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Abstract
Background While well-established associations exist between socioeconomic conditions and smoking during 
pregnancy (SDP), less is known about social disparities in the risk of continuous SDP. Intersectional analyses 
that consider multiple social factors simultaneously can offer valuable insight for planning smoking cessation 
interventions.

Methods We include all 146,222 pregnancies in Sweden between 2006 and 2016 where the mother smoked at three 
months before pregnancy. The outcome was continuous SDP defined as self-reported smoking in the third trimester. 
Exposures were age, education, migration status and civil status. We examined all exposures in a mutually adjusted 
unidimensional analysis and in an intersectional model including 36 possible combinations. We present ORs with 95% 
Confidence Intervals, and the Area Under the Curve (AUC) as a measure of discriminatory accuracy (DA).

Results In our study, education status was the factor most strongly associated to continuous SDP among women 
who smoked at three months before pregnancy. In the unidimensional analysis women with low and middle 
education had ORs for continuous SDP of 6.92 (95%CI 6.63–7.22) and 3.06 (95%CI 2.94–3.18) respectively compared to 
women with high education. In the intersectional analysis, odds of continuous SDP were 17.50 (95%CI 14.56–21.03) 
for married women born in Sweden aged ≥ 35 years with low education, compared to the reference group of married 
women born in Sweden aged 25–34 with high education. AUC-values were 0.658 and 0.660 for the unidimensional 
and intersectional models, respectively.

Conclusion The unidimensional and intersectional analyses showed that low education status increases odds 
of continuous SDP but that in isolation education status is insufficient to identify the women at highest odds of 
continuous SDP. Interventions targeted to social groups should be preceded by intersectional analyses but further 
research is needed before recommending intensified smoking cessation to specific social groups.
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Background
In Sweden, 8.8% of women smoke three months before 
pregnancy but only 1.9% smoke in pregnancy week 32 [1]. 
Supporting smoking cessation among pregnant women is 
important to improve health outcomes for mothers and 
foetuses [2–7] and to reduce social disparities in perina-
tal health [8].

There is a well-documented socioeconomic gradi-
ent in smoking prevalence during pregnancy. Pregnant 
women with lower education levels tend to have higher 
smoking rates compared to those with higher education. 
Additionally, immigrants from low- and middle-income 
countries often show smoking rates approaching that of 
native women with low education with increasing dura-
tion of residency [9]. Moreover, existing research indicate 
that social factors such as maternal education status and 
migration status are important predictors of successful 
smoking cessation during pregnancy [10] but it is not 
clear whether pregnant smokers with social risk factors 
for continuous smoking should be offered intensified 
smoking cessation support [11].

Most previous reports on social disparities in risk of 
smoking adopt a unidimensional approach that only con-
siders one social dimension at the time [10, 12, 13]. Such 
approaches are implicitly based on the assumption that 
the effect of low education on risk of continuous smoking 
is homogenous among people with different migration 
status or civil status. According to intersectionality the-
ory, social factors interact and this intersectional inter-
action need to be considered when mapping health 
disparities [14]. Different stances towards the use of 
social categories exist within the realm of intersectional 
research. The categorical intersectionality claim that even 
imperfect social categories must be used to monitor and 
address health disparities while anti-categorical inter-
sectionality claims that the use of social factors in public 
health can perpetuate and strengthen social inequalities 
[15]. One way to determine when social factors could be 
considered for individual level interventions is to assess 
the Discriminatory Accuracy (DA) [16, 17], that is a 
quantification of how well a risk factor can discriminate 
individuals that will experience a health hazard from 
those that will not.

In this paper we investigate sociodemographic risk 
factors for continuous smoking through pregnancy. 
We adopt an intersectional perspective that simultane-
ously consider several social dimensions. By doing so, 
we aim to further the understanding of the intersecting 
social factors that influence risk of continuous smok-
ing throughout pregnancy and add evidence on whether 
distinct smoking cessation support should be offered to 
subgroups of pregnant smokers with lower chances of 
quitting smoking.

Methods
Data sources and study population
This study is based on data from the Swedish Medi-
cal Birth Register (MBR), that contains information 
from antenatal care and delivery wards on maternal 
and child health for all women giving birth in Sweden. 
This includes birthweight, maternal BMI, smoking hab-
its, as well as comorbidities. The data is automatically 
transferred and coverage of the Medical Birth Register 
is estimated to be 97–99% during the last 20 years [18]. 
Sociodemographic data on education, income and civil 
status is retrieved from Longitudinal Integrated Database 
for Health Insurance and Labor Market Studies [19] and 
country of birth is retrieved from the Swedish Total Pop-
ulation Register [20].

Starting with the 1,205,562 women giving birth in 
Sweden between 2006 and 2016, we excluded women 
with missing information on smoking status three 
months before pregnancy, women that did not smoke 
three months before pregnancy and women with lack-
ing data on smoking status in the third trimester. We 
further excluded 9,572 women, 6.1%, with missing data 
on sociodemographic variables. 9,521 of these had miss-
ing information on education status. The study sample 
consists of 146,222 women that gave birth in Sweden 
between 2006 and 2016, 12.1% of the birthing popula-
tion in this period, that smoked at three months before 
pregnancy and that had complete sociodemographic 
information and information on smoking status in the 
third trimester. The selection of the study population is 
presented in Fig. 1.

Variables
The outcome variable is self-reported smoking status in 
the third trimester, this is documented by the midwife at 
the antenatal unit at inscription as well as in pregnancy 
week 30–32. The self-reported smoking status in the 
Medical Birth Register corresponds well with cotinine-
levels in serum [21], shows expected associations to peri-
natal health outcomes [7] and has been used extensively 
in research. Our outcome variable is binary, those who 
reported smoking 1–9 cigarettes per day or more than 10 
cigarettes per day were all defined as smokers, those who 
did not report smoking were defined as non-smokers.

Age was categorized into three categories; women aged 
24 years or less, women 25–34 years old and women aged 
35 years or older at the time of delivery. Education status 
was categorized into three categories: low (primary edu-
cation, ≤ 9 years of education), middle (secondary educa-
tion 10–14 years of education) and high (more than two 
years of postsecondary education, > 14 years of educa-
tion). Migration status is categorized into people born 
in Sweden and people born outside Sweden (hereafter 
immigrants). Civil status is dichotomously categorized 
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Fig. 1 Flow chart of the study population
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into people being married or living in registered partner-
ship in one category and unmarried, divorced and wid-
owed people in another category. These variables were 
then used to create the intersectional matrix.

Statistical analysis
In a first step, we present the distribution of continu-
ous smoking in pregnancy week 30–32 in the different 
sociodemographic groups (see Table 1). We then perform 
multiple logistic regression analyses in two consecutive 
models. Model 1 is mutually adjusted for all sociode-
mographic variables assessed in this study. In model 2, 
we created an intersectional matrix that consists of all 
unique combinations of these variables, resulting in 36 
(3 × 3 × 2 × 2) intersectional strata that is the only exposure 
variable in this model. Since each unique combination 
exists in the matrix any potential intersectional interac-
tion between the included variables will lead to improved 
performance in model 2 compared to model 1.

For all models, we calculate the area under the receiver 
operating characteristics curve (AUC) as a measurement 
of DA. The AUC value takes both sensitivity and speci-
ficity into account and is a measure of how accurately a 
model can separate pregnant women that will continue 
smoking during pregnancy from those that will not. The 
AUC can take a value between 0.5, which implies that the 
model does not provide more information than flipping a 
coin, and 1.0, which means that the model perfectly iden-
tifies women with continuous SDP. The following cut-off 
values were adopted as proposed in a previous study: 
(1) ‘absent or very small’ (AUC = 0.5–0.6) (2), ‘moderate’ 
(AUC > 0.6–≤0.7) (3), ‘large’ (AUC > 0.7–≤0.8) and (4) 
‘very large’ (AUC > 0.8) [22].

Model 2, where all combinations of sociodemographic 
variables are represented and eventual interactions are 
captured, would perform better than model 1 if interac-
tions would be present. An increase in AUC in model 2 
thus indicates that statistical interaction between the 
included variables is occurring, whereas overlapping 
confidence intervals for the AUC-values of these models 
implies that such interaction is absent.t.

All analyses are performed using STATA® version MP 
15.1 (StataCorp, College Station, TX).

Results
The sociodemographic distribution of women that con-
tinued to smoke or stopped smoking during pregnancy 
is shown in Table  1. Of the women smoking at three 
months before pregnancy, continuous smoking was more 
common in the oldest (38%) and youngest (33%) age cat-
egories, compared to women aged 25–34 years (29%). 
There was an educational gradient in continuous smok-
ing, 47% of women with < 9 years of education, 29% of 
women with 9–12 years of education and 13% of women 
with more than 12 years of education continued to smoke 
in the third trimester. 32% of immigrants and 31% of 
women born in Sweden continued to smoke. The per-
centage of continuous smokers were 31% both for mar-
ried women and women that were not married.

Odds Ratios (ORs) and AUC-values from model 1 are 
shown in Table  2. In model 1, mutually adjusted for all 
sociodemographic variables as unidimensional factors, 

Table 1 Descriptive statistics and proportion of pregnant people 
still smoking by pregnancy week 32 among 146,122 women that 
smoked 3 months prior to pregnancy and gave birth in Sweden 
between 2006 and 2016

Smoking week 30–32
No Yes
n (%) n (%)

Age
<=25 28,246 (66,89) 13,983 (33,11)
25–34 59,765 (71,08) 24,311 (28,92)
>=35 12,432 (62,42) 7,485 (37,58)
Education
< 9 years 21,984 (53.41) 19,175 (46.59)
9–12 years 55,356 (70.58) 23,077 (29.42)
> 12 years 23,103 (86.76) 3,527 (13.24)
Migration status
Immigrant 17,491 (67.90) 8,268 (32.10)
Swedish 82,876 (68.85) 37,494 (31.15)
Civil status
Married 28,371 (68.98) 12,761 (31.02)
Not married 72,072 (68.58) 33,018 (31.42)

Table 2 Odds ratios from model 1 and AUC-values from model 
1 and model 2
Variable Model 1 Model 2

OR (95%CI) Intersectional
Age Odds Ratios 

from Model 5 
in Table 3

<=25 0.82 (0.80–0.85)
25–35 Ref
>=36 1.70 (1.64–1.76)
Education
< 9 years 6.92 (6.63–7.22)
9–12 years 3.06 (2.94–3.18)
> 12 years Ref
Migration status
Swedish Ref
Immigrant 1.03 (0.99–1.06)
Civil status
Married Ref
Not married 0.95 (0.93–0.98)
AUC (95%CI) 0.658

(0.655–0.661)
0.660
(0.657–0.662)

Odds ratios (OR) and 95% Confidence intervals (CI) from model 1 and AUC-
values with 95% Confidence Intervals from model 1 and 2, results from logistic 
regression with unidimensional social risk factors as explanatory variables and 
continuous smoking at pregnancy week 32 as the outcome. Analysis performed 
among 146,222 women that smoked 3 months prior to pregnancy and gave 
birth in Sweden between 2006 and 2016
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women aged < 25 had lower OR than women aged 25–34, 
and women aged 35 years or more had the highest OR. 
ORs were highest for women with < 9 years of education, 
women with 9–11 years of education had higher ORs 
than women with ≥ 12 years of education. Non-married 
had lower ORs of continuous smoking compared to mar-
ried individuals but no difference was found in odds of 
continuous SDP between people born in Sweden and 
immigrants.

ORs from model 2, where the reference category was 
married women aged 25–34 that were born in Sweden 
and had high education, are presented in Table  3. The 
three strata with highest OR of continuous smoking 
included (1) women aged > 35 years with less than 9 years 
of education, born in Sweden that were married (OR 
17.50, 95%CI 14.56–21.03), (2) women aged > 35 years 
with less than 9 years of education, born in Sweden that 
were not married (OR 16.30, 95%CI 14.17–18.75) and (3) 
immigrant women aged > 35 years with less than 9 years 
of education that were not married (OR 10.22, 95%CI 
8.42–12.47). The three strata with lowest OR for continu-
ous smoking in the third trimester were (1) 25–34 years 
old women that were born in Sweden, that were not mar-
ried and had > 12 years of education, (OR 0.98, 95%CI 
0.87–1.10) (2) 25–34 years old women, born in Sweden 
that were married and had > 12 years of education (ref-
erence group in regression analysis) and (3) women 
younger than 25 years that were born in Sweden, had 
more than 12 years of education and that were married 
(OR 1.15, 95%CI 0.73–1.81).

The AUC increases from 0.658 in model 1 by 0.002 
units to 0.660 in the intersectional model 2, but the 95% 
confidence intervals were overlapping.

Discussion
Main findings
In this study, we report clear educational disparities 
in risk of continuous smoking through pregnancy in 
Sweden. The intersectional stratum including married 
women aged > 35 years with less than 9 years of educa-
tion, born in Sweden had the highest odds of continuing 
smoking during pregnancy. In the unidimensional analy-
sis, educational status has the strongest influence on odds 
of continuous smoking but age category also affected 
these odds. Civil status and migration status, as defined 
in our study, were less relevant for determining an indi-
viduals’ odds of continuing smoking during pregnancy. 
The overlapping confidence intervals of the AUC values 
between the two models indicate an absence of statistical 
interaction between the included variables.

The approach adopted in this study enables us to see 
both the variation between and within broad social cat-
egories. For example, while women aged < 25 had the 
lowest odds of continuous smoking, the intersectional 

analysis revealed that pregnant women in this age group 
that had low education, were married, and born in Swe-
den had an OR > 8 compared to the reference category 
despite their protective age category. All women with 
low education belonged to the intersectional strata with 
highest odds of continuous smoking. Within this group 
of women with low education, OR of continuous smok-
ing compared to the reference category ranged from 6.53 
(5.65–7.53) among young, immigrant women that were 
not married to 17.50 (14.56–21.03) among older, mar-
ried, women born in Sweden. This illustrates the utility of 
an intersectional perspective even when mapping an out-
come like continuous smoking through pregnancy that is 
strongly associated to one social dimension, namely edu-
cation status.

The intersectionality theory has its roots in gen-
der studies and have traditionally adopted qualitative 
research methods [23]. The translation to quantitative 
population health research comes with controversies, for 
example regarding the use of crude social categories [15] 
and difficulties in measuring norms and experiences of 
oppression [23] in register studies. Intersectional schol-
ars may have different views on whether this study should 
qualify as intersectional or not. We claim that this sort of 
research inspired by intersectionality theory can enrich 
population health by deepening understanding of how 
health is affected among people experiencing multiple 
social disadvantages. Furthermore, to challenge the rel-
evance of broad categories such as “immigrants”, “single 
mothers”, “young mothers” or stratifications of education 
status is another reason to perform quantitative research 
inspired by intersectionality theory. The assessment of 
the DA is one part of the critical stance towards socially 
defined categories but is also crucial for determining the 
clinical relevance of sociodemographic risk factors. In 
our study, the ORs were high for some groups but the 
DA was moderate. This cautions against proposals of 
exclusive targeting of health care interventions towards 
groups with increased average risk of continuous smok-
ing. Intersectionality theory is a critical theory aiming at 
eliminating structural causes of inequities in health [23]. 
Therefore, rather than targeted interventions to individu-
als with social risk factors, political actions to ensure 
equitable education should be the first priority.

Relation to previous studies
The educational gradient that we found was similar to a 
Norwegian study that investigated chances of quitting 
smoking in the third trimester among pregnant women 
that smoked in the beginning of pregnancy [24]. A Euro-
pean study based on an online-survey found that low 
educational level and living alone were determinants of 
continuous smoking during pregnancy among women 
smoking before pregnancy [25]. In a systematic review 
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from 2010, low education and being non-white / immi-
grant were factors negatively correlated with successful 
smoking cessation in the included studies [26]. Previous 
results are conflicting with regards to whether high age is 
protective or a risk factor for continuous SDP, according 
to a meta-analysis [10]. Teenage pregnancy is associated 
to both low socioeconomic position [27] and early smok-
ing initiation [28] which are in turn associated to higher 
risk of continuous SDP. In our study, younger mothers 
had the lowest odds of continuous SDP, but we did not 
isolate teenagers in any specific age category. Nicotine 
dependence increases with duration of smoking, and is 
thus associated with more advanced maternal age. This is 
a possible explanation of our finding of increased risk of 
continuous SDP in the older age categories.

In a previous intersectional study of smoking preva-
lence in the general Swedish population, i.e. both preg-
nant and non-pregnant, using the same methodology, a 
similar pattern of smoking prevalence was found albeit 
civil status and migration status had a clear effect on 
smoking status in that study, whereas in our study spe-
cifically focusing on women who smoked at three months 
before pregnancy those variables were not strongly asso-
ciated to increased odds of continuous smoking [22].

We have not identified any previous studies adopt-
ing an intersectional approach to study risk of continu-
ous smoking in late pregnancy among women smoking 
before conception. The intersectional mapping of the 
sociodemographic distribution of continuous smoking 
is therefore novel, as well as the finding of no intersec-
tional interaction. As far as we know, no previous studies 
exist that report the DA of social or other risk factors to 
identify pre-pregnancy smokers at increased risk of con-
tinuous smoking. To put the AUC-value of 0.66 in per-
spective, a previous study examining the determinants 
of Small for Gestational Age in a similar population and 
including the same risk factors reported an AUC-value of 
0.57 [29]. Early pregnancy BMI had an AUC-value of 0.55 
to predict caesarean section, 0.71 to predict macrosomia 
and 0.66 to identify dystocia in a Polish population [30]. 
A model including pre-pregnancy BMI ≥ 30 had an AUC-
value of 0.66 to predict infants born Large for Gestational 
Age in a Swedish study. Clinical risk factors and universal 
HbA1c had AUC-values of 0.72 and 0.75 respectively to 
predict gestational diabetes mellitus [31].

Strengths and limitations
This is a study based on a large database including 
146,222 pregnancies that represent a very large propor-
tion of all pregnancies between 2006 and 2016 in Swe-
den. The sociodemographic data is of high quality and 
has been validated for medical research [20].

A limitation of this study is that 10% were excluded 
due to lacking information on smoking status in the third 

trimester. In the Medical Birth Register, the proportion 
of missing information on smoking in the third trimes-
ter has declined from 27% in 2006 to 12% in 2016, with 
large disparities between different counties. We do not 
know the reasons for missing information, but since the 
problem has prevailed regardless of whether electronic 
or manual transferring of the information it is unlikely 
to be technical [32]. Either the midwives have not asked 
the pregnant woman or abstained from registering the 
information. If the risk of not registering is higher in 
the case of status quo – the woman continues smoking, 
or in the scenario when the woman has ceased smoking 
and thus do not require further interventions is unclear, 
therefore we cannot assess the direction of the bias intro-
duced. In addition, the fact that the smoking is based 
on self-reported information rather than any objective 
measurement implies a risk of bias due to measurement 
error, both for those excluded due to erroneously declar-
ing that they were non-smokers before pregnancy and 
for the outcome. A validation study indicated that 95% of 
non-smokers in the MBR were true non-smokers based 
on serum-cotinine levels and that 88% of self-reported 
smokers in first trimester were also smokers at the time 
of delivery. These figures suggest that the risk of signifi-
cant measurement error in this study is low [21]. There 
is conflicting evidence in relation to whether validations 
are contingent on socioeconomic position. While a study 
from the USA reported that self-reported smoking sta-
tus was less accurate among people with higher educa-
tion than among people with lower education [33], no 
such pattern was found in a Finnish context [34]. In order 
to not end up with too few cases in the intersectional 
strata, we used a dichotomous definition of smoking both 
at three months before pregnancy and during the third 
trimester despite evidence that the intensity of smok-
ing influences perinatal outcomes such as birth weight 
[7]. We chose not to include Swedish smokeless tobacco 
(snus) in this paper since it is not as relevant for perina-
tal outcomes such as birth weight [35]. We unfortunately 
have a relatively high proportion of missing education, 
which is more common among migrants. If this informa-
tion is not missing at random, our complete-case analy-
sis could be biased. If the excluded individuals had low 
education status, which is more common among immi-
grants, and higher rates of continuous SDP, it is possible 
that we underestimated the true association between low 
education status and continuous SDP.

A problem confronted when performing research 
inspired by intersectionality theory that aims at providing 
guidance for public health and clinical interventions is 
the complexity arising when simultaneously considering 
several social dimensions. While from a statistical point 
of view, a large number of intersectional strata can be 
handled [36], this does not overcome the clinical problem 
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that requires sufficiently simple categorizations in order 
to be useful. Therefore, one must balance the need for a 
sufficiently small number of intersectional strata with the 
poor precision that comes with crude categorizations. 
For example, our binary categorization of civil status can 
be criticized for grouping separated, widowed but also 
un-married people that live together into the same cat-
egory as “not married” people. We claim that presently 
being married or in a registered relationship is a proxy for 
a stable relationship and thus grasps some aspects of nor-
mativity. Socioeconomic position can be operationalized 
using proxy variables such as education status, individual 
income, neighbourhood deprivation indices, occupa-
tional status or composite measurements [37]. None of 
the proxy variables are exhaustive in the sense that they 
capture all aspects of socioeconomic position. Education 
status captures broad aspects of socioeconomic position 
since it exerts its effect on health through material, psy-
chosocial and behavioural pathways. The main reason 
for choosing education status is that we consider it the 
socioeconomic factor that is most feasible to ask about in 
a clinical setting. In addition to this, education status is 
less affected by temporal fluctuations during reproduc-
tive years compared to other indices of socioeconomic 
position. By measuring education solely in terms of time 
spent in education, we may underestimate the long-term 
educational status of individuals who pursue higher edu-
cation later in life [38]. This issue is particularly impor-
tant among younger pregnant women.

The dichotomous definition of migration status into 
immigrants and people born in Sweden leads to a large 
heterogeneity within the group of immigrants. Immi-
grants maintain smoking patterns of their previous coun-
tries [39] and smoking rates increase with the length of 
stay in Sweden until reaching the smoking prevalence 
of people born in Sweden with low education and low 
income, with the exception of women from countries 
with very high human development index that showed 
higher smoking rates than women born in Sweden [9].

Implications and future research
Recent perinatal guidelines in Sweden recommend inter-
ventions such as thromboprophylaxis [40] or induction 
of labour [41] for patients with “low socioeconomic sta-
tus” or “origin from Subsaharan Africa”. We argue that an 
intersectional stance is critical when considering social 
targeting in perinatal care. Our results have two principal 
implications for efforts to reduce socioeconomic inequal-
ities in the risk of continuous SDP. According to both the 
unidimensional and intersectional analyses, low educa-
tion is the social risk factor most strongly associated to 
risk of continuous SDP, compared to migration back-
ground, age or marital status. This means that low educa-
tion is associated with continued SDP across all origins, 

age categories and marital status. However, the intersec-
tional analysis shows that the odds of continuing SDP are 
higher when low education is combined with other social 
categories. This combination is outcome specific in the 
sense that the intersection with the highest risk of contin-
ued smoking is not necessarily the intersection between 
the most vulnerable categories across the variables con-
sidered. For example, in our study, older Swedish-born 
women with low education are more likely to continue 
smoking than older foreign-born women with low edu-
cation. Taken together, this indicates that smoking cessa-
tion efforts among women with low education could have 
positive effects in different subgroups, although some 
subgroups may benefit more than others. This finding, 
combined with a moderate AUC value of 0.66, suggests 
that smoking cessation interventions for women with low 
education should be considered with caution, as the risk 
of stigmatisation may be more detrimental than the ben-
efits of smoking cessation. This is particularly important 
as psychosocial stress is particularly harmful for pregnant 
women. In this study we focused on the total effect of the 
social factors on odds of continuous smoking in the third 
trimester among women that smoked at three months 
before pregnancy. There are certainly unmeasured differ-
ences between the women with low education or older 
age, that displayed increased odds of continuous SDP, 
that explain these risk differences. Future studies that 
also target mediators of these associations could provide 
valuable information to guide antenatal smoking cessa-
tion interventions, such factors include discrimination, 
parity [26], pregnancy intention [42], health literacy [43] 
and depression [44].

According to a systematic review, the effectiveness of 
smoking cessation support can be enhanced with more 
intensive smoking cessation counselling outside stan-
dard antenatal care setting or when offering feedback or 
financial incentives [8]. Non-pregnant daily smokers in 
Sweden are recommended qualified smoking cessation 
counselling, i.e. referral to a smoking cessation special-
ist. The National Board of Health suggests that pregnant 
smokers should be offered smoking cessation counselling, 
a less intensive intervention than qualified counselling, 
due to a lack of evidence of improved smoking cessation 
results with qualified counselling compared to standard 
counselling and the higher cost of qualified smoking ces-
sation counselling. Offering qualified smoking cessation, 
with authorized interprets when indicated, to women 
with increased risk of continuous smoking based on the 
social risk factors presented in this study is a possible 
clinical intervention that could be explored in future 
studies.
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Conclusions
There are clear socioeconomic differences in the odds of 
continuous smoking in the third trimester among women 
in Sweden that smoked three months before pregnancy, 
education status being the most important of factors 
included in this study according to both the unidimen-
sional and intersectional models. If intensified smoking 
cessation should be offered to a socially defined group, it 
should be directed to pregnant women with a low educa-
tion. The heterogeneity in odds of continuous SDP even 
in this group, together with the moderate Discriminatory 
Accuracy, implies that potential harming side effects of 
socially targeted interventions must be ruled out before 
recommending such targeted interventions.

Abbreviations
AUC  Area Under the receiver operating characteristic Curve
CI  Confidence Interval
DA  Discriminatory Accuracy
MBR  The Swedish Medical Birth Register
OR  Odds Ratio
SDP  Smoking During Pregnancy

Acknowledgements
AcknowledgmentsWe thank Dr Jesper Petersen for contributing to discussions 
on the design of the study and help with analyses at the initial stages of this 
project.

Author contributions
SAF and JC had the initial idea of the project. SAF, JC, CL and SJP designed 
the study. MR and SJP gathered the data. CL managed data and JC made 
statistical analyses. SAF wrote the draft of the manuscript. SAF, MR, CL and SJP 
interpreted results gave substantial input on the manuscript. All authors have 
approved the last version of the manuscript.

Funding
Open access funding provided by Lund University. This study was supported 
by Swedish Research Council for Health, Working Life and Welfare (FORTE 
number: 2016-0712898). S.P.J. was also supported by the Swedish Council for 
Health, Working Life, and Social welfare (FORTE) (grant number 2021 − 00271) 
and the Swedish Research Council (Vetenskaprådet) (grant number 
2018 − 01825). M.R and CL were also funded by the Swedish Research Council 
(Vetenskaprådet) (grant number 2017–03266).

Data availability
The data that this study is based on are available from the Swedish National 
Board of Health and Welfare, and Statistics Sweden. However, register data 
are protected by rules of confidentiality. Researchers can only access the data 
after a special review that includes ethical approval from the authorities that 
control the data and from regional Ethics Committees. Swedish authorities 
do not provide individual-level data to researchers based in other countries. 
Researchers in other countries are instead advised to collaborate with Swedish 
colleagues in order to gain access to data.

Declarations

Ethics approval and consent to participate
This investigation is included in the research program Studies of Migration 
and Social Determinants of Health (SMASH). This study includes register data 
containing sensitive information on human subjects and was approved by 
Regional Ethical Review Board of Stockholm (decision no. 2017/716 − 31). The 
need for written informed consent was waived by the Regional Ethical Review 
Board of Stockholm due to the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Clinical Sciences Lund, Obstetrics and Gynaecology, Lund 
University, BMC C14. Lund, Lund 22185, Sweden
2Department of Obstetrics and Gynaecology, Ystad Hospital, Ystad, 
Sweden
3Department of Public Health Sciences, Stockholm University, Stockholm, 
Sweden
4Centre for Health Equity Studies (CHESS), Stockholm University/
Karolinska Institutet, Stockholm, Sweden
5Department of Neurobiology, Care Sciences and Society (NVS), Aging 
Research Center (ARC), Karolinska Institutet/Stockholm University, 
Stockholm, Sweden
6Clinical Epidemiology Division, Department of Medicine, Karolinska 
Institutet, Solna, Stockholm, Sweden

Received: 2 March 2024 / Accepted: 18 June 2024

References
1. Skogsdal Y, och Conner P, och Elvander LSLE, Kloow M, Algovik M, Petersson 

KST, Granfors M. Anual Report of the Swedish Pregnancy Register 2022 (Gravi-
ditesregistrets Årsrapport 2022). 2023 2023-09-24.

2. Flenady V, Koopmans L, Middleton P, Frøen JF, Smith GC, Gibbons K, et al. 
Major risk factors for stillbirth in high-income countries: a systematic review 
and meta-analysis. Lancet. 2011;377(9774):1331–40.

3. Källén K. The impact of maternal smoking during pregnancy on delivery 
outcome. Eur J Public Health. 2001;11(3):329–33.

4. Anderson TM, Lavista Ferres JM, Ren SY, Moon RY, Goldstein RD, Ramirez JM 
et al. Maternal smoking before and during pregnancy and the risk of sudden 
unexpected infant death. Pediatrics. 2019;143(4).

5. Banderali G, Martelli A, Landi M, Moretti F, Betti F, Radaelli G, et al. Short and 
long term health effects of parental tobacco smoking during pregnancy and 
lactation: a descriptive review. J Transl Med. 2015;13:327.

6. Philips EM, Santos S, Trasande L, Aurrekoetxea JJ, Barros H, von Berg A, et al. 
Changes in parental smoking during pregnancy and risks of adverse birth 
outcomes and childhood overweight in Europe and North America: an indi-
vidual participant data meta-analysis of 229,000 singleton births. PLoS Med. 
2020;17(8):e1003182.

7. Juárez SP, Merlo J. Revisiting the effect of maternal smoking during preg-
nancy on offspring birthweight: a quasi-experimental sibling analysis in 
Sweden. PLoS ONE. 2013;8(4):e61734.

8. Chamberlain C, O’Mara-Eves A, Porter J, Coleman T, Perlen SM, Thomas J et 
al. Psychosocial interventions for supporting women to stop smoking in 
pregnancy. Cochrane Database Syst Reviews. 2017(2).

9. Klöfvermark J, Hjern A, Juárez SP. Acculturation or unequal assimilation? 
Smoking during pregnancy and duration of residence among migrants in 
Sweden. SSM-population Health. 2019;8:100416.

10. Riaz M, Lewis S, Naughton F, Ussher M. Predictors of smoking cessation 
during pregnancy: a systematic review and meta-analysis. Addiction. 
2018;113(4):610–22.

11. Bauld L, Bell K, McCullough L, Richardson L, Greaves L. The effectiveness of 
NHS smoking cessation services: a systematic review. J Public Health (Oxf ). 
2010;32(1):71–82.

12. Madureira J, Camelo A, Silva AI, Reis AT, Esteves F, Ribeiro AI, et al. The impor-
tance of socioeconomic position in smoking, cessation and environmental 
tobacco smoke exposure during pregnancy. Sci Rep. 2020;10(1):15584.

13. Ekblad M, Gissler M, Korkeila J, Lehtonen L. Trends and risk groups for smok-
ing during pregnancy in Finland and other nordic countries. Eur J Public 
Health. 2014;24(4):544–51.

14. Bowleg L. When Black + Lesbian + Woman ≠ Black Lesbian Woman: the 
Methodological challenges of qualitative and Quantitative Intersectionality 
Research. Sex Roles. 2008;59(5):312–25.

15. McCall L. The complexity of intersectionality. Signs: J Women Cult Soc. 
2005;30(3):1771–800.

16. Merlo J. Multilevel analysis of individual heterogeneity and discrimina-
tory accuracy (MAIHDA) within an intersectional framework. Soc Sci Med. 
2018;203:74–80.



Page 10 of 10Axelsson Fisk et al. BMC Pregnancy and Childbirth          (2024) 24:465 

17. Merlo J, Mulinari S, Wemrell M, Subramanian SV, Hedblad B. The tyranny of 
the averages and the indiscriminate use of risk factors in public health: the 
case of coronary heart disease. SSM Popul Health. 2017;3:684–98.

18. Socialstyrelsen. Det statistiska registrets framställning och kvalitet - Medicin-
ska födelseregistret. https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2021-9-7547.pdf; 2021 2021-09-14.

19. Statistics Sweden. Longitudinal integrated database for health insurance 
and labour market studies (LISA). https://scb.se/contentassets/f0bc88c-
852364b6ea5c1654a0cc90234/lisa-bakgrundsfakta-1990-2017.pdf; 2019.

20. Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaelsson K, Neovius 
M, et al. Registers of the Swedish total population and their use in medical 
research. Eur J Epidemiol. 2016;31(2):125–36.

21. Mattsson K, Källén K, Rignell-Hydbom A, Lindh CH, Jönsson BA, Gustafsson P, 
et al. Cotinine Validation of Self-reported smoking during pregnancy in the 
Swedish Medical Birth Register. Nicotine Tob Res. 2016;18(1):79–83.

22. Axelsson Fisk S, Lindström M, Perez-Vicente R, Merlo J. Understanding 
the complexity of socioeconomic disparities in smoking prevalence in 
Sweden: a cross-sectional study applying intersectionality theory. BMJ Open. 
2021;11(2):e042323.

23. Bauer GR. Incorporating intersectionality theory into population health 
research methodology: challenges and the potential to advance health 
equity. Soc Sci Med. 2014;110:10–7.

24. Rygh E, Gallefoss F, Grøtvedt L. Trends in maternal use of snus and smoking 
tobacco in pregnancy. A register study in southern Norway. BMC Pregnancy 
Childbirth. 2019;19(1):500.

25. Smedberg J, Lupattelli A, Mårdby A-C, Nordeng H. Characteristics of women 
who continue smoking during pregnancy: a cross-sectional study of preg-
nant women and new mothers in 15 European countries. BMC Pregnancy 
Childbirth. 2014;14(1):213.

26. Schneider S, Huy C, Schuetz J, Diehl K. Smoking cessation during pregnancy: 
a systematic literature review. Drug Alcohol Rev. 2010;29(1):81–90.

27. Olausson PO, Haglund B, Weitoft GR, Cnattingius S. Teenage childbearing and 
long-term socioeconomic consequences: a case study in Sweden. Fam Plann 
Perspect. 2001;33(2):70–4.

28. Bennetsen AKK, Faber MT, Nygaard M, Sundström K, Hansen BT, Thomsen 
LT et al. Factors associated with teenage pregnancy in the scandinavian 
countries. Scand J Public Health. 2023:14034948231172819.

29. Axelsson Fisk S, Alex-Petersen J, Rostila M, Liu C, Juárez SP. Social inequalities 
in the risk of giving birth to a small for gestational age child in Sweden 2010-
16: a cross-sectional study adopting an intersectional approach. Eur J Public 
Health. 2023.

30. Misan N, Korszun P, Gruca-Stryjak K, Paczkowska K, Nowak A, Wozniak P, et al. 
Does predelivery body mass index really matter in pregnancy? Ginekol Pol. 
2022;93(11):922–9.

31. Bender W, McCarthy C, Elovitz M, Parry S, Durnwald C. Universal HbA1c 
screening and gestational diabetes: a comparison with clinical risk factors. J 
Matern Fetal Neonatal Med. 2022;35(25):6430–6.

32. Welfare SBoHa. The Construction and Quality of the Statistical Register. 
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelk-
atalog/statistik/2021-9-7547.pdf; 2021.

33. Caraballo RS, Giovino GA, Pechacek TF, Mowery PD. Factors associated with 
discrepancies between self-reports on cigarette smoking and measured 
serum cotinine levels among persons aged 17 years or older: Third National 
Health and Nutrition Examination Survey, 1988–1994. Am J Epidemiol. 
2001;153(8):807–14.

34. Vartiainen E, Seppälä T, Lillsunde P, Puska P. Validation of self reported 
smoking by serum cotinine measurement in a community-based study. J 
Epidemiol Commun Health. 2002;56(3):167.

35. Juárez SP, Merlo J. The effect of Swedish snuff (snus) on offspring birthweight: 
a sibling analysis. PLoS ONE. 2013;8(6):e65611.

36. Evans CR, Leckie G, Merlo J. Multilevel versus single-level regression for the 
analysis of multilevel information: the case of quantitative intersectional 
analysis. Soc Sci Med. 2020;245:112499.

37. Oakes JM, Andrade KE. The measurement of socioeconomic status. Methods 
in social epidemiology2017. pp. 23–42.

38. Khalatbari-Soltani S, Maccora J, Blyth FM, Joannès C, Kelly-Irving M. 
Measuring education in the context of health inequalities. Int J Epidemiol. 
2022;51(3):701–8.

39. Lindström M, Sundquist J. Ethnic differences in daily smoking in Malmö, 
Sweden: varying influence of psychosocial and economic factors. Eur J Public 
Health. 2002;12(4):287–94.

40. Kunskapscentrum Kvinnohälsa EfRS. Tillfällig regional riktlinje för handläggn-
ing av gravid med säkerställd covid-19 på BMM i Skåne 2020 2020-11-26.

41. förlossning NKo. Riktlinje för handläggning i graviditetsvecka 41. https://
www.nationelltklinisktkunskapsstod.se/globalassets/nkk/media/dokument/
kunskapsstod/vardriktlinjer/riktlinje-for-handlaggning-i-graviditetsvecka-41.
pdf; 2021.

42. Yu P, Jiang Y, Zhou L, Li K, Xu Y, Meng F, et al. Association between pregnancy 
intention and smoking or alcohol consumption in the preconception and 
pregnancy periods: a systematic review and meta-analysis. J Clin Nurs. 
2022;31(9–10):1113–24.

43. Vila-Candel R, Navarro-Illana E, Mena-Tudela D, Pérez-Ros P, Castro-Sánchez E, 
Soriano-Vidal FJ et al. Influence of Puerperal Health Literacy on Tobacco Use 
during pregnancy among Spanish women: a transversal study. Int J Environ 
Res Public Health. 2020;17(8).

44. Zhu SH, Valbø A. Depression and smoking during pregnancy. Addict Behav. 
2002;27(4):649–58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2021-9-7547.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2021-9-7547.pdf
https://scb.se/contentassets/f0bc88c852364b6ea5c1654a0cc90234/lisa-bakgrundsfakta-1990-2017.pdf
https://scb.se/contentassets/f0bc88c852364b6ea5c1654a0cc90234/lisa-bakgrundsfakta-1990-2017.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2021-9-7547.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2021-9-7547.pdf
https://www.nationelltklinisktkunskapsstod.se/globalassets/nkk/media/dokument/kunskapsstod/vardriktlinjer/riktlinje-for-handlaggning-i-graviditetsvecka-41.pdf
https://www.nationelltklinisktkunskapsstod.se/globalassets/nkk/media/dokument/kunskapsstod/vardriktlinjer/riktlinje-for-handlaggning-i-graviditetsvecka-41.pdf
https://www.nationelltklinisktkunskapsstod.se/globalassets/nkk/media/dokument/kunskapsstod/vardriktlinjer/riktlinje-for-handlaggning-i-graviditetsvecka-41.pdf
https://www.nationelltklinisktkunskapsstod.se/globalassets/nkk/media/dokument/kunskapsstod/vardriktlinjer/riktlinje-for-handlaggning-i-graviditetsvecka-41.pdf

	Intersectional socioeconomic disparities in continuous smoking through pregnancy among pre-pregnant smokers in Sweden between 2006 and 2016
	Abstract
	Background
	Methods
	Data sources and study population
	Variables
	Statistical analysis

	Results
	Discussion
	Main findings
	Relation to previous studies
	Strengths and limitations
	Implications and future research

	Conclusions
	References


