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Abstract 

Background  National comprehensive smoke-free legislation has been found to decrease the incidence of several 
smoking-related diseases. In 2007, Denmark introduced a national smoking ban, which banned smoking indoor 
in workplaces and public places, although only partial restrictions were applied in certain settings. We examined 
the impact of the smoking ban on smoking-related diseases and whether this differed across socioeconomic groups.

Methods  Interrupted time series analyses of nationwide register data were performed using Poisson regression 
models to examine the differential impact of the smoking ban on monthly incidence rates of acute myocardial infarc-
tion, chronic obstructive pulmonary disease, and smoking-related cancers from 2002 to 2015. Immediate changes 
in incidence rates after the smoking ban and long-term changes in disease trends were estimated by comparing data 
from the pre- and post-ban period. Models were stratified by socioeconomic position.

Results  Overall, we found neither immediate changes in rates of acute myocardial infarction, chronic obstructive pul-
monary disease, and smoking-related cancers following the smoking ban nor long-term post-ban changes in disease 
trends as compared to before the ban. Results did not differ across socioeconomic groups. A pronounced socioeco-
nomic gradient in incidence rates was observed for all outcomes both before and after the smoking ban.

Conclusion  The national smoking ban was not associated with a lower incidence of smoking-related diseases 
in the post-ban period compared to pre-ban levels and no differences between socioeconomic groups were 
observed. Future tobacco control in Denmark should consider which measures most effectively target the low socio-
economic groups to decrease the current strong socioeconomic inequality in health.
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Background
Smoking is the single most important preventable cause 
of morbidity and premature mortality worldwide and is 
one of the most substantial global public health concerns 
[1]. Guided by international evidence of the negative 
health impacts of smoking and second-hand smoke (SHS) 
exposure, many countries have introduced national legis-
lation to discourage smoking initiation, increase smoking 
cessation, and reduce SHS exposure [2, 3].

An important approach is the enactment of national 
smoking bans that restrict smoking in designated areas, 
including workplaces and public settings. The evidence is 
strong that comprehensive smoking bans are high-impact 
public health policies leading to reductions in adverse 
health outcomes in the general population [4, 5]. Previous 
studies in this field have mainly examined post-ban effects 
at population level [4, 6]. As any health benefits follow-
ing a smoking ban may not be equivalent across popula-
tion subgroups that differ in risk, incidence and burden of 
smoking-related morbidity, attention must also be given 
to the potential differential effect of smoking bans to pre-
vent a widening of existing health disparities [6–8].

In most developed countries, smoking prevalence 
are particularly high in socioeconomic disadvantaged 
groups contributing to poorer health and higher mortal-
ity among those with lower socioeconomic position [9]. 
This manifests itself in a marked socioeconomic gradient 
in life expectancy [9, 10]. In Denmark, smoking displays 
large disparities and is strongly associated with lower 
socioeconomic position [11]. Further, smoking is one of 
the leading factors responsible for the socioeconomic 
inequality in health in the Danish population and smok-
ing and alcohol have been identified as the main explana-
tions for an increase in inequality in mortality observed 
from 1985 to 2009 [11, 12]. Although the smoking prev-
alence in the general population has decreased since 
1970 to 19% in 2022, this has occurred at a slower pace 
among the lowest educated, thus increasing inequalities 
in smoking [13, 14]. In 2022, 22% of people with a pri-
mary school as the highest educational level were smok-
ing daily in Denmark compared to only 8% among those 
with an advanced education [15]. This calls for tobacco 
control measures that strive to be effective in all socio-
economic groups.

In 2007, a national smoking ban was implemented 
prohibiting indoor smoking in public settings and work-
places. The ban was the most extensive tobacco control 
policy implemented at national level in Denmark at the 
time; however, several exemptions were made, result-
ing in only a partial coverage in specific premises such 
as small bars, one-man offices, and commercial vehicles 
[16]. The primary aim of the smoking ban was to protect 
non-smokers from the harmful effect of SHS exposure. 

Additionally, a reduction in population smoking preva-
lence and smoking intensity was anticipated.

While most previous studies have been examining 
the potential contribution of smoking bans to reduce 
socioeconomic inequalities in smoking behavior such 
as prevalence, cessation rates, and smoking intensity 
[1, 6, 17–19], less attention has been directed towards 
the differential impact on health outcomes. Existing 
research indicates greater post-ban reductions in mor-
tality and hospital admissions for acute coronary events 
and chronic obstructive pulmonary disease (COPD) in 
socioeconomic disadvantaged groups [7], and in more 
deprived areas [20–22]  compared with their socioeco-
nomic counterparts. However, the evidence is limited, 
and findings are inconclusive. In this study we investi-
gate whether the incidence of acute myocardial infarc-
tion (AMI), COPD, and smoking-related cancers differed 
across socioeconomic groups after the implementation 
of the Danish national smoking ban in 2007 compared to 
pre-ban levels.

Methods
This study is based on data from nationwide population-
based registers. Separately for each outcome, a study 
population consisting of the entire Danish adult popula-
tion (30 + years) from 2000 to 2015 was linked with indi-
vidual outcome records from the Danish National Patient 
Register, which collects admission records from Dan-
ish hospitals since 1977 as well as outpatient and emer-
gency room contacts since 1995 [23]. As we examined 
smoking-related diseases predominantly occurring in the 
adult population, the study population was restricted to 
include individuals over 30  years of age. Incident cases 
of disease occurring during the study period (primary or 
secondary diagnosis) were identified, and pre-hospital 
deaths were accounted for by retrieving cause-specific 
mortality data from the Danish Register of Causes of 
Death (underlying or contributory cause of death) [24]. 
Diagnoses were classified according to the International 
Classification of Disease, tenth revision (ICD10) (ICD8: 
1977–1993). Through the Civil Registration System, 
we obtained information on sex and age [25]. Data was 
obtained at individual level and linked within and across 
years through the unique personal identification number 
(CPR), which residents in Denmark are legally required 
to be assigned at birth or immigration [25]. A study pop-
ulation were defined for each outcome separately and 
included individuals without a preceding diagnosis of 
the outcome in question, who were Danish residents 1 
January 2002, at their 30  years birthday, or at immigra-
tion, whichever came last. Disease event, death of any 
cause, emigration, disappearance, or end of the study 
period whichever came first marked the end of follow 
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up. Individuals were continuously included in the study 
population during the study period if they were eligible 
for inclusion. No re-entry was allowed. The study popula-
tion was divided in age- and calendar-specific strata and 
subsequently aggregated in pre-defined age (1-year inter-
vals), sex, calendar (monthly level), and socioeconomic 
groups.

Socioeconomic position
We included the highest achieved educational level 
measured in months as an indicator of socioeconomic 
position by retrieving information from the Population 
Education Register (PER), which contains annual indi-
vidual-based information about all individuals attend-
ing an education in Denmark [26]. Educational level was 
grouped in three: low educational level, i.e., no educa-
tion and primary school (≤ 9 years), medium educational 
level, i.e., high school or vocational school (10–12 years), 
and high educational level, which included university and 
other forms advanced education (≥ 13 years). Individuals 
with missing information were excluded from the analy-
ses (corresponding to 4.6% of the AMI study population; 
4.4% of the COPD study population, and 4.3% of the can-
cer study population).

Outcome
As most smoking-related morbidity arise from car-
diovascular diseases (primarily AMI and stroke), res-
piratory diseases (primarily COPD), and cancers, three 
outcomes were included in the analyses: AMI (ICD8: 
410; ICD10: I21) [27, 28], COPD (ICD8: 491–492; 
ICD10: J44) [29, 30], and smoking-related cancers 
defined as the first occurring diagnosis of cancer in 
bronchus and lung (ICD8: 162.1; ICD10: C34, D022), 
cancer in lip, mouth, oral cavity, and pharynx (ICD8: 
140–149; ICD10: C00-C14, D000), and bladder cancer 
(ICD8: 188; ICD10: C67, D090). Analyses were con-
ducted separately for each outcome.

Design
We used an interrupted time series design to quantify 
the immediate and long-term differential impact of the 
Danish smoking ban across socioeconomic groups. The 
time periods were centered around the time of enact-
ment of the smoking ban on the 15 August 2007, thus 
defining a pre- and post-ban period to be compared. 
The immediate impact was expressed as changes in 
incidence rates occurring at the time the smoking ban 
was implemented, whereas changes in the slope of the 
disease trend in the post-ban period compared with 
pre-ban trends determined any long-term effects of 
the smoking ban [31, 32]. For all outcomes we applied 
a pre-ban period from 1 January 2002 to 31 August 

2007. However, distinct post-ban periods were defined 
for each outcome due to different expectations of the 
lag between the time of implementation of the smoking 
ban and subsequent effects on incidence rates, caused 
by differences in latency periods between diseases. For 
AMI and COPD, immediate and fast-acting harmful 
pathological changes caused by smoking or SHS expo-
sure have been observed even at low exposure levels 
and the risk for cardiovascular diseases has been sug-
gested to decrease within a few years after the elimina-
tion of exposure [33–37]. In addition, previous studies 
have found declining admission rates in the general 
population within few years after the implementation 
of smoke-free regulations for both outcomes [30, 38]. 
Consequently, we included a post-ban period of 3.3. 
years for AMI (end of follow- up 31 December 2010) 
and 5.3 years for COPD (end of follow-up 31 December 
2012). We acknowledge, that the long latency period 
for smoking-related cancers, which involve a complex 
process with a slow progression of disease, makes it 
more difficult to study causation between the imple-
mentation of the smoking ban and subsequent changes 
in incidence rates. However, due to the strong causal 
link between active smoking or SHS exposure and risk 
of cancer, we argue for the importance of examining 
cancer rates over time. Thus, for smoking-related can-
cers we included the longest possible follow-up period 
at the time of study (8.3-years) (end of follow up 31 
December 2015).

Statistical analyses
Descriptive characteristics of the study population strati-
fied by sex, time-period, and educational level were cal-
culated. For each educational level we estimated age- and 
sex-standardized incidence rates every three months of 
AMI, COPD, and smoking-related cancers (European 
population as standard).

To examine changes in incidence rates after the 
smoking ban across socioeconomic groups, Poisson 
regression models stratified by educational level were 
conducted for each outcome separately. As offset, a 
logarithmic transformation of the follow-up time was 
applied. Models were fitted to estimate three parameters 
of interest: the underlying secular disease trend assum-
ing to continue unaffected in absence of the smoking 
ban; the level change occurring in the month after the 
smoking ban was introduced (September 2007), express-
ing the immediate impact of the ban; and the post-ban 
change in the disease trend, estimating any long-term 
impact of the smoking ban when compared to pre-ban 
trends. Models were adjusted for age, sex, and seasonal 
variations, which was constrained to be the same each 
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year and based on calendar month. The final Poisson 
models were defined as:

where Y expresses the monthly incidence rate, β0 is the 
log-incidence rate at baseline for the outcome in ques-
tion, β1, is the disease trend in the pre-ban period (con-
tinuous, linear predictor for time); β2, is the immediate 
level change in the rate following the implementation of 
the smoking ban (binary indicator variable with a value of 
zero in the pre-ban months and a value of 1 in the post-
ban period), and β3, is the change in disease trend in the 
post-ban period compared to the pre-ban trend (interac-
tion term between the linear predictor for time and the 
binary indicator). βx denotes the effects of the covariates.

Coefficients were exponentiated to derive incidence 
rate ratios (IRR) for presentation of results, and trend 
estimates were calculated as changes in rates every 
third year. Further, to examine changes in the socioeco-
nomic gradient in incidence of AMI, COPD, and smok-
ing related cancers pre- and post-ban, Poisson regression 
models accounting for the underlying secular trend, sex, 
age, and seasonality were performed. To account for 
overdispersion we applied a scale parameter in all mod-
els that allowed the variance to be bigger than the mean. 
Analyses were performed in SAS software (version 9.4) 
and figures were created in STATA (version 15.1).

Results
In both the low, medium, and high educational group, 
lower incidence rates of AMI were observed in the post-
ban period compared to the pre-ban period for both men 
and women (Table  1). For COPD, lower post-ban rates, 
compared to pre-ban, were only observed among men 
with a medium educational level (pre-ban IR: 457.1, post-
ban IR: 451.3) and women with a high educational level 
(pre-ban IR: 236.9, post-ban IR: 235.3), and for smoking-
related cancers among men with a medium (pre-ban IR: 
296.1, post-ban IR: 285.0) or high educational level (pre-
ban IR: 218.3, post-ban IR: 196.9).

Declining age- and sex-standardized incidence rates 
for AMI were observed during the whole study period 
in the low, medium, and high educational group (Fig. 1). 
Incidence rates for COPD and smoking-related can-
cers appeared approximately constant in all educational 
groups during the study period. A socioeconomic gradi-
ent was observed for all outcomes during the whole study 
period with persistent higher incidence rates among 
the lowest educated group. Additionally, the difference 
between the socioeconomic groups appeared to be con-
stant in the pre- and post-ban period for all outcomes. 
Seasonal variations were observed for AMI and COPD.

Log(Y) = β0 + β1Time+ β2Smokingban+ β3(Time∗Smokingban)+ βx(Age, Sex, Season),

No consistent post-ban changes in the disease trend 
were found for AMI, COPD, and smoking-related can-

cers across educational groups (Table 2). For AMI, esti-
mates indicated that the disease trend every third year 
declined to a slightly lesser extent following the imple-
mentation of the smoking ban among individuals with 
low (IRR: 1.03; 95% CI: 1.01–1.04) and medium educa-
tional level (IRR: 1.03; 95% CI: 1.02–1.05). Similarly, the 
COPD trend appeared to decline less steeply in the post-
ban period among those with a low educational level 
(IRR: 1.02; 95% CI: 1.01–1.02). However, estimates and 
absolute differences were very small.

An immediate ten percent increase in incidence of 
COPD following the smoking ban was found among 
those with high educational level (IRR: 1.10; 95% CI: 
1.03–1.17) (Table  2). Further, immediate increases of 
smoking-related cancers were observed in the medium 
(IRR: 1.06; 95% CI: 1.02–1.11) and high educational 
group (IRR: 1.09; 95% CI: 1.02–1.17). No immediate post-
ban changes in rates were found for AMI.

Clear socioeconomic gradients in incidence of AMI, 
COPD, and smoking-related cancers were observed in 
both the pre- and post-ban period (Table 3). In the pre-
ban period, the incidence rate of AMI was 72% higher 
among the low educated compared to those with high 
educational levels (IRR: 1.72, 95%CI: 1.67–1.77). Similar 
socioeconomic gradients were observed for COPD (2.45, 
95%CI: 2.39–2.52) and smoking-related cancers (1.74, 
95%CI: 1.68–1.80). The incidence rate ratios did not 
change in the post-ban period for any outcomes.

Discussion
In this nationwide study including the entire Danish 
adult population, no differential impact of the Danish 
national smoking ban from 2007 on incidence of AMI, 
COPD, and smoking-related cancers was found across 
socioeconomic groups. Neither immediate changes in 
incidence rates nor long-term changes in the disease 
trend were observed for any outcomes in the years after 
the smoking ban compared to pre-ban levels. The social 
gradient observed in the pre-ban period continued at the 
same level post-ban.

Overall, previous studies examining the contribution 
of smoking bans to reduce socioeconomic inequalities 
have primarily focused on post-ban changes in smok-
ing behavior, such as smoking prevalence, SHS expo-
sure, and cessation rates [6, 17, 39, 40]. Two systematic 
reviews found insufficient evidence that restrictions in 
workplaces and public places are more effective in reduc-
ing smoking in higher socioeconomic groups [6, 17]. 
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Hill et al. found higher workplace SHS exposure among 
socioeconomic disadvantaged groups, but no clear evi-
dence of how smoking restrictions affect this gradi-
ent since studies have failed to demonstrate differential 
effects [6]. In addition, no educational differences in suc-
cessful smoking cessation were observed after a smok-
ing ban in the hospitality industry in the Netherlands 
[40]. Lastly, Federico et al. suggested that the immediate 
1.6% decrease in smoking prevalence and 4.5% increase 
in smoking cessation following the Italian smoking ban, 
which was observed only among low educated women, 
subsequently reversed over time [41].

Previous studies examining the differential impact of 
smoking bans on smoking-related morbidity are lim-
ited. Contrary to the present findings, a study examin-
ing COPD admissions following two succeeding smoking 
bans in Spain suggested greater declines of COPD in 
provinces with lower levels of socioeconomic develop-
ment [21]. Further, Cesaroni et  al. observed reductions 
in acute coronary events in the population of Rome after 
smoking was banned in all public places, with the larg-
est reduction among those living in low socioeconomic 
census blocks [22]. Socioeconomic differences were also 
found in mortality of ischemic heart disease and COPD 

Table 1  Incident cases of acute myocardial infarction, chronic obstructive pulmonary disease, and smoking-related cancers, total risk 
time, and age-standardized incidence rates in the pre- and post-ban period by educational level and sex, Denmark

a Pre-ban period: 01.01.02 to 31.08.07
b Post-ban period for acute myocardial infarction: 01.09.07 to 31.12.10; chronic obstructive pulmonary disease: 01.09.07 to 31.12.12; smoking-related cancers: 01.09.07 
to 31.12.15
c Events fulfilling inclusion criteria
d Age-standardized incidence rate
e Person-years

Pre-ban perioda Post-ban periodb

Eventsc/risktime (1000 pye) IRd per 100.000 pye Eventsc/risktime (1000 pye) IRd per 
100.000 
pye

Men
Acute myocardial infarction
  Low educational level 13,565/2513.9 580.2 7215/1407.4 510.1

  Medium educational level 13,230/4067.1 503.8 7769/2479.0 435.8

  High educational level 4726/2122.2 396.1 2890/1,378.1 330.4

Chronic obstructive pulmonary disease
  Low educational level 14,686/2553.5 593.8 14,522/2245.3 616.5

  Medium educational level 11,158/4128.0 457.1 12,982/4032.4 451.3

  High educational level 3013/2146.2 259.9 3712/2270.1 276.0

Smoking-related cancers
  Low educational level 8549/2614.5 327.3 13,099/3531.7 330.0

  Medium educational level 7902/4165.4 296.1 14,491/6396.0 285.0

  High educational level 2569/2153.4 218.3 4852/3654.0 196.9

Women
Acute myocardial infarction
  Low educational level 11,438/3300.8 290.9 6196/1811.4 251.1

  Medium educational level 4212/3480.0 215.8 2729/2166.9 186.6

  High educational level 1541/2430.5 164.4 1170/1673.3 152.4

Chronic obstructive pulmonary disease
  Low educational level 19,934/3255.6 496.6 19,770/2775.5 533.7

  Medium educational level 7939/3460.5 356.5 9527/3455.9 360.7

  High educational level 2663/2423.1 236.9 3483/2745.7 235.3

Smoking-related cancers
  Low educational level 8303/3360.9 194.5 13,670/4377.4 219.3

  Medium educational level 3685/3497.9 153.0 7738/5521.2 163.9

  High educational level 1350/2435.4 102.0 3205/4497.8 113.2
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following the national Irish smoking ban, where health 
benefits were concentrated among the most disadvan-
taged groups [7].

We did not find any differential effects across socioeco-
nomic groups, which might be explained by differences 

between countries in standards of living, available 
health care systems as well as population smoking rates. 
Another explanation may be that the Danish smoking 
ban was considerably less comprehensive than those 
implemented in other countries [16, 42]. Previous studies 
have shown that comprehensive smoking bans are more 
effective in reducing several adverse health outcomes 
such as AMI, COPD, and lung cancer compared to partial 
bans [29, 43, 44]. Further, comprehensive bans have been 
found to enhance public support and compliance with 
regulations and are associated with more quit-attempts 
and subsequent quit-success compared to partial bans 
[45, 46]. The Danish smoking ban comprised several 
exemptions such as allowing smoking in bars under 40m2 
where no food is served, in one-man offices, in commer-
cial vehicles, and in mental health care services [16]. This 
has probably influenced the lack of a measurable impact 
of the ban.

Two main pathways may link smoking bans to declines 
in disease rates, including directly reduce SHS exposure 
and indirectly reduce smoking prevalence by encourage 
quitting and prevent initiation [47]. Previous research 
demonstrates that comprehensive smoking bans are 
effective in reducing SHS exposure, while inconsistent 
evidence exists for smoking prevalence [4].

The smoking prevalence in Denmark has steadily 
decreased with approximately one percentage point each 
year from 2000 to 2012 where a stagnation followed [48]. 
Thus, no accelerated decrease in the smoking prevalence 
occurred in the years after the smoking ban [28, 49]. 
The exposure to SHS in workplaces, educational institu-
tions, and public settings declined in the years preced-
ing the smoking ban and continued to decrease post-ban 
[49]. A survey from 2009 showed that self-reported daily 
SHS exposure in workplaces and educational institutions 
decreased substantially from 27% in 2004 and 21% in 
2006 to 5% in 2009 [49]. We found no changes in disease 
trends post-ban in any socioeconomic groups, thus the 
reduction in SHS exposure following the smoking ban 
is not reflected in our findings. Further, attributing the 
decrease in SHS exposure solely to the implementation of 
the smoking ban must be done with caution.

Smoking bans may also influence smoking behavior 
through a decrease in the social acceptability of smoking 
and changes in social norms [50–52]. In the years prior 
to the ban, public information announcing the impend-
ing changes, brought out an extensive media attention on 
the Danish smoking legislation, which increased the neg-
ative public awareness on smoking [28, 53]. In addition, 
individual-level interventions such as smoking cessation 
programs or voluntary workplace regulations were intro-
duced throughout Denmark in these years. Two years 
before the enactment, 35% had introduced local smoking 

Fig. 1  Age- and sex-standardized incidence rates every three months 
for acute myocardial infarction, chronic obstructive pulmonary 
disease, and smoking-related cancers divided by educational 
level. The dashed vertical line shows the time of implementation 
of the Danish smoking ban in 2007
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regulations totally banning indoor smoking in workplaces 
and educational institutions [49]. This increased to 48% 
in 2006 and 67% in 2007. Thus, a considerable part of the 
Danish population was already covered by local smok-
ing restrictions at the time of the national smoking ban. 

The influence of these contextual factors associated with 
the smoking ban may have limited the direct measurable 
impact of the ban.

Limitations of this study include the expected time 
from onset of the smoking ban to manifestation of 

Table 2  Changes in rates and trend of acute myocardial infarction, chronic obstructive pulmonary disease, and smoking-related 
cancers after the implementation of a national smoking ban compared with the pre-ban period, stratified on educational level, 
Denmark, 2002–2015

a Incidence rate ratio
b Change per three years
c Pre-ban period: 01.01.02 to 31.08.07
d Post-ban period for acute myocardial infarction: 01.09.07 to 31.12.10; chronic obstructive pulmonary disease: 01.09.07 to 31.12.12; smoking-related cancers: 01.09.07 
to 31.12.15

Pre-ban trend (IRRa)b,c Post-ban trend (IRRa)b,d Change in trend
(IRRa) (95%CI)

Immediate level change 
(IRRa) (95%CI)

Acute myocardial infarction
  Low educational level 0.87 0.90 1.03 (1.01–1.04) 0.95 (0.92–1.00)

  Medium educational level 0.85 0.88 1.03 (1.02–1.05) 0.98 (0.94–1.03)

  High educational level 0.85 0.86 1.02 (0.99–1.05) 1.03 (0.96–1.12)

Chronic obstructive pulmonary disease
  Low educational level 0.96 0.97 1.02 (1.01–1.02) 1.00 (0.97–1.03)

  Medium educational level 0.96 0.96 1.00 (1.00–1.01) 1.01 (0.97–1.05)

  High educational level 0.90 0.91 1.01 (0.99–1.02) 1.10 (1.03–1.17)

Smoking-related cancers
  Low educational level 1.02 1.01 0.99 (0.98–1.00) 1.01 (0.97–1.05)

  Medium educational level 0.96 0.95 0.99 (0.99–1.00) 1.06 (1.02–1.11)

  High educational level 0.94 0.93 1.00 (0.98–1.01) 1.09 (1.02–1.17)

Table 3  Age- and sex-standardized incidence rates for acute myocardial infarction, chronic obstructive pulmonary disease, and 
smoking-related cancers by educational level and time period, Denmark, 2002–2015

a Pre-ban period: 01.01.02 to 31.08.07
b Post-ban period for acute myocardial infarction: 01.09.07 to 31.12.10; chronic obstructive pulmonary disease: 01.09.07 to 31.12.12; smoking-related cancers: 01.09.07 
to 31.12.15
c Age- and sex-standardized incidence rate
d Person years
e Incidence rate ratio

Pre-ban perioda Post-ban periodb

IRc (100.000 pyd) IRRe (95%CI) IRc (100.000 pyd) IRRe (95%CI)

Acute myocardial infarction
  Low educational level 435.5 1.72 (1.67–1.77) 380.6 1.71 (1.65–1.77)

  Medium educational level 359.8 1.42 (1.38–1.46) 311.2 1.39 (1.34–1.44)

  High educational level 280.2 ref 241.4 ref

Chronic obstructive pulmonary disease
  Low educational level 545.2 2.45 (2.39–2.52) 575.1 2.45 (2.39–2.52)

  Medium educational level 406.8 1.75 (1.70–1.80) 406.0 1.75 (1.70–1.80)

  High educational level 248.4 ref 255.7 ref

Smoking-related cancers
  Low educational level 260.9 1.74 (1.68–1.80) 274.6 1.79 (1.75–1.84)

  Medium educational level 224.6 1.50 (1.45–1.55) 224.5 1.53 (1.49–1.57)

  High educational level 160.1 ref 155.0 ref
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disease, which vary between diseases and in people 
with different magnitudes of risk. Especially, the latency 
period for smoking-related cancers is quite extensive. 
Thus, the results related to smoking-related cancers are 
considered preliminary. Including a longer follow-up 
period could have considered the possible slow respon-
siveness to behavioral changes among smokers caused by 
smoking addiction. However, increasing the period for 
each outcome would induce uncertainties about whether 
any changes in disease rates could be linked to the imple-
mentation of the smoking ban. We do not believe that 
a increasing the length of the post-ban period would 
change the findings.

This study has several strengths. First, the study is 
based on high quality data from nationwide registers, 
which enabled the inclusion of a large sample size pro-
viding great statistical power to the analyses. Combined 
with the detailed individual-level linkage between regis-
ters, we were able to detect even small variations in dis-
ease trends. The linkage to the RCD allowed us to include 
acute fatal events outside hospital, which provided a 
more complete measure of disease incidence. As the 
registers are continuously updated, thus providing many 
data points over time, the pre-ban trend was estimated 
with precision, and long follow up periods were applied. 
Further, because all residents in Denmark are entitled to 
publicly financed healthcare and we included the whole 
Danish adult population, the risk of selection bias was 
eliminated. In the analysis, we accounted for seasonality 
and the underlying secular disease trend which strength-
ened the findings.

We defined socioeconomic position as the individual 
highest achieved education. Research suggests that edu-
cation represents a valid indicator of socioeconomic 
position as it often determines future employment and 
income and is relatively stable over an adult life span [54, 
55]. Through the PER we were able to quantify the meas-
urement comparatively accurate.

Overall, national health targets stand little chance of 
being reached without specific attention to the health of 
the socioeconomic disadvantaged groups [10]. Tobacco 
control policies may have considerable potential to 
reduce smoking inequalities, especially those targeting 
pricing on tobacco products, tobacco advertising, and 
subsidized smoking cessation services [18]. Preferably, 
implementing multiple policies as a part of a compre-
hensive tobacco control approach could be prioritized as 
initiatives individually may affect different sociodemo-
graphic groups. Understanding these nuances is impor-
tant for creating more robust tobacco control policies 
beneficial for all population subgroups.

Conclusion
We found no evidence of a differential impact of the 
national smoking ban from 2007 on three smoking-
related diseases in the Danish adult population. Neither 
immediate nor long-term changes in incidence of any 
outcome were observed post-ban compared to pre-ban 
levels across socioeconomic groups. Future tobacco con-
trol measures in Denmark should consider which meas-
ures most effectively targets low socioeconomic groups 
to decrease the current strong socioeconomic inequality 
in health.
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