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Objective   Knowledge of the relationship between psychosocial strain in the work environment and smoking 
during pregnancy is scarce. This study aimed to examine the association between psychosocial job strain and 
change in smoking behavior during pregnancy.
Methods   The cohort included 65 645 pregnancies from the Danish National Birth Cohort (1996–2002), where 
pregnant women were interviewed on job factors and lifestyle during the first and third trimesters. Smoking was 
categorized into non-, non-daily, and daily smoking at each interview. Psychosocial job strain was categorized 
into four groups based on the concept of Karasek’s demand–control model: low strain (reference), passive, active 
and high strain. Associations between psychosocial strain and change in smoking status between the first and 
second interviews were analyzed by multinomial logistic regression, separately for each smoking category at 
first interview.
Results   Non-smoking women exposed to high strain work were more likely to become daily smokers [adjusted 
odds ratio (ORadj) 1.41, (95% confidence interval (CI) 1.08–1.83)] compared to non-smoking women exposed to 
low strain work. Non-smoking women exposed to passive work were more likely to become both non-daily and 
daily smokers [ORadj 1.59 (95% CI 1.21–2.08) and ORadj 1.32 (95% CI 1.03–1.70), respectively]. Daily smoking 
women exposed to high strain work were less likely to decrease their smoking [ORadj 0.57 (95% CI 0.32–0.99)] 
compared to daily smoking women exposed to low strain work.
Conclusions   Psychosocial strain influenced the women’s smoking behavior during pregnancy, especially in job 
types with low control.
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It is well established that smoking during pregnancy is 
detrimental for perinatal health; yet smoking is still com-
mon among pregnant women in several countries (1). In 
Denmark, around 9% of all pregnant women smoke dur-
ing early pregnancy and almost 7% continue throughout 
the pregnancy (2). To help women quit smoking during 
pregnancy it is important to understand which factors 
influence smoking behavior during pregnancy.

Studies among male and non-pregnant female smok-
ers indicate that work conditions, such as stress, are asso-
ciated with smoking intensity, probability of cessation and 
the risk of relapse (3–5). High psychosocial strain at work 
could contribute to continuous smoking in several ways. 
Smoking itself might represent a way of coping with high 
demands in the work situation; its stress-relieving prop-
erties are often stated as a reason for continued smoking 
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(6, 7). Further, experience of high strain at work might 
leave little psychological room for undertaking another 
challenge such a smoking cessation (7).

A majority of women of reproductive age are occu-
pationally active (76%, Denmark, 2015) (8) and spend 
a large part of their time at work, also during pregnancy 
(9). Earlier results from a non-pregnant population on 
the influence of psychosocial work strain might not be 
generalizable to a pregnant population. Pregnant women 
conceivably differ in their motivation to quit smoking 
compared to their non-pregnant counterparts (10, 11). 
At the same time they might face a different setting of 
stressors, and thus, pregnancy might not be seen as a 
possible time to cope with smoking cessation (7). Addi-
tionally, the societal pressure and focus on the need to 
quit smoking could actually make it harder to do so (11).

Earlier research examining work-related psycho-
social strain has reported that high strain is associated 
with continued smoking during pregnancy, however, the 
studies are few (12–15), were done in small populations 
(13, 14), used a cross-sectional design (12), or did not 
distinguish work-related strain from other stressful life 
events (12–15). Lastly, none of the studies examined 
associations between work strain and smaller changes in 
smoking intensity, such as a reduction in the number of 
cigarettes smoked. The only two studies that explicitly 
investigated psychosocial job strain focused on the time-
frame between conception and up until the end of the first 
trimester (14, 15). No studies have investigated potential 
associations after the first trimester. Studying maternal 
smoking behavior for this period of gestation is important 
as women who quit smoking before the third trimester 
show the same risk of low birth weight and preterm birth 
as women who never smoked during pregnancy (16–20).

In the present study, using a large, previously estab-
lished pregnancy cohort – the Danish National Birth 
Cohort (DNBC), we aimed to investigate if psychosocial 
strain at work influenced smoking status between the 
first and the third trimester. We also investigated if the 
likelihood of change depended on the women being a 
non-, non-daily, or daily smoker in the first trimester. We 
hypothesized that women experiencing high psychoso-
cial strain at work were more likely to continue smoking 
or to increase their level of smoking in comparison to 
women experiencing low strain at work.

Methods

Study population

The study population was the DNBC, a nation-wide, 
population-based cohort consisting of 101 042 preg-
nancies, enrolled in 1996–2002 (21). The pregnant 

women were recruited by their general practitioner at 
their first antenatal visit. In Denmark, this normally 
takes place during gestational weeks 6–12, and almost 
all pregnant women undergo maternal healthcare (22). 
Approximately 50% of the general practitioners partici-
pated, and about 60% of the invited pregnant women 
participated in the DNBC (21). To become a part of this 
cohort, the women should be pregnant, intend to carry 
the pregnancy to term, live in Denmark, and be able 
to participate in a telephone interview in Danish. Two 
interviews were conducted during pregnancy – at early 
(12–14 weeks) and late (30–32 weeks) pregnancy. The 
first interview included topics such as maternal health 
habits, medical problems, and medication as well as 
physical and psychosocial working environment. The 
second interview followed up many of these topics.

This study included data from both interviews in 
which a total of 82 646 women participated. For this 
study, the women should be pregnant at both inter-
views, be working, and have valid data on smoking 
behavior and psychosocial job strain exposure (N=67 
408). Unemployed women were not included as the 
questionnaire only addressed demands and control at 
work. Women with missing data on any of the covariates 
included in the subsequent analyses were excluded. The 
final study population included 65 646 pregnancies, with 
complete information on all relevant variables.

Data was pseudo-anonymized before they were 
accessed via Statistics Denmark. Permissions to use and 
store data were obtained from the DNBC and the Dan-
ish Data Protection Agency. Danish legislation requires 
approval from the Ethical Committee only for use of 
human tissue; hence, no ethical approval was needed.

Outcome – change in smoking behavior during pregnancy

The main outcome of interest was change in smoking 
behavior between the first and the second interview. We 
additionally investigated change in smoking prior to 
the first interview. There were three questions on smok-
ing behavior in the first interview: “Did you smoke at 
any time during your pregnancy?”, “Are you smoking 
right now?”, and “Have you smoked at any time during 
pregnancy, including very first time after conception?”. 
In the second interview, the questions were: “Have you 
been smoking since the last interview?” and “Are you 
smoking right now?”. An affirmative answer to these 
questions led to a follow-up question where the par-
ticipant was asked to quantify the number of cigarettes 
smoked and if the smoking was daily or non-daily. The 
information on number of cigarettes was not usable for 
this study due to the low quality of the data. Smoking 
during pregnancy was therefore categorized at both the 
first and second interviews as follows: (i) non-smoking, 
(ii) non-daily smoking, and (iii) daily smoking. For each 
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of these smoking strata at the first interview, the women 
could either maintain their smoking level, decrease or 
increase their levels until the second interview.

Exposure - Psychosocial strain at work

The women’s psychosocial working environment 
was estimated according to the concept of Karasek's 
demand–control model (23). Information on the demand 
and control dimensions of the model was extrapolated 
from the first interview in the DNBC based on the 
questions: “Do you have too many tasks at your work?” 
(denoting the demand dimension) and “Do you have 
the possibility to influence your work tasks and work-
ing conditions?” (denoting the control dimension). The 
questions could be answered with seldom, sometimes, 
and often. The questions were combined according to 
these responses into four categories of psychosocial 
strain: (i) low (low demands, high control), which served 
as the reference category, (ii) passive (low demands, 
low control), (iii) active (high demands, high control) 
and lastly (iv) high (high demands, low control) strain 
(23). Figure 1 depicts how the categorization was done 
according to the answers listed above.

Covariates

The following covariates were decided a priori and 
retrieved from the first DNBC interview: maternal age 
at conception (categorized in the models: <25, 25–29, 
30–34, and ≥35 years), maternal body mass index (BMI) 
before pregnancy (<18.5, 18.5–<25, 25–<30, and ≥30 
kg/m2), parity/number of previous children (0, 1 and 
≥2), socio-economic position derived from self-reported 
job titles (high educational level, medium educational 
level, skilled work, unskilled work, student), exposure to 
second-hand smoke/partner smoking (no exposure, non-
daily exposure, daily exposure), and exposure to passive 
smoking (in this case partner’s smoking). We chose to 
included partner’s smoking rather than cohabiting sta-
tus as this was considered to have a larger influence on 
smoking habits.

Statistical analyses

The associations between psychosocial job strain and 
smoking behavior between the first and the second inter-
view were explored using multinomial logistic regres-
sions generating odds ratios (OR) and 95% confidence 
intervals (CI), to account for the three possible outcomes 
(no change, decrease or increase in smoking level). The 
three strata of smoking status at the first interview (non-
smoking, non-daily smoking and daily smoking) were 
analyzed separately, with no change in smoking habit 
considered the reference category. In all analyses, the 

different categories of psychosocial strain were com-
pared to low strain. All analyses, including the crude 
estimates, were analyzed with a cluster term to account 
for dependency, since some of the women contributed 
with more than one pregnancy in the cohort (N=3483).

Initial models investigated job strain separately, after 
which we included the covariates described above.

To investigate the robustness of the results, we 
also performed the following subgroup analyses to 
investigate if patterns in change in smoking behavior 
differed between the following groups: (i) stratifying 
primiparous from multiparous women and (ii) stratifying 
socio-economic position into high/medium education 
and skilled/unskilled work (excluding students). Lastly, 
we also investigated the odds of quitting smoking at any 
time before the second interview, among the women 
having smoked at any time during pregnancy (including 
both the period prior to the first interview and between 
the first and second interviews). Conventional logistic 
regression analyses were used for these analyses as the 
women were only asked whether or not they had been 
smoking, without specification of the amount smoked. 
All analyses were carried out in Stata version 13.1 
(StataCorp, College Station, TX, USA).

Results

There were 15 900 women (24.2%) stating that they had 
smoked during pregnancy prior to the first interview. The 
daily smoking prevalence was 13.6% and 13.9% at the 
first and second interview, respectively. Fewer women 
stated that they were non-daily smokers (1.5% and 1.4%, 
respectively). Thus, the rate of any pregnancy smoking 
(both daily and non-daily) was reduced from 24.2% to 
15.1% by the time of the first interview. Table 1 shows 
the baseline characteristics among the included women, 
stratified on smoking status at the first interview. Daily 
smokers were younger, had lower educational levels and 
were more often exposed to daily secondhand smoke by 
their partner, compared to non-smokers (table 1).

Figure 1. Categories of exposure to psychosocial strain according to the 
answers in the Danish National Birth Cohort. Figure originally by Larsen 
et al (36).
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Table 2 shows changes in smoking status between 
the first and second interview. The percentage of women 
who changed their smoking behavior was highest among 
the non-daily smokers, where 76.2% changed their 
smoking behavior until the second interview compared 
to 2.0% and 9.2% among non-smokers and daily smok-
ers, respectively.

For women reporting any smoking during pregnancy 
(also before the first interview), the crude and adjusted 
OR (ORadj) of quitting at any time before the second 
interview are shown in table 3. Compared to the refer-
ence category (low strain), women experiencing high 
strain were less likely to quit smoking [ORadj 0.87 (95% 
CI 0.78–0.98)].

Table 4 shows the crude and ORadj following mul-
tinomial logistic regression analyses performed sepa-
rately for each of the three smoking strata at interview 
1. Non-smoking women experiencing high strain were 
more likely to become daily smokers [ORadj 1.41 (95% 
CI 1.08–1.83)] compared to non-smoking women expe-
riencing low strain; and non-smoking women in the pas-
sive group were more likely to become both non-daily 
and daily smokers [ORadj 1.59 (95% CI 1.21–2.08) and 
ORadj 1.32 (95% CI 1.03–1.70), respectively].

Among non-daily smoking women, there was no 
statistically significant association between psychosocial 
strain and change in smoking behavior, but there was a 
trend toward a lower OR for quitting smoking among 
women exposed to high strain work [ORadj 0.53 (95% 
CI 0.27–1.03)] compared to non-daily smoking women 
exposed to low strain.

Women smoking daily at the first interview were less 
likely to decrease their smoking to non-daily smoking, 
if they were exposed to high psychosocial strain [ORadj 
0.57 (95% CI 0.43–0.99)], compared to women in the 
low strain group. There were no associations between 
psychosocial strain and their likelihood to stop com-
pletely [ORadj 0.99 (95% CI 0.74–1.29)].

All estimates remained more or less unchanged 
after adjustment for potential confounders, except 
for non-smoking women experiencing passive work 
or high psychosocial strain, respectively, where point 
estimates were somewhat lower in the adjusted analy-
ses (table 4).

The subgroup analyses did not reveal notable 
changes to the overall patterns described above, apart 
from widening of some of the confidence intervals due 
to smaller numbers of women (data not shown).

Table 1. Characteristics of women included in study population by 
smoking status at 1st interview. [BMI=body mass index.]

Women  
(N=65 646)

Non-smokers 
(N=55 760)

Non-daily 
smokers 
(N=962)

Smokers 
(N=8924)

N (%) N (%) N (%)
Maternal age at conception (yrs)

<25 5356 (9.6) 145 (15.1) 1466 (16.4)
25–29 23 505 (42.2) 397 (41.3) 3346 (37.5)
30–34 20 379 (46.6) 315 (32.7) 2944 (33.0)
≥35 6520 (11.7) 105 (10.9) 1168 (13.1)

Pre-pregnancy BMI (kg/m2)
<18.5 2058 (3.7) 45 (4.7) 604 (6.8)
18.5–24.9 38 424 (68.9) 700 (72.8) 5755 (64.5)
25–29.9 10 893 (19.5) 159 (16.5) 1817 (20.4)
≥30 4385 (7.9) 58 (6.0) 748 (8.4)

Parity/previous children
0 26 540 (47.6) 519 (54.0) 3965 (44.4)
1 20 859 (37.4) 306 (31.8) 3350 (37.5)
≥2 8361 (15.0) 137 (14.2) 1609 (18.0)

Socio-economic position
High educational level 6758 (12.1) 75 (7.8) 426 (4.8)
Medium educational level 19 556 (35.1) 283 (29.4) 1924 (21.6)
Skilled work 12 287 (22.0) 210 (21.8) 1846 (20.7)
Unskilled work 13 838 (24.8) 330 (34.3) 4206 (47.1)
Student 3321 (6.0) 64 (6.7) 522 (5.9)

Exposed to second-hand smoke a
No 42 582 (76.4) 484 (50.3) 3357 (37.6)
Non-daily 1658 (3.0) 82 (8.5) 154 (1.7)
Daily 11 520 (20.7) 396 (41.2) 5413 (60.7)

Work strain b
Low strain 33 898 (60.8) 550 (57.2) 4582 (51.3)
Passive work 4970 (8.9) 96 (10.0) 1109 (12.4)
Active work 12 646 (22.7) 227 (23.6) 2122 (23.8)
High strain 4246 (7.6) 89 (9.3) 1111 (12.5)

a Partner’s smoking.
b Based on the demand–control model: low demand + low control = passive 

work; high demands + high control = active work; high demands + low con-
trol = high strain; low demands + high control = low strain.

Table 2. Change in smoking status between the first and second inter-
view (N and %), relative to smoking strata in the first interview.

Change in smoking behavior between 1st and 2nd interview N (%)

Non-smoking at 1st interview
Still non-smoking (no change) 54 652 (98.0)
Increase to non-daily smoking 511 (0.9)
Increase to daily smoking 597 (1.1)

Non-daily smoking at 1st interview
Still non-daily smoking (no change) 229 (23.8)
Increase to daily smoking 417 (43.4)
Decrease to non-smoking 316 (32.9)

Daily smoking at 1st interview
Still daily smoking (no change) 8100 (90.8)
Decrease to non-daily smoking 172 (1.9)
Decrease to non-smoking 652 (7.3)

Table 3. Crude and adjusted odds ratios (ORadj) of quitting at any time 
in pregnancy (ie, non-smoker 2nd interview2) provided reporting of any 
smoking during pregnancy in the 1st and the 2nd interview (including 
the time before the first interview). [CI=confidence interval.]

N=15 900 Odds of quitting at any time before 2nd interview

Crude OR (95% CI) ORadj
a (95% CI)

Job strain
Low Reference Reference
Passive 0.78 (0.70–0.86) 0.89 (0.80–1.00)
Active 0.95 (0.88–1.03) 0.94 (0.87–1.02)
High 0.75 (0.67–0.84) 0.87 (0.78–0.98)

a Adjusted for maternal age at conception, body mass index, parity, socio-
economic position and exposure to secondhand-smoke.
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Discussion

In this large national birth cohort, the overall findings 
indicated that psychosocial strain at the workplace influ-
enced smoking behavior during pregnancy, particularly 
among the women who experienced low levels of control 
at work (the passive and high strain categories). Women 
who did not smoke at the first interview were more likely 
to increase their level of smoking if they belonged to 
these two categories of psychosocial strain. High strain 
at work was furthermore linked to a lower propensity to 
reduce smoking if the women were daily smokers at the 
first interview. Our study additionally showed that most 
women who stopped smoking did so in the early part of 
pregnancy (the prevalence of any pregnancy smoking 
reduced from 24.2% to 15.1% before the first interview 
took place), which is in line with earlier findings (24).

The finding that many women increased their 
smoking during pregnancy was somewhat unexpected, 
although there are qualitative findings that support this 
pattern (7). Compared to the other smoking strata, non-
daily smoking women had the largest proportions of 
change in smoking behavior in either direction (32.9% 
decreased and 43.4% increased their smoking). This 
was, however, not statistically significantly related to 
psychosocial job strain in our analyses, possibly due to 
the small numbers in this group. It could be speculated 
that non-daily smoking women are more prone to chang-
ing of smoking behavior before pregnancy, and therefore 
are more likely to change behavior also during preg-
nancy. The non-daily smokers could also reflect women 
who smoked before pregnancy who did not manage 
to quit completely and, thus, resumed smoking during 
pregnancy. From a clinical perspective, this group, even 
though it is small, might be an important target group 
for additional support during pregnancy. Indeed, increas-
ing worry about the upcoming birth has been reported 
as a cause of increased smoking in the later stages of 

pregnancy (7). Also, low levels of support during preg-
nancy has been shown to be linked with a higher risk 
for continued smoking, where a Swedish study found 
instrumental support (ie, access to advice, information 
and practical service) to be the most important for smok-
ing cessation (14). Similarly, the importance of adequate 
maternal healthcare for smoking cessation has also been 
highlighted in a recent review (25). Interestingly, job 
support was not related to the risk of persistent smoking 
in the Swedish study cited above (14).

Among the women who reported not smoking at 
the first interview, 2% increased their level of smoking. 
This proportion was on par with the proportion of daily 
smokers who managed to quit (1.9%) from the first to 
the second interview. Unfortunately, we did not have 
information on smoking before pregnancy in the DNBC. 
We hypothesize that the non-smoking women who 
increased their smoking levels during pregnancy are 
likely women who had stopped smoking before or very 
early in pregnancy and then resumed smoking, rather 
than never-smokers beginning to smoke during preg-
nancy, even though the latter scenario is a possibility: 
an American study found that 3.3% of women who had 
never smoked started smoking when they were pregnant 
(26). The study, however, was performed in a specific 
population of low-income urban women with low edu-
cational attainment. We could not find any reports on 
incident pregnancy smoking in a more representative 
sample or a Nordic population.

Pregnancy is often viewed as a window of opportu-
nity for smoking cessation. Nonetheless, quitting rates 
vary considerably. The majority of the published studies 
show that more than half of the women who smoked dur-
ing pregnancy failed to quit (as reviewed by Schneider 
et al) (27). Generally, the scientific discussion considers 
complete quitting and potential smoking relapse post-
partum (28), but the present study suggests that the 
potential risk for increased smoking or relapse during 
pregnancy should be addressed further.

Table 4. Crude and adjusted odds ratios (ORadj) and 95% confidence intervals (CI) for change in smoking behavior between the 1st and the 2nd 
interview by job strain. Women that were non-smoking, non-daily smoking and daily smoking at the 1st interview were analyzed separately. The 
reference category (ref) in each group is the maintained smoking behavior, ie, no change in smoking status.

Smoking status N (%) Low 
strain 
work

Passive  
work

Active  
work

High strain  
work

Crude OR  
(95% CI)

ORadj
a  

(95% CI)
Crude OR  
(95% CI)

ORadj
a  

(95% CI)
Crude OR  
(95% CI)

ORadj
a  

(95% CI)

Non-smoking 55 760 (84.9)
Increase to non-daily smoking 511 (0.9) ref 1.65 (1.26–2.16) 1.59 (1.21–2.08) 1.22 (0.99–1.50) 1.22 (0.99–1.51) 1.06 (0.75–1.50) 1.03 (0.73–1.46)
Increase to daily smoking 597 (1.1) ref 1.60 (1.25–2.06) 1.32 (1.03–1.70) 0.97 (0.79–1.20) 0.98 (0.80–1.21) 1.68 (1.29–2.18) 1.41 (1.08–1.83)

Non-daily smoking 962 (1.5)
Increase to daily smoking 417 (43.4) ref 1.10 (0.62–1.93) 0.96 (0.53–1.73) 1.49 (0.99–2.23) 1.42 (0.94–2.16) 1.21 (0.71–2.07) 1.09 (0.62–1.89)
Decrease to non-smoking 316 (32.9) ref 1.16 (0.65–2.07) 1.15 (0.64–2.07) 1.20 (0.78–1.85) 1.18 (0.76–1.83) 0.55 (0.29–1.05) 0.53 (0.27–1.03)

Daily smoking 8924 (13.6)
Decrease to non-daily smoking 172 (1.9) ref 0.61 (0.36–1.04) 0.67 (0.39–1.14) 0.70 (0.48–1.03) 0.67 (0.45–0.98) 0.53 (0.30–0.93) 0.57 (0.32–0.99)
Decrease to non-smoking 652 (7.3) ref 0.94 (0.73–1.21) 1.01 (0.78–1.31) 1.01 (0.84–1.24) 0.99 (0.76–1.29) 0.91 (0.70–1.18) 0.99 (0.74–1.29)

a Adjusted for maternal age at conception, body mass index, parity, socio-economic position and exposure to secondhand-smoke.



 Scand J Work Environ Health 2021, vol 47, no 1 75

Mattsson et al

One explanation for this pattern might be that smok-
ing is used as a coping strategy in the handling of 
increased demands (6, 7). The burden to quit then 
becomes two-fold: not only does the woman lose a 
way of coping with stress, but quitting would then 
add another demand to an already strained situation. 
Paradoxically, the pressure to stop smoking could then 
actually reinforce that same habit as smoking is used to 
cope also with this demand (11, 12).

The finding in our study, that women exposed to high 
strain are less likely to quit or decrease their smoking, 
confirms prior research but in a much larger popula-
tion (14, 15). Previous studies of job strain in relation 
to smoking during pregnancy are few and most were 
performed in small populations (12–15). Additionally, 
these studies only considered major changes in smok-
ing behavior such as odds of persistent smoking (14) 
quitters vs non-quitters (15) and abstention fraction, i.e. 
the percentage of non-smokers among pre-pregnancy 
smokers (12). No previous studies have considered non-
daily smoking in their analyses. Exposure classifications 
varied between studies: two studies used the psychoso-
cial strain model according to Karasek with multi-item 
measurements denoting the two dimensions (14, 15). A 
Norwegian study evaluated psychosocial exposure based 
on several independent questions regarding workload 
and opportunities to limit it (12). Lastly, an American 
study applied a composite measure of any type of stress 
(emotional, financial, work-related) (13).

The present study adds new information on the 
influence of psychosocial job strain on smoking behav-
ior during pregnancy. We had information on smoking 
behavior during the third trimester, which is important 
in order to investigate whether any cessation or reduc-
tion in smoking was maintained. We were, furthermore, 
able to investigate if the likelihood of change depended 
on the women’s smoking level early in pregnancy. Other 
strengths of the present study include the longitudinal 
design of the study, the large population and good gen-
eralizability of the results as the women worked in an 
array of different trades, had different educational levels 
and demographic characteristics.

The present study also has several limitations. First, 
all data are based on self-report. Concerns have been 
risen regarding the validity of self-reported data on 
smoking during pregnancy, considering that there is a 
stigma surrounding smoking in this period. This might 
lead women to underreport their true smoking status. 
Nonetheless, a study from Sweden comparing self-
reported smoking to a biomarker of nicotine exposure 
indicated that women tend to report their smoking 
behavior truthfully (29). Thus, we believe that using 
self-reported data on smoking status is justified.

The job strain model could constitute a weakness of 
the study, as only one question was used to reflect each 

of the demand and control dimensions, respectively. We 
are not aware of any studies that have validated the spe-
cific two questions used in our study to capture psycho-
social job strain. Potentially, use of different questions 
might have categorized the women differently, which 
could have changed the results. On the other hand, a 
study validating the use of two single-item measures of 
stress concluded that it had similar validity as the use 
of multi-item measures (30). We also assumed that job 
exposure remained constant throughout pregnancy, since 
data on working conditions were only present in the first 
interview. These conditions could have changed, particu-
larly among those exposed to high strain, if preventive 
measures or work adjustments were implemented.

The complex interplay between work-related strain 
and psychosocial strain in private life also ought to be 
considered. There were no questions in the first DNBC-
interview specifically related to stressors in private 
life; hence, this could not be accounted for. However, 
an Australian study investigating the contribution of 
stress at work and outside work relative to development 
of common mental disorders found that the effect of 
work-stressors could not be explained by co-exposure 
to stressors outside work (31). Also, according to the 
Danish national questionnaire survey ‘The Danish Work 
Environment Cohort Study’, among people who report 
suffering from stress, a much higher frequency report 
that the stress is work-related rather than related to 
private life (32).

Another potential limitation is that the data was col-
lected more than 20 years ago. The rate of pregnancy 
smoking has since decreased from around 23% in 2000 
to 9% in 2017 (2). It is more difficult to evaluate changes 
in the psychosocial work environment. Overall, includ-
ing stress both at and outside of work, stress seems to 
have increased (33, 34). However, according to ‘the 
Danish Work Environment Cohort Study’, indicators of 
neither demand nor control has changed between 2010 
to 2018, indicating that job strain have been relatively 
constant (32). In summary, since pregnancy smoking 
is still prevalent, and psychosocial work strain at best 
levels with the period of data collection, we believe the 
findings from the present study are still likely to have 
bearings on today’s working population, especially 
since there are signs of a rise in smoking in younger 
age groups (35).

The benefits of smoking cessation during pregnancy 
have been established multiple times (16–19). Gener-
ally, women who quit smoking during the first trimester 
have the same risk of giving birth pre-term or to a child 
with low birth weight as a non-smoking woman (16, 
20). They also reduce their risk of placenta previa/abla-
tio, stillbirth and neonatal mortality otherwise associated 
with smoking during pregnancy (24).

In conclusion, this study indicates that exposure 
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to psychosocial strain at work is associated with a 
decreased likelihood of reducing smoking during preg-
nancy, in particular for work types with low control. 
Further studies with more detailed classification of 
smoking habits and work task exposures during preg-
nancy are needed to elucidate the findings. Intervention 
studies would further contribute to determine if there 
are benefits, in terms of change in smoking habits, to 
be gained by an adjustment of the psychosocial work 
environment for pregnant women.

Funding

In this study, the costs associated with access to and 
use of data were covered by a grant from the Dan-
ish Work Environment Research Foundation (grant 
20150018124/3).

The Danish National Birth Cohort was estab-
lished with a significant grant from the Danish 
National Research Foundation. Additional support 
was obtained from the Danish Regional Commit-
tees, the Pharmacy Foundation, the Egmont Foun-
dation, the March of Dimes Birth Defects Founda-
tion, the Health Foundation and other minor grants. 
The DNBC Biobank has been supported by the Novo 
Nordisk Foundation and the Lundbeck Foundation. 
Follow-up of mothers and children have been supported 
by the Danish Medical Research Council (SSVF 0646, 
271-08-0839/06-066023, O602-01042B, 0602-02738B), 
the Lundbeck Foundation (195/04, R100-A9193), The 
Innovation Fund Denmark 0603-00294B (09-067124), 
the Nordea Foundation (02-2013-2014), Aarhus Ideas 
(AU R9-A959-13-S804), University of Copenhagen 
Strategic Grant (IFSV 2012), and the Danish Council 
for Independent Research (DFF – 4183-00594 and DFF 
- 4183-00152).

Competing interests

The authors declare that they have no competing inter-
ests to disclose. All authors have had full access to the 
data presented in the study and take responsibility for the 
integrity of the data and accuracy of the data analysis.

References

1. Lange S, Probst C, Rehm J, Popova S. National, regional, 
and global prevalence of smoking during pregnancy in the 
general population: a systematic review and meta-analysis. 
Lancet Glob Health 2018 Jul;6(7):e769–76. https://doi.
org/10.1016/S2214-109X(18)30223-7.

2. de Wolff MG, Backhausen MG, Iversen ML, Bendix 
JM, Rom AL, Hegaard HK. Prevalence and predictors 

of maternal smoking prior to and during pregnancy in a 
regional Danish population: a cross-sectional study. Reprod 
Health 2019 Jun;16(1):82. https://doi.org/10.1186/s12978-
019-0740-7.

3. Kouvonen A, Kivimäki M, Virtanen M, Pentti J, Vahtera 
J. Work stress, smoking status, and smoking intensity: an 
observational study of 46,190 employees. J Epidemiol 
Community Health 2005 Jan;59(1):63–9. https://doi.
org/10.1136/jech.2004.019752.

4. Kouvonen A, Vahtera J, Väänänen A, De Vogli R, 
Heponiemi T, Elovainio M et al. Relationship between job 
strain and smoking cessation: the Finnish Public Sector 
Study. Tob Control 2009 Apr;18(2):108–14. https://doi.
org/10.1136/tc.2008.025411.

5. Albertsen K, Borg V, Oldenburg B. A systematic review 
of the impact of work environment on smoking cessation, 
relapse and amount smoked. Prev Med 2006 Oct;43(4):291–
305. https://doi.org/10.1016/j.ypmed.2006.05.001.

6. Ebert LM, Fahy K. Why do women continue to smoke in 
pregnancy? Women Birth 2007 Dec;20(4):161–8. https://doi.
org/10.1016/j.wombi.2007.08.002.

7. McCurry N, Thompson K, Parahoo K, O’Doherty E, Doherty 
AM. Pregnant women’s perception of the implementation of 
smoking cessation advice. Health Educ J 2002;61(1):20–31. 
https://doi.org/10.1177/001789690206100103.

8. Statistics Denmark. Erhvervs- og beskæftigelsesfrekvenser 
(ultimo november) efter køn, område, tid, alder og frekvens 
[Occupational and employment frequencies (end of 
November) by frequency, sex, origin, area and time] (In 
Danish). Copenhagen: Statistics Denmark; 2017.

9. Laughlin LL; United States Census Bureau. Maternity Leave 
and Employment Patterns of First-Time Mothers: 1961-2008. 
Washington, D.C.: U.S. Dept. of Commerce, Economics and 
Statistics Administration, U.S. Census Bureau: 2011.

10. Ortendahl M. Predicting lapse when stopping smoking 
among pregnant and non-pregnant women. J Obstet 
Gynaecol  2007  Feb;27 (2) :138–43 .  h t tps : / /doi .
org/10.1080/01443610601113862.

11. Lendahls L, Öhman L, Liljestrand J, Håkansson A. Women’s 
experiences of smoking during and after pregnancy as 
ascertained two to three years after birth. Midwifery 2002 
Sep;18(3):214–22. https://doi.org/10.1054/midw.2002.0312.

12. Wergeland E, Strand K, Bjerkedal T. Smoking in 
pregnancy: a way to cope with excessive workload? Scand 
J Prim Health Care 1996 Mar;14(1):21–8. https://doi.
org/10.3109/02813439608997064.

13. Prusakowski MK, Shofer FS, Rhodes KV, Mills AM. Effect 
of depression and psychosocial stressors on cessation self-
efficacy in mothers who smoke. Matern Child Health J 2011 
Jul;15(5):620–6. https://doi.org/10.1007/s10995-010-0640-
5.

14. Dejin-Karlsson E, Hanson BS, Ostergren PO, Ranstam 
J, Isacsson SO, Sjöberg NO. Psychosocial resources and 
persistent smoking in early pregnancy--a population study 
of women in their first pregnancy in Sweden. J Epidemiol 
Community Health 1996 Feb;50(1):33–9. https://doi.

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29859815&dopt=Abstract
https://doi.org/10.1016/S2214-109X(18)30223-7
https://doi.org/10.1016/S2214-109X(18)30223-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31200725&dopt=Abstract
https://doi.org/10.1186/s12978-019-0740-7
https://doi.org/10.1186/s12978-019-0740-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15598729&dopt=Abstract
https://doi.org/10.1136/jech.2004.019752
https://doi.org/10.1136/jech.2004.019752
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19052042&dopt=Abstract
https://doi.org/10.1136/tc.2008.025411
https://doi.org/10.1136/tc.2008.025411
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16787657&dopt=Abstract
https://doi.org/10.1016/j.ypmed.2006.05.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17904432&dopt=Abstract
https://doi.org/10.1016/j.wombi.2007.08.002
https://doi.org/10.1016/j.wombi.2007.08.002
https://doi.org/10.1177/001789690206100103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17454458&dopt=Abstract
https://doi.org/10.1080/01443610601113862
https://doi.org/10.1080/01443610601113862
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12381425&dopt=Abstract
https://doi.org/10.1054/midw.2002.0312
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8725090&dopt=Abstract
https://doi.org/10.3109/02813439608997064
https://doi.org/10.3109/02813439608997064
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20607376&dopt=Abstract
https://doi.org/10.1007/s10995-010-0640-5
https://doi.org/10.1007/s10995-010-0640-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8762351&dopt=Abstract
https://doi.org/10.1136/jech.50.1.33


 Scand J Work Environ Health 2021, vol 47, no 1 77

Mattsson et al

org/10.1136/jech.50.1.33.

15. Goedhart G, van der Wal MF, Cuijpers P, Bonsel GJ. 
Psychosocial problems and continued smoking during 
pregnancy. Addict Behav 2009 Apr;34(4):403–6. https://doi.
org/10.1016/j.addbeh.2008.11.006.

16. Moore E, Blatt K, Chen A, Van Hook J, DeFranco EA. 
Relationship of trimester-specific smoking patterns 
and risk of preterm birth. Am J Obstet Gynecol 
2016 Jul;215(1):109.e1–6. https://doi.org/10.1016/j.
ajog.2016.01.167.

17. Blatt K, Moore E, Chen A, Van Hook J, DeFranco EA. 
Association of reported trimester-specific smoking 
cessation with fetal growth restriction. Obstet Gynecol 
2015 Jun;125(6):1452–9. https://doi.org/10.1097/
AOG.0000000000000679.

18. Baba S, Wikström AK, Stephansson O, Cnattingius S. 
Changes in snuff and smoking habits in Swedish pregnant 
women and risk for small for gestational age births. BJOG 
2013 Mar;120(4):456–62. https://doi.org/10.1111/1471-
0528.12067.

19. Polakowski LL, Akinbami LJ, Mendola P. Prenatal 
smoking cessation and the risk of delivering preterm 
and small-for-gestational-age newborns. Obstet Gynecol 
2009 Aug;114(2 Pt 1):318–25. https://doi.org/10.1097/
AOG.0b013e3181ae9e9c.

20. McCowan LM, Dekker GA, Chan E, Stewart A, Chappell 
LC, Hunter M et al.; SCOPE consortium. Spontaneous 
preterm birth and small for gestational age infants in women 
who stop smoking early in pregnancy: prospective cohort 
study. BMJ 2009 Mar;338:b1081. https://doi.org/10.1136/
bmj.b1081.

21. Olsen J, Melbye M, Olsen SF, Sørensen TI, Aaby P, 
Andersen AM et al. The Danish National Birth Cohort--its 
background, structure and aim. Scand J Public Health 2001 
Dec;29(4):300–7. https://doi.org/10.1177/14034948010290
040201.

22. Juhl M, Strandberg-Larsen K, Larsen PS, Andersen PK, 
Svendsen SW, Bonde JP et al. Occupational lifting during 
pregnancy and risk of fetal death in a large national cohort 
study. Scand J Work Environ Health 2013 Jul;39(4):335–42. 
https://doi.org/10.5271/sjweh.3335.

23. Karasek R. Job Demands, Job Decision Latitude, and 
Mental Strain: Implications for Job Redesign. Adm Sci Q 
1979;24(2):285. https://doi.org/10.2307/2392498.

24. Cnattingius S. The epidemiology of smoking during 
pregnancy: smoking prevalence, maternal characteristics, 
and pregnancy outcomes. Nicotine Tob Res 2004 Apr;6 
Suppl 2:S125–40. https://doi.org/10.1080/1462220041000
1669187.

25. Riaz M, Lewis S, Naughton F, Ussher M. Predictors of 
smoking cessation during pregnancy: a systematic review 
and meta-analysis. Addiction 2018 Apr;113(4):610–22. 
https://doi.org/10.1111/add.14135.

26. Webb DA, Culhane JF, Mathew L, Bloch JR, Goldenberg 
RL. Incident smoking during pregnancy and the postpartum 
period in a low-income urban population. Public 
Health Rep 2011 Jan-Feb;126(1):50–9. https://doi.
org/10.1177/003335491112600109.

27. Schneider S, Huy C, Schütz J, Diehl K. Smoking cessation 
during pregnancy: a systematic literature review. Drug 
Alcohol Rev 2010 Jan;29(1):81–90. https://doi.org/10.1111/
j.1465-3362.2009.00098.x.

28. Meernik C, Goldstein AO. A critical review of smoking, 
cessation, relapse and emerging research in pregnancy and 
post-partum. Br Med Bull 2015 Jun;114(1):135–46. https://
doi.org/10.1093/bmb/ldv016.

29. 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 
Jan;18(1):79–83. 

30. Littman AJ, White E, Satia JA, Bowen DJ, Kristal AR. 
Reliability and validity of 2 single-item measures of 
psychosocial stress. Epidemiology 2006 Jul;17(4):398–403. 
https://doi.org/10.1097/01.ede.0000219721.89552.51.

31. Clark C, Pike C, McManus S, Harris J, Bebbington P, Brugha 
T et al. The contribution of work and non-work stressors to 
common mental disorders in the 2007 Adult Psychiatric 
Morbidity Survey. Psychol Med 2012 Apr;42(4):829–42. 
https://doi.org/10.1017/S0033291711001759.

32. Numbers and facts about the work environment [webpage]. 
Copenhagen: The National Center for the Working 
Environment; 2020 [accessed 2020-08-24]. Available from: 
https://arbejdsmiljodata.nfa.dk/.

33. Sundhedsstyrelsen. Danskernes Sundhed – Den Nationale 
Sundhedsprofil 2017. [The Health of the Danes - The National 
Health Profile 2017]. Copenhagen, Denmark: 2018.

34. Anne Illemann Christensen OE. Michael Davidsen, Knud 
Juel. Sundhed og sygelighed i Danmark 2010 & udviklingen 
siden 1987. [Health and Disease in Denmark 2010 and the 
development since 1987]. Copenhagen: Statens Institut for 
Folkesundhed, Syddansk Universitet, 2012.

35. Sundhedsstyrelsen. Danskernes ryggevanor - Utviklingen fra 
1994 til 2017. [Smoking in Denmark - Development from 
1994 to 2017]. Copenhagen, Denmark: 2018.

Received for publication: 5 June 2020

https://doi.org/10.1136/jech.50.1.33
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19070436&dopt=Abstract
https://doi.org/10.1016/j.addbeh.2008.11.006
https://doi.org/10.1016/j.addbeh.2008.11.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26827877&dopt=Abstract
https://doi.org/10.1016/j.ajog.2016.01.167
https://doi.org/10.1016/j.ajog.2016.01.167
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26000517&dopt=Abstract
https://doi.org/10.1097/AOG.0000000000000679
https://doi.org/10.1097/AOG.0000000000000679
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23190416&dopt=Abstract
https://doi.org/10.1111/1471-0528.12067
https://doi.org/10.1111/1471-0528.12067
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622993&dopt=Abstract
https://doi.org/10.1097/AOG.0b013e3181ae9e9c
https://doi.org/10.1097/AOG.0b013e3181ae9e9c
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19325177&dopt=Abstract
https://doi.org/10.1136/bmj.b1081
https://doi.org/10.1136/bmj.b1081
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11775787&dopt=Abstract
https://doi.org/10.1177/14034948010290040201
https://doi.org/10.1177/14034948010290040201
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23207454&dopt=Abstract
https://doi.org/10.5271/sjweh.3335
https://doi.org/10.2307/2392498
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15203816&dopt=Abstract
https://doi.org/10.1080/14622200410001669187
https://doi.org/10.1080/14622200410001669187
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29235189&dopt=Abstract
https://doi.org/10.1111/add.14135
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21337931&dopt=Abstract
https://doi.org/10.1177/003335491112600109
https://doi.org/10.1177/003335491112600109
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20078687&dopt=Abstract
https://doi.org/10.1111/j.1465-3362.2009.00098.x
https://doi.org/10.1111/j.1465-3362.2009.00098.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25926615&dopt=Abstract
https://doi.org/10.1093/bmb/ldv016
https://doi.org/10.1093/bmb/ldv016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25895950&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16641618&dopt=Abstract
https://doi.org/10.1097/01.ede.0000219721.89552.51
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21896237&dopt=Abstract
https://doi.org/10.1017/S0033291711001759
https://arbejdsmiljodata.nfa.dk/

