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Summary

Introduction and objectives

The age-period-cohort (APC) model is a method for fitting age- and period-specific mortality
rates, typically based on death and population data for a period which are presented in five-
year groups. The model fits rates as a product of age, period (at death) and (birth) cohort
effects. The fitted model can also be used to predict rates for a future period, using various
alternative methods for extrapolating period and cohort effects. The objectives of the work
described here are: (i) to investigate the adequacy of APC model fit and predictions based on
sex-specific data for four major smoking-related diseases (lung cancer, chronic obstructive
pulmonary disease [COPDY], ischaemic heart disease [IHD], and stroke) and for 12 developed
countries, (i) to predict future rates, and (iii) to investigate how well fitted birth cohort
effects correlate with cohort-specific cigarette consumption estimates.

Methods

Separately for each combination of sex, disease and country, the APC model was first used to
summarize the 1961-1990 rates and to study goodness-of-fit. The model fitted to the 1961-
1990 data, in conjunction with various alternative approaches for extrapolating the fitted
period and cohort effects, was then used to predict rates for 1991-2010, and to study
goodness-of-fit of the predictions to the known data. Based on this work a “best”
extrapolation approach was then selected. Next, the APC model was fitted to 1981-2010
rates, and goodness-of-fit was studied. The model fitted to the 1981-2010 data was then used,
both to predict the unknown rates for 2011-2030 using the “best” extrapolation approach, and
to compare the fitted cohort effects to corresponding estimates of cigarette consumption per
head.

Results

The model explains much of the variation in rates unexplained by age, with cohort typically
explaining more than period. The fit of predicted to known rates is poorer, though predictions
using the model are in most cases, though not always, much better than simpler predictions
which ignore the period and cohort effects. Some misfits arise where the observed 1991-2010
rates could not reasonably have been predicted from 1961-1990 data by any model which
ignores trends in risk factors. For lung cancer, particularly, but not for IHD and stroke in

females, cohort values are consistently associated with cigarette consumption. With



exceptions, predicted 2026-2030 rates, particularly for IHD and stroke, are much lower than
in 1981-85.

Conclusions
The model seems useful for summarizing rates and (within the context of a model

incorporating no risk factor data) for predicting future rates.
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1 Introduction

Being able to predict mortality rates from smoking-related diseases is often useful. Thus, one
may wish to compare future deaths attributable to smoking-related diseases assuming that
existing trends in smoking habits remain unchanged, with those assuming that some smokers
switch to a reduced risk product. Predicting mortality rates accurately is difficult, particularly
where future changes in factors causing, preventing or curing a disease, or in diagnostic
standards, cannot reliably be known. However, it may be useful to generate predictions
assuming that existing mortality trends continue. The objective of the work described here is
to investigate the usefulness of a relatively simple approach which fits a model to existing
rates, then uses it to generate predictions. The model selected involves no risk factors, such as
smoking, relying instead on the existing pattern of mortality rates to reflect underlying risk

factor trends.

The model we investighated is the Osmond and Gardner age-period-cohort (APC) model [1,
2], which analyses mortality data (deaths and person-years at risk) portrayed in a matrix with
five-year age groups as rows, and five-year time periods as columns. Presented thus,
diagonals of increasing age and period relate to “cohorts” born in a ten year period around a
specific year. Mortality rates are modelled as the product of age, period and cohort values, a
problem with no unique solution, since knowledge of any two of age, period (of death) and
(birth) cohort defines the other. Osmond and Gardner [2] approached this problem by first
solving each two-parameter submodel (age-period, age-cohort and period-cohort) and then
minimizing a function of the three weighted squared differences between each two-factor
submodel and the full three-factor model, the resulting solution giving more weight to the
two-parameter models giving better fits to the data. Their model (or a Bayesian form of it)
has been widely used to describe existing and predict future mortality rates for various
diseases (e.g. [3-13]).

The set of age, period and cohort values generated by fitting the model to the known data are
not fully sufficient to derive predictions, as extrapolated period values are required for the
projected periods, while extrapolated cohort values are required for later-born cohorts not
contributing to the dataset (though these relate only to the younger age groups). Different
extrapolation approaches were used in the papers referred to above, one of our objectives

being to choose from some of the possible approaches.
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Here, we examine the APC method in detail using data for both sexes and four major
smoking-related diseases (lung cancer, COPD, IHD and stroke) from 12 developed countries
for a 50-year period.

We first study model fit to the 1961-1990 data, and then compare predictions, based on the
fitted model parameters and using alternative cohort and period extrapolation approaches, to
the known rates observed in 1991-2010. We then fit the model to 1981-2010 data, deriving
projected rates for 2011-2030 using the extrapolation approach which was found to work best
when predicting the known rate for 1991-2010. Finally, we compare fitted cohort values with

cohort-specific cigarette consumption estimates.

2 Methods

2.1 Data

Sex-specific data were obtained for 10 five-year age groups (30-34, ... 75-79) and 10 five-
year periods (1961-1965, ... 2006-2010) for the four smoking-related diseases and for 12
developed countries (Austria, Canada, France, Germany, Hungary, Italy, Japan, Poland,
Sweden, Switzerland, UK and USA). Exceptionally, data for Germany were only available
from 1981.

Data on numbers of deaths came from the WHO [14]. The ICD codes used were lung cancer
(revision 7: A050, 8: A051, 9: B101, 10: C33, C34), COPD (7: A093, A097, 8: A093, A096,
9: B323-B325, 10: J40-J47, J67), IHD (7: A081, 8: A083, 9: B27, 10: 120-122, 124, 125) and
stroke (7: AQ70, 8: A085, 9: B29, 10: 160-164, 167, 169). Exceptionally, Switzerland used
special codings for ICD revisions 9 and 10 (lung cancer 1034, COPD 1076, IHD 1067, stroke

1069). The time of switching between revisions varied between country (see Table 1).

Missing data (see also Table 1 footnotes) were replaced by linear extrapolation for Canada
and France (using data for 2005-2009), and by linear interpolation for Italy (using data for
1999-2003 and 2006-2010), and Poland (using data for 1992-1996 and 1999-2003). Zero
deaths in one case (COPD, Switzerland, 2006-2010, age 30-34) were replaced by 0.1, to
allow the use of logarithms.



UN population data [15] were used, the data for 2011-2030 being the UN’s “medium fertility

variant projection”.

WHO population data [14] were also available, but were not used for various reasons.
Firstly, WHO provides no projected estimates. Second, there are some missing data for 2005-
2010 for WHO but not UN. Third, preliminary analyses predicting 1991-2010 from 1961-
1990 rates produced no better predictions on average using WHO data (results not shown).

Data for age groups above 75-79 were not used, due to grouping into 80+ years for some
countries. Data for age groups below 30-34 were not used due to small numbers of deaths,

particularly for lung cancer and COPD.

2.2  Fitting the APC model

The APC model was separately fitted for 1961-1990 and 1981-2010 for each
sex/disease/country combination (except for Germany for 1961-1990), using the Osmond and
Gardner [2] method. The model was fitted to a set of rates, rij, where i is age group (i=1 to 10)
and j period (j=1 to 6). As shown in Figure 1, which relates to predicting data for 2011-2030
from known data for 1981-2010, the subscript k (=j—i+10) relates to successive cohorts (k=1
to 15), with k=1 representing the oldest age group (10) in period 1 and k=15 the youngest (1)
in period 6. The following models were fitted by a general least-squares approach, weighted

on djj , the number of deaths for age i and period j.

age model (A) logrij = log a

age-period model (AP) logrij = log a; + log b;
age-cohort model (AC) logrij = log a; + log ck
period-cohort model (PC) logrij = log b; + log ¢k
age-period-cohort model (APC) logrij = log a; + log b; + log cx

Thus, for the APC model, the following function was minimized:

2
fla,p,c) = Z dij(log 1 —log a; — log b; — log C1—i+j)
iLj
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Period values (b;) and cohort values (cx) were given an “average” value of unity, making the
age values (a;) similar to the age-specific death rates. While the best-fitting parameter values
for the A, AP, AC and PC models were derived by standard methods, those for the APC

model were derived using the Osmond and Gardner [2] method. Fuller details of the method

and the definition of the constraints on the period and cohort values are given in the source

paper [2].

For each model, not only were the parameter values estimated, but also the residual sum of
squares (RSS) and the mean residual sum of squares (MRSS), based on the degrees of
freedom (DF) for the various models (A 51, AP 45, AC 36, PC 40, APC 32). These were then
used to estimate various percentages of variance explained, e.g. the percentage of the RSS
from A explained by APC (expected to be 100(51-32)/51 = 37.3% without period or cohort
effects), or the percentage of the RSS from AP explained by APC (expected to be 100(45-
32)/45 = 28.9% without cohort effects). Approximate goodness-of-fit chi-squared statistics
were also estimated by summing X;; = (O;; — Ej;)?/ Ej; over each cell, where Oj; is the observed
number of deaths, and E;j is that expected by multiplying the fitted rate by the population.
Plots of observed and fitted rates, and inspection of X;; values for individual cells were also

used to investigate misfit.

2.3 Extrapolating cohort and period effects

Unpublished work which we conducted in the 1980s using the APC model limited the
approaches pursued here. Thus, linear extrapolation of cohort and period values, possibly
producing negative predictions, was not studied, attention being restricted to log-linear
extrapolation. The earlier work also recommended using weights decreasing exponentially in
the past, to allow recent values to have greater influence. Where cohort or period values show
a well-defined peak (or trough), predictions might theoretically be improved by basing
extrapolations only on post-peak values. However, the peak was often poorly defined or non-

existent so this approach was not pursued.

Three approaches were used to extrapolate cohort values. In Approach 1, values for cohorts
not contributing to the original data (cohorts 16 to 19 — see Figure 1) were estimated by
weighted linear regression of log cohort values for the known cohorts. The weights used were
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powers of two, so the earliest cohort had weight = 1 and the most recent weight = 16284. As
the fitted values for the most recent cohorts are based on limited data, often with few deaths,
the alternative approaches used only the more reliably based cohort values. Thus, in
Approach 2, the final two fitted cohort values (c14 and c;5) were ignored, these values (and
also those for the later cohorts) being estimated by weighted extrapolation. Approach 3 was

similar, but here only c;5 was ignored.

Two approaches were used to extrapolate period values. In Approach A, period values were
extrapolated based on the ratio of the last two values, bs and bs. Thus, if U = bg/bs, by is
estimated by bgU, bg by bgU? and so on. Approach A effectively involves linear prediction on
a log scale. Approach B investigated whether predictions could be improved by using more
values than the last two and allowing for non-linearity. We used a quadratic model fitted to
the log of all six period values, weighting these values by powers of 2, from 1 for period 1 to
32 for period 6.

The APC model fitted to the 1961-1990 data was used to produce predictions for 1991-2010,
which could be validated against the known data for that period. The model fitted to the
1981-2010 data was used to produce predictions for 2011-2030, outside the range of the

known data.

2.4  Validating the predictions and comparing the approaches

Having used 1961-1990 data to generate predictions for 1991-2010, these predictions were
then compared with known data, and approximate chi-squared goodness-of-fit statistics
estimated as described in section 2.2. Goodness-of-fit statistics based on predictions of the
APC model were also compared with those based on the age model (A; see section 2.2) to
evaluate how much allowance for period and cohort effects improved prediction. Also, for
each five year time period, observed and predicted deaths were each summed over the age
groups, with the ratio of the two totals (Q = total observed/total predicted) used as an
indicator of misfit, a value of Q of 1 implying that the period value was correctly estimated.
The product of Q and the estimated period value estimates what the period value should have

been had the prediction been accurate.



For each disease and sex, and for UK and Switzerland only, the relative merits of Approaches
1, 2 and 3 for extrapolating cohort values were assessed by comparing goodness-of-fit

statistics based on the four extrapolation time periods.

For each disease and sex, and for each country (except Germany) the relative merits of
Approaches A and B (see section 2.3) for extrapolating period values were also assessed by
comparison of goodness-of-fit statistics. Comparisons were also made based on the number
of estimates using each approach where Q was within £5% of 1, within £10%, +25%, +50%
or £100%, and outside +100%, giving scores of 5, 4, 3, 2, 1 and 0 for each successive

category.

2.5  Relating cohort effects to smoking habits

Formal modelling relating disease rates to smoking habits was not attempted. However
cohort values derived from the 1981-2010 data were correlated with cohort-based estimates
of cigarette consumption per person at ages 30-34, 40-44 and 50-54, where available from the
International Mortality and Smoking Statistics database [16].

2.6 Software

Analyses were conducted using in-house software written in Intel Visual Fortran V9,
developed from a version used in a previous publication [17]. Output for lung cancer in UK
females was checked against results given by Osmond and Gardner [2].

3 Results

3.1  Fitting the APC model to data for 1961-1990

Table 2 summarizes aspects of fit of the APC model to the 1961-1990 data. Various broad
conclusions can be drawn. Firstly, the first of the four blocks in Table 2 shows that the
percentage of variance from the A model explained by the APC model is nearly always high,
exceeding 99% in 35 of 88 analyses, and exceeding 90% in all but three. The smallest
percentage explained for COPD is 72.3% for females in Switzerland, for lung cancer is

87.9% for females in Austria, for IHD is 89.1% for females in Hungary, and for stroke is 96.1



for males in Austria. Despite the APC model typically explaining a large percentage of the
variance in nearly all cases, it is evident from the last block that the fit is usually not perfect,
the goodness-of-fit chi-squared on 32 d.f. exceeding 67.2 (p<0.001) in nearly all analyses for
IHD and stroke, and about half those for lung cancer and COPD, and being over 1000 in two
analyses. The second and third blocks show the percentages of variance explained
respectively by cohort and by period. For lung cancer in both sexes, and stroke in females,
cohort explains a higher percentage than period in 31 of 33 analyses. However, for COPD in
females and stroke in males, period explains a higher percentage in 16 of 22 analyses. In the
remaining combinations, no consistent pattern is evident, cohort explaining more than period

in 15 of 33 analyses.

Figures 2 and 3 show examples of the fitted period and cohort values. In Figure 2 (lung
cancer, Austria, males) cohort on its own explained a large part (96.2%) of the variance,
whereas period explained only a small part (19.3%). In Figure 3 (IHD, Switzerland, females)

the reverse was true, cohort explaining 34.6% and period 93.5%.

Figures 4 and 5 illustrate the goodness-of-fit for the two cases with the smallest percentage of
variance explained by the APC model (COPD, Switzerland, females; lung cancer, Austria,
females), data being shown only for alternate age groups. Given these are the worst cases, the
fit to the APC model would appear overall to be relatively good.

For each analysis, Supplementary File 1 gives fuller details, not only of the fit of the APC
model to 1961-1990 data, but also of the predictions for 1991-2000 (using Approach 3 for
period values and Approach A for cohort values).

3.2  Comparing observed data for 1991-2010 with values predicted by extrapolation

A first series of analyses used Approach A for extrapolating period values, comparing results
using Approaches 1, 2 and 3 for extrapolating cohort values, based on data for UK and
Switzerland. Table 3 shows the goodness-of-fit statistics using the three approaches.
Compared to Approach 1, the other approaches fitted better (lower value) in most cases; 14 of
16 for Approach 2 and 12 of 16 for Approach 3. Comparing Approaches 2 and 3, no
consistent difference was seen. Thus, ignoring cases where the goodness-of-fit statistics for

the two approaches were within 5%, Approach 3 was somewhat better in five cases (COPD in
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UK females, and lung cancer and COPD in Switzerland in both sexes) and somewhat worse
in five cases (lung cancer in the UK in both sexes, COPD in UK males, and stroke in
Switzerland in both sexes). Because other work had been carried out using Approach 3, and
as effects of cohort extrapolation are minor (only affecting younger age groups with
relatively few deaths) compared to effects of period extrapolation, it was decided to use

Approach 3 for further work.

Using Approach 3 for cohort values, comparison was then made of results using Approaches
A and B for extrapolating period values (Table 4). For lung cancer in males, Approach B
(quadratic extrapolation) was better than Approach A (ratio of last two period values),
producing a lower goodness-of-fit chi-squared in 8 of 11 countries and having a higher
(better) total score (33 vs 24) based on closeness to 1 of the observed/predicted ratio for
2006-2010. However, this was an exceptional case, with the total score over all data sets
being 202 using Approach A and 173 using Approach B, with the chi-squared value lower
with Approach A in 51 of 88 (58.0%) comparisons. Notably, there were 36 cases where the
goodness-of-fit chi-squared was over twice as large for Approach B as for Approach A, as
against only 19 where the reverse was true. The difference between the approaches was

particularly marked for COPD, where the fit was often substantially worse using Approach B.

Figures 6 to 7 illustrate predictions using the two approaches, showing the fitted period
values for 1961-1990 and the predicted values for 1991-2010 under each approach, as well as
the “true” period values; those which would have been necessary for the observed/predicted

to equal 1. The full set of 88 figures is available in Supplementary File 1.

Figure 6, for COPD in females for USA, illustrates the majority of cases where the estimates
seem quite accurate. Here observed/predicted values for 2006-2010 are 0.915 under
Approach A and 0.948 under Approach B. However, some predictions are very inaccurate. In
Figure 7, for COPD in females for Sweden, the observed/predicted values for the final period
are 1.864 for the two-period linear model and 8.818 for the quadratic model, it being clear
visually that the true values for 1991-2010 could not reasonably have been predicted using
the 1961-1990 data.



Because Approach B had no overall advantage on any of the tests made, and was
substantially worse than Approach A regarding gross misfits, it was decided to use Approach

A for extrapolating period effects (and Approach 3 for cohort effects) for further work.

Table 5 summarizes aspects of fit of the predictions to 1991-2010 data based on these
approaches. The goodness-of-fit chi-squared statistics are, unsurprisingly, substantially
greater for the prediction period than those in Table 2 for the period (1961-1990) to which the
model was fitted. Nevertheless, in the great majority of cases, prediction using the APC
model produced a substantially lower chi-squared than did prediction using the A model, the
“variance explained” by period and cohort exceeding 90% in 46 of the 88 analyses (52.3%),
and 80% in a further 12 (13.6%). However, the APC model does not always improve
predictions, and in 11 cases (12.5%) actually predicts less well than the A model, illustrated

by the negative values in Table 5.

Fuller details of these projections are also in Supplementary File 1.

3.3  Fitting the APC model to data for 1981-2010

Table 6 summarizes aspects of the fit of the APC model to the 1981-2010 data. As for the
1961-1990 data (Table 2), the percentage of residual variance explained by the APC model is
nearly always high, exceeding 99% in 53 of 96 analyses, and 90% in all but five. The
smallest percentage explained, 70.9%, is again for COPD. Although the APC model explains
a large proportion of the variance, there are again many occasions where the goodness-of-fit
chisquared exceeds 67.2 (p < 0.001), though the proportion (56.3%) is less than for Table 2
(71.5%). For both the 1961-1990 and 1981-2010 data, the percentage of variance explained
by cohort was usually higher than that explained by period, but whereas this was true for
59.1% of the analyses in Table 2, it was true for 82.3% of those in Table 6, 11 of the 17

exceptions being for stroke.

Supplementary File 2 provides additional information, laid out similarly to that for 1961-
1990.



3.4 Predictions for 2011-2030

Table 7 presents observed rates for 1981-1985 and 1996-2000, and rates predicted by the
APC model for 2011-2016 and 2026-2030 for the combined age group 30-79, standardized to
the European 1976 population [18].

For lung cancer in males, rates for North America and Western Europe show a marked
decline over the whole period, predicted 2026-2030 rates being less than 40% of those in
1981-1985, except for France. Rates in Eastern Europe, though not smoothly declining, are
still predicted to be markedly lower in 2026-2030 than 1981-1985. A smaller decline is
predicted for Japan. For many countries, rates in females are predicted to rise, to be not
dissimilar to those in males by 2026-2030. For Canada, Japan, Sweden and USA, however,
the rates are predicted to be lower in 2026-2030 than they were during the observed period.

For COPD, rates in males also often show a striking decline, with rates in 2026-2030 less
than 35% of those in 1981-1985 in 10 countries. The decline is much less than this for the
USA, with an increase predicted for Hungary. In females, rates are also generally predicted to

decline, though not in USA or Hungary.

For IHD in both sexes, 10 of 12 countries show a striking decline, with rates in 2026-2030
typically only 10 to 20% of those in 1981-1985. A decline is also predicted for Hungary and
Japan, though less markedly.

The pattern for stroke is similar to that for IHD. Here the smallest decline is for males in
Poland, where the 2026-2030 rate is predicted to be 44% of that in 1981-1985. In all other
countries they are predicted to be less than 25%, the decline often being more than this.

Fuller details of the projections are in Supplementary File 2.

35 Relationship of fitted cohort values to cigarette consumption

Table 8 presents correlation coefficients based on relating cohort values fitted to the 1981-
2010 data (using the APC model) with estimates of cigarette consumption per person at age

30-34 for the same cohort. The correlations are generally higher for males, and highest for
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lung cancer. For lung cancer, correlations exceed 0.50 in 21 of 24 cases in both sexes, and
0.80 in 13. For IHD and stroke, however, correlations in females were as often negative as
they were positive. Results based on cigarette consumption at ages 40-44 and 50-54 were

quite similar, the mean correlations being given in the Table 8 footnotes.

Figures 8 to 11 show examples, one per disease, of strong cohort effects in conjunction with a

relatively high correlation with average cigarette consumption.

4 Discussion

As a method for summarizing age-specific mortality data over a period, the APC model has
been quite widely used (e.g. [3, 13]). The analyses presented here confirm its usefulness for
the major smoking-related diseases, whether based on data for 1961-1990 or 1981-2010. For
the great majority of the countries and diseases studied, the APC model explained a very
large proportion of the residual variance. Though a few cases explain less than 90%, even the
worst (see Figures 4 and 5) give a visually not unreasonable fit, taking account of the
relatively few cases at age 30-34. The analyses also show the importance of taking cohort
into account. This is emphasised partly as the percentage of variance explained by cohort
usually exceeds that explained by period (particularly for 1981-2010), and partly as, for the
most strongly smoking-related disease, lung cancer, there is a consistent correlation between
fitted cohort values and cohort-specific estimates of cigarette consumption. For IHD and
stroke, for which smoking is only one of various major risk factors, and where considerable
treatment advances have occurred, it is unsurprising that the correlations are poorer,

particularly for females.

As expected, given that statistics students are often advised not to extrapolate beyond the
range of their observations and that government economists sometimes fail to predict
accurately even a few months ahead, the APC model is clearly poorer at predicting future
rates than describing current rates. To carry out such predictions involves extrapolating both
cohort and period values. We compared three approaches for cohort extrapolation, each
involving log-linear extrapolation using weights decreasing exponentially in the past, and
found that omitting either the final value or the final two values from the extrapolation were
similarly accurate for predicting known data for 1991-2010, and better than including all the

values, including the final one which is based on data only for one period for age 30-34, often
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with few deaths. We decided to use approach 3, omitting only the last value, estimating it and
the future cohort values by extrapolation. The choice of approach only affects results for
younger age groups where relatively few deaths occur, so is not vital to the predictions, and is

one reason why we only compared approaches for two countries.

The effect of extrapolating period values is much more important. Approach A (ratio of last
two period values) was selected in preference to Approach B (quadratic extrapolation), as
Approach A was less likely to produce gross misfits. Often (e.g. Figure 6), the predictions for
1991-2010 from 1961-1990 rates were quite close to the actual data, but there were some
obvious exceptions. In some cases (e.g. Figure 7), it is difficult to envisage any model not
including data on trends in risk factors, treatment or diagnosis which could adequately
explain observed trends in rates.

Though there are clearly limitations to any model which predicts future rates based only on
recent mortality trends, we consider the APC model predictions shown in Table 7 (with
further detail given in Supplementary File 2) quite plausible. Certainly, there seems no
obvious reason why the sharply declining trends in IHD and stroke should not continue, so
that by 2026-2030 rates will be very much lower than in 1981-1985, making these diseases

largely causes of deaths in the 20" Century.
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8 Figures

Figure 1.

llustrative diagram of age group, periods and cohorts used for predicting

data for 2011-2030 from data for 1981-2010

The numbers in the body of the diagram identify the cohorts. The cohort numbers (k) are

related to the age groups (i) and the periods (j) by the formula k =j —i + 10. The cohort

numbers in red represent cohorts where we have no mortality data. The modelled values for

earlier cohorts were used to provide predicted values for these cohorts.

Period Predicted period
j=1 2 3 4 5 6 7 8 9 10
Age 1981- | 1986- | 1991- | 1996- | 2001- | 2006- 2011- | 2016- | 2021- | 2026-
group 1985 | 1990 | 1995 | 2000 | 2005 | 2010 2015 | 2020 | 2025 | 2030
i=10 | 75-79 1 2 3 4 5 6 7 8 9 10
9 70-74 2 3 4 5 6 7 8 9 10 11
8 65-69 3 4 5 6 7 8 9 10 11 12
7 60-64 4 5 6 7 8 9 10 11 12 13
6 55-59 ) 6 7 8 9 10 11 12 13 14
5 50-54 6 7 8 9 10 11 12 13 14 15
4 45-49 7 8 9 10 11 12 13 14 15 16
3 40-44 8 9 10 11 12 13 14 15 16 17
2 35-39 9 10 11 12 13 14 15 16 17 18
1 30-34 10 11 12 13 14 15 16 17 18 19
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Figure 2.
lung cancer, Austria, males

Period (of death) and (birth) cohort values fitted to 1961-1990 data for

Cohort explains a large part of the variance while period explains only a small part. Note that

cohorts and periods are labelled by the midpoint year.

COHORT 8: FEROD VAaLUEs
130 _
120 i
1
1
\
1
/ \ F—e
|
."I IIII |I|'I II
.'I II i I
| | ! |
\
4 '. /
| \ !
1.10 _ | ! f
| II II|
| bl /
|
| | ¢ |
| I| [ \
f | | [
| \ |
| | |
| | | |
{ \ f [
| | e
f | [ - —a
100 | -
i | | f II —— hY
|I ! | | N
| | f N,
| \ \ | | »
[ 1 \ | |
+ | | | [
\ \
| | | l [
| ! ! I'. |I |
| | f 1
| f |
| II | Vo |
080 - |I I* -'". III| |I |
| 4 L
| I'-.I' f I'I* *
| i
| \ A
I| Y I
1 Fi
| \ S
|I .
|
|
gl |
|
|
II
|
|
|
]
0o
T T T T T T T T T T T T T T T T d&LENmR "|"E'l‘|'R T
1BEE 1EB93 1B9B 1903 190E 1913 1918 1923 192E 1933 193E 1943 194F 1953 195E 1953 195B 1973 197E 19E3 19BB
- Cohart
@® —— Period

15



Figure 3.

IHD, Switzerland, females

Period explains a large part of the variance while cohort explains only a small part.

Period (of death) and (birth) cohort values fitted to 1961-1990 data for
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Figure 4. Observed and fitted mortality rates (1961-1990) for selected age groups;

COPD, Switzerland, females

Only 72.3% of variance is explained by the APC model but the fit appears to be reasonable.
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Figure 5. Observed and fitted mortality rates (1961-1990) for selected age groups;

lung cancer, Austria, females

Only 87.9% of variance is explained by the APC model but the fit appears to be reasonable.
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Figure 6. Comparing the two approaches used to predict period effects for 1991-
2010 based on data for 1961-1990: COPD, USA, females

This example shows Approaches A and B giving similar results, both close to the true values.
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Figure 7. Comparing the two approaches used to predict period effects for 1991-
2010 based on data for 1961-1990: COPD, Sweden, females

This example shows neither of Approaches A or B predicting the true values accurately.

COPD, Sweden, females

1.6
1.4 —N
. R
£ / —¥=Modelled data
2os .
2 /K =@=Predicted A
@ 0.6
e / \ —fi—Predicted B
0.4
\.\ =>=True values
0.2 |
0 T T T T T T T T 1
(a2] [oe] m 0 () 0 o [ee] m 0
(Vo) (e} N~ ~ o0 o0 (o)} (o)} o o
(o)} ()] a (o)} (o)} (o)} (o)} (o)} o o
— — — — — — — — (o] (o]

Period

20



Figure 8.
values; IHD, Canada, males

Cigarette consumption (average cigarettes per person) and fitted cohort

IHD, Canada, males
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Cigarette consumption (average cigarettes per person) and fitted cohort
Stroke, France, males

16.0

values; stroke, France, males

Figure 9.
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Cigarette consumption (average cigarettes per person) and fitted cohort

Figure 10.

values; lung cancer, France, females

Lung cancer, France, females
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Cigarette consumption (average cigarettes per person) and fitted cohort

values; COPD, UK, males

Figure 11.

COPD, UK, males
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9 Tables

Table 1. Years in which the countries used each ICD revision
ICD Revision
Country 7 8 9 10 Switzerland!
Austria 1955-1968 1969-1979 1980-2001 2002-2010 -
Canada 1951-1968 1969-1978 1979-1999 2000-2009 -
France 1952-1967 1968-1978 1979-1999 2000-2009 -
Germany? - - 1980-1997 1998-2010 -
Hungary 1955-1968 1969-1978 1979-1995 1996-2010 -
Italy® 1951-1967 1968-1978 1979-2002 2003-2010 -
Japan 1951-1967 1968-1978 1979-1994 1995-2010 -
Poland* 1959-1968 1969-1979 1980-1996 1999-2010 -
Sweden 1951-1968 1969-1986 1987-1996 1997-2010 -
Switzerland 1951-1968 1969-1994 - - 1995-2010
UK® 1951-1967 1968-1978 1979-2000 2000-2010 -
USA 1951-1967 1968-1978 1979-1998 1999-2010 -

! Switzerland used its own codings instead of ICD revisions 9 and 10 (see text).

2 No data were available for 1951-1979.

% No data were available for 2004 and 2005.
4 No data were available for 1997 and 1998.

® In 2000 Scotland used ICD revision 10 while the other parts of the UK used ICD revision 9.
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Table 2. Fitting the APC model to data for 1961-1990

Lung cancer COPD IHD Stroke

Males  Females Males  Females Males Females Males Females
Percentage of variance
explained by period and
cohort*
Austria 97.1 87.9 98.0 93.0 935 97.5 96.1 98.1
Canada 99.2 99.4 95.0 96.0 99.5 99.5 99.4 99.2
France 99.1 93.0 99.2 99.2 914 98.0 99.7 99.7
Hungary 99.4 96.3 98.6 95.0 95.7 89.1 98.5 95.1
Italy 99.2 98.6 98.9 99.1 99.4 99.9 97.6 98.4
Japan 99.5 98.5 98.4 97.4 98.8 98.5 99.8 100.0
Poland 99.7 96.2 97.5 96.3 97.9 95.9 98.7 96.5
Sweden 96.9 97.7 95.0 95.3 97.6 99.6 96.3 97.8
Switzerland 94.8 94.7 92.3 72.3 97.3 994 99.3 99.2
UK 99.8 99.8 99.2 96.1 92.7 96.6 98.7 99.0
USA 99.5 99.9 98.4 99.4 99.9 99.9 99.9 99.9
Percentage of variance
explained by cohort?
Austria 96.2 48.0 82.0 65.4 72.6 485 55.2 745
Canada 94.5 86.0 92.0 90.6 87.0 46.2 47.1 51.5
France 89.5 54.7 90.2 87.8 71.2 91.5 915 914
Hungary 97.2 71.8 88.2 68.6 94.0 63.0 97.2 91.6
Italy 95.8 88.0 97.2 51.1 934 80.0 41.3 67.2
Japan 96.6 95.0 79.7 30.9 70.8 87.7 95.3 98.8
Poland 92.6 49.0 78.9 86.8 95.8 88.7 90.8 78.4
Sweden 90.5 75.6 47.1 775 54.0 82.1 27.1 30.4
Switzerland 88.9 31.2 85.4 51.1 67.8 346 62.8 77.7
UK 99.7 98.8 94.5 935 73.8 85.4 38.2 43.7
USA 98.1 99.3 97.5 97.1 93.2 85.0 93.4 88.5
Percentage of variance
explained by period®
Austria 19.3 10.1 96.4 87.3 71.6 65.9 70.2 52.7
Canada 75.4 36.0 75.9 71.3 85.4 65.1 84.4 43.7
France 69.6 74.3 96.8 96.2 75.7 60.1 96.4 87.4
Hungary 58.8 35.1 94.3 86.9 68.9 27.2 94.4 88.5
Italy 67.8 50.6 83.3 80.8 94.1 95.3 56.7 32.0
Japan 44.1 43.9 96.5 94.3 50.0 68.7 92.7 96.6
Poland 90.2 11.0 96.0 94.1 65.1 82.6 95.6 94.9
Sweden 81.8 12.7 88.4 87.6 96.8 94.7 28.8 29.6
Switzerland 50.5 12.9 75.2 59.9 75.8 93.5 59.5 34.6
UK 68.1 25.6 80.8 76.7 77.2 63.4 47.9 20.6
USA 82.0 89.1 90.4 717 98.4 97.8 97.8 955
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Table 2 continued

Lung cancer COPD IHD Stroke

Males  Females Males Females Males Females Males Females
Goodness-of-fit chisquared
for the APC model (on 32
d.f)*
Austria 35.6 379 40.9 50.3 115.8 102.0 110.3 100.5
Canada 47.0 51.4 161.6 80.4 198.9 1124 717 128.1
France 121.5 59.7 123.7 65.9 400.3 1175 117.8 172.1
Hungary 49.2 52.4 50.0 77.0 290.3 521.2 70.5 103.8
Italy 2425 39.1 225.8 102.1 232.0 104.2 747.1 653.1
Japan 105.4 68.6 205.3 195.2 612.6 1159.9 750.0 140.4
Poland 72.4 111.7 115.9 834 425.9 421.4 74.5 98.5
Sweden 304 27.2 58.5 34.2 72.6 229 97.9 135.6
Switzerland 51.2 314 44.0 45.0 154.6 93.3 35.2 58.7
UK 345 48.9 380.0 179.1 1118.8 430.3 3914 410.6
USA 237.4 82.7 326.0 339.80 547.8 396.4 144.2 178.0

1100 (RSS, - RSSapc) / RSS Where RSS, is the residual sum of squares for model A and RSS apc is that for
model APC. Critical values are 53.3, 60.1 and 67.2 for, respectively, p<0.05, p<0.01 and p<0.001.
2100 (RSSap - RSSapc) / RSSap Where RSSp is the residual sum of squares for model AP. Critical values are
45.4,52.8 and 60.8 for, respectively, p<0.05, p<0.01 and p<0.001.
%100 (RSSac - RSSapc) / RSSac Where RSSac is the residual sum of squares for model AC. Critical values are
25.1, 33.2 and 43.1 for, respectively, p<0.05, p<0.01 and p<0.001.
* Critical values are 46.2, 53.5 and 62.5 for, respectively p<0.05, p<0.01 and p<0.001.
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Table 3.

Goodness-of-fit statistics® to the APC model (for prediction from 1961-

1990 to 1991-2010) using three different approaches® for extrapolating cohort effects

Lung cancer COPD IHD Stroke
Males Females Males Females Males Females Males Females
UK
Approach1 3030 2924 5824 3028 67648 71611 10282 7046
2 936.1 1443 4135 2675 66948 71104 10109 6749
3 1348 2222 5024 2539 67362 71648 10106 6951
Switzerland
Approach 1 407.8 214.4 1307 838.5 2215 1395 396.1 728.8
2 5342 2851 1211 641.0 1942 1347 266.7 699.7
3 486.9 237.7 1145 610.0 1961 1376 309.6 802.7

! Approximate chisquared values based on summing (observed-expected)® / expected over each of the cells in

the prediction period.
2 See methods section 2.3 for definition of the approaches studied.
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Table 4. Comparison of Approach A and Approach B for estimating period
effects’ (using 1961-1990 data to predict data for 1991-2010)

Lung cancer COPD IHD Stroke

Males Females Males Females Males Females Males Females Total
Chisquared fit better?
Approach A 3 8 10 8 5 6 5 6 51
Approach B 8 3 1 3 6 5 6 5 37
Chisquared fit much
better®
Approach A 2 3 7 6 5 4 5 4 36
Approach B 5 1 1 2 2 3 4 1 19
Error in prediction’
for final period for
Approach A
<5% 0 1 0 0 0 0 3 1 5
5% to <10% 1 3 0 1 2 1 1 0 9
10% to <25% 3 4 7 4 1 3 1 3 26
25% to <50% 5 2 1 2 5 1 2 4 22
50% to <100% 1 1 3 3 1 3 4 3 19
100% or more 1 0 0 1 2 3 0 0 7
Total score 24 34 26 23 22 18 30 25 202
Error in prediction®
for final period for
Approach B
<5% 2 0 0 1 0 1 0 0 4
5% to <10% 2 2 0 1 0 0 3 0 8
10% to <25% 3 2 2 1 4 3 2 3 20
25% to <50% 2 5 3 1 0 2 3 5 21
50% to <100% 2 1 1 3 5 3 2 2 19
100% or more 0 1 5 4 2 2 1 1 16
Total score 33 25 13 17 17 21 26 21 173

! In Approach A, period values were extrapolated based on the ratio of the last two period values. In Approach
B, a quadratic model was fitted to the log of all six period values, weighted by powers of 2 from 1 for period 1
to 32 for period 6.

2 Based on a comparison of goodness-of-fit chisquared value for the APC model for the prediction period.

¥ An approach was considered much better if its goodness-of-fit chisquared was less than half that of the other
approach.

* Based on the closeness to 1 of Q, the ratio total observed/total predicted. Scores of 5, 4, 3, 2, 1 and 0 are given
for the six categories.
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Table 5.

Comparing observed data for 1991-2010 with that predicted by the APC

model fitted to data for 1961-1990 using Approach A for extrapolating period values

and Approach 3 for extrapolating cohort values

Lung cancer COPD IHD Stroke

Males Females Males Females Males  Females Males Females
Percentage of
variance explained
by period and
cohort!
Austria 48.6 91.2 82.1 -124.4 94.9 86.9 95.0 96.7
Canada 495 88.4 96.6 81.7 994 99.1 97.4 97.4
France -196.0 81.3 91.7 50.7 93.3 91.2 99.2 98.4
Hungary -60.4 86.5 41.0 5.2 -245.5 48.1 20.2 60.3
Italy 58.1 88.1 98.8 97.8 98.8 99.5 975 96.6
Japan 16.8 31.0 96.8 94.0 -83.0 15.2 90.5 97.1
Poland 314 91.6 88.4 92.7 -847.5 -688.6 -65.8 -187.5
Sweden 49.8 96.5 -81.6 14.0 96.1 96.8 94.6 96.4
Switzerland 89.3 97.1 76.5 -108.2 94.4 94.8 98.7 96.8
UK 99.0 94.5 97.0 85.1 88.3 73.8 95.1 96.8
USA 76.9 91.9 56.6 86.7 94.1 93.3 98.5 96.3
Goodness-of-fit
chisquared for the
APC model (on 40
d.f)
Austria 2782.6 361.3 548.4 14175 1813.2 31735 2006.9  1397.5
Canada 5788.4 5930.3 607.1 1523.9 1997.9 1518.8 1586.0  1586.7
France 30775.3  10949.0 5930.7 13237.3 8537.6 8514.3 1884.2 35415
Hungary 27710.0 3944.2 1073.3 1483.1 14887.9 3579.6 8938.3 11921.8
Italy 16618.9 1857.9 1533.3 946.9 3167.3 1464.9 7245.9 10080.3
Japan 26701.9 2775.7 2460.1 3160.7 280472.3 184672.1 163166.1 42352.9
Poland 22969.9 3428.2 3598.6 741.1 2575705 812795 28659.4 21764.5
Sweden 345.7 500.1 2299.4 3147.1 3384.3 1638.5 699.7 661.1
Switzerland 468.9 237.7 11445 618.4 1960.5 1376.4 309.6 802.7
UK 1347.8 2222.1 5023.7 2539.2 67362.0 716485 10106.3  6950.9
USA 27505.6  31470.6 16257.1 41587.7 171334.6  93527.0 8760.2 19165.2

1100 (CHI4 - CHIpc) / CHI5 where CHI,, is the goodness-of-fit chisquared statistic based on predictions using

model A and CHI apc is that based on predictions using model APC.
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Table 6. Fitting the APC model to data for 1981-2010

Lung cancer COPD IHD Stroke

Males  Females Males  Females Males  Females Males Females
Percentage of variance
explained by period and
cohort!
Austria 98.4 95.5 87.8 814 99.5 98.2 99.8 99.6
Canada 99.6 99.2 98.1 87.8 99.5 99.8 99.3 99.5
France 97.3 99.4 99.2 98.4 99.8 99.8 99.9 99.9
Germany 99.0 99.6 99.6 85.5 99.9 99.8 99.9 99.8
Hungary 95.0 99.3 98.4 91.7 98.1 935 98.3 99.4
Italy 99.8 97.7 99.9 99.5 99.8 99.8 99.9 99.9
Japan 98.6 93.3 98.7 99.2 98.2 99.6 99.6 99.8
Poland 98.6 99.2 99.5 97.7 95.8 91.1 92.7 96.8
Sweden 94.5 98.7 924 95.6 99.9 99.7 98.7 98.6
Switzerland 98.5 97.2 98.8 70.9 99.7 98.9 98.9 99.4
UK 99.9 98.8 99.4 97.5 99.8 99.9 99.7 99.7
USA 99.7 99.4 98.8 99.5 99.6 99.8 98.9 99.4
Percentage of variance
explained by cohort?
Austria 91.0 89.3 52.9 67.3 92.3 70.7 80.2 85.7
Canada 98.1 98.0 68.4 81.6 69.6 82.7 45.6 42.6
France 94.3 96.5 49.0 61.2 94.2 95.8 88.5 95.4
Germany 93.0 97.8 88.5 74.7 98.9 97.0 97.1 94.3
Hungary 89.7 96.4 88.3 82.8 95.7 86.4 48.1 72.4
Italy 99.6 90.1 97.7 88.2 97.1 90.0 91.4 90.0
Japan 97.4 87.9 75.3 58.0 95.9 96.5 87.0 93.5
Poland 98.3 95.1 91.9 714 91.2 84.7 725 88.5
Sweden 90.0 935 82.3 92.8 89.1 74.7 58.0 50.9
Switzerland 79.4 81.3 89.2 64.3 93.8 65.4 48.4 80.9
UK 96.5 98.7 76.4 96.7 93.0 96.6 87.0 83.8
USA 98.8 99.2 91.9 97.7 79.9 95.4 75.5 61.8
Percentage variance
explained by period®
Austria 60.8 14.3 46.0 63.2 86.7 70.6 89.0 71.9
Canada 73.7 74.7 25.0 244 18.0 50.7 60.6 62.5
France 91.1 19.6 94.4 935 76.2 785 71.9 815
Germany 76.2 68.9 68.9 389 96.7 96.8 97.2 90.7
Hungary 89.6 84.0 89.9 61.1 65.6 249 80.9 82.2
Italy 75.0 25.8 80.7 785 62.9 63.4 22.4 9.5
Japan 90.7 76.3 50.5 70.9 91.0 93.3 85.7 83.0
Poland 74.0 35.1 91.4 81.8 67.5 54.1 85.0 90.2
Sweden 1.9 18.5 46.1 55.6 47.8 57.1 80.9 57.5
Switzerland 29.1 27.0 44.0 15.0 70.7 67.6 25.3 494
UK 85.3 84.8 333 14.0 87.2 96.3 76.8 66.0
USA 80.9 85.2 59.7 90.1 715 935 69.3 83.6
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Table 6 continued

Lung cancer COPD IHD Stroke

Males  Females Males Females Males Females Males Females
Goodness-of-fit chisquared
for the APC model (on 32
d.f)*
Austria 26.2 36.1 66.6 48.1 775 127.1 30.3 56.7
Canada 304 35.8 113.8 109.1 349.7 75.8 70.4 39.3
France 73.2 57.8 104.3 80.6 103.3 55.9 66.0 37.6
Germany 166.1 46.9 145.1 320.7 116.6 146.4 62.7 155.0
Hungary 85.2 26.5 329 66.6 115.2 181.1 164.7 96.5
Italy 415 46.2 454 322 136.4 88.4 76.8 100.0
Japan 72.4 62.1 243.1 109.3 3225 102.4 680.3 1760.0
Poland 97.8 440 72.4 68.0 13135 1061.3 335.3 183.8
Sweden 33.6 27.9 57.4 37.2 43.8 46.2 41.9 45.1
Switzerland 37.2 294 28.6 54.5 38.8 53.7 51.7 23.6
UK 57.3 57.6 166.2 176.8 536.6 136.9 150.1 158.7
USA 199.1 221.3 96.0 135.2 2045.9 328.6 564.3 259.4

1100 (RSSa- RSSapc) / RSS Where RSS, is the residual sum of squares for model A and RSS apc is that for
model APC. Critical values are 53.3, 60.1 and 67.2 for, respectively, p<0.05, p<0.01 and p<0.001.

2100 (RSSap - RSSapc) / RSSap Where RSS p is the residual sum of squares for model AP. Critical values are
45.4,52.8 and 60.8 for, respectively, p<0.05, p<0.01 and p<0.001.
%100 (RSSac - RSSapc) / RSSac Where RSSac is the residual sum of squares for model AC. Critical values are
25.1, 33.2 and 43.10 for, respectively, p<0.05, p<0.01 and p<0.001.
* Critical values are 46.2, 53.5 and 62.5 for, respectively p<0.05, p<0.01 and p<0.001.
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Table 7. Observed age standardized® death rates at age 30-79 in 1981-1985 and
1996-2000, and rates predicted by the APC? model in 2011-2015 and 2026-2030

Males Females
1981- 1996- 2011- 2026- 1981- 1996- 2011- 2026-
1985 2000 2015 2030 1985 2000 2015 2030

Lung cancer
Austria 1129.0 925.7 665.1 430.4 185.2 253.4 335.4 339.9
Canada 1297.1 1078.7 687.3 376.5 378.3 583.9 566.7 402.0
France 1052.6 1108.0 910.4 628.5 93.7 161.2 312.8 554.2
Germany 1170.2 994.4 691.5 439.7 142.6 231.2 340.7 408.7
Hungary 1530.5 1956.7 1620.6 942.7 253.2 469.4 678.3 719.5
Italy 1369.9 1174.9 714.9 370.7 150.5 185.6 233.4 267.9
Japan 624.0 690.7 572.6 504.4 171.1 181.6 163.4 143.3
Poland 1483.1 1681.7 1266.4 667.2 180.5 282.3 4171 426.6
Sweden 567.5 509.6 374.1 202.4 185.5 305.9 366.8 252.6
Switzerland 11835 828.7 566.6 340.6 141.2 229.0 329.4 325.5
UK 1582.4 974.4 646.0 441.5 458.2 483.7 496.6 523.5
USA 1337.2 1130.2 704.6 387.6 467.1 620.9 491.8 330.3
COPD
Austria 455.6 327.2 261.9 157.4 137.2 102.1 125.7 90.6
Canada 517.5 373.2 216.8 144.4 163.2 213.4 1775 124.7
France 3379 265.8 103.4 62.4 96.5 92.9 36.9 24.9
Germany 673.3 416.6 241.1 175.2 161.4 143.8 134.8 130.1
Hungary 969.9 655.5 811.0 1260.0 297.2 228.5 342.5 591.7
Italy 583.7 298.8 142.3 86.0 141.4 79.7 54.1 38.9
Japan 228.3 151.0 65.7 35.0 86.9 47.2 17.2 8.3
Poland 833.8 463.7 330.9 226.9 192.3 113.9 107.6 91.6
Sweden 293.7 224.3 146.2 75.7 145.2 1714 151.6 69.3
Switzerland 481.2 3375 153.2 68.2 110.3 114.7 101.8 715
UK 875.1 555.5 328.2 222.7 292.0 356.2 267.4 189.3
USA 566.2 521.1 419.9 395.6 236.4 379.7 360.2 333.8
IHD
Austria 3352.9 2403.5 1045.9 553.5 1168.5 874.7 342.3 155.2
Canada 3899.5 1978.2 950.1 519.4 1484.6 747.1 319.8 175.4
France 1533.0 945.1 450.0 224.0 494.0 255.6 109.3 71.3
Germany 3342.1 21935 953.3 471.0 1154.7 837.8 309.0 159.8
Hungary 4625.1 4205.4 3213.1 2088.5 1907.8 1819.1 1283.6 849.7
Italy 2165.5 1353.3 640.6 312.7 758.4 452.3 204.9 105.2
Japan 749.3 621.4 469.3 442.2 363.8 242.3 145.1 128.2
Poland 2624.2 2772.9 14479 543.4 765.8 947.4 453.6 160.0
Sweden 4416.6 21725 925.3 432.4 1468.3 752.6 345.7 197.1
Switzerland 2372.8 1483.2 686.9 397.9 719.7 481.1 190.9 101.5
UK 5118.9 2856.6 1037.9 439.9 1926.1 1120.3 347.7 147.2
USA 3943.7 2288.1 1224 .4 686.7 1608.0 1012.7 503.0 279.8
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Table 7 continued

Males Females
1981- 1996- 2011- 2026- 1981- 1996- 2011- 2026-
1985 2000 2015 2030 1985 2000 2015 2030

Stroke
Austria 1651.1 798.2 230.0 81.9 10840  506.9 175.9 86.5
Canada 684.2 4232 201.8 101.9 498.5 302.5 155.1 78.8
France 1018.3 494.1 230.6 114.9 584.6 270.0 138.5 83.6
Germany 1252.4 698.0 284.7 1415 849.9 445.9 858 107.3
Hungary 2895.6 2219.7 1019.4 377.9 19654 12905 4855 158.7
Italy 1388.4 654.7 298.3 151.3 931.1 423.4 188.8 102.2
Japan 1860.5 915.2 501.1 308.9 1158.1  484.2 216.2 114.4
Poland 10237 1388.4 888.3 449.8 795.4 918.1 460.5 193.1
Sweden 820.1 625.0 286.6 126.2 598.8 403.9 194.3 84.3
Switzerland ~ 790.1 384.2 173.2 90.1 524.0 255.6 137.4 89.6
UK 1215.3 693.2 290.0 129.3 958.8 544.8 227.4 100.9
USA 689.2 480.0 280.3 169.4 529.7 383.0 218.7 121.4

! Standardized to the 1976 European Standard Population.
2 The APC model was fitted to data or 1981 to 2010 and used to predict data for 2011 to 2030 using Approach A
for extrapolating period values and Approach 3 for extrapolating cohort values.
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Table 8.

at age 30-34 for that cohort

Correlation® between cohort values and cigarette consumption per person

Lung cancer COPD IHD Stroke

Country Males  Females Males Females Males Females Males Females

Austria 0.76 0.56 0.85 0.16 0.85 -0.02 0.04 0.67
Canada 0.97 0.89 0.95 0.90 0.92 0.26 0.90 0.80
France 0.68 0.95 0.40 -0.36 0.84 0.23 0.92 -0.77
Germany 0.89 0.82 0.96 0.36 0.32 -0.34 0.12 0.57
Hungary 0.94 0.89 0.59 0.71 0.90 0.21 0.95 0.40
Italy 0.47 0.52 0.27 -0.86 0.37 -0.89 0.32 -0.85
Japan 0.77 -0.58 -0.03 -0.57 -0.48 0.80 -0.59 -0.63
Poland 0.68 0.73 0.60 -0.24 0.62 -0.55 0.81 -0.34
Sweden 0.86 0.82 0.77 0.36 0.58 -0.03 0.80 0.71
Switzerland 0.12 0.68 -0.01 0.95 -0.17 -0.21 -0.44 0.74
UK 0.92 0.82 0.83 0.96 0.90 -0.77 -0.65 0.58
USA 0.97 0.90 0.20 0.26 0.65 -0.60 0.62 0.04
Mean 0.75 0.67 0.53 0.22 0.52 -0.16 0.32 0.16

correlation?

! pearson correlation coefficient.

2 Corresponding mean correlations for cigarette consumption at age 40-44 were 0.51, 0.64, 0.36, 0.14, 0.45, -
0.19, 0.34 and -0.10. For age 50-54 they were 0.45, 0.57, 0.46, 0.23, 0.62, -0.29, 0.46 and -0.23.
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