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A cohort analysis of lung cancer mortality in the Netherlands from 1936—1974 is presented. Apart from small
corrections, age-specific lung cancer mortality rates can be expressed as the product of a cohort (generation) factor
and an age factor. The cohort factors increase until the 1930 birth cohort, after which there is a rapid decline. The
age-risk factors increase smoothly with age. Age-specific incidence curves of past and future years will follow the
curve of the age-risk factors provided that the cohort-risk factors are unchanging. The method can be applied to
other chronic diseases.

INTRODUCTION
Korteweg explained the course of the annual age-
specific death rates due to lung cancer in England
and Wales, by showing that the increase in the mor-
tality from lung cancer could well be explained by
an increase in a generation-bound risk factor (1).
Case in his paper on cohort analysis of mortality
rates in large populations elaborated on studies
dealing with the 'generation effect' made by
Springett (2) on tuberculosis, by Korteweg (1) and
Haenszel and Shimkin (3) on lung cancer, and con-
cluded that the presentation of mortality rates by
year of birth is a better way of providing a basis for
biological theories (4).

In the past lack of data has hampered large scale
cohort studies. But sufficient data for long enough
periods are now available, and by using a computer
it has become possible to apply mathematical
models. Bjarnason and his colleagues (5) have re-
cently reported the effect of the year of birth on
the breast cancer age-incidence curve in Iceland and
the mathematical method used (6) has now been
applied to mortality data for cancer of the lung in
the Netherlands.

MATERIAL AND METHOD
The analysis is based on mortality data for lung
cancer in men in the Netherlands, 1936—1974.
Women were excluded as numbers of deaths are too
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small.
The following international classifications of

diseases were i

Period

1936-1940
1941-1949
1950-1958
1959-1968
1969-

ased.

Revision

4(1929)
5(1938)
6(1948)
7(1955)
8 (1965)

Code numbers

147-155
142-145
162-163
162-163
162-1630

All deaths at ages 76 and over were excluded
because of unreliability of the diagnosis on death
certificates of elderly people, and data for the year
1945 were omitted as numbers of deaths by cause
for this particular year are unreliable (7). Tables
start from age 20.

The Central Bureau of Statistics analysed the
number of deaths due to lung cancer by exact age
from 1936. From then onwards one table was made
showing the age-specific numbers of death due to
lung cancer according to calendar years. This is the
basic table from which the cohort table was prepared.
The year of birth was calculated by subtracting the
age at which death occurred from the year of death.
Thus for half the cases the years of birth calculated
in this way are not exact, but this was unavoidable.
Similarly a table was made for the total male
population in the Netherlands according to age and
year of birth. These tables are referred to as lxl
tables and each have 2 145 cells. A further table
was constructed by adding numbers per cell of
3 successive ages and 3 successive years of birth. In
other words 9 cells of the lx l table were compiled
in I cell. In these new 3x3 tables 1 cell includes 5
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TABLE 1 Comparison of the observed and expected numbers of deaths before and after the introduction of the
correction factor

1 x 1

1936 to 1974

20 to 74 yrs

without
c.f.

with
c.f.

3 x 3

1936 to 1974

20-22 yrs to
74-76 yrs

without with
c.f. c.f.

3 x 3

1947-'49 to
1974

20-22 yrs to
74-76 yrs

3 x 3

1936 to
1954-'56

20—22 yrs to
74-76 yrs

3 x3

1957-'59 to
1974

20-22 yrs to
74-76 yrs

without
c.f.

with
c.f.

without with without with
c.f. c.f. c.f. c.f.

chi-square 2148.98 1950.65 311.52 210.72 187.69 137.95 120.74 89.779 132.54 89.176

degrees of freedom 1943 1906 216 203 144 135 90 84 90 84

p in % <0.01 23.27 < 0.01 34.46 < 0.01 41.68 1.54 31.56 < 0.01 33.36

(1) total number
of cells

(2) number of cells
with X1 > 3.841

(2) as a percentage
of(D

2090 2090 266 266

98

4.69

79 19

190

10

190 133 133

3.78 7.14 2.26 5.26 2.63 5.26 2.26

133 133

6.77 3.01

The chi-square and the number of cells exceeding the 95 percentUe value are the indicators showing degree of agreement
between observed and expected values. The year 1945 has been excluded from the l x l table.
• c.f. — correction factor

successive calendar years: one year 3 times, 2 years
twice and one year once*. The year most frequently
occurring will be used if reference is made to a
period. Subsequent analyses deal with the whole
period (1936—1974), the post-war period
(1948—74), and in two periods covering 1936-1955
and 1958—1974. The computer department of the
Central Bureau of Statistics developed a flexible and
comprehensive program so that sizes of tables can
easily be altered. All types of tables were tried, the
lx l , 2x2, 3x3, 4x4 and the 5x5 table.

Breslow and Day (6) developed a mathematical
method to describe breast cancer incidence in
Iceland. A multiplicative model was fitted to a
two-dimensional table of age- and cohort-specific
rates, in which the age-specific incidence rate for a
given cohort was expressed as the product of a
cohort factor and an age factor. In the present
paper these terms will be referred to as the cohort-
risk factor and the age-risk factor. By means of
maximum likelihood estimations the method
gives estimates of the cohort- and age-risk factors
from which a table of expected values can be

• Copiesof the 3x3 table are available from theauthororthe
editorial office.

derived. Comparisons of the observed and expected
tables gives goodness of fit tests for the model.

RESULTS AND DISCUSSION
When the method was applied to lung cancer
mortality data in the Netherlands expected and
observed values agreed poorly (Table 1, columns
without correction factor). The equation \jj = d\ 0j,
where X;J is the incidence rate for the i'th generation
at the j'th age group and d; and 0j the respective
multiplicative contributions, was modified to
^ij = #i 4>] fp. where ep is the correction factor for
the period p to be added to the equation only after
0\ and 0j have been calculated, as described by
Breslow and Day (6). ep is the factor by which the
total number of expected cases per period must be
multiplied to make this number equal to the total
number of observed cases for the same period. After
introducing this correction factor, the agreement
between observed and expected number of deaths
became reasonably good (Table 1 columns with
correction factor).

The cohort-risk factors, the age-risk factors and
the correction factors are given in Tables 2, 3 and 4.
If, for example, one would like to know the number
of deaths due to lung cancer at the age of 50—52
and born in the generation 1920—1922 the corres-
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TABLE 2 Cobort-risk factors

500-

43

Year of birth

186O-'62
1863-'65
1866--68
1869--71
1872-'74
1875-'77
1878-'80
1881-'83
1884-'86
1887-'89
1890-'92
1893-'95
1896-'98
1899-1901
19O2-'O4
1905-'07

0.112951
0.155216
0.232639
0.252886
0.276537
0.292705
0.367278
0.421780
0.502832
0.621961
0.771331
1.019750
1.259360
1.396290
1.564730
1.754270

Year of birth

1908-'10
1911-'13
1914-'16
1917-'19
1920-'22
1923-'25
1926-'28
1929-'31
1932-'34
1935-'37
1938-'4O
1941-'43
1944-'46
1947-'49
195O-'52
1953-'55

1.847290
1.843390
1.943140
1.959880
1.880310
1.882410
1.810410
2.153950
1.897080
1.836830
1.760390
1.431760
0.839471
0.584584
0.000000
0.000000

TABLE 3 Age-risk factors

Age Age

20-22
23-25
26-28
29-31
32-34
34-37
38-40
41-43
44-46
47-49

1.80
3.09
3.24
5.80

11.90
23.60
43.40
79.90

149.00
255.00

50-52
53-55
56-58
59-61
62-64
65-67
68-70
71-73
74-76

433.00
702.00

1061.00
1520.00
2095.00
2774.00
3517.00
4173.00
5005.00

TABLE 4 Correction factors

Period

1936
1939
1942
1945
1948
1951
1954

1.117190
1.040610
1.078570
0.916114
0.986104
0.996218
0.958057

Period

1957
1960
1963
1966
1969
1972
1974

0.975062
0.975010
1.017190
1.020730
1.024360
1.010970
0.932314

ponding factors in Tables 2, 3 and 4 should be
multiplied, giving a rate per million. This rate
multiplied by the corresponding population will give
the estimated number of deaths: 433 x 1.88031
x 1.01097 x .641406 = 528. This is about 4% less
than the number observed (551).

An impression about the agreement between
observed and expected rates can be obtained by
comparing Figures la and lb . The expected rates
per 5 year age group and per period of calendar
years are obtained from the analysis of the l x l

100-

50-

10

5-I

• 1936-1939
• 1940 - 1944
± 1946 - 1949
• 1950-1954
O 1955 - 1959
• 1960 - 1964
A 1965 - 1969
0 1970 - 1974

22 27 32 37 Ul LI 52 57 62 67 72

AGE
FIGURE 1A Age-specific mortality rates per 100,000
according to 5-year periods

500-

100

50-

10

5-

1936- 1939
1940 - 1944
1946 - 1949
1950 - 1954
1955 - 1959
1960 - 1964
1965 - 1969
1970 - 1974

27 32 37 /.2
— i —

52
— I —

57 62 67
—r~
72

AGE
FIGURE IB Expected rates, calculated from a lxl table and
compiled to age-specific mortaility rates according to 5-year
periods.
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table adding all the expected numbers of 5 calendar
years and age group of 5 years, and dividing this
total by the corresponding population.

In Table 1 the sum of the chi square for ail cells
and the number of cells exceeding the 95 percentile
values are given showing the degree of agreement
between observed and expected values.

The correction factor
Breslow and Day (6) used formal statistical tools
and techniques for choosing an appropriate model
for the analysis of the incidence of breast cancer in
Iceland. These data on lung cancer are in many res-
pects not comparable with those from Iceland: not
because they refer to another form of cancer but
rather that they are derived from death certificates
on which physicians have written that to the best of
their knowledge lung cancer was the underlying
cause of death. Information so obtained is obviously
different from the carefully scrutinized morbidity
data used by Bjarnason and his colleagues (5) and
must be recognised as containing a number of
errors. It was for this reason that males over 75
years were omitted as also were data for the year
1945 (7). It is not difficult to imagine that the
death registration during the whole war period was
far less accurate and, finally, it may safely be
assumed that during the period 1936—1974, the
diagnosis of lung cancer improved considerably.

The chi square goodness-of-fit statistic was used
to assess the correctness of the hypothesis. Such
statistics, however, should be considered for this
type of data as indices to fit rather than as formal
tests of goodness-of-fit (11). Initially the goodness-
of-fit was rather poor, which was not surprising
bearing in mind the possible errors in the data.
However, the introduction of the correction factor,
which was empirically determined, made the assess-
ment of the goodness-of-fit much better. The chi-
squarc tests should not be considered as significant
tests in the usual sense but as tests to support the
supposition that the tables of observed and calcu-
lated numbers after correction show a reasonable
degree of agreement. A better method would have
been to challenge the hypothesis and demonstrate
that another equation would have given better
results. But any other hypothesis would also have
had to cope with the imperfectness of the observed
numbers. Bearing this in mind it is very difficult
to imagine a more practical test.

Although the correction factor refers to certain
years or periods, the factors should be considered
only as a correction of theoretically calculated rates
for each period. But the value of these rates is

determined by all observed rates and not only by
those observed during a certain period. Hence the
correction factor does not play any role in the
underlying hypothesis and no absolute value should
be attached to it. Moreover, as the age of death at a
certain year can only be determined by 2 indepen-
dent variables, possible influences which one might
like to attribute to ep are already included in d\ and

The introduction of the correction factor ep can
be made acceptable only if this factor docs not
unduly influence \jj. In other words the less ep dif-
fers from 1, the more likely it becomes that the
hypothesis Xjj = 0; </>j is acceptable. Table 2 shows
that the most extreme values for the correction
factor in the 3x3 table are 1.117 and 0.916 in
1936 and 1945 respectively. The relatively high
correction factor for 1936 and the low value for
1974 arise from the boundary problem in cohort
analysis. The part-tables show no larger deviations
from 1 than the 3x3 table.

The cohort factor
The cohort-factor reflects the complex of influences
which from birth contributes to the development at
a later age of a certain disease, leading eventually to
death. In the study by Bjarnason and his colleagues
(5) of breast cancer, and in this study, the hypo-
thesis has been that the incidence of breast cancer
and the mortality from lung cancer are determined
by such cohort-risk factors together with age-risk
factors. In a rapidly changing social, economical and
ecological world these complexes of influences
might change from generation to generation. Hence,
cohort-risk factors might change too and the in-
cidence of breast cancer or mortality from lung
cancer accordingly.

The number of years of birth in one cohort
should be kept as small as possible, but the results
of the analysis of the lx l table, especially regard-
ing the cohort-risk factors for younger generations,
were too erratic to be useful. The more recent the
year of birth, the fewer the number of cells involved
and in addition the numbers in some cells of the lxl
table were very small.

There is a further reason for caution with the
younger cohorts. Cancers which to a large extent
depend on lasting exposure to certain factors of
external origin, may only show a stable cohort-risk
factor after the exposure has lasted long enough.
The younger the generation the bigger the chance
that in the future the cohort-risk factor may
change: once the generation involved has been ex-
posed for long enough to the external risk factor,
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2.0-

1.5-

1.0-

0.5-

1861 39 45

YEAR OF BIRTH

FIGURE 2 Cohort-risk factors for tbe periods 1936-74 [-] and 1948-74 [ /
the cohort-risk factor should be unchanging.

In this study optimal results were obtained from
the 3x3 table as shown in Table 2 and Figure 2.
To show that these results were not unduly in-
fluenced by the bias in the data for the wartime
period, an analysis was made of the post-war period
only. Figure 2 reveals little difference in the two
sets of findings. Both of these show the cohort-risk
factors increasing gradually from the oldest genera-
tion, reaching the highest point in 1930 and falling
sharply thereafter. Bearing in mind what has been
said, the possibility that this sharp decline will
flatten somewhat in the course of the next few
decades must be considered. However, changes to
the extent that the trend will be reversed are most
unlikely. Thus, the absolute number of deaths due
to lung cancer in men will continue to increase in
the Netherlands for some years to come as the pre
1930 birth cohorts reach late middle and old age.
However, thereafter the number of deaths due to
lung cancer should drop sharply.

6000-

5000-

4000-

3000-

2000-

1000-

69 75

Tbe age factor
The age-risk factors are shown in Table 3 and
Figure 3 for 2 different periods and in Figure 4 for
the entire period. This factor represents the relative
risk of males dying from lung cancer at any particu-
lar age in the Netherlands. It represents the natural
development of lung cancer with age, provided no
systematic influence alters the course of the curve.
That this might occur could be shown by dividing

FIGURE 3 Age-risk factors for tbe periods 1936-551-1
and 1957-74 [ /

the available data into 2 tables, one covering the
period 1936 to 1955 and one for the period 1958
to 1974. The expected rate patterns agree reason-
ably well with the observed (Table 1). The curves
of the age factors are shown in Figure 3. In the
second period the age risk factor increases more
steeply with age. The most likely explanation for
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10,000

1,000

100

24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75
C log scale )

AGE
FIGURE 4 Age-risk factors 1936-74 [-] and agc-specifxc rates per 100,000 1970-74 [ ]

this is that during the latter period more cases
among the older age groups were diagnosed. There is
little reason to believe that treatment has influenced
the shape of the age-risk curve significantly.

Lung cancer mortality 1970—1974 and its relation
to the age-risk factors.
If standardized age-specific mortality rates are
determined by the product of two factors, the
cohort-risk factor and the age-risk factor, the annual
age-specific mortality will follow a course parallel to
the curve of the age-risk factors, provided that the
cohort-risk factors have remained constant for all
the generations involved. If this has not been the
case, the age-specific mortality curve for a certain
period will deviate from the age-risk factor curve.
This can be demonstrated by plotting log age-
specific mortality rates and the log age-risk factors
against log age together (Figure 4). The fluctuations
in the distance between the two curves represent the
fluctuations of the log cohort-risk factors of the
generations concerned. Because the use of logarithms
tends to flatten the real differences, the changes in
the cohort-risk factors as shown in Figure 2, appear
far less obvious in Figure 4. To examine individual
years there is no need to use logarithmic paper. If
the ratio age-risk-factor/age-specific incidence is
constant there is no reason to believe that the real
incidence of the disease is changing. If the ratio is
increasing with the years the cohort-risk factor is on
the decline and if the ratio is on the decrease the

reverse is the case.
From these results it appears that the annual

mortality from lung cancer in a given population in
the first place depends on the course of the curve
of the age-risk factors and secondly on the risk-
factors particular to each generation. This analysis
for the Netherlands suggests that, starting with the
generations born about 1890, exposure to the com-
plex of external influences leading to lung cancer
increased. There is of course the possibility that the
number of influences increased as well. The genera-
tions born after 1930 appear to be less exposed.
This method of analysis can be applied to mortality
data for other conditions.
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