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Abstract

Introduction: Tobacco control policies seemed to have failed to reduce socioeconomic inequalities
in smoking in the past. It has been argued that a comprehensive mix of policies is needed. Our aim
was to assess whether tobacco control policy development in the Netherlands between 1988 and
2011 was associated with educational inequalities in smoking cessation and cigarette consumption.
Methods: Data were derived from the cross-sectional Dutch Continuous Survey of Smoking Habits,
with a study sample of 259,140 respondents from 1988 through 2011. Outcomes were the quit ratio
and mean number of cigarettes smoked per day. The determinant was the Tobacco Control Scale
(TCS). We used multilevel logistic regression modeling, with years, quarters, and individuals as
levels, and controlled for sex, age, and time.

Results: A significant association between the TCS and smoking cessation was found in 2001-2011,
but not in 1988-2000. Associations for low- and high-education groups were similar (OR = 1.23;
95% Cl = 1.12-1.34 and OR = 1.17; 95% Cl = 1.03-1.32 respectively). The TCS was not significantly
associated with the number of cigarettes smoked per day for either the low- or high-education
groups (B =-0.09; 95% Cl = -0.46-0.27 and B = -0.59; 95% CI = —1.24-0.06 respectively).
Conclusions: Strong tobacco control policies introduced in the Netherlands after 2000 were posi-
tively associated with national trends in smoking cessation, whereas weaker policies introduced
gradually before 2000 were not. However, these measures do not seem to have either widened or
narrowed educational inequalities in smoking cessation rates—both groups benefitted about equally.

Introduction high- and low-socioeconomic status (SES) groups.? Many tobacco
Smoking is the most important preventable cause of disease and control policies have been implemented to reduce the prevalence of
premature death worldwide.! Moreover, smoking is the largest smoking and the resulting morbidity and mortality, especially since
contributor to socioeconomic inequalities in mortality, responsible the World Health Organization (WHO) introduced the Framework
for roughly half of the difference in adult male mortality between Convention on Tobacco Control (FCTC) in May 2003.3

© The Author 2015. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.
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Previous research has shown that many FCTC policies have been
effective in reducing smoking prevalence in the general population,
but have largely failed to decrease inequalities.** In many European
countries, including the Netherlands, inequalities have actually
become greater.>” However, it is unknown whether this has been the
result of tobacco control policies or whether this reflects a secular
trend over a longer period of time. To be effective in decreasing soci-
oeconomic inequalities in smoking, several policies, effective among
low-SES groups, need to be combined.* This resembles the approach
included in a WHO handbook to help implement policies based on
the FCTC: “For tobacco control to succeed, a comprehensive mix of
policies and strategies is needed.”®

In the Netherlands, the introduction of new tobacco control pol-
icy measures can be divided into two distinct phases. The first phase
was characterized by the introduction of minor measures in 1990,
such as a smoking ban in government buildings only, an advertising
ban on television only, and slight tax increases, followed by almost
10 years with no significant new measures. Starting at the beginning
of the 21st century, bans on smoking in all workplaces and hospi-
tality venues were introduced in quick succession, combined with
several tax increases and large-scale public information campaigns.
All of these measures are regarded as effective ways of reducing the
prevalence of smoking.”?

Our study aimed to assess whether developments in tobacco con-
trol policy in the Netherlands were associated with smoking cessa-
tion and smoking intensity. One of the benefits of using the Dutch
Continuous Survey of Smoking Habits is that it contains continuous
data over a period of 24 years.

Our specific research aims were:

- To study the associations between developments in tobacco control
policy in the Netherlands during 1988-2000 and 2001-2011
and changes in the quit ratio.

- For the second period (2001-2011), we also studied the associa-
tions with smoking intensity among current smokers.

- To assess whether any of the associations we found were different
for low- and high-education groups.

Methods

Population

We used data from a repeated cross-sectional national population
survey, the Dutch Continuous Survey of Smoking Habits (DCSSH).
The DCSSH was conducted for STIVORO, the Dutch Expert Centre
on Tobacco Control, by the research firm TNS NIPO. Each year,
approximately 19,000 respondents aged 15 years and above were
surveyed in a stratified random sample. Household face-to-face
interviewing was used from 1988 through 2000; household com-
puter-assisted web interviewing was used from 2001 through 2008.
And from 2009, a personal-level individual web survey was used.
Response rates were not available for each year, but for 2011, the
response rate was 69.6%.

We aimed to study two separate periods, to compare a period of
weak tobacco control policy with a period with stronger tobacco
control policy. The boundary between these two phases would be
somewhere between 2000 and 2002. We have chosen 2001 as the
start of the second period, because this coincides with the change
from face-to-face interviewing to computer-assisted web interview-
ing. This methodological change resulted in a significant change in
the pattern of both the quit ratio and some of the covariates (listed
below). The 2009 change to individual-level surveying resulted in

only negligible changes in these patterns, and therefore 2001-2011
was analyzed as one period.

From an initial dataset of 471,568 respondents, 67 were
excluded because of missing data on their smoking status. Next, we
excluded 209,971 never-smokers because we were only interested
in smoking cessation among those who had ever smoked. An addi-
tional 2,390 respondents (0.9%) were excluded because of miss-
ing data on their education level. This resulted in a final sample of
259,140 respondents, whose characteristics are shown in Table 1.
For the analyses on intensity of smoking, there were 47,179 smok-
ers with valid data.

We have written confirmation from the Medical Ethics Review
Committee of the Academic Medical Center that the Dutch
Medical Research Involving Human Subjects Act (WMO) (based
on the principles of the Declaration of Helsinki) does not apply to
this study. Because study participants were not subjected to treat-
ment or required to perform any behavior, no official approval was
required.

Variables

Our outcome variables were the odds of quitting smoking, repre-
sented by the quit ratio, which is the proportion of former smok-
ers to “ever-smokers” (current smokers plus former smokers) and
the mean number of cigarettes smoked per day, per current smoker.
The latter variable could only be analyzed for 2001-2011, as this
variable was not included as a continuous variable in the DCSSH
before 2001.

Our main determinant was the total Tobacco Control Scale
(TCS), a scale first developed in 2005 by Joossens and Raw to moni-
tor and compare tobacco control polices.”* The TCS combines data
on six domains of tobacco control policy, these are listed in Box 1.
We calculated the TCS scores based on the original methodology, for
each time period for which DCSSH data were available. The data
for domains 2, 4, 5, and 6 (Box 1) were derived from the report of
the Pricing Policies and Control of Tobacco in Europe Project,* and
the Dutch Tobacco Act;' data on tobacco prices were obtained from
the Tobacco Manufacturers’ Association (P Stockall, personal com-
munication, 2012), and data on public information campaigns were
obtained from STIVORO by one of the authors (M Willemsen, per-
sonal communication, 2012). The detailed TCS scores can be found
in Supplementary Table 1.

SES was measured using the education level of the main bread-
winner. This was dichotomized into: low (primary education/lower
secondary education) and high (upper secondary education/tertiary
education). Educational level (in the Netherlands) is usually meas-
ured in three or four categories. We did this in a sensitivity analy-
sis, but as this did not lead to different conclusions, we continued
with the two categories. Other variables included in the analyses

Box 1 Domains of the Tobacco Control Scale

1. Price increases through higher taxes on tobacco products.

2. Bans/restrictions on smoking in public places and workplaces.

3. Public information campaigns.

4. Comprehensive bans on advertising and promotion of
tobacco products.

5. Large, direct health warning labels on cigarette packages.

6. Treatment to help dependent smokers stop, including
medication.
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as covariates were sex (male/female) and age (categories: 15-34,
35-54, 55 and older).

Analysis

Multilevel logistic regression modeling was used to analyze the asso-
ciation between the TCS and the quit ratio. We have chosen to use
multilevel modeling, which allows for clustering of respondents. We
did assume that respondents interviewed within one period may
represent dependent observations, as they share a common context.
We have clustered respondents by interview period, with individuals
being the first level, quarters the second level, and years the third
level. All analyses were performed separately for two periods: 1988
through 2000 and 2001 through 2011.

We controlled for age, sex, and calendar time, to control for
confounding by other processes that occur over time. In addition,
we tested, for all outcomes and all periods separately, whether the
TCS had a statistically significant interaction with, respectively, age,
sex, and education. For each interaction separately, we added the
corresponding interaction term to the model that only included
zero-order variables. As we found significant interaction with both
education and age but not with sex, we have stratified the analysis
according to education and age.

Outcomes are presented as odds ratios (ORs) and 95% ClIs,
which indicate the odds of quitting smoking associated with a
10-point increase on the TCS, because for the analyses, all TCS
scores were divided by 10. This was done to present outcomes asso-
ciated with an increase in policy that can be expected to have an
impact on smoking cessation, for example, implementing pictorial
warnings will add 4 points and implementing fully smoke-free bars
and restaurants will add 8 points.

The association between the TCS and number of cigarettes
smoked was studied in a multilevel linear regression model similar

70

in design to the logistic model described above. Outcomes are pre-
sented as betas, which indicate smoking one additional cigarette per
day, associated with a 10-point increase on the TCS.

There is likely to be a delay between developments in tobacco
control policy and their possible effect on smoking cessation. For
instance, the effect of tax increases may be gradual,'*'® while smoke-
free legislation can have an effect from the day it is introduced, or even
beforehand.” To analyze lag-times, we allocated to all respondents
the TCS scores of 1, 2, and 3 years before the year they were inter-
viewed. After this first analysis, the lag-time variable that showed the
strongest association with the quit ratio was used in further analyses.

All analyses were performed in R (version 2.15.2). With the current
statistical packages, we were not able to perform a multilevel analysis
that takes survey weights into account. Not all variables included in
the survey weights could be adjusted for (province, community size,
family size). Control for these variables would probably not substan-
tially influence our trend analysis, as the association of these variables
with smoking, if any, does not appear to strongly change over time.?
We did perform a weighted “flat” regression, as a sensitivity analysis,
which provided results similar to those from the multilevel analysis.

Results

Table 1 shows that quit ratios are roughly equal for men and women,
but on average higher for the high-education group than for the low-
education group. With increasing age, former smokers make up an
increasingly large proportion of ever smokers (current smokers plus
former smokers), especially so in 2001-2011.

Figure 1 shows the development of the TCS in the Netherlands,
with significant measures introduced highlighted in the figure leg-
end. Before 2001, increases were slow and subtle, after one marked
increase in 1990. More rapid developments followed in the later
period, with two marked increases in 2003 and 2008. The quit ratio
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Figure 1. The Tobacco Control Scale scores with quit ratios from 1988-2011 and the intensity of smoking from 2001-2011. 1990 = introduction of smoking ban in
government buildings; ban on TV advertising; mandatory health text warnings on tobacco products. 2003 = introduction of smoking ban in workplaces; bans
on outdoor, print media, indirect and internet advertising and sponsorship. 2008 = introduction of smoking ban in cafes and restaurants, tax increase and mass
media campaign. Note: Due to a change in methodology, the periods of 1988-2000 and 2001-2011 were separated. Data on intensity of smoking were only

available for 2001-2011.
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remained quite stable over the period 1988-2000, while over the
period 2001-2011 an increase was apparent. Due to the change in
survey methods, the absolute levels of the quit ratio for these two
periods should not be compared. During the second period, the
mean number of cigarettes smoked per day showed a gradual decline
(Figure 1).

Table 2 shows the associations between the TCS and the quit
ratio. For the general population, all associations for 1988-2000
were negative and nonsignificant. However, for 2001-2011, all asso-
ciations with 1- and 2-year lag times were positive and significant.

An increase of 10 points on the TCS scale was associated with an
increase of 20% in the quit ratio (OR = 1.20, with a 2-year lag).
We found significant interaction between the TCS and education,
except in 1988-2000. When stratified by education, we found asso-
ciations between the TCS and the quit ratio to be similar for the
low- and high-education groups. Although for the high-education
group, this association was strongest after a 1-year lag (OR = 1.24),
while for the low-education group this was strongest after a 2-year
lag (OR = 1.23).

Table 1. Sample Size and Quit Ratios of the Study Population by Education and Age

1988-2000 2001-2011
Education® Education®
Total Low High Total Low High

N

Age 15-34 43,844 30,849 12,995 24,525 15,208 9,317

Age 35-54 58,842 40,991 17,851 50,274 35,333 14,941

Age 255 31,909 24,959 6,950 49,746 32,662 17,084

Total 134,595 96,799 37,796 124,545 83,203 41,342
Quit ratio®

Age 15-34 20.2 18.3 24.7 32.8 30.2 36.9

Age 35-54 34.4 31.8 40.5 49.6 47.6 54.3

Age >75 48.9 47.3 54.6 74.1 72.5 771

Total 33.2 31.5 37.7 S56.1 54.2 59.8

PRESS RELEASE*Education: low = primary education/lower secondary education; high = higher secondary education/tertiary education.

"Quit ratio = former smokers / (current smokers + former smokers).

Table 2. Associations Between the Tobacco Control Scale (TCS) With Different Lag Times and Both Smoking Cessation and Smoking

Intensity, Stratified by Education

Total population

Low education® High education®

OR/B¢ 95% CI OR/B¢ 95% CI OR/B¢ 95% CI p value?
Outcome: smoking cessation
1988-2000
TCS 3 years before 0.93 0.87-1.00 0.93 0.86-1.01 0.95 0.88-1.02 231
TCS 2 years before 0.94 0.88-1.01 0.95 0.88-1.02 0.94 0.88-1.00 253
TCS 1 year before 0.94 0.88-1.00 0.94 0.88-1.00 0.93 0.87-1.00 .388
TCS current year 0.95 0.89-1.01 0.95 0.89-1.02 0.94 0.88-1.00 652
2001-2011
TCS 3 years before 1.03 0.93-1.14 1.08 0.96-1.22 0.95 0.82-1.10 .050
TCS 2 years before 1.20 1.10-1.30 1.23 1.12-1.34 1.17 1.03-1.32 .016
TCS 1 year before 1.15 1.05-1.26 1.14 1.02-1.27 1.24 1.12-1.37 .002
TCS current year 1.04 0.95-1.15 1.00 0.90-1.12 1.13 0.99-1.28 <.001
Outcome: smoking intensity
2001-2011¢
TCS 3 years before -0.09 -0.47-0.29 -0.02 -0.41-0.37 -0.25 -0.90-0.41 .013
TCS 2 years before -0.22 -0.58-0.14 -0.06 -0.43-0.31 -0.58 -1.17-0.00 .007
TCS 1 year before -0.20 -0.55-0.15 -0.05 -0.41-0.31 -0.62 -1.19-0.05 .006
TCS current year -0.00 -0.34-0.34 0.08 -0.26-0.42 -0.24 -0.81-0.33 .011

CI = confidence interval. All models were adjusted for age, sex, and time (coefficients for time were: for 1988-2000, 0.76 (0.64-0.91) for low education and 0.80
(0.65-0.99) for high education; for 2001-2011, 0.88 (0.83-0.95) for low education and 0.94 (0.85-1.03) for high education). Significant associations and signifi-

cant interactions (p < .05) are highlighted in bold.

aLow education: primary education/lower secondary education.

"High education: higher secondary education/tertiary education.

“The coefficients for the smoking cessation models are odds ratios, the coefficients for the smoking intensity models are beta’s.
9The p value for interaction between TCS and education (reference: low).

“The number of cigarettes smoked per day was not included in the questionnaire before 2001.
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Table 2 also shows the association between the TCS and the
number of cigarettes smoked. A negative trend is apparent, indicat-
ing that developments in tobacco control policy would result in a
drop in the number of cigarettes smoked per day by current smok-
ers. Interaction between the TCS and education was significant,
with stronger associations for the high-education group than for the
low-education group. However, only one of the presented associa-
tions—for high-educated smokers with a 1-year lag—was statisti-
cally significant.

Interaction between sex and the TCS was not significant, while
interaction between age and the TCS was significant for the low edu-
cation group. Table 3 shows the associations between the TCS and
the quit ratio, stratified by both education and age. For 2001-2011
the association between the TCS and the quit ratio was strongest for
the youngest group (15-34 years) and decreased in strength with
increasing age. For all age groups, the effect among the low edu-
cation group was stronger, which follows the main results with a
2-year lag time.

Table 3 also shows that for smoking intensity among both educa-
tion groups, there is significant interaction between the TCS and age.
The association between TCS and smoking intensity was somewhat
stronger for the older high-education groups and the younger low-
education groups, but none were significant.

Discussion

We found that developments in tobacco control policy in the
Netherlands were significantly associated with an increase in the
number of people who quit smoking between 2001 and 2011, but
not between 1988 and 2000. Developments in tobacco control pol-
icy were not significantly associated with smoking intensity among
current smokers. For both outcomes, the strength of the associations
was similar for low- and high-education groups. Furthermore, our

results suggest that there might be a difference in timing in the asso-
ciation of tobacco control policy with smoking cessation between
the low- and high-education groups.

Limitations

The quit ratio is a cumulative measure, containing information about
the proportion of people who have successfully quit smoking, which
has been used in several other studies.?'> Because it does not contain
information on when people quit smoking, the quit ratio may not
be very responsive to short-term changes. As a result, the associa-
tions between tobacco control policy and smoking cessation may be
underestimated. However, the quit ratio is relative stable; by includ-
ing less recent quitters it may be less sensitive to temporary quitters
who will relapse after a few months or years. Therefore, despite its
limitations, the quit ratio may be useful to detect effects that develop
over longer lag-times. For assessing direct effects of tobacco control
policies, more detailed smoking cessation data would be required.

Societal attitudes towards smoking have changed consider-
ably over the 20-year period this study covers, which could have
affected our results. One possibility is that the social desirability
bias, increased when smoking became less accepted. However, one
of the very few studies on this effect found no difference in social
desirability bias between youths who were or were not exposed to
the “Truth campaign.”?

Because our aim was to study combined policies, the many
tobacco control policies implemented during the study period were
analyzed as a whole. Data on the six separate domains (Box 1) are
available, but statistical models proved too unstable to perform mul-
tivariate analyses on separate domains due to insufficient variation

in the policy domains.

Table 3. Associations Between the Tobacco Control Scale (TCS) and Smoking Cessation for Men and Women and Different Age Groups

With a 2-Year Lag Time, Stratified by Education

Low education®

High education®

TCS coefficient OR/B* 95% CI p value? OR/B* 95% CI p value?
Outcome: smoking cessation
1988-2000
Age 15-34 0.99 0.97-1.01 ref 1.01 0.99-1.03 ref
Age 35-54 0.98 0.97-1.01 .308 0.99 0.98-1.01 .843
Age 255 1.00 0.99-1.01 217 0.98 0.97-1.05 281
2001-2011
Age 15-34 1.43 1.09-1.87 ref 1.20 0.89-1.60 ref
Age 35-54 1.19 1.08-1.30 .004 1.14 1.00-1.31 718
Age 255 1.18 1.07-1.31 .019 1.12 0.96-1.31 704
Outcome: smoking intensity
2001-2011¢
Age 15-34 0.02 -1.01-1.05 ref 0.28 -1.15-1.70 ref
Age 35-54 0.14 -0.52-0.80 .010 -0.79 -2.19-0.61 <.001
Age 255 -0.05 -0.99-0.89 .091 -0.41 -2.23-1.42 <.001

CI = confidence interval. Sex-stratified models were adjusted for age and time, Age-stratified models were adjusted for sex and time. Significant associations and

significant interactions (p < .05) are highlighted in bold.
“Low education: primary education/lower secondary education.
"High education: higher secondary education/tertiary education.

“The coefficients for the smoking cessation models are odds ratios, the coefficients for the smoking intensity models are beta’s.

4The p value for interaction between TCS and education (reference: age 15-34).

“The number of cigarettes smoked per day was not included in the questionnaire before 2001.
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Interpretation of Results

The impact of combined tobacco control policies on smoking ces-
sation has not been studied extensively. The only study we found
was a comparison of 18 European countries, which showed that
a higher TCS score was associated with a higher quit ratio, with
no significant differences between SES groups.?* We did find more
studies that looked at the effects of combined policies on smoking
prevalence, rather than smoking cessation. These reported mixed
results: one found no significant effect,” and another found a strong
decrease.?® Yet other studies provided a more nuanced view: one
study found that tax increases and media campaigns were most
effective in promoting smoking cessation,?” and another study sug-
gested that a smoke-free hospitality industry law had the strongest
impact on smoking cessation, whereas the effect of the small price
increase in the same year was only observed among younger smok-
ers.?® A review study suggested that countries where several tobacco
control policy measures had been combined experienced a greater
decline in smoking among low-SES groups than other countries.?”

In order to provide more insight into the mechanisms behind the
found associations, one needs to look at the specific policy measures
contained in the TCS. However, unraveling the contribution of spe-
cific policies to a decline in smoking is quite difficult when several
policies are introduced simultaneously.*® We can only speculate on
which measures have contributed most by comparing their develop-
ment between the two periods and looking at evidence from inter-
national literature. Taxes on tobacco products remained fairly stable
in the Netherlands during the 1990s, but almost doubled between
2001 and 2011. Because large tax increases are considered to be the
most effective strategy for reducing smoking rates, especially among
low-SES groups,’ increased taxation may have played a major role.

Smoking was banned in workplaces in 2004 and in hospitality
venues in 2008 (with exceptions). Because strong smoke-free laws
have been shown to be effective in increasing smoking cessation,'!?
we assume that they also contributed to the associations between
policies and quitting. However, this association might be mitigated
by the large amount of negative attention and resistance to this
measure that was seen in national media. It has been shown that this
can lead to less support for smoke-free laws.3!

Expenditures on public information campaigns peaked around
2003-2004, and afterwards declined to the lower level of the
1990s. As public information campaigns may be effective, especially
when combined with other measures,'® they might have played a
moderate role.

The effects of the other domains are generally regarded as
weaker,”>* and because developments in the Netherlands in these
domains were stronger in the first period or equal in both periods,
they cannot explain the difference in the associations found between
the two periods.

A key difference between the two periods is the time between
implementation of new measures. By implementing new measures
in rapid succession, the “comprehensive mix of policies and strate-
gies” called for by the WHO may have been achieved in the second
period.®

Another study that used the DCSSH found that between 2001
and 2008, educational inequalities in smoking cessation had
increased, particularly among women.® In seeming contrast to this,
we found no differential association between tobacco control policy
and the quit ratios among low- and high-education groups. Our
results provide indications to suggest that the increase in inequalities
in smoking cessation observed earlier was not the (unintended) effect

of the studied tobacco control policies. Other factors that could be
responsible for the increase in inequalities include the social context,
which can mitigate the effects of policies on individual behaviour.**

The strongest associations between the TCS and the quit ratio
were seen for the youngest age groups, both in the low- and high-
education groups. Because young adults quit smoking relatively
recently, quit ratios are more likely to have been influenced by recent
policy measures. Other studies have found that smoking cessation in
young adults is especially responsive to tax/price increases.’?*

For the low-education group, the strongest association between
tobacco control policies and smoking cessation was found 2 years
after policy implementation, compared with 1 year for the high-
education group. To our knowledge, our study is the first to sug-
gest differences between education groups in the timing of tobacco
control policies’ effect on smoking cessation. One possible mecha-
nism could be that the smoking behavior of people in lower socio-
economic groups is more strongly mediated by social networks.***
Moreover, a change in social norms is likely to occur first in the high-
education groups,*® before it can trickle down to the low-education
groups. Finally, quit success is lower among low-education groups.”
Therefore, it may take more quit attempts—and thus more time—for
the low-education group to be as successful in quitting as the high-
education group.?

Among current smokers, we found a modest association
between the TCS and number of cigarettes smoked per day, only
significant among the high education group. This can be related to
the hardening hypothesis (as smoking becomes less prevalent, the
proportion of smokers not wanting to quit or not able to quit is
likely to increase).” Because our data shows no effect for the low
education group, it could be argued that the low education group
is “hardening.”

Conclusions

In line with the recommendation made by the WHO, our results
suggest that a “comprehensive mix of policies” can have a signif-
icant positive effect on smoking cessation. The experience of the
Netherlands in the 1990s illustrates that weaker and more gradual
increases are not likely to have a meaningful impact on quit ratios.
Even though a comprehensive mix of policies was introduced after
2001, we found no decrease in educational inequalities in smoking
cessation. However, despite fears that many tobacco control policies
are effective mainly in high-SES groups, the studied policies did not
increase educational inequalities either. Therefore, we conclude that
the comprehensive mix of tobacco control policies implemented
in the Netherlands between 2001 and 2011 had an equally posi-
tive association with quit ratios for low- and high-socioeconomic
groups.

Supplementary Material

Supplementary Tables 1 and 2 can be found online at http://www.
ntr.oxfordjournals.org
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