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Abstract
Study objective - To evaluate if there are
differences in lung cancer incidence between socioeconomic groups in the Netherlands and if so, if smoking habits and
other lifestyle characteristics could explain these differences.
Design - Prospective cohort study. Baseline measurement included information
on socioeconomic status, smoking habits,
and other covariates by means of a selfadministered questionnaire. Follow up
was established by computerised record
linkage to cancer registries and a pathology register.
Setting - Population originating from 204
municipalities in The Netherlands.
Participants- 58 279 men aged 55-69 years
in September 1986. After 3*3 years offollow
up 490 microscopically confirmed incident
lung cancer cases were detected.
Main results - An inverse association between lung cancer risk and highest level of
education was found, which persisted after
adjustment for age, smoking, dietary intake of vitamin C, p-carotene and retinol
(rate ratio (RR) highest/lowest level ofeducation=0'52, 95% CI 0-33, 0-82, trend
p<O-OOl). Men with a lower white collar
profession had a significandy lower relative rate of lung cancer compared with
blue collar workers (RR=0-66, 95% CI
0*47, 0.96), but after adjustment for smoking habits this difference was reduced
(RR=0-73, 95% CI 0*51, 1-08).
Conclusions - There is an inverse association between highest level of education and lung cancer, which is still
apparent after adjustment for age, smoking, dietary intake of vitamin C, beta-carotene and retinol. The significantly lower
lung cancer risk of lower white collar workers compared with the risk of blue collar
workers could be partially explained by
smoking habits.

(J7 Epidemiol Community Health 1995;49:65-69)
Lung cancer has very often been found to
be inversely related to socioeconomic status
(SES).'" Although SES is associated with lung
cancer, it is not thought to be a direct risk
factor. SES is commonly regarded as a proxy
for lifestyle variables that have been identified
as possible risk factors for lung cancer - for
example, smoking, dietary factors, or occupational exposures to carcinogens.7 Differences in smoking prevalence are thought to be

largely responsible for the difference in lung
cancer risk between SES groups.89 Smoking
has been found to be more prevalent among
lower SES groups in most affluent
societies." Intake of P-carotene, vitamin C,
and retinol is also related to lung cancer risk"3'5
and subjects of upper SES categories generally
eat more fruit and vegetables.'617 So, differences in smoking and dietary habits can be
partially responsible for differences in lung cancer risk between SES groups. Strangely enough,
we could find only one study in which smoking
habits were included in the analysis of the
relation between SES and lung cancer2; surprisingly, this did not change the association
between SES and lung cancer. Therefore we
examined the association between SES and
lung cancer incidence and the influence of
various lifestyle factors on it. In particular,
we wanted to examine whether differences in
smoking habits could explain possible differences in lung cancer incidence between socioeconomic groups in a prospective cohort study
on diet, other lifestyle variables and cancer risk.
Methods
THE COHORT STUDY

In September 1986, a prospective cohort study
on various lifestyle variables, sociodemographic
indicators, and cancer risk was started in The
Netherlands. The cohort included 58 279 men,
aged 55-69 years at the beginning of the study.
Data were collected by means of a self administered questionnaire. A detailed description of the cohort study design has been
reported elsewhere.'8 For data analysis the casecohort approach was used in which cases are
derived from the entire cohort, while the person
years at risk are estimated from a random
sample of 1688 subjects (subcohort). After the
baseline exposure measurement, the subcohort
was randomly sampled and it has been followed
up biennially for vital status information.
Follow up for incident cancer has been established by record linkage with all regional
cancer registries in The Netherlands and with
a national pathology register (PALGA). The
method of record linkage has been described
previously. ' The analysis is restricted to lung
cancer incidence between September 1986 and
December 1989. In this period, completeness
of follow up was estimated to be 95%.2° After
these 3-3 years of follow up, 542 lung cancer
cases had been detected. We excluded prevalent
cancer cases other than skin cancer, cases with
in situ carcinoma, and cases without microscopically confirmed diagnosis. Therefore,
490 incident cases were available for analysis.
Prevalent cancer cases other than skin cancer
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Characteristic

Subcohort
No (Y.)

Cases
No (0)

Total

1630

490

Age (y):

55-59
60-64
65-69
Smoking habits:
Never
Ex-smoker
Current
Highest level of education:
Primary school
Lower vocational
Junior high school
Senior high school
Higher vocational/
university
EGP score: last profession:
Blue collar
Lower white collar
Upper white collar
Other

620 (38-0)
568 (34-8)
442 (27-1)

120 (24 5)
174 (35 5)
196 (40 0)

159 (9-8)
771 (47 4)
697 (42 8)

7 (1 4)
146 (30 2)
332 (68 4)

458
338
420
123
275
563
206
436
247

(28-4)
(20 9)
(26-0)
(7 6)
(17-0)
(38-8)
(14-2)
(30 0)
(17-0)

166
125
111
31
47
186
47
118
70

(34 6)
(26 0)
(23-1)
(6 5)
(9-8)

(44-2)
(11-2)
(28-0)
(16-6)

were also excluded from the subcohort, with
the result that 1630 remained in this group.
SOCIOECONOMIC STATUS

SES was measured by means of highest attained
level of education and occupational history,
two of the recommended measures for SES.2'
Educational level was classified as primary
school, lower vocational school (for example,
technical school, domestic science school), junior high school, senior high school, higher
vocational school, university and other education. Information about occupational history
was coded according to a coding system of the
Central Bureau of Statistics (CBS) frequently
used in The Netherlands.22 For the present
analysis, these CBS codes were aggregated according to occupational group and required
training (EGP). The EGP coding scheme is
a reconstruction of the scheme developed by
Erikson, Goldthorpe, and Portocarero,23 24
which is still comparable with the original list.25
LIFESTYLE CHARACTERISTICS

Other factors relevant to the association between SES and lung cancer risk that were
measured are lifetime history of smoking habits
and the intake of 3-carotene, vitamin C, and
retinol. Information on smoking habits comprised smoking status (never, ex-smoker, or
current), age at starting smoking, age at stopping smoking when applicable, total years of

smoking, and the amount of cigarettes, cigars
and/or pipes smoked per day. For the multivariate analyses, pack-years for current and
ex-smokers were computed. The usual consumption of food and beverages during the year
preceding the start of the study was assessed at
baseline with an 150 item, semiquantitative
food frequency questionnaire. This questionnaire has been validated against a nine day
diet record.26 Mean individual nutrient intakes
per day are computed using the Dutch food
table of 1986.27
DATA ANALYSIS

The distribution of SES indicators and potential confounders known to be associated
with SES and lung cancer (particularly smoking
habits) were compared between the case and
subcohort group. Educational level was aggregated into five categories: primary school,
lower vocational school, junior high school,
senior high school, and higher vocational school
or university. The occupation based SES indicator (EGP score) was derived from the last
job that was held, and was divided into four
categories: upper white collar jobs (professionals), lower white collar jobs (administrators and non-manual employees), blue
collar jobs (lower grade technicians, semi- and
unskilled manual workers), and other (farmers
and self employed people). The associations
between SES and covariates were also studied
in the subcohort by comparing mean values of
age; pack-years of cigarette smoking; and intake
of 1-carotene, vitamin C, and retinol in relevant
SES categories. To study the association between SES and lung cancer risk and the role of
smoking habits with respect to that association,
data were analysed according to the case-cohort
approach.2028 Mantel-Haenszel rate ratios of
lung cancer were determined for each of the
SES indicators, stratified for age and smoking
habits. In the multivariate case-cohort analyses,
using the GLIM statistical package,29 rate ratios
and 95% confidence intervals of lung cancer
were computed for the SES indicators, after
adjustment for age, smoking (pack-years of
current smokers and past smokers), and intake
of 1-carotene, vitamin C, and retinol. All these
covanates were entered into the model as continuous variables.

Results
The distribution of SES indicators and covariates in the case and the subcohort group is
in
indicators
status
presented in table 1. On average, cases were
socioeconomic
and
between
confounders
possible
Table 2 Association
older than members of the subcohort (mean
the subcohort
age for cases is 62 9 years and for subcohort
score
Highest level of education* EGP
Characteristic
61-4 years) and current smoking was
members
Other
Blue
White
Medium High
Low
in the case groups. Cases had
more
prevalent
collar
collar
level and were more often
educational
lower
a
61 8
61-1
61-3
61-1
61-3
61 9
Age (mean yrs)
collar
blue
in
occupations than mememployed
46 2
40 7
38-9
39-4 40-1
507
Current smokers (%)
47-8
50 3
46-5
49 0
51-2
40-2
subcohort.
the
of
bers
Ex-smokers (%)
20-9
22 2
23-0
24.1
25-1
23-6
Pack-yearst (mean)
The comparison of the distribution of never,
0-42
0 41
0 41
0-41
0 40
0 40
P-carotene (mean, mg eq vit A)
96-4
102-0
97-1
101 0
100 0
92-4
and current smokers in the three
ex-smokers,
Vitamin C (mean, mg)
0-66
0 61
0-60
0-64
0 61
0 59
Retinol (mean, mg eq vit A)
SES indicators and the mean values of age,
*Highest level of education: low primary school; medium =lower vocational or junior high pack-years of cigarette smoking, and intake of
school; high = senior high school, higher vocational or university
P-carotene, vitamin C, and retinol between
for current and ex-smokers
t Only
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Table I Distribution of socioeconomic status indicators
and other characteristics in lung cancer cases and the
subcohort
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SES indicator

Adjusted for age

Highest level of education:
Primary school
Lower vocational
Junior high school
Senior high school
Higher vocational/
university
EGP score last profession:
Blue collar
Lower white collar
Upper white collar
Othert

Adjusted for age and smoking

No of
cases in
cohort

years in

166
125
111
31
47

1457
1098
1344
397
882

1*
1-07
0-76
0-69
0 50

186
47
118
70

1804
666
1402
798

1*
0-66 (0-47, 0-96)
0-84 (0-64, 1-10)
0-82 (0-60, 1-13)

Person

RRMH (95% CI)

subcohort

(0-81,
(0-57,
(0-44,
(0 35,

Test for trend
X2 (p value)

1-42) 19-7
1-00) (<0-001)
1-06)
0-73)
1-97 (0-16)

RRMH (95% CI)

1*
1-18
0-86
0 75
0 57

(0-89,
(0-65,
(0-48,
(0-39,

Test for trend
X2 (p value)

1-58) 11.9
1-15) (<0-001)
1-18)
0 82)

1*
0 73 (0-51, 1-08) 0-41 (0 52)
0 94 (0-71, 1-24)
0 90 (0-64, 1-25)

* Reference category
t Excluded from test for trend

Table 4 Rate ratio for lung cancer according to two different socioeconomic status (SES)
indicators in multivariate analysis*
SES indicator
95% CI
Test for trend
RRt
x2 (p value)
Highest level of education:
Primary school
Lower vocational
Junior high school
Senior high school
Higher voc/university
EGP score, last profession:
Blue collar
Lower white collar
Upper white collar
Others

it

1-36
0 95
0-89
0-52

it

0-69
0 90
0-78

0 97-1 91
0-68-1-33
0-53-1-49
0-33-0-82

14-90 (<0-001)

0-49-1-20
0-66-1-23
0-53-1-14

0-85 (0 36)

* Only respondents with complete dietary data

t Adjusted for age, smoking behaviour (pack-years), 3 carotene, vitamin C, and retinol
t Reference category
§ Excluded from test for trend

trend p<0001). There was still an inverse association between lung cancer risk and educational level after adjustment for age and
smoking habits (RR highest/lowest education =
0-57, 95% CI 0 39, 082, trend p<0 001),
although the differences between the SES categories were somewhat diminished. After adjustment for age, men with a lower white collar
profession had a significantly lower lung cancer
rate than blue collar workers (RR=0O666, 95%
CI 047, 0 96), while upper white collar workers
had a non-significantly lower rate (RR= 0-84,
95% CI 0-64,1-10). Additional adjustment for
smoking led to a non-significantly lower lung
cancer rate for both upper and lower white
collar workers, compared with blue collar workers.

SES categories is presented in table 2. The
prevalence of smoking was higher among men
with primary school education only and although the percentage of current smokers did
not differ between the EGP categories, the
prevalence of ex-smoking was higher among
white collar workers. The mean number of
pack-years of cigarette smoking in ex-smokers
or current smokers was slightly lower for men
with a lower educational level. There was no
substantial association between the SES indicators and the intake of 1-carotene. The
intake of vitamin C and retinol was positively
associated with the highest level of education.
Associations between vitamin C or retinol and
the EGP score were less consistent.
The results of the stratified case-cohort analyses are presented in table 3. After adjustment
for age in three, five year categories, there was
a significant inverse association between level
of education and lung cancer risk (RR highest/
lowest education=0-50, 95% CI 035, 075,

Table 4 shows the results of the multivariate
analyses where adjustment is made for age,
pack-years of ex-smoking and current smoking,
and intake of P-carotene, vitamin C, and retinol. These results are comparable with the
results of the stratified analysis. There was still
a significant inverse association between level
of education and lung cancer risk (trend
p<0 001). The rate ratio for men with a higher
vocational training or university versus primary
school education was 0-52 (95% CI 0-33, 0 82),
but those with a lower vocational training had
a higher risk for lung cancer than men with
primary schooling (RR= 1-36, 95% CI 0 97,
1-91). After adjustment for age, smoking, and
the intake of 1-carotene, vitamin C, and retinol,
upper white collar workers still had a nonsignificantly lower risk for lung cancer compared with blue collar workers (RR = 0 90, 95%
CI 0-66, 1-23). The lung cancer rate of lower
white collar workers was lower than the rate
for blue collar or upper white collar workers.

Table 5 Rate ratios for lung cancer according to highest level of education, by category of smoking* in multivariate analysist
Smoking

Ex-smoker
(95% CI)
Current
(95% CI)
Total
(95% CI)
*

Highest level of education

Primary

Lower

school

vocational

1i

1-21
(0 71, 2-07)
1-59
(0-99, 2-54)
1-36
(0-97, 1-91)

it
it

Junior high

Senior high
school

Higher vocational

Test for trend

school

university

X2 (p value)

0-86
(0-51, 1-44)
1 07
(0-68, 1-69)
0-95
(0 68, 1 33)

1-37
(0-67, 2-81)
0-79
(0-37, 1-67)
0-89
(0-53, 1-49)

0-84
(0 46, 1 54)
0 51
(0-28, 0-95)
0-52
(0-33, 0-82)

Only respondents with complete dietary data

t Adjusted for age, pack-years of smoking and intake of n-carotene, retinol, vitamin C

t Reference category

0-49 (0-49)
7.65 (0-006)
14-9 (<0-001)
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Discussion
We have found a significant inverse association
between educational level and lung cancer risk.
This association persisted but became somewhat weaker after adjustment for smoking behaviour and dietary intake of vitamins. The
associations between lung cancer risk and the
occupation based SES indicator is less strong.
Men with a lower white collar occupation had
a significantly lower relative risk for lung cancer
than blue collar workers but after additional
adjustment for smoking habits this difference
was reduced.
The cohort study has been performed in a
large sample of the general population aged
55-69 years at baseline, resulting in a relatively
large number of incident cases. The follow up
of person years was 100% complete and the
completeness of cancer follow up was also very
high, indicating that selection bias because of
loss to follow up is unlikely. Although known
risk factors for lung cancer were carefully measured and controlled for in the multivariate
analyses, residual confounding by smoking
habits can still exist. Adjustment for smoking
was made by means of pack-years of past and
current smokers. This kind of control takes
both duration and amount into account. We
have also additionally adjusted for the age of
starting smoking, with the same results. To
exclude the confounding effect of smoking on
the association between SES and lung cancer
as completely as possible, we have studied the
association between SES and lung cancer in
the different smoking categories. Due to the
number of cases this was only possible for exsmokers and current smokers. We expect that
after a longer follow up period the number of
cases also allows analyses in the non-smoking
group and in subgroups of current smokers.
Another fact that could have had an influence
on the results is misclassification. SES is operationalised as highest level of education and
EGP score (functional level), based on the last
occupation. Highest level of education is a

characteristic that is easily obtainable and recordable. It applies to every adult individual
and in individuals it is stable over time. This
stability has also negative implications for the
suitability of level of education as an SES indicator, while it can mask important changes
in individual circumstances after education is
finished30; therefore highest level of education
is probably a less relevant SES indicator for
the older generation.3' On the other hand, at
an older age the level of education still has an
association with level of knowledge,32 which is
related to lifestyle. The EGP score reflects
the more recent situation, but this occupation
based SES indicator leads to the problem of
how to classify people without formal occupation. Because we used occupation as an indicator of SES, it seems reasonable to take
the last occupation instead of the occupation
performed the longest. Also for pensioners - a
relatively large part of the study population the last occupation is used. This may not be an
accurate reflection of the person's occupational
status, however, as elderly people may take less
demanding jobs before retirement.2' In some
studies an aggregated summary measure is used
as an SES indicator. We have chosen to use two
separate SES indicators, since an aggregated
measure focusses on the commonality shared
by the separate measures,2' while education
and occupation are not redundant measures of

SES.33
These results are partly comparable with
other studies on SES and lung cancer incidence. All studies on SES and lung cancer
found an inverse (age-adjusted) association' 6
independent of study design, both for educational level and occupation, with relative risks
of the highest versus the lowest categories varying from 0-4 to 0-9. Adjustment for smoking
was made in only two studies on SES and lung
cancer risk. In a cross-sectional study on SES
and lung cancer2 the OR for lung cancer of the
highest versus lowest education changed from
0 62 to 0 68 after adjustment for smoking. This
is comparable with our findings which showed
only a modest effect of adjustment for smoking.
In a cohort study in Denmark,34 a significant
inverse association was recently reported between social class (based on level of education
and job profile) and lung cancer (RR highest/
lowest=0 27, 95% CI 0 1, 0 5), which became
somewhat weaker but was still apparent after
adjustment for smoking (RR=0 34, 95% CI
0 2, 0 7). In our cohort study there is a strong
association between smoking and lung cancer,
but in the study population only 10% of the
men have never smoked and this percentage
was not substantially different between SES
categories. Therefore differences between SES
categories were probably too small to find an
important effect of smoking on the association
between SES and lung cancer incidence.
Another risk factor for lung cancer associated
with SES is occupational exposure to
carcinogens.3536 Occcupational categories with
a higher risk of lung cancer are metal production and processing workers, road construction workers, chemical workers,37 textile
workers, cooks, ship and dockyard workers,
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We have also conducted multivariate analyses
including age of starting smoking as an additional covariable. This did not change the
association between lung cancer and the SES
indicators.
We have studied the association between
highest level of education and lung cancer risk
more extensively by conducting the multivariate analysis in the different smoking categories (table 5). Unfortunately it was not
possible to carry out the analyses for nonsmokers, since there were only seven cases in
the non-smoking group. The inverse association between educational level and lung
cancer risk seems restricted to current smokers
(RR highest/lowest education=51, 95% CI
0 28, 0 95, trend p=0 006). For ex-smokers
the rate ratio of lung cancer was still below
one for men with higher vocational training or
university, but the rate ratios in the different
categories and the trend test were not significant (RR highest/lowest=0 84, 95% CI
0 46, 1 54, trend p = 0 49).
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and wood workers.38 In our cohort representing
the general population, the proportion of these
occupations is rather small. Therefore, the
power to study the association is still small with
3-3 years of follow up. In future analyses with
longer follow up and more cases we will investigate this subject specifically.
We have studied the association between
level of education and lung cancer risk in
different smoking categories. These analyses
show that the significant inverse association
between education and lung cancer is restricted
to current smokers, while there was no association found between education and lung
cancer in the ex-smoking group. A cohort study
in Denmark, with 17 years of follow up, showed
a significant inverse association between SES
and lung cancer risk among current smokers.34
The number of cases was too small to get
insight in the association between SES and
lung cancer risk among ex-smokers and nonsmokers.
In conclusion, we found a significant inverse
association between lung cancer risk and highest level of education. This association was still
apparent after adjustment for age, smoking,
dietary intake of vitamin C, (-carotene, and
retinol. Men with a lower white collar profession had a significantly lower rate ratio of
lung cancer compared with blue collar workers,
but after adjustment for smoking habits this
difference was reduced. Future analyses after
a longer follow up will give more information
on occupational exposure to carcinogens.

