 5032 (30.5) 995 (30.6) 1432 (32.5)
>1939 3771 (27.4) 4925 (29.9) 1293 (39.8) 1864 (42.3)
Study region
Northern/Central Europe 7298 (53.0) 9416 (57.1) 1440 (44.3) 1799 (40.8)
Eastern Europe 2032 (14.8) 1992 (12.1) 560 (17.2) 670 (15.2)
Southern Europe 3536 (25.7) 3818 (23.2) 621 (19.1) 860 (19.5)
Canada 906 (6.6) 1254 (7.6) 628 (19.3) 1076 (24.4)
Ever worked in list-A job

(Continued)
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Table 1. (Continued)

Men Women
Characteristics Cases n (%) Controls n (%) Cases n (%) Controls n (%)
Yes 2056 (14.9) 1570 (9.5) 85(2.6) 55(1.2)
No 11,716 (85.1) 14,910 (90.5) 3164 (97.4) 4350 (98.8)
Ever worked in blue-collar job
Yes 11,315 (82.2) 11,899 (72.2) 1872 (57.6) 2289 (52.0)
No 2457 (17.8) 4581 (27.8) 1377 (42.4) 2116 (48.0)
Size of last residence
Urban (>100,000) 6470 (47.0) 7812 (47.4) 1674 (51.5) 2044 (46.4)
Rural/midsize (< = 100,000) 4303 (31.2) 4639 (28.1) 665 (20.5) 819 (18.6)
Missing 2999 (21.8) 4029 (24.4) 910 (28.0) 1542 (35.0)
Total 13,772 (36.3) 16,480 (43.5) 3249 (8.6) 4405 (11.6)

https://doi.org/10.1371/journal.pone.0192999.t001
as SES decreased. Adjustment for smoking behavior decreased the ORs, but elevated ORs

between SES and lung cancer remained even after adjustment for smoking. The effect of SES
was greater among men than among women. These observations generally applied to all types

Table 2. Estimated lung cancer risks (OR) with 95% confidence intervals (CI) for occupational SES (ISEI* and ESeC of the longest job) by gender.

SES-gender Cases Controls Model 1° Model 2¢

n % n % OR (95%-CI) OR (95%-CI)
ISEI-men
I quarter (71-90) 591 4.3 1482 9.0 1.00 1.00
and quarter (51-70) 2449 17.8 4297 26.1 1.42 (1.28-1.59) 1.18 (1.04-1.34)
3rd quarter (30-50) 8415 61.1 8471 51.4 2.49 (2.25-2.76) 1.80 (1.60-2.02)
4t quarter (10-29) 2317 16.8 2230 13.5 2.59 (2.31-2.90) 1.84 (1.61-2.09)
Test for trend P < 0.001 P < 0.001
ISEI-women
1 quarter (71-90) 146 4.5 293 6.7 1.00 1.00
2 quarter (51-70) 1002 30.8 1534 348 1.27 (1.02-1.58) 1.16 (0.91-1.48)
3rd quarter (30-50) 1218 37.5 1600 36.3 1.44 (1.16-1.79) 1.28 (1.00-1.63)
4™ quarter (10-29) 883 27.2 978 222 1.72 (1.37-2.15) 1.54 (1.20-1.98)
Test for trend P < 0.001 P < 0.001
ESeC-men
The Salariat 3262 23.7 5517 33.5 1.00 1.00
Intermediate 1888 13.7 2819 17.1 1.10 (1.02-1.18) 1.08 (0.99-1.17)
Working Class 8622 62.6 8144 49.4 1.79 (1.70-1.89) 1.53 (1.44-1.63)
Test for trend P < 0.001 P < 0.001
ESeC-women
The Salariat 830 25.5 1405 319 1.00 1.00
Intermediate 684 21.1 950 21.6 1.22 (1.07-1.40) 1.22 (1.05-1.42)
Working Class 1735 53.4 2050 46.5 1.41 (1.27-1.58) 1.34 (1.19-1.52)
Test for trend P < 0.001 P < 0.001

* Categories by quarters of ISEI range.

® Adjusted for log(age) and study center.

¢ Adjusted for log(age), study center, smoking status incl. time since quitting (current smoker, quitted 2-5, 6-10, 11-15, 16-25, 26-35 or >35 years before interview/
diagnosis, only other types of tobacco, non-smoker) and cigarette pack-years (log(py+1)).

https://doi.org/10.1371/journal.pone.0192999.t002
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Table 3. Estimated lung cancer risks (OR) with 95% confidence intervals (CI) for categories of the longest period of unemployment by gender.

Duration of unemployment

Men

Never unemployed

>0-1 year
>1-5 years
>5-10 years
>10 years
Test for trend

Women

Never unemployed

>0-1 year
>1-5 years
>5-10 years
>10 years
Test for trend

* Adjusted for log(age) and study center.

Cases Controls Model 1* Model 2°

n % n % OR (95%-CI) OR (95%-CI)
12125 88.0 14885 90.3 1.00 1.00

557 4.0 618 3.8 1.07 (0.94-1.20) 1.01 (0.88-1.15)
708 5.1 684 4.2 1.21 (1.09-1.36) 1.02 (0.90-1.16)
233 1.7 164 1.0 1.76 (1.43-2.16) 1.40 (1.11-1.76)

149 1.1 129 0.8 1.57 (1.23-2.00) 1.21 (0.92-1.60)

P <0.001 P =0.022

2878 88.6 3955 89.8 1.00 1.00

118 3.6 133 3.0 1.12 (0.86-1.45) 0.91 (0.67-1.22)

151 46 182 4.1 1.04 (0.83-1.31) 0.97 (0.75-1.25)

50 1.5 72 1.6 0.93 (0.64-1.35) 0.80 (0.52-1.21)

52 1.6 63 1.4 1.18 (0.81-1.72) 0.90 (0.59-1.37)

P =0.487 P=0.291

® Adjusted for log(age), study center, smoking status incl. time since quitting (current smoker, quitted 2-5, 6-10, 11-15, 16-25, 26-35 or >>35 years before interview/

diagnosis, only other types of tobacco, non-smoker) and cigarette pack-years (log(py+1)).

https://doi.org/10.1371/journal.pone.0192999.t003

of selected job periods of ISEI and ESeC, with corresponding tests for trend (S1 and S2 Tables).
The average reduction due to adjustment for smoking habits in men was 50% for ISEI and
26% for ESeC, and in women 34% for ISEI and 9% for ESeC. Unemployment with a maximum
duration of >5-10 years and >10 years was associated with an increased risk of lung cancer
for men (Table 3). Similar results were observed for cumulative unemployment of 5-10 years
and > 10 years (S3 Table).

The results for either ISEI categorization, based on the score-range or the gender-specific
control distribution (S4 Table), showed similar ORs. We also observed similar associations
between SES and lung cancer for the longest and last job periods and the highest ever reached
ISEI on the one hand, and for the first job and the lowest ever reached ISEI on the other hand.
The job periods within these two groups (longest job/last job/highest ISEI and first job/lowest
ISEJ, respectively) were highly correlated (S5 Table). Additional adjustment for education fur-
ther reduced risk estimates on average by approximately 50% whereas adjustment for ‘list A’
resulted in a slight reduction (56 Table). Occupational SES correlated moderately with educa-
tion (ISEI-Spearman’s r 0.45, ESeC—-Cramér’s V 0.31).

When stratifying the data by histological tumor subtype (Table 4), we observed increased ORs
for SQCC and SCLC and slightly reduced risks for the lower SES-categories for ADC. In women,
adjustment for smoking behavior increased ORs for SQCC and SCLC in the lower SES categories.

Subgroup and sensitivity analyses, meta-analysis

Table 5 shows results for the subgroup analyses: The effect estimates remained unchanged for
participants who never or ever worked in a ‘list A” job and for male non-smokers of the lowest
SES category. ORs were comparatively higher for population than hospital controls; lower for
participants most recently residing in an urban area, and also for men who never held a blue-
collar job. When exploring last residence in urban area for the younger half of the study popu-
lation (< 63 years) ORs increased marginally for women (S7 Table).
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Table 4. Association of SES (ISEI” -longest job) and lung cancer by histological tumor subtype.

Tumor subtypes-gender Controls Cases Model 1° OR (95%-CI) Model 2° OR (95%-CI)
Squamous Cell Carcinoma-men

1™ quarter (71-90) 1482 205 1.00 1.00

2nd quarter (51-70) 4297 921 1.56 (1.33-1.84) 1.30 (1.09-1.56)

3rd quarter (30-50) 8471 3645 3.11 (2.67-3.63) 2.25(1.90-2.66)

4th quarter (10-29) 2230 1095 3.55 (3.00-4.19) 2.53(2.11-3.04)

Test for trend P < 0.001 P < 0.001
Squamous Cell Carcinoma-women

1 quarter (71-90) 293 23 1.00 1.00

ond quarter (51-70) 1534 174 1.36 (0.86-2.16) 1.39 (0.83-2.34)

3rd quarter (30-50) 1600 267 1.81 (1.15-2.84) 1.86 (1.11-3.09)

4™ quarter (10-29) 978 194 2.11 (1.33-3.35) 2.50 (1.48-4.22)

Test for trend P < 0.001 P < 0.001
Small Cell Lung Cancer-men

1*t quarter (71-90) 1482 84 1.00 1.00

2nd quarter (51-70) 4297 365 1.58 (1.24-2.03) 1.30 (1.00-1.68)

3rd quarter (30-50) 8471 1366 3.03 (2.41-3.81) 2.12 (1.66-2.70)

4th quarter (10-29) 2230 380 3.18 (2.48-4.08) 2.13(1.63-2.77)

Test for trend P < 0.001 P < 0.001
Small Cell Lung Cancer-women

1 quarter (71-90) 293 17 1.00 1.00

ond quarter (51-70) 1534 146 1.54 (0.91-2.60) 1.57 (0.87-2.83)

3rd quarter (30-50) 1600 204 1.93 (1.15-3.25) 1.84 (1.03-3.30)

4™ quarter (10-29) 978 157 2.54 (1.50-4.30) 2.85 (1.57-5.18)

Test for trend P < 0.001 P < 0.001
Adenocarcinoma-men

1*t quarter (71-90) 1482 188 1.00 1.00

ond quarter (51-70) 4297 755 1.34 (1.13-1.59) 1.15 (0.96-1.38)

3rd quarter (30-50) 8471 2011 1.83 (1.55-2.15) 1.38 (1.16-1.64)

4th quarter (10-29) 2230 470 1.57 (1.31-1.89) 1.17 (0.96-1.42)

Test for trend P < 0.001 P =0.009
Adenocarcinoma-women

1 quarter (71-90) 293 76 1.00 1.00

ond quarter (51-70) 1534 460 1.10 (0.83-1.45) 1.02 (0.76-1.38)

3rd quarter (30-50) 1600 511 1.17 (0.89-1.54) 1.06 (0.79-1.42)

4™ quarter (10-29) 978 362 1.32 (0.99-1.77) 1.24 (0.91-1.68)

Test for trend P=0.012 P =0.039

* Categories by quarters of ISEI range.

© Odds ratio with 95% confidence interval-adjusted for log(age), study center.

© Odds ratio with 95% confidence interval-adjusted for log(age), study center, smoking status incl. time since quitting (current smoker, quitted 2-5, 6-10, 11-15, 16-25,
26-35 or >35 years before interview/diagnosis, only other types of tobacco, non-smoker) and cigarette pack-years (log(py+1)).

https://doi.org/10.1371/journal.pone.0192999.t004

Stratification by study region (S8 Table) revealed higher ORs in Northern/Central Europe
and lower ORs in the other regions with a negative association for women in Eastern Europe.
In comparison to the score-based categorization of ISEL, applying gender-specific ISEI-quar-
tiles attenuated associations for women except for Canada, and increased ORs in men for
Southern Europe. ORs increased in the birth cohort of 1930-1939 for men and, especially in
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Table 5. Association of SES (ISEI” -longest job) and lung cancer in subgroups.

Men Women
Subgroup Cases Controls OR (95%-CI)° Cases Controls OR (95%-CI)"
Never worked in a List-A occupation
1st quarter (71-90) 567 1447 | 1.00 144 293 | 1.00
2nd quarter (51-70) 2312 4130 | 1.18 (1.04-1.34) 994 1527 | 1.17 (0.92-1.50)
3rd quarter (30-50) 6932 7408 | 1.74 (1.55-1.96) 1181 1575 | 1.28 (1.00-1.63)
4th quarter (10-29) 1905 1925 | 1.77 (1.55-2.03) 845 955 | 1.53 (1.18-1.97)
Test for trend P < 0.001 P < 0.001
Ever worked in a List-A occupation
1st quarter (71-90) 24 35| 1.00 2 0
2nd quarter (51-70) 137 167 | 1.12 (0.59-2.10) 8
3rd quarter (30-50) 1483 1063 | 1.79 (0.99-3.22) 37 25
4th quarter (10-29) 412 305 | 1.79 (0.98-3.28) 38 23
Test for trend P =0.005
Never worked in a blue-collar occupation
1st quarter (71-90) 365 1016 | 1.00 126 254 | 1.00
2nd quarter (51-70) 1292 2457 | 1.10 (0.94-1.29) 771 1211 | 1.21 (0.93-1.58)
3rd quarter (30-50) 726 1014 | 1.44 (1.21-1.73) 414 599 | 1.25 (0.94-1.66)
4th quarter (10-29) 74 94 | 1.45 (0.99-2.13) 66 52| 2.15(1.32-3.48)
Test for trend P < 0.001 P =0.051
Ever worked in a blue-collar occupation
Ist quarter (71-90) 226 466 | 1.00 20 39 | 1.00
2nd quarter (51-70) 1157 1840 | 1.25 (1.03-1.53) 231 323 | 1.04 (0.55-1.96)
3rd quarter (30-50) 7689 7457 | 1.87 (1.56-2.25) 804 1001 | 1.29 (0.70-2.39)
4th quarter (10-29) 2243 2136 | 1.89 (1.56-2.29) 817 926 | 1.51 (0.82-2.80)
Test for trend P < 0.001 P =0.002
Population controls
1st quarter (71-90) 476 1272 | 1.00 105 201 | 1.00
2nd quarter (51-70) 2128 3708 | 1.24 (1.08-1.42) 910 1208 | 1.41 (1.06-1.87)
3rd quarter (30-50) 6732 6655 | 2.01 (1.76-2.28) 1049 1230 | 1.59 (1.19-2.12)
4th quarter (10-29) 1880 1703 | 2.14 (1.85-2.47) 790 775 | 1.99 (1.48-2.67)
Test for trend P < 0.001 P < 0.001
Hospital controls
1st quarter (71-90) 160 200 | 1.00 77 88 | 1.00
2nd quarter (51-70) 467 528 | 0.97 (0.73-1.28) 276 312 | 0.81 (0.55-1.20)
3rd quarter (30-50) 2115 1688 | 1.19 (0.92-1.53) 319 342 | 0.78 (0.52-1.15)
4th quarter (10-29) 554 464 | 1.11 (0.84-1.47) 162 186 | 0.74 (0.48-1.13)
Test for trend P=0.119 P=0.217
Non-smokers N N
1st quarter (71-90) 32 470 | 1.00 56 181 | 1.00
2nd quarter (51-70) 81 1146 | 1.02 (0.66-1.56) 262 870 | 1.04 (0.74-1.47)
3rd quarter (30-50) 164 1965 | 1.36 (0.91-2.03) 340 932 | 1.17 (0.83-1.64)
4th quarter (10-29) 59 485 | 1.88 (1.19-2.98) 219 667 | 1.06 (0.74-1.51)
Test for trend P < 0.001 P =0.641
Urban last residence (>100,000 inhabitants)
1st quarter (71-90) 302 697 | 1.00 81 121 | 1.00
2nd quarter (51-70) 1313 2166 | 1.16 (0.98-1.38) 542 738 | 0.87 (0.61-1.24)
3rd quarter (30-50) 3893 3953 | 1.60 (1.37-1.88) 612 758 | 0.90 (0.64-1.28)

(Continued)
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Table 5. (Continued)

Men Women
Subgroup Cases Controls OR (95%-CI)® Cases Controls OR (95%-CI)®
4th quarter (10-29) 962 996 | 1.49 (1.24-1.79) 439 427 | 1.15 (0.80-1.66)
Test for trend P < 0.001 P =0.046

* Categories by quarters of ISEI range.

® Odds ratio with 95% confidence interval-adjusted for log(age), study center, smoking status incl. time since quitting (current smoker, quitted 2-5, 6-10, 11-15, 16-25,
26-35 or >35 years before interview/diagnosis, only other types of tobacco, non-smoker) and cigarette pack-years (log(py+1)).

© Odds ratio with 95% confidence interval-adjusted for log(age), study center and cigarette pack-years (log(py+1)).

https://doi.org/10.1371/journal.pone.0192999.t005

the middle SES categories, in the birth cohort >1939 for women (S9 Table). The lung cancer
risk of the lower SES-groups decreased when stratifying for education, especially in the strata
of higher education (S10 Table).

Meta-analyses (S2 Fig) showed slightly lower overall ORs than the corresponding pooled
ORs. The stronger the association of lung cancer and SES, the higher were the proportions of
heterogeneity with above 60% for at least the lowest vs. highest SES-categories.

Discussion

In this study we confirmed a social gradient for lung cancer, with greater risk associated with
lower occupational SES that persisted after adjustment for smoking habits and was higher
among men. Smoking habits reduced only up to half of the lung cancer risk of lower SES.
Additional adjustment for education further (but not completely) attenuated the ORs. Despite
regional differences, lung cancer risks were still elevated especially for the lowest SES catego-
ries with exception of women in Eastern Europe. Unemployment was not associated with lung
cancer except for subjects who experienced unemployed periods >5 years, and this finding
was restricted to men.

Strengths of this study are primarily based on the large international SYNERGY database
with participants’ detailed occupational and smoking histories. Smoking information was
nearly complete, which allowed for a detailed control of smoking behavior, as recommended
in the literature [14]. The ISCO-coded job biographies permitted the assignment of interna-
tional validated SES indicators to nearly the entire dataset (98%).

Limitations include the validity of the SES indicators: ISEI was developed based on data
restricted to men. ESeC was developed for comparisons of European countries. Additionally,
ISEI and ESeC are occupational indicators restricted to gainfully employed subjects. Even
though we analyzed the influence of being unemployed due to loss of job or periods of illness,
we could have missed possible influences of activities outside of the workforce, such as house-
work, part-time work, retirement, which could have underestimated socioeconomic differ-
ences [27]. This concerns not only non-occupationally active periods, but also participants
without any gainful employment in their job history who were excluded from the analysis.
Unfortunately, for lifetime housewives we did not have information on the husband’s occupa-
tion for derivation of the SES. We also could have missed effects of early retirement as a hidden
form of unemployment. Even though our classification of education was based on an interna-
tional classification, it generally remains problematic to capture the country-specific implica-
tions of time spent in the educational system and corresponding educational attainment.

Another limitation concerns residual effects of smoking behavior due to misclassification:
Stratification by histological subtypes revealed higher SES risks for the smoking-associated
subtypes (SCLC, SQCC) and reduced SES risks for ADC, which is the histological subtype of
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lung cancer showing the weakest association with smoking [19]. Furthermore, regional differ-
ences as well as elevated risks in the younger female birth cohort in our study correspond to
the international patterns of the international ‘smoking epidemic’ observed with regard to SES
and lung cancer [6]. The ‘smoking epidemic’ describes the historical prevalence of smoking
that differed by countries/regions (e.g. Northern compared with Southern Europe), gender,
and SES [28]. We identified elevated risks for male non-smokers, which could be due to our
definition of non-smokers (<1 cigarette pack-year) that also includes occasional smokers.
Measuring smoking in pack-years as cumulative lifetime dose may underestimate the role of
smoking duration in relation to smoking intensity [29]. Despite evidence for the accuracy of
self-reported smoking habits across various occupations and industries [30], recall bias and
differential misclassification of smoking cannot be ruled out. Given the several indications and
possibilities for residual effects of smoking, we assume that we rather overestimated the effects
of SES on lung cancer.

Third, the possibility of selection bias was implied in our analysis because the association
between lung cancer and SES was stronger among population than hospital controls. In popu-
lation-based studies subjects of lower SES tend to show lower participation [31], and case-con-
trol studies on lung cancer and SES with population-based controls revealed higher ORs for
low SES [12]. SES-related non-response bias, i.e. less participation of cases with high SES and
of controls with low SES, was observed in one study which was also included in SYNERGY
[32]. However, in our study hospital-based recruitment was mainly done in study centers from
Eastern Europe making it difficult to distinguish between region-specific and recruitment-
based effects.

Further limitations include that we did not have information on other risk factors for lung
cancer, e.g. environmental tobacco smoke (ETS) [33] or residential air pollution [34]. We ana-
lyzed the city size of the last residence as a proxy for air pollution, but in contrast to the
assumption of increased associations in more urban areas, we found risk estimates to be
reduced. This also included the subgroup of participants < 63 years of age, indicating the
absence of a ‘mobility’ effect among senior citizens. Potential confounders of the association
between smoking and lung cancer, which we did not include (e.g. family history of lung can-
cer) could have also affected our results in terms of mediator-outcome confounding [35].

An important fraction of lung cancer has been attributed to occupational carcinogens [36],
but their role in explaining the association of SES and lung cancer has not been fully disentan-
gled yet [4,37]. We considered occupational risk factors by adjustment for ‘list A” occupations
and, alternatively, by excluding participants never working in a ‘list A’ job and did not identify
strong differences in the association between SES and lung cancer between these subgroups
(Table 5). However, ‘list A” only lists jobs with a possible exposure to occupational carcinogens
and does not include information about exposure probability, intensity, or duration. Blue-col-
lar jobs may include occupational exposures which are not included in ‘list A’. In contrast to
subgroup analyses by ‘list A” occupation, we found slightly higher risk estimates for low SES
among ever blue collar as compared to workers never employed in a blue collar job. However,
blue collar workers also include participants who were not exposed to occupational
carcinogens.

Finally, the applied concept of SES reflects a variety of health-related circumstances and
behaviors, but disregards inconsistencies as well as changes of status. Indeed, we recently ana-
lyzed social mobility based on occupational prestige in SYNERGY and observed slightly
increased associations between lung cancer and downward prestige trajectories over the work
life [38]. Here, we measured SES on the individual level with historical information on occupa-
tion and additionally education, but extended concepts of SES should involve the entire life
course [39], and include income/wealth and area-based measures [40].
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We found that adjustment for smoking reduced estimates for the association between SES
and lung cancer by up to 50%. This is similar to the findings of Scottish [3], Dutch [41], and
European studies [13], and the results for men in a study from Eastern Europe and the UK [7].
In contrast, in a Canadian study the association between SES and lung cancer disappeared
after fully adjusting for smoking habits [14]. In our study, the remaining risk estimates were
comparatively higher than in most studies on occupational SES and lung cancer, but similar
after adjustment for education [12]. However, we focused on the results without education to
avoid over adjustment as education is an indicator of SES in early life that remains stable and
determines the following SES indicators such as occupation and income [42]. The extent of
reduction of ORs due to adjustment for smoking was distinctly lower when we applied ESeC
as compared to ISEL This could point to the different underlying concepts of SES, implying
different exposures and pathways to lung cancer. Additionally, ESeC-especially in the con-
densed version we applied—as well as ISEI categorize ISCO-codes which comprise a hierarchy
of occupational skill levels. Applying three ESeC categories may therefore have led to dilution
of effects in comparison to the four ISEI categories. A subsequent possible attenuation between
SES categories may also have attenuated the effects of smoking in the ESEC categories.

Our analysis of occupational SES was primarily based on the participants’ longest held job,
which might reflect durations of possible exposures. As the longest job was highly correlated
with the last job, and associations with lung cancer were even slightly elevated-in contrast to
the first job-, the last job might be an appropriate choice in similar studies lacking complete
occupational histories. The lung cancer risk we found for unemployed men (ever unemployed
>1 year, S11 Table) was nearly equal to a large study in five Nordic populations [43], which
did not control for smoking behaviors. The observed gender differences in the association of
unemployment and lung cancer point to different careers patterns of men and women. Our
data confirmed the trend of an increased proportion of ADC at the expense of SQCC and
SCLC, when comparing diagnosis before and since the year 2000 (10% more ADC in women,
12% for men), and our analysis of histological lung cancer subtypes supported previous find-
ings, which showed that lung cancer risks for low SES were lower for ADC than for SQCC [6]
or SQCC and SCLC [8].

Socioeconomic inequalities in cancer incidence are greatest for lung cancer [8] and our
study shows that these inequalities were not explained by smoking behavior. To explain the
observed excess risk of lower SES groups, approximately 60% of female non-smokers of the
two lower ISEI categories would have had to be misclassified as current smokers with corre-
sponding pack-years. However, assuming 90% of misclassification for men, an OR of approxi-
mately 1.5 would have remained for low SES. When we additionally classified former as
current smokers, still an OR of 1.2 persisted for low SES. This confirms the need to explore the
pathways from SES to lung cancer. First, the effect of exposures to occupational carcinogens
via job based SES on lung cancer needs to be further studied. Despite minor effects when con-
sidering ‘list A’ jobs in this study, occupational SES directly reflects occupational hazards.
Most occupations, such as workers in asbestos production or truck drivers, for which elevated
lung cancer risks were demonstrated, were assigned to low SES. As these occupations were tra-
ditionally held by men, they may account for the higher ORs for (non-smoking) men in this
study. This is supported by the reduced ORs for men who never worked in blue-collar jobs.
Further, ETS is also a work-related risk factor for lung cancer [44] and could be particularly
linked to occupational SES, as smoking prevalence is higher in lower SES groups.

Other possible, more speculative pathways can be derived from the association of SES and
health in general, because occupational and other SES indicators, mainly education and
income/wealth, are interdependent. As shown e.g. for education [45], faster biological aging
may be associated with low SES.
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Conclusion

Our study showed a persistent SES gradient for lung cancer, even after adjusting for smoking
behavior and education. There was some evidence for residual effects of smoking due to mis-
classification, and at least a part of the regional variance of the association of SES and lung can-
cer may be explained by these residual effects. Still, the strong associations we found in this
study in particular for men emphasize the continuing need for the exploration of the pathways
from SES to lung cancer. Clarifying these pathways could then contribute to further under-
standing of lung cancer etiology and shape prevention approaches.
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