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Introduction

Smoking has been established as the single most preventable cause 
of death in the world today1 and smoking or exposure to smoke 

during pregnancy has been found to have a number of potentially 
negative effects on the fetus and child, such as low birth weight and 
preterm delivery,2–4 stillbirth,5 and birth defects.6 Maternal smoking 
has also been linked to sudden infant death syndrome,7,8 childhood 
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Abstract

Introduction: Smoking rates have dropped substantially in most developed countries in recent 
decades. This general trend has, however, not always been evident among women—particularly 
younger women. Smoking habits do, however, often change in connection with pregnancy and 
the aim of this study is to determine whether smoking during pregnancy follows general trends in 
smoking rates in the general female population in four countries with active anti-tobacco policies 
and decreasing population smoking rates.
Methods: Changes in rates of persistent smoking, that is, smoking in late pregnancy or daily smok-
ing among all women of childbearing age were described according to age groups. Data were 
retrieved from the Australian Household Drug Surveys during 2000–2013 and from registries and 
surveys in Finland, Norway, and Sweden between 1995 and 2014.
Results: In general, persistent smoking has decreased and late-pregnancy smoking rates are lower 
than daily smoking rates among all women. However, younger women are more likely to be per-
sistent smokers regardless of pregnancy status. In Norway and Finland, persistent smoking was 
most common among young pregnant women and in Sweden there was an increased polarization 
between age groups. In Australia, a steady decrease in smoking rates appears to have stalled in 
younger pregnant women.
Conclusion: Although smoking has declined substantially in recent decades, there are groups lagging 
behind this general trend. Young pregnant women are of particular concern in this respect. The possi-
bility that these findings reflect the changing characteristics of younger pregnant women is discussed.
Implications: This study puts recent trends in maternal smoking into a broader context by relating 
developments to changes in smoking rates among women in general. By using similar data from 
four countries we were able to follow changes in smoking rates “within” groups of women within 
the four countries without being limited by methodological problems related to cross-country or 
inter-group comparisons. We were above all able to show that aggregate data disclose the strong 
age gradient in maternal smoking habits.
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behavioral and health problems,9,10 and increased mortality in early 
adult life.11

The rise and fall in smoking rates has been remarkably similar 
across developed countries and is often described as an epidemic 
with four distinct phases since the late 1800s. The fourth and ongo-
ing phase may be dated from around 1980 and shows declining 
smoking rates overall and closing gender gaps.12,13 Maternal smoking 
rates have followed the same general pattern, with more or less dra-
matic reductions during the past decades—as in the United States,14 
in the Netherlands,15 in Australia (New South Wales),16 in the United 
Kingdom,17 and in the Nordic countries.18 In the higher middle-
income country of Brazil similar results have been observed,19 but 
little is known about maternal smoking rates or trends in mater-
nal smoking in developing countries.20 About 80% of the world’s 
smokers now live in low- and middle-income countries, though, and 
there is fear that maternal smoking rates may rapidly rise in response 
to forceful tobacco marketing efforts directed towards women and 
children in the developing world, as well as a general lack of ade-
quate tobacco controls.21

The aim of this study is to analyze trends in smoking rates among 
pregnant women and in the general female population in four devel-
oped countries which have experienced the phases of the epidemic 
as described above; Australia, Finland, Norway, and Sweden.13 More 
specifically, we aim to analyze (1) whether smoking also has declined 
among pregnant women and the general female population in these 
countries, and (2) whether smoking rates have changed varyingly 
according to age within these two groups.

Smoking—Prevalence and Policies in Australia, 
Finland, Norway, and Sweden
The countries in this study have experienced many of the same eco-
nomic and demographic developments. As other countries in the last 
phases of the cigarette epidemic, women smoke at nearly the same 
or even at a higher rate compared to men. Policy-wise there are also 
many similarities. The Nordic countries basically have shared views 
on tobacco control and alcohol policies22 and have also been strongly 
influenced by EU regulations and policies. Over the years, the EU 
has developed a more prominent role in tobacco control although 
the responsibility for regulation of and structures for tobacco pre-
vention, cessation, and smoke-free environments lies at the national 
level.23 The responsibility for tobacco policies in Australia rests 
mainly at the state and territory level, but as one of the most central-
ized federations in the world,24 the Australian federal government 
has taken an active role in the tobacco area. A further description of 
tobacco policies and smoking rates in each of the countries in this 
study is presented below:

Australia
The first piece of legislation in the tobacco area was a smoking ban 
on domestic flights in 1987, followed by similar bans in other fed-
erally controlled areas. In 1999, a national tobacco strategy was 
adopted and the states have successively introduced more smoke-
free environments.25 In 2012, Australia became the first country in 
the world to introduce plain packaging. An aim of reducing rates 
of daily smoking to 9% or less by 2020 has been suggested.26 The 
proportion of regular smokers declined dramatically during the 
1980s and continued to drop after a relatively static period during 
the 1990s. The sex differential also decreased during this period—
from 11 percentage points in 1980 to 4 percentage points in 2013.27  
The average maternal smoking rate of 13% in 2012 concealed a 

large regional variation between 8% in the Australian Capital 
Territory to 24% in the Northern Territory. Maternal smoking rates 
were also very high among teenagers (40%).28

Finland
Finland has a long history of tobacco control and was one of 
the first countries to ratify the WHO Framework Convention on 
Tobacco Control (FCTC) in 2005. The first Tobacco Control Act 
was introduced in 1976 and with the amendment in 1995 there has 
been a steady increase in bans on smoking, age limits for purchases, 
restrictions on advertising and sponsorship, etc. In 2007, smoking 
was totally banned in restaurants and bars and from 2012 tobacco 
products are kept behind the counter at points of sale. The revised 
tobacco act from 2010 proclaims an ambitious end point, namely 
to make Finland completely tobacco-free by 2040.29,30 A  network 
of organizations is now working towards 2030 as the end goal.31 
Finland presently has one of the lowest smoking rates in Europe 
with 17% of men and 14% of women smoking daily. Nonetheless, 
smoking rates clearly vary with socioeconomic status.32 In 2013, the 
overall maternal smoking rate was 16%, but among the youngest 
mothers to be over half were smoking in early pregnancy.33

Norway
Like Finland, Norway has often been one step ahead of the recom-
mendations and regulations of EU and the WHO convention. Today, 
Norwegian tobacco policy is still a typical expression of WHO rec-
ommendations.33 The first tobacco act was adopted in 1973 and 
included a ban on advertising, compulsory health warnings, and a 
raised minimum purchasing age. Legislation on smoke-free environ-
ments (workplaces and restaurants) was first introduced in 1988. 
A ban was introduced on importing and producing new nicotine and 
tobacco products in 1989, something which has effectively prevented 
the introduction of e-cigarettes in Norway. Indirect advertising was 
banned in 1997, misleading descriptions of products (“light” ciga-
rettes) in 2002, smoking in restaurants and bars in 2004, and point-
of-sale tobacco display in 2010. In a study of 187 countries, Norway 
was one of four countries where smoking declined by more than 
50% between 1980 and 2012 for both sexes.34 The national smok-
ing strategy for 2013–2016 sets out to “protect the population and 
society against tobacco-related harms.” This includes reducing the 
number of daily smokers in the population to below 10% and lower-
ing late-pregnancy smoking rates to less than 4% by 2016. In 2015, 
the daily smoking rate was 13% and in 2011, maternal smoking 
rates were 18% and 7% in early and late pregnancy, respectively.35

Sweden
Sweden has been a relative laggard in tobacco control and it was 
not till the late 1970s that warning texts on cigarette packs became 
mandatory and advertising was regulated. The first comprehensive 
tobacco act was introduced in 1993. The development of a restric-
tive tobacco policy in Sweden has largely been driven by WHO and 
EU policies and directives. For example, the Framework Convention 
on Tobacco Control was signed by Sweden just 1 month after joining 
the EU. With a negative stance towards mandatory pictorial warn-
ings, plain packaging, and regulation of ingredients at the EU level, 
Sweden has been criticized for awarding too much attention to the 
interests of the (Swedish) tobacco industry.36 Nonetheless, smoking 
rates have declined substantially in Sweden—particularly among 
men—and Sweden is now the only country where female smoking 
rates now exceed those of men.34,37 In 2010, the government adopted 
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a comprehensive strategy to defeat alcohol use, drug use, doping, 
and tobacco use. The strategy has recently been revised and one of 
the overarching goals is to reduce availability of tobacco.38 This goal 
may be contrasted to Finland’s ambition of a smoke-free society by 
2030 and Norway’s aim at lowering smoking rates to specified levels. 
When it comes to maternal smoking rates, the strategy simply states 
that use of tobacco during pregnancy “needs to be given attention.”38 
The public health strategy adopted in 2003 did, however, aim to give 
children a tobacco free start in life from year 2014,39 and smoking 
in early pregnancy has dropped from 23% in 1992 to 6% in 2014.40

Perspectives on Change in Health Behaviors
Tobacco control policies may have a smaller or larger impact on 
health behavior, depending on target groups, comprehensiveness of 
measures, and how well policies are implemented.41 There are a num-
ber of theoretical approaches that are useful when trying to under-
stand change in health behaviors in populations at large or in specific 
sub-groups. At the individual level, we may for example under-
stand these processes in terms of “stages of change” as described 
by Prochaska and DiClemente,42–44 or in terms of self-efficacy and 
locus of control.45–47 Pregnancy may be seen as a particularly impor-
tant “teachable moment”48 or a trigger for cessation49—suggesting a 
faster and more intense adaptation to public health policies among 
pregnant women, at least temporarily.50 At the societal level, studies 
of change in health behaviors are open to various theoretical per-
spectives within the realm of policy studies, sociological and eco-
nomic theory, history of ideas, and so forth. Social anthropologists 
have found that specific norms regarding appropriate behaviors and 
lifestyles during pregnancy, labor, and the neonatal period are char-
acteristic of all cultures.51 In a modern capitalist state, the pregnant 
woman is also likely to be a favored target for interventions; as a 
carrier of future human capital it is in society’s interest to reduce 
infant mortality and improve health outcomes.52–54 Regardless of the 
choice of theoretical perspective, it is our expectation that smoking 
rates have decreased more markedly among pregnant women than in 
the general female populations in these four countries.

Methods

Details about data sources, definitions, and time frames are found 
in Table 1. Maternal smoking rates were based on the medical birth 
registries in Finland, Norway, and Sweden and retrieved in open 
databases at the National Institute for Health and Welfare, the 
Norwegian Directorate of Health, and the National Board of Health 
and Welfare, respectively. These registries encompass basically all 
births and information about maternal smoking is based on self-
reports in connection with antenatal care. At the first visit (usually 
week 8–12), women are asked about their whether they smoked and, 
if so, number of cigarettes per day. Smoking status is recorded once 
again in late pregnancy (usually week 30–32).

Smoking rates in the female populations in these three coun-
tries were retrieved from annual surveys of nationally representa-
tive samples of men and women 15/16 years or older. These samples 
may very well include some women who are pregnant, but the vast 
majority will not be. Most of these surveys have been performed 
in a similar fashion for a number of years, but the Swedish survey 
method, content and organization was altered quite extensively in 
2004,55 and we therefore only used data from the National Public 
Health Survey from this point on. The Finnish data are derived from 
an annual national public health survey between 1978 and 2014.  

The Norwegian data are collected as part of a national survey 
about holidays and travels which has been performed quarterly and 
reported annually since 1973.56

Australian data were taken from five National Drug Strategy 
Household Surveys between 2001 and 2013, as shown in Table 1. 
Surveys were collected using a mix of self-completion of question-
naires by drop-and-collect, as well as computer-assisted telephone 
interviews and face to face interview in 2001, drop-and-collect and 
telephone interviews in 2004 and 2007, and only drop-and-collect 
in 2013 in selected households with the household member selected 
at random. The sample sizes have varied between 23 356 and 29 
445 and response rates ranged between 46% and 57%. Weighting 
was used to correct for misrepresentation compared to population 
statistics regarding age, gender, and location.57–61

The Australian data originate entirely from a representative sur-
vey of the population while the data from the other countries are 
derived from a mix of registry data and surveys of the general popu-
lation. In order to help compensate for lack of extensive registry 
data, confidence intervals have been included for the Australian data.

Availability of data varied between the countries in terms of 
years and age groups. The age categories therefore differ some-
what. Moreover, as the data sources were not the same for pregnant 
women and the general female population in Finland, Norway, and 
Sweden, the age categorizations also differ “within” these countries. 
It would have been possible to exclude pregnant women from the 
comparison group in Australia, but we chose not to in order to 
enhance comparability with the other countries. Collection of each 
National Drug Strategy Household Surveys was approved by the 
Australian Institute of Health and Welfare Ethics Committee. For 
the other countries we used aggregate published data exempt from 
institutional review for research on human subjects.

Identification of Smoking Status
In order to avoid problems of definition and to highlight trends, 
we focused on smokers with the greatest regularity or persistency.62 
Persistent smoking was therefore defined as “daily” smoking in the 
general female population or any smoking in late pregnancy among 
pregnant women in Norway, Finland, and Sweden. In Australia, 
females completing the survey were asked if they were pregnant and, 
if so, asked if they consumed a range of alcohol and other drugs while 
pregnant. In 2010 and 2013, this was further refined to differenti-
ate between consumption before and after knowledge of pregnancy. 
Previous analysis has indicated that pre-2010 respondents interpreted 
the question on consumption during pregnancy to mean after knowl-
edge of pregnancy, with a consistent trend found when this option is 
used for 2010 and 2013. Nonrespondents on questions about sub-
stances consumed during pregnancy were assumed to have none and 
the questions on consumption after knowledge of pregnancy were a 
closer equivalent to the more general questions asked in the first three 
surveys. For a justification of these decisions, see Callinan and Room.63

Data Analysis
Rates of persistent smoking among pregnant women and the general 
female population are reported with confidence intervals included 
for the Australian data. Descriptions of daily smoking rates in the 
general female populations were limited to women of childbearing 
age, that is, 16–44  years in Australia, Norway, and Sweden, and 
15–44 years in Finland. Descriptive statistics and figures were gener-
ated in Stata 14 (StataCorp. 2015; Stata Statistical Software, College 
Station, TX).
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Results

As could be expected from other studies,64,65 late-pregnancy smoking 
rates were overall lower than daily smoking in the general female 
populations. However, the difference between these two rates was 
less evident in the youngest age groups.

Looking at each country separately we found that in Finland per-
sistent smoking rates were highest among pregnant women under 25 
throughout the whole time period (Figure 1). This is especially the 
case for pregnant teenagers, where late-pregnancy smoking rates var-
ied between 30% and 40% throughout the period. Late-pregnancy 
smoking among women over 25 did not exceed 12% in any year and 
among the general female population the highest rates of daily smok-
ing were 24%–25%. With decreasing daily smoking among females 
in general and relatively stable late-pregnancy smoking rates we see 
a convergence in persistent smoking between the two main groups. 
At the end of the period we also see a clear polarization between 
late-pregnancy smoking among women under 20 (30%) and 25 or 
older (less than 10%). In between these groups we find a mid-range 
of women aged 20–24 consisting of pregnant women and females 
in general, where rates of persistent smoking ranged from 9% to 
18% in 2013 and 12%–16% in 2014. We also note that smoking 
rates in the general female population are fairly uniform between 
age groups, but due to lack of more refined age categorizations it is 
possible that substantial age differences are concealed.

In Norway, the rate of decline is fairly uniform in all groups 
although starting from different levels (Figure  2). Late-pregnancy 

smoking was equally common among teenagers as daily smoking in 
the general female population under 35, and also showed the highest 
rates of late-pregnancy smoking overall. Daily smoking in the general 
female population declined from over 35% among those over 24 dur-
ing the late 1990s to around 10% in 2014. Around year 2000 approxi-
mately 30% of the youngest women in the population smoked daily, 
but since 2012 the rate has dropped to below 10%. However, as smok-
ing rates have converged the differences in persistent smoking between 
pregnant women and the general female population have decreased in 
all but the youngest age groups. There is also a polarization between 
pregnant women under and over 25. Furthermore, there are more 
pregnant women under 25 who continue to smoke in late pregnancy 
compared to daily smokers among females in the same age group in the 
general population (around 10% compared to 4% in 2014). The low-
est rates of persistent smoking are now found among young women in 
the general population and pregnant women aged 25 or more.

In Sweden, we do not see the same substantial decreases in per-
sistent smoking as in Finland and Norway due to a shorter period 
of observation. However, there has been a general decrease in all 
groups except late-pregnancy smoking among women aged 25 or 
more (varying between 3% and 7% throughout the period). Most 
notable is the decline in daily smoking in the general female popula-
tion aged 30 or over (from 18% to 7%). As shown in Figure 3, per-
sistent smoking is highest among pregnant teenagers (14% and less 
than 10% in all other groups). Even though data were only available 
in broad age categories for the general female population the highest 

Figure 1. Prevalence of any smoking in late pregnancy and daily smoking in 
the female population in Finland by age group.

Figure 2. Prevalence of any smoking in late pregnancy and daily smoking in 
the female population in Norway by age group.

Figure 3. Prevalence of any smoking in late pregnancy and daily smoking in 
the female population in Sweden by age group.

Figure 4. Prevalence of any smoking in late pregnancy and daily smoking in 
the female population in Australia by age group.
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rates of persistent smoking seem to be among the younger women—
regardless of pregnancy status.

Finally, in Australia, there has been a general drop in daily and 
late-pregnancy smoking. The decrease was particularly notable 
among young pregnant women where 29% were smoking in late 
pregnancy in 2001, but by 2010 the rate was down to 11%. Persistent 
smoking was least common among older pregnant women, dropping 
from 16% to 4% during the period. Interestingly, there appears to 
be a recent uptick among younger pregnant women from 11% in 
2010 to 14% in 2013, but this increase, with overlapping confidence 
intervals, is not statistically significant (Figure 4).

Discussion

This study has analyzed developments in smoking among women 
in four industrialized countries which have seen active anti-tobacco 
policies and substantial changes in smoking levels during the past 
decades. The main aim has not been to compare smoking rates 
across countries,18,34 but rather to describe changes in late-pregnancy 
smoking rates and daily smoking in the general female populations 
of childbearing age in each country respectively.

As countries in the fourth phase of a smoking epidemic (see 
introduction) we did indeed see a broad drop in smoking rates. Also, 
as we did expect—and find—that rates of late-pregnancy smoking 
were generally lower than daily smoking rates among nonpreg-
nant women. These trends might be interpreted as a sign of “bio-
political” influence at the societal level, or psychological “readiness” 
at the individual level. However, the results also reveal a marked 
split between age groups; younger women were more likely to be 
persistent smokers, regardless of pregnancy status. In Norway and 
Finland, late-pregnancy smoking was higher among young women 
than late-pregnancy or daily smoking rates in any of the other 
groups. In Sweden, we saw an increasing polarization between age 
groups, regardless of pregnancy status. The stable—and compara-
tively high—late-pregnancy smoking rates in Finland, the possible 
uptick in smoking among young pregnant women in Australia, and 
the slow pace of change among young pregnant women in Sweden 
give cause for concern. We might be witnessing an emerging rise in 
female smoking in general and/or a process of so-called hardening, 
this is, that decreasing smoking rates in general leave a select group 
of smokers with greater psychosocial problems behind.66 Although 
the evidence for hardening has been questioned at the population 
level, researchers have found it to be relevant in certain sub-groups—
such as women and low-income smokers.67

Our findings suggest that young pregnant women are not adapt-
ing to new nonsmoking lifestyles or tobacco policy measures at the 
same pace as their older counterparts are. Developmental psychol-
ogy might offer some answers to why young women, pregnant or 
not, seem to be falling behind: Adolescence and young adulthood 
are often seen as a period when biological, social, and psychological 
transitions increase risky health behaviors and anti-social behavior.68 
At the aggregate level we would then expect to see a certain lag 
in the adoption of new healthy lifestyles compared to older peers. 
This perspective is, however, challenged by developments in a closely 
related area of risk behavior; teenagers and young adults presently 
drink at historically low levels in these countries, while consump-
tion is on the rise in other older age groups.69–73 From a sociologi-
cal point of view, parenthood is increasingly rare among teenagers 
or young adults in these societies and the very youngest mothers-
to-be are likely to be a select group in terms of lifestyle and social 

conditions. The link between young age, pregnancy, and continued 
smoking may, then, reflect the changing demographics of pregnant 
women where young mothers are more likely to come from at-risk 
populations.16,74–76 In other words, young pregnant women could 
represent two sub-groups where hardening may be taking place—
women and low-income smokers.67 Apart from the socioeconomic 
gradient in uptake and cessation of smoking, exposure to tobacco 
industry targeting is a factor to consider74; this is for example the 
case in Sweden (and Norway), where snus manufacturers have tried 
to attract (young) women by introducing flavored snus, in small 
pouches in colorful tins.

Limitations
Two methodological issues arise in the examination of smoking 
rates in a multi-country study as this one: (1) the use of self-reported 
smoking data and the risk of underreporting—particularly among 
pregnant women; and (2) comparability of data between countries 
given the use of different measures, data collection strategies, etc.

Studies from different countries have shown varying reliabil-
ity of self-reported data on maternal smoking. Most studies have 
been based on women being invited to participate, thereby add-
ing problems of selection bias to potential biases associated with a 
research setting.77,78 A study of a large clinical sample in New South 
Wales did, however, find that self-reports of smoking corresponded 
well with breath tests of CO levels.79 Similarly, the validity of self-
reported maternal smoking in registry data have been found to be 
good in Finland,80 Norway,81 and Sweden.77 A possible shortcoming 
in the Australian data is the fact that nonrespondents on questions 
about substance use during pregnancy were assumed to have none. 
However, previous work on these items has indicated that this deci-
sion is a sound one.63

Limitations in comparability between the countries was largely 
related to different data collection strategies, while the measures 
chosen for this study were defined in a similar way in all countries; 
daily smoking among nonpregnant women, and smoking in late 
pregnancy. More importantly, though, this study focuses the relative 
changes in smoking rates between pregnant and general female pop-
ulations within each country, and less on the correct prevalence of 
smoking. The methodological limitations are, then, less prominent.

Conclusion

Our study shows that older mothers are the least likely to smoke 
throughout pregnancy, which probably mirrors higher socioeco-
nomic levels and greater motivation for healthy lifestyles.82 In terms 
of policy impact we would argue that a lot more effort be put on 
reaching young women and young mothers in particular. In addi-
tion to studies on the effectiveness of interventions aimed at other 
(vulnerable) groups,74,83 there is a need for developing and evaluat-
ing smoking cessation measures directed towards young women and 
especially young mothers.

Teenage pregnancies have declined substantially in industrial-
ized countries during the past decades84 and have been “made and 
unmade” as a social problem.85 Instead, there has been an increased 
focus on the risks of postponed maternity.86 This study has hope-
fully contributed to increased awareness that general reductions 
in smoking are not necessarily seen among younger women, par-
ticularly among young mothers. Apart from continued focus on the 
substantial socioeconomic gradients in smoking and inequality in 
health overall, service providers should consider how information, 
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guidelines, and interventions appeal to different age groups. This 
includes the use of language, illustrations, and metaphors, context, 
and not least with which media.
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