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Introduction
In many countries, smoking is consid-
ered as the most important preventable 
risk factor for a complicated pregnancy 
and delivery (1). 

Many studies have established an in-
creased risk of serious complications 
for both mother and child associated 
with smoking during pregnancy. These 
include spontaneous abortion, ectopic 
pregnancy, perinatal mortality, prema-
ture birth, low birth weight, congenital 
malformations, placental abruption, 
stunted growth, impaired prenatal lung 
development, and sudden infant death 

syndrome. Furthermore, there are impli-
cations of a connection between smoking 
during pregnancy and admissions within 
the first year of life as well as develop-
ment of behavioural disorders in child-
hood  (1–10).

About 60 thousand children are born in 
Denmark annually. The usual pathway 
for pregnant women takes place at the 
general practitioner and at midwives in 
Denmark (Figure 1). 

In 2001 and 2005 about one in five chil-
dren were born by a smoker, while about 
2% of the pregnant women stopped 
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Abstract
Background In many countries, smoking is considered as the most important preventable risk factor for a complicated preg-
nancy and delivery. However in Denmark, there is no clear picture of pregnant women. The aim was therefore to examine 
the prevalence, characteristics and registration of maternal smoking and quitting during pregnancy as well as estimate the 
potential for improvement. 
Methods This is a cohort study on smoking and quitting prevalence among 422,221 pregnant women in Denmark from 2006-
2012. Data from the Danish National Birth Register was linked with data from the Danish National Smoking Cessation Data-
base in order to identify pregnant smokers undertaking a formalised smoking cessation intervention. 
Results Overall, 13% of the pregnant women were smokers. The smoking prevalence was highest among mothers younger 
than 25 years of age (29%) compared to 10-11% among the other age groups. All prognostic factors in the final analyses were 
in some way associated with the outcome. A group of 1,279 pregnant women underwent formal smoking cessation interven-
tion programs with follow-up after 6 months. Of these, 232 were registered as non-smokers and 40 had no information on 
smoking in the Danish National Birth Registry. The potential for reducing smoking among pregnant women was high. 25-32% 
more quitters would be expected with a comprehensive Gold Standard Programme for smoking cessation. 
Conclusion This study indicates an urgent need for increased focus on offering effective smoking cessation programs to all 
groups of pregnant smokers, but with a special attention to the youngest group.

Mette Rasmussen1, Hanne Tønnesen1,2,3

Pregnant smokers: Potential for 
improvement of intervention

Figure 1 Recommended pathway for pregnancies in Denmark. Each box represents one visit e.g. it is recommended 
that the first visit at the GP takes place between week 6-10.

* Only first-time mothers
** Only women who have given birth before
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Participants 
The DNBR contains information on every woman giv-
ing birth in Denmark, including smoking and quitting 
status. A total of 422,221 women giving birth have been 
registered in the study period (Figure 2). 

The SCDB contains data on smokers going through a 
formalised face-to-face smoking cessation programme 
in Denmark including follow-up on effect after 6 
months. 28,659 women have attended a quality as-
sured smoking cessation programme between 2006–
2012. Doublets or entries referring to women attending 
more than one SCI within the same calendar year were 
excluded (n = 1,234). Thus, 27,425 women attending a 
formalised face-to-face smoking cessation intervention 
between 2006–2012 in Denmark were included in the 
study (Figure 3)

Data
The cohort of pregnant women in DNBR was linked to 
the SCDB, using the personal identification number, 
to identify those participating in a formalised smo-
king cessation intervention in Denmark during their 
pregnancy.

In order to combine a smoking cessation intervention 
with a pregnancy the intervention had to take place du-
ring at least some part of the pregnancy. The duration of 
a typical smoking cessation intervention in Denmark is 
6 weeks, and a pregnancy lasts up to 42 weeks. Therefo-
re, 48 weeks was subtracted from the date of birth to de-
termine the interval of possible dates to have begun the 
intervention. If a pregnant woman was registered with 
more than one smoking cessation intervention associ-
ated to her pregnancy, the later intervention was used.

smoking during their pregnancy (11;12). In a previous 
Finnish study the prevalence of smokers among Dan-
ish pregnant women was high, estimated to 10-12% in 
2010 (13). However, there is no clear picture of the char-
acteristics of the pregnant smokers in Denmark, the val-
idation of the registration of smoking status, or whether 
they smoke through all or part of the pregnancy. 

Our recent research shows that pregnant women have 
the same high effect of the very intensive 6-weeks Dan-
ish standard program (the gold standard program, 
GSP) for smoking cessation as non-pregnant women. 
This means that 24-32% of pregnant women undergo-
ing a GSP course remain continuously smoke-free from 
end of course and to the follow-up after 6 months (14). 
Thus, there seems to be a potential for improvement 
not fully used today.

The aim of this study is therefore to examine the prev-
alence, characteristics and registration of maternal 
smoking and quitting during pregnancy as well as es-
timate the potential for improvement in order to help 
more pregnant women quit smoking. 

Materials and methods
This was a cohort study based on data from the Danish 
National Birth Registry (DNBR) and the Danish Na-
tional Smoking Cessation Database (SCDB) in the peri-
od from start 2006 to end 2012. Since 1968 all Danish 
citizens have been assigned a 10-digit personal iden-
tification number (15). These numbers were used for 
extraction and linkage of data from the two databases; 
afterwards the data handling was done on anonymous 
data.

Figure 2 Patient flow. Distribution of pregnant women according to smoking status, whether they quit smoking during the pregnancy and finally the time 
of quitting. Analysis 1-3 corresponds to the analyses reported in table 2.
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The sub-analysis was performed using the Man-
tel-Haenszel test for stratified 2×2 tables. 

A two-sided p value of <0.05 was regarded as statisti-
cally significant corresponding to the CI not including 
the value 1.00. All statistical calculations were perfor-
med with StataIC 14.

Ethics
The study was approved by the Danish Data Protec-
tion Agency (2010-41-5463/2000-54-0013) and re-
gistered with the Scientific Ethics Committee (H-C-
FSP-2010-049). Prior to registration in the SCDB all 
participants gave informed consent when entering 
their smoking cessation program. Registration in the 
DNBR has long been a legal routine for pregnant wo-
men as part of the national quality registry legislation. 

Results
Overall, 13% of the pregnant women were smokers, 
decreasing from 17% in the beginning of the research 
period to 12% in 2012 (Figure 4).

In the entire cohort, the smoking prevalence was hig-
hest among the minor group of mothers younger than 
25 years of age (29%); less than half among those 
beween 25-34 years of age (11%) and those of 35 or ol-
der (10%) (Table 1;2).

Also the geographic distribution differed, with the low-
est smoking prevalence of 10% in the Capital Region 
and the highest of 18% in the Region Zealand, closest 
to the Capital Region.  

The number of pregnant smokers not undertaking a 
formalised smoking cessation intervention was calcu-
lated, and based on the previous results of GSP among 
pregnant women (14), the potential for improvement 
was estimated – assuming that all women went th-
rough the GSP smoking cessation intervention. 

Outcomes and other variables
The data on pregnancy and smoking (early and late in 
pregnancy), year of birth, the mothers age at time of 
birth, geographic place, number of visits to the general 
practitioner, midwife and specialist care were extracted 
from DNBR. 

For each patient registered in the SCDB, data on com-
pliance was extracted. Compliance with the program-
me was defined as having attended at least 75% of the 
scheduled meetings (17). 

Sub-analysis
A sub-analysis was performed to evaluate the compli-
ance with the programme for non-pregnant women 
compared to pregnant women.

Statistics
All analyses were performed on anonymous data. Cha-
racteristics and prevalence were reported as absolute 
numbers and percentages. Univariate and multivariate 
logistic regression analyses were used to test for diffe-
rences in smoking status, quitting and time of quitting. 
The multivariate logistic analyses were adjusted for the 
prognostic factors shown in table 2, and they were per-
formed by entering all the predictors together. Patients 
with missing values were excluded from the analyses. 
Prognostic factors were identified and results were pre-
sented as adjusted odds ratio (OR) with 95% confidence 
interval (CI). 

Figure 3 Number of pregnant smokers and quitters over time. The number of pregnant smokers has decreased constantly during the study period, while the 
number of women who quit (early or late) during their pregnancy has been relatively stable.
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The majority of the women attended the recommended 
number of visits to the general practitioner and mid-
wife; specialist visits were seldom taking place, which 
was in accordance with the Danish guidelines (Figure 
1). Furthermore, the quality of registration was poor 
with more than 90% missing data, since only those 
being considered for or having received specialist care 
were probably registered in the DNBR. 

Non-smoking was associated with being pregnant in 
most resent calendar years, older age, giving birth in 
the Capital Region and following the recommended 
number of visits to the general practitioner and mid-
wife. The statistically significant prognostic factors 
for quitting were very similar to non-smoking, except 
pregnant women in Central Denmark were more like-
ly to quit, and being 25-34 years of age was associated 
with quitting, while being 35 or older were associated 
to continuous smoking (Table 2). 

Interestingly, the prognostic factors for early quitting 
were being pregnant in the earliest years of the study 
period and having no registered visits according to the 
general guidelines. The group of women who quit du-
ring their pregnancy consisted of about 3% of all the 
pregnant women. However, the older age of the mother 
and giving birth in the Capital Region were also pro-
gnostic factors for early quitting (Table 2).
 
The linkage to the SCDB showed that only 1,279 of 
pregnant women had a formal smoking cessation in-
tervention program during their pregnancy in the 
study period – but not all of them were registered as 
smokers in the DNBR. According to the SCDB a total 
of 232/1,279 (18%) who had a smoking cessation pro-

Table 1 Characteristics of women giving birth from 2006-2012.

Women from 
MFR

All Non-smokers Smokers Missing

n (%) n (%) n (%) n (%)

All 442,221 (100) 371,182 (84) 57,971 (13) 13,068 (3)

Year of birth

2006 65,607 (15) 53,710 (14) 9,982 (17) 1,915 (15)

2007 65,178 (15) 53,572 (14) 9,162 (16) 2,444 (19)

2008 65,694 (15) 54,755 (15) 8,939 (15) 2,000 (15)

2009 63,531 (14) 53,268 (14) 8,259 (14) 2,004 (15)

2010 64,019 (14) 54,200 (15) 7,937 (14) 1,882 (14)

2011 59,665 (13) 51,028 (14) 6,972 (12) 1,665 (13)

2012 58,527 (13) 50,649 (14) 6,720 (12) 1,158 (9)

Mothers age (13-66)

≤ 24 53,020 (12) 35,408 (10) 15,629 (27) 1,983 (15)

25-34 299,240 (68) 257,728 (69) 33,122 (57) 8,390 (64)

≥ 35 89,940 (20) 78,046 (21) 9,220 (16) 2,674 (20)

Missing data 21 (0) 0 (0) 0 (0) 21 (0)

Hospital geografic area

Capital 
Region

149,427 (34) 131,981 (36) 15,253 (26) 2,193 (17)

Region 
Zealand

52,979 (12) 40,799 (11) 9,485 (16) 2,695 (21)

South Den-
mark

87,017 (19) 71,607 (19) 13,199 (23) 2,211 (17)

Central 
Denmark

106,908 (24) 90,080 (24) 13,497 (23) 3,331 (25)

North Den-
mark

39,026 (9) 32,738 (9) 6,026 (10) 262 (2)

Home births 4,465 (1) 3,846 (1) 497 (1) 122 (1)

Missing data 2,399 (1) 131 (0) 14 (0) 2,254 (17)

Visits at general practitioner

No visits 15,521 (4) 12,672 (3) 2,487 (4) 362 (3)

1-2 visits 82,441 (19) 67,085 (18) 13,177 (23) 2,179 (17)

3 visits* 250,288 (57) 215,278 (58) 30,227 (52) 4,783 (37)

>3 visits 30,454 (7) 25,754 (7) 4,041 (7) 659 (5)

Missing data 63,517 (14) 50,393 (14) 8,039 (14) 5,085 (39)

Visits at midwife

No visits 16,063 (4) 12,964 (3) 2,699 (5) 400 (3)

1-3 visits 61,198 (14) 50,378 (14) 9,444 (16) 1,376 (11)

4-7 visits* 319,974 (72) 273,882 (74) 40,275 (69) 5,817 (45)

>7 visits 15,560 (4) 12,514 (3) 2,642 (5) 404 (3)

Missing data 29,426 (7) 21,444 (6) 2,911 (2) 5,071 (39)

Visits at medical specialist

No visits 845 (0) 758 (0) 63 (0) 24 (0)

1-2 visits 2,096 (0) 1,825 (0) 232 (0) 39 (0)

3 visits 677 (0) 574 (0) 90 (0) 13 (0)

>3 visits 427 (0) 355 (0) 65 (0) 7 (0)

Missing data 438,176 (99) 367,670 (99) 57,521 (99) 12,985 (99)

Smokers include all women who declared that they smoked at some point of their 
pregnancy.  *Recommended number of visits.

Figure 4 Number of pregnant smokers and quitters over time. 
The number of pregnant smokers has decreased constantly during 
the study period, while the number of women who quit (early or late) 
during their pregnancy has been relatively stable.
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The exact number of pregnant smokers in DNBR was 
57,971. Except for the 1,279 smokers already attending 
a smoking cessation intervention, the potential target 
group consisted of 56,692 smokers. The potential num-
ber of extra successful quitters would then be 13,890–
18,141 pregnant women in the research period, if all 
pregnant smokers undertook the GSP.    

Sub-analysis
The sub-analysis revealed no difference in compliance 
between pregnant and non-pregnant women, when 
stratified by age categories (OR=0.95, 95% CI: 0.84–
1.08).

Discussion
This Danish cohort study of more than 400 thousand 
pregnant women showed a relatively high frequency 
of smokers, though decreasing over the study period 
from 2006–2012. On average, one of eight pregnant 
women have been smoking at some point during their 
pregnancy, but almost three times as many among the 
youngest women up to mid-twenties compared to the 
other age groups. Statistically significant prognostics 
being a non-smoker and an early quitter were giving 
birth in the capital Region and being twenty-five years 
of age or older, both representing the majority of parti-
cipants within each group.

Only a noteworthy small group of the pregnant smo-
kers undertook a formal smoking cessation program 
with follow-up on effect after 6 months according to 
the SCDB; and interestingly, almost one in five of those 
were actually registered as non-smoker in the DNBR. 
The potential for improvement showed to be extreme.  

The prevalence of Danish pregnant smokers was lower 
than the prevalence of smoking in the general popu-
lation, which is a result also found in other countries 
(13). However, it is still very high, with a large room 
for improvement. If all the pregnant women attended a 
GSP, a further reduction of smoking during pregnancy 
would be about 25-32% (14). GSP is a 6-week manual 
based education program for smokers including indi-
vidual counselling on the use of nicotine replacement 
therapy based on Fagerströms score for nicotine de-
pendency and administered according to the smoker’s 
preference, or other pharmaceutical support (16). In 
Denmark nicotine replacement therapy during pregnan-
cy is recommended only to women who continue to 
smoke at least 10 cigarettes a day after the 1. trimester, if 
the alternative is continuously smoking.

Table 2 Analyses of women giving birth from 2006-2012.

Women in MFR Analysis 1
Smoking status

Analysis 2
Quitting

Analysis 3
Time of quitting

Adjusted ORs 
(95% CI)
(n=422,221)

Adjusted ORs 
(95% CI)
(n=57,971)

Adjusted ORs 
(95% CI)
(n=11,345)

Year of birth

2006 1 1 1

2007 0.91 (0.88 - 0.94) 0.88 (0.81 - 0.95) 0.82 (0.69 - 0.99)

2008 0.84 (0.82 - 0.87) 0.83 (0.76 - 0.89) 0.87 (0.73 - 1.04)

2009 0.81 (0.78 - 0.83) 0.70 (0.65 - 0.76) 0.87 (0.73 - 1.04)

2010 0.78 (0.68 - 0.81) 0.64 (0.59 - 0.69) 0.89 (0.74 - 1.06)

2011 0.71 (0.69 - 0.74) 0.62 (0.57 - 0.67) 1.08 (0.90 - 1.28)

2012 0.68 (0.66 - 0.71) 0.54 (0.50 - 0.58) 1.10 (0.92 - 1.30)

Mothers age (13-66)

≤ 24 1 1 1

25-34 0.31 (0.30 - 0.32) 0.87 (0.83 - 0.92) 0.66 (0.60 - 0.74)

≥ 35 0.29 (0.28 - 0.29) 1.21 (1.13 - 1.29) 0.76 (0.65 - 0.89)

Hospital geografic area

Capital Region 1 1 1

Region Zealand 1.83 (1.77 - 1.88) 1.77 (1.65 - 1.90) 1.30 (1.09 - 1.55)

South Denmark 1.51 (1.48 - 1.55) 1.26 (1.19 - 1.34) 1.83 (1.60 - 2.10)

Central Denmark 1.34 (1.30 - 1.37) 0.88 (0.83 - 0.93) 1.95 (1.72 - 2.22)

North Denmark 1.84 (1.69 - 2.00) 1.72 (1.58 - 1.86) 1.29 (1.05 - 1.59)

Home births 1.18 (1.07 - 1.31) 2.15 (1.63 - 2.84) 2.44 (1.36 - 4.38)

Visits at general practitioner

No visits 1.01 (0.90 - 1.14) 1.31 (1.18 - 1.46) 0.65 (0.48 - 0.87)

1-2 visits 1.34 (1.31 - 1.37) 1.36 (1.29 - 1.43) 1.21 (1.07 - 1.36)

3 visits (reference) 1 1 1

>3 visits 1.04 (1.00 - 1.08) 0.89 (0.83 - 0.97) 0.99 (0.83 - 1.18)

Visits at midwife

No visits 1.49 (1.32 - 1.67) 1.43 (1.28 - 1.59) 0.72 (0.54 - 0.95)

1-3 visits 1.17 (1.14 - 1.20) 1.49 (1.40 - 1.59) 1.22 (1.06 - 1.40)

4-7 visits (refe-
rence)

1 1 1

>7 visits 1.23 (1.18 - 1.29) 1.15 (1.04 - 1.27) 1.35 (1.09 - 1.68)

Smoking status: ORs with 95% CI for non-smokers vs. smokers for the prognostic 
factors of the adjusted multivariable analyses are presented.
Pregnant smokers who quits or continuous to smoke during pregnancy: ORs with 
95% CI for quitters vs. smokers for the prognostic factors of the adjusted multivaria-
ble analyses are presented.

gram with follow-up after 6 months were registered as 
non-smokers; another 40/1,279 (3%) without informa-
tion on smoking status in DNBR had also undertaken 
an intervention to quit smoking.  
    
The relatively high number of pregnant smokers could 
potentially benefit from the comprehensive Danish 6 
weeks Gold Standard Program (GSP) (14). The GSP has 
been shown to have a continuous abstinence rate for 
pregnant women of 24.5–32.0% after 6 months, with a 
follow-up of 76%.
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a strength. In previous studies compliance has shown 
to be by far the most important predictor for being 
continuously abstinent 6 months after attending a GSP 
intervention (14;16;20). The sub-analysis revealed no 
difference in compliance rates between pregnant and 
non-pregnant smokers. This strengthens the estima-
tion of the potential number of extra successful quit-
ters among pregnant women. Nevertheless, the results 
should be interpreted and implemented with caution. 
In view of the results of this study it is urgently needed 
to increase the focus and activities to reach out to more 
pregnant smokers - including the youngest women - 
with effective smoking cessation programs. Prevention 
and early quitting would be very important for the indi-
vidual pregnant woman and the child. It would also be 
beneficial to public health in general.

Conclusion 
This study indicates an urgent need for increased fo-
cus on offering effective smoking cessation programs 
to all groups of pregnant smokers, but with a special 
attention to the youngest group.
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A recent review has shown that unfortunately, almost 
half of the pregnant quitters seems to relapse about 
6 months after pregnancy without major differences 
beween self-reported and validated quit-rates (17). The-
refore, it would be relevant to rethink and evaluate new 
smoking cessation programs for pregnant smokers (18).

The big difference in smoking prevalence throughout 
the country and the very high prevalence among the 
youngest group of women are directly reflecting the 
background population. However, other major dif-
ferences are identified in relation to socio-economic 
conditions, which may also be of influence on the smo-
king status during pregnancy. Unfortunately, no clear 
strategies have been developed to effectively reduce the 
socio-economic gradient in smoking (19). However, 
to reduce the number of smokers GSP seems effective 
across this gradient (20).

The study has both strength and weaknesses. The use 
of self-reported outcomes is a weakness, because the 
successful quitting may be overestimated with approxi-
mately 3-6% (21–24). This may be even more pronoun-
ced during pregnancy, and in this study smokers also 
claimed to be non-smokers. The overestimation has 
been described before (25). 

About 4% of the pregnant women had no registered 
visits to the general practitioner and/or the mid-wife 
according to the DNBR. Overall, the frequency of mis-
sing data on visits are high compared to the other in-
formation in the DNBR, including information of smo-
king status. While the first introduces a bias, the last is 
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