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The role of demographic and behavioural change for |
the long-term decline in daily smoking in Norway
AQI12 Tord F. Veday

Department of Alcohol, Tobacco and Drugs, Norwegian Institute of Public Health, Oslo, Norway
Correspondence: Tord F. Veday, Department of Alcohol, Tobacco and Drugs, Norwegian Institute of Public Health, PO Box
4404, Nydalen, 0403 Oslo, Norway, Tel: +47 21077000, Mob: +47 975 86 435, e-mail: tord.vedoy@fhi.no
Background: The aim of this paper was to compare the effects of demography (population aging and the
15 increasing fraction of tertiary educated) and behaviour (intra-cohort ageing and inter-cohort change) on long-
term change in the fraction of daily smokers (FrS), using a counterfactual framework. Methods: Using aggregated
data on smoking prevalence, education and population size from Norway 1978 to 2017, the probabilities of
smoking for men and women were calculated using a pseudo-panel approach. From these estimates, four coun-
terfactual scenarios of FrS were constructed by holding the age effect, the cohort effect and the distribution of
20 age and education constant r-time. Results: FrS decreased from 45 to 14% among men, and from 33 to 14%
among women over the stuc, - 2riod. Holding the age distribution constant did not have any substantial effect on
FrS. Holding the distribution of education constant led to a five percentage points increase in FrS among women,
but not among men. In the case of no intra-cohort ageing, FrS would have been 11/12 percentage points higher
among women/men. The corresponding figures for no inter-cohort change wer 3 points for women and 27
25 points for men. Conclusions: If the age distribution had remained stable over-tin rS would have been almost
identical to the current level. In contrast, if smoking behaviour had remained stable over the life course or
between birth cohorts, FrS would have been substantially higher than it is today. These results highlight the
large cumulative effect of reducing smoking uptake in successive cohorts.

30 Introduction To this end, the aim of this paper was to examine how the fraction
of daily, (ErS)—smeking has been affected by two demographic
In most developed countries, cigarette smoking has declined sub- processes (population ageing and an increasing fraction of higher
stantially over the last decades. In Norway, daily smoking  educated), and two processes related to changes in behaviour (intra-
prevalence fell from 44 to 12% among men and 31 to 10% among  cohort ageing and inter-cohort change) using Norwegian data from 70
women in the period 1978-2017." These figures closely resemble 1978 to 2017.

35 findings from other countries in the same phase of the cigarette
epidemic.>’

The decline in smoking has been regarded as a public health .
success,” and there is much support for the idea that tobacco Demographlc effects on Iong term Changes
control initiatives have reduced smoking, both at the individual in smoking

40 and population level.>*” . . . .

Yet smoking persists and forecasting models show that the current B ecause of lower birth ratgs and 1ncr.ease1cg }?ngeYlty, the pop ulatlon.s
smoking prevalence in most European countries is not likely to drop 1 most deyeloped c9untr1es are ageing. " A direct consequence 1s 75
significantly below ten percent over the next decade, unless initiation Fhat smoking behaviour among older age groups are increasingly
and cessation rates change substantially.>’ In addition, given that important for the mean smoking prevalence. )

45 many developed countries already have implemented a wide range A study .from the United States showed thaf[ demographic char}ge
tobacco control initiatives, and that smokers today may be qualita- % the perllc;d 1980-2010 had a weak negative effect on smoking
tively different that previous generations of smokers, the potential ~ Prevalence. ™ The authors argued that since younger age groups 80
for further decline in smoking may be limited.'""" have traditionally had a higher smoking prevalence compared with

From a macrosocial point of view, long-term variations in  older age groups, increased population ageing will likely decrease

50 smoking can be a result of people changing their behaviour over-all smokir}g preval.ence further. ] )
because they grow older (age effects) and/or because new birth .However, this scenario assumes that smoking behawours among
cohorts, with different smoking behaviours, enter the social system different age groups are stable. Given that smoking prevalence has 85
(cohort effects).'>'* In addition, events at certain points in time may decreased among each consecutive birth cohort over the last decades
affect smoking among all groups, for example changes in taxation or ~ 1N most developed countries,'™'? and that smoking has become

55 new restrictions on where to smoke (period effects).'*!? more prevalent among older compared with younger birth cohorts

However, long-term variation in smoking prevalence may also ~ in some countries,'” it is possible that population ageing could
result from changes in the demographic composition of a  compensate for decreasing smoking prevalence among younger age 90
population (demographic effects). If the relative size of a social ~ groups.
group with a specific pattern of consumption increases, smoking Regarding the distribution of education, the fraction of the

60 may vary over-time even in the absence of age, cohort and period ~ population with college or university education has increased sub-
effects.'* stantially over the last decades. In Norway, the percentage who had

To gauge the potential for further decline of cigarette smoking completed a Bachelor’s degree or higher among people aged 25-66 95

65

and potential effects of public health initiatives, we need to assess the
relative importance of both demographic change and changes in
people’s behaviour for long-term changes in smoking.

increased from 14 to 40% from 1980 to 2016.%° This rapid increase
in tertiary education can be observed in most other developed
countries.”'
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The effect of an increased population fraction with tertiary

Information from the SHS and LFS was aggregated according to

education on smoking prevalence will depend on the mechanisms  gender, age, education and survey year using the ‘collapse’ command 65
linking education and smoking. Given that education has a direct  in Stata 15 and combined with information about population size.
effect on people’s health related choices,” it seems likely that a larger ~ In the case of the LFS, the procedure was weighted by geographic
5 fraction of higher educated people in the population will lead to a  region, age, sex and labour market participation.”* The resulting
lower fraction of smokers, ceteri paribus. data set contained 288 cells [nine age groups (25-29...65—
To address the issue of demographic and behavioural change for  69) x eight time periods (1978-82...2013-17) x two genders x two 70
long-term variations in smoking prevalence, this author used data  education groups) with information on the FrS, population size and
on daily smoking prevalence, population size and the distribution of  the fraction with tertiary education.
10 higher education in the Norwegian population in the period 1978-
2017 to examine four counterfactual scenarios of smoking. More
specifically, what would the fraction of smokers among men and  Statistical analysis
women be 1f there were: (.i) no changes in the populati.on’s g The pseudo-panel approach
structure, (ii) no changes in the fraction of the population with
15 tertiary education, (iii) no changes in smoking prevalence within ~ This study employed a ‘pseudo-panel’ approach. As shown by 75
birth cohorts (no intra-cohort ageing) or (iv) no changes in Deaton,” in the absence of panel data, it is still possible to follow
smoking prevalence between birth cohorts (no inter-cohort change)? ~ 8roups, for example birth cohorts, across surveys using aggregate
cross-sectional data. It has been shown that when the size of each
cohort is large enough, the sample mean provides a consistent
Methods estimator of the time-invariant population mean.*® 80
The four counterfactual scenarios were constructed based on
Data estimates from two gender specific age-period-cohort regression
20  This study used aggregate data from three different sources, one for ~ models. The dependent variable was the fraction of smokers
the prevalence of smoking, one for the fraction with tertiary  within each year/age/gender/education cell. Because the dependent
education and one for population size. First, information about  variable was a fraction, the model was estimated using a robust 85
smoking status came from Statistics Norway’s nationally represen-  generalized linear model with a logit link function and binomial
tative survey of smoking habits (SHS) among adults (16-74years)  distribution of the dependent variable.””
25 conducted each year from 1978 to 2017. Independent variables were education (primary/secondary or
In the period 1978-91, the survey was conducted annually and the  tertiary), dummy variables for each 5-year age group and birth
mean annual number of respondents was 2507. Response rates were  cohort (omitting the youngest age group and the first cohort), 90
above 85% for all these years.”” From 1992 to 2017, 2000 respond-  and a set of transformed period dummies (see below). Interactions
ents were invited to participate in each quarter, except for Q2 and  between education and age and education and cohort were included
30 Q4 in 2015-17 when 3000 were invited. Response rates varied  to model the sequential variation in smoking over-time.*®
around 65% in the period 1992-2007, and around 60% from 2008
to 2017. The total number of respondents in the period 1978-2017
aged 16-74 was 154796. APC-models and the ‘identification problem’
) Second, to mini'mize selecti(?n bias related t,O f.:ducation,)informa— As for most social phenomena, long-term variation in smoking isa 95
35 tion about education was retrleve'd from Statistic Norway’s Labour ¢ 1t of age, period and cohort effects. However, since each
Force Survey (LES), c01.1ducted in each quarter from 1972. The temporal dimension is a perfect linear function of the two others,
number of respondents in the LES has varied bet.ween 48 900 and  Goyltaneous estimation of all three effects is not possible without
Zgo(/)oo)oz? Izlflﬁle algtzilcrll;irsizﬁssfrizs haze been C(Zlnswiently hlg}.l (85— breaking the linear relationship, most often by imposing one or
0). pondents aged 1674 years in the more restrictions.’ 100
40 perloc.i 197.8_2017 was 2827075. L, Several workarounds to this ‘identification problem’ have been
T‘hll‘d, 1nformat10n. about the po,pulatlons age structure was proposed.*® This study employed a method developed by Deaton
.retrleved from Statistics Norway’s population register agd in which age and cohort were entered as dummy variables and period
included the number of men and women of all ages (16-74) in (. yransformed to model short-term variations that average to zero
each year from 1978 to 2017. in the long run. For the model to run, the two first year dummy 105
variables were dropped (P97 s> and Pjogs_s7).”" Because of how the
45 Measures period dummy variables were calculated, the coefficients for the two
Respondents in the SHS were asked: Do you ever smoke? Respondents first dummy variables could be calculated post-regression Sgthe
who answered yes were then asked if they smoked daily or occasion- complete models are presented in supplementary appendix 1).
ally. Our target group were those who answered daily.
Both the SHS and the LFS distinguish between having completed . 110
. ; X 2. Four counterfactual scenarios
50 nine years of compulsory education (primary), additional three
years of college education (secondary) or at least three years of  From the two gender specific models, the predicted probability and
university education (tertiary). However, Statistics Norway variance of daily smoking for each cell was calculated using the
redefined secondary education in 2005 so that those who had not  ‘predictn’ command in Stata 15. From this, the weighted mean
completed high school, previously defined as having secondary  and variance for each five-year period was calculated by multiplying
55 education, were classified as having primary education. For this  the predicted probability and variance for each cell with the relative 115
reason, respondents with primary or secondary education were  cell size from the SHS.
combined. The weighted population fraction and variance for each cell was
Age and year were grouped in five-year intervals. Respondents  calculated by multiplying the predicted probability and variance for
below 25years of age were excluded to ensure that respondents  each cell with the relative population fraction instead of the relative
60 were old enough to have been able to complete at least three years  cell size. 95% confidence intervals for means and fractions were 120

of tertiary education. At the other end of the age span, respondents
older than 69 years were excluded to ensure a sufficient number of
respondents in each cell.

calculated manually from the weighted variances. Note that the
transformation of the period dummy variables made it impossible
to calculate confidence intervals for the two first periods.


Deleted Text:  
Deleted Text: 1
Deleted Text: 2
Deleted Text: 3
Deleted Text: 4
Deleted Text: ?
Deleted Text: -
Deleted Text: -
Deleted Text: 19
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text:  
Deleted Text:  
Deleted Text: --
Deleted Text:  
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text:  
Deleted Text:  
Deleted Text: -
Deleted Text: ``collapse''
Deleted Text: (
Deleted Text: -
Deleted Text:  
Deleted Text:  
Deleted Text: -
Deleted Text:  
Deleted Text: X
Deleted Text:  
Deleted Text: -
Deleted Text: 19
Deleted Text:  
Deleted Text: -
Deleted Text: 20
Deleted Text:  
Deleted Text: X
Deleted Text:  
Deleted Text:  
Deleted Text: X
Deleted Text:  
Deleted Text: fraction of daily smokers
Deleted Text: ``pseudo-panel''
Deleted Text:  
Deleted Text:  
Deleted Text: ``identification problem``
Deleted Text: ``identification problem''
Deleted Text: <sub>-</sub>
Deleted Text: <sub>19</sub>
Deleted Text: <sub>-</sub>
Deleted Text: <sub>19</sub>
Deleted Text: post 
https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/cky273#supplementary-data
Deleted Text: ``predictnl''
tofv
Innsatt tekst
daily 

tofv
Notat
"over time", not "over-time"

tofv
Gjennomstreking
 


[31.12.2018-3:13pm]

Copyedited by:

20

25

AQ6
AQ7?

[1-7]

E: Men

32 © -

o

E

w

=

‘©

o

©

=

B

(]

L0

o

E I 1 I I 1 I I 1

1980 1985 1990 1995 2000 2005 2010 2015

Year

@ Men

c ©-

o

o

£

w

>

‘®

o

—

o

|

ie)

B

o

L

I 1 I I 1 I 1 |
1980 1985 1990 1995 2000 2005 2010 2015
Year

Total

Figure

Paper: OP-EURP180280
MANUSCRIPT CATEGORY: ORIGINAL ARTICLE

= Primary/secondary

NOT FOR

PUBLIC RELEA¢

Fraction of daily smokers 3 of 6
2 Women
X o
o
E
i
=
®©
©
©
&
E
@
a
o
E T I ) 1 I ) I T
1980 1985 1990 1995 2000 2005 2010 2015
Year
Women
&a
o <@+
[
0
&
2%
T o i
4 —
E -_-}"'"--.
O o
o
L2 =+
= | [FE T T B TRt bty cE LT PR PR
g o
S

1 I 1 1 I 1 I I
1980 1985 1990 1995 2000 2005 2010 2015
Year

Tertiary

he predicted probability (above) and population fraction (below) of daily smoking/smokers, with 95% confidence intervals.

Norwegian men and women 25-69 years with primary/secondary or tertiary education, 1978-2017

The two counterfactual scenarios of no demographic change were
constructed by multiplying the predicted probabilities and variances
with:

(i)  a manipulated population variable in which the age distribu-
tion in each yearwas equal to the age distribution in the first
period (1978-82).

(i) a manipulated education variable in which the distribution of

education was equal to the distribution in 1978-82.
The two counterfactual scenarios of no change in behaviour
over-time were created by multiplying the unaltered
population fractions with the predicted probabilities of
smoking, as they would have been if all groups had:

(iii) the same age coefficient as the youngest age group within each
birth cohort (no intra-cohort ageing).
(iv) the same cohort coefficient as the oldest cohort in the corres-

ponding survey year (no inter-cohort change).

Removing the age and cohort effects was accomplished using the
‘predictnl’ command in Stata 15. Since the linear prediction (logit
index) of the dependent variable is the sum of the model parameters,
the counterfactual scenario of, for example, no intra-cohort ageing
can be constructed by replacing the age coefficients for each cell with
the age coefficient for youngest age group (25-29), for those cohorts
in which 25-29 year olds were the youngest age group.

Results

Among men, the probability of smoking declined steadily from 0.44
0 0.14 in the period 1978-2017 (figure 1). Among women, the
orobability was around 0.34 from 1978 to 1997 before declining to
.13 in 2013-17. Compared with men with tertiary education, the
robability of smoking among men with primary or secondary
ducation was 19 points higher in the period 1978-2007 and
around 14 points higher in the latest period. Among women, this

gap increased from 11 points in 1978-82 to 21 points in 1998-2002,
then decreased to 14 points. The distribution of daily smoking over-

ime is very similar to the distribution in other countries with a
.imilar smoking history.***

Given that a relatively small fraction of the population had
completed tertiary education, the population fraction of smokers
(FrS), with tertiary education varied between two and six percent
over the years, both among men and women.

Figure 2 displays the predicted fractions of daily smokers among
men and women from the four counterfactual scenarios. The results
indicated no difference between the counterfactual scenario of no
population ageing (red line) and the predicted values from the base
model (black line).

In the case of no change in the population fraction with tertiary
education (beige line), FrS among women would have been around
five points higher in the period 2003-17 compared with the
predicted values form the base model. Among men, the difference
between the predicted values and the counterfactual scenario of no
change in education was small (around three points) and
insignificant.

The effects related to behaviour were stronger than the demo-
graphic effects. Compared with the predicted values from the base
model, FrS among men in the period 2013-17 would have been 12
points higher if smoking did not vary with age (green line) and 27
points higher if there was no change in smoking across birth cohorts
(blue line). Among women in the latest period, FrS would have been
11 and 13 points higher compared with the predicted values, in the
case of no intra-cohort ageing and no inter-cohort change
respectively.

Discussion

The main finding from this study was that demographic change has
not affected long-term changes in smoking to any large degree, while
the effects of changed behaviour were substantial. If the age
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igure 2 Predicted population fractions and 95% confidence intervals of smokers according to four counterfactual scenarios of (i) no
oopulation ageing, (ii) no change in the distribution of education, (iii) no inter-cohort change and (iv) no intra-cohort ageing. Norwegian

men and women 25-69years, 1978-2017

distribution had remained stable over the course of time, the

social groups in which higher education has been less common and

fraction of smokers among men and women would have been  smoking more common. Given that smoking patterns to some 35
almost identical to the current level. One exception was the degree are inherited,”™° it seems likely that smoking prevalence
fraction of female smokers, which would have been around five  would be higher among those men who increasingly constitute the
5  percentage points higher, had the distribution of education  segment of higher educated. This would weaken the negative effect
remained stable over-time. of an increased fraction of higher educated on the over-all fraction of
The lack of a discernikt ffect of population ageing on the  male smokers. 40
fraction of smokers is in line with findings from Tam et al.,'® and Compared with the two forms of demographic change, the effects
does not support the idea that population ageing has been an  of behavioural change (intra-cohort ageing and inter-cohort change)
10 important factor for the decline in smoking over the last decades. were more important for the over-all decline in smoking over the
An explanation of the weak effect of population ageing needs to  study period. More specifically, smoking would be substantially
take into account the underlying population dynamics. When  higher if smoking remained constant within or across birth 45
comparing the age structures in 1978 and 2017 we find that  cohorts. This is in line with Warner et al.’ who argued that
middle-aged people (around 45 years) have become relatively more  ‘tobacco control appears to be a much more important factor
15 numerous and that young people (around 10years) have become  than demographics in determining California’s low smoking rates’.
less numerous. Since smoking is negligible in the latter group, the While the effect of inter-cohort change was stronger among men
reduced size of this group has not had any impact on the distribu-  compared with women, the effects of intra-cohort ageing, a measure 50
tion of smoking. of smoking cessation (given that almost no one initiates smoking
However, according to population projections, the share of ado-  after the age of 25), was similar among men and women. This
20 lescents and young adults will continue to decline while the share of  indicates that reduced smoking initiation among men has been the
older adults will increase.”* From a public health perspective, both  main driver for gender convergence in smoking.
these processes may help sustain the number of smokers in the These results show the relative strength of demographic and be- 55
future, even if anti-smoking initiatives were to be effective.  havioural effects in a society that has implemented many of the
Moreover, given that fertility rates have been relatively high in  tobacco control measures that most other European countries
25 Norway over the last decades,'® the effect of population ageing  have implemented, or will implement in the future.’” From this
will likely be stronger in other European countries. perspective, the Norwegian experience can shed light on the future
In contrast to population ageing, the increased fraction of tertiary ~ of cigarette smoking in countries that follow a similar tobacco 60
educated had a negative effect on the fraction of smokers, but this  control strategy.”®
effect was limited to women. The small, and in the case of men,
30 indiscernible effect of education was unexpected.

One explanation could be that because of the strong increase in
the percentage who have completed higher education in recent
decades, the additional number of higher educated must hail from

Strengths and limitations

This study was based on a 40-year long series of cross-sectional data
on smoking behaviour. By aggregating cross sectional data, it is
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possible to combine different data sources, and by using data on
education from the LFS, measurement error related to education was
minimized.

However, as with all APC models, the results depend to some
degree on the type of model used. The strategy used in this paper,
developed by Deaton,” posits that long-term social change primarily
is a product of inter-cohort change and intra-cohort ageing, while
the period-effect represent short-term variations. To gauge the con-
sistency of the model, this author created two gender specific age-
cohort-period-characteristic models,” where the period-variables
were replaced by the real price of cigarettes. These models
produced very similar estimates.

Supplementary data

Supplementary data are available at EURPUB online.
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Key points

e Changes in the age distribution had no substantial effect on
the fraction of smokers in Norway in the period 1978-2017.

e The fraction of female smokers would have been around five
percentage points higher, had the distribution of higher
education remained stable in the period 1978-2017.

o If smoking patterns had been constant across birth cohorts,
the fraction of smokers today would be over three times
higher among men and over two times higher among
women, compared with the current level.

e These results highlight the large cumulative effect of
reducing smoking uptake in successive cohorts.
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