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Abstract

Background: Prenatal cigarette smoke exposure may have adverse psychological effects on offspring. The objective
was to assess the association between parental smoking during pregnancy and offspring happiness at age 18, as
well as depression.
Methodology: Participants were part of a birth cohort study in Pelotas, Brazil (5,249 participants). Happiness was
measured by the Subjective Happiness Scale, a Likert-like scale with four questions generating a score from 1 to 7,
with ≥ 6 indicating "happiness". Depression was measured using the Mini International Psychiatric Interview.
Results: About one third of mothers reported having smoked during pregnancy and 4.6% reported smoking 20 or
more cigarettes a day. The prevalence of happiness was 32.2% (95% CI 30.8; 33.7), depression 6.8% (95% CI 6.1;
7.6), and simultaneous happiness and depression less than 1%. The prevalence of offspring happiness decreased as
smoking in pregnancy increased, even after control for confounding variables, showing an OR = 0.79 [95% CI 0.55;
1.13]. The opposite happened to depression; the prevalence of offspring depression increased as smoking in
pregnancy increased (<20 cigarettes/day OR = 1.38 [95% CI 1.03; 1.84] and ≥20 cigarettes/day OR = 2.11[95% CI
1.31; 3.40]. Smoking by the partner was associated with decreased offspring happiness after adjustment for
confounders, but did no show association with offspring depression.
Conclusions: Offspring were less likely to be happy and more likely to be depressed if their mother smoked during
pregnancy, and less likely to be happy if their father smoked during mother’s pregnancy. Although we can not affirm
that this is a “causal pathway”, public policies to reduce smoking in pregnancy could improve the health of the
offspring in the short and long term.
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Introduction

There is evidence that prenatal cigarette smoke exposure
can have short- and long-term adverse psychological effects on
offspring, both in human [1,2] and animal studies [3]. Previous
studies have tended to focus on the association between
cigarette smoke exposure during pregnancy and externalizing
and internalizing behavioural problems. Externalizing
behavioural problems, such as aggression, attention deficits
and substance use in children have all been linked to prenatal
exposure to tobacco smoke [4,5]. It has been demonstrated

that in adults aged 22, externalizing and internalizing problems
are associated with prenatal exposure to tobacco, even after
controlling for potential confounders, such as parental mental
health, alcohol and marijuana exposure, and socio-
demographic variables [1]. However, this association is not
consistent across ages. Other longitudinal assessments of
offspring at ages 4 [6], 5 [7], 10 [8], 14 [9], and 11-13-16 [10]
failed to detect associations with internalizing problems, even
though many showed an association between tobacco
exposure and externalizing and attention problems [6,7,9].
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Recently, there has been a focus on the study of happiness
as a separate phenomenon to depression and internalizing
problems. Happiness is conceptualised as an important
outcome in its own right, distinct from the absence of
depressive disorder, possibly with its own specific causal
mechanisms [11]. It has been demonstrated that lower levels of
happiness and well-being are associated with increased
mortality [12] and greater risk of chronic illnesses [13]. Given
the social and economic impact of poor mental health
worldwide, and growing recognition of the importance of
happiness or “well being”, the value of prevention and early
intervention is highly emphasised [14]. We found no studies
that have assessed the association between prenatal exposure
to tobacco and happiness. Smoking during pregnancy could be
one possible preventable risk factor for the development of
maladaptive emotional functioning among offspring.

There is no consensus in the literature on the underlying
biological pathway involved in the association of maternal
smoking during pregnancy and some outcomes in children or
adolescents. As has been pointed out by several authors
[15–18], one of the difficulties for the interpretation of results
from several studies is to disentangle prenatal exposures
effects from environmental and genetic factors. Animal studies
suggest a direct effect of maternal smoking during pregnancy
and mood changes through a decrease in certain
neurotransmitters as a result of prenatal nicotine exposure.

Using a birth cohort design, the primary aim of this study was
to assess the association between cigarette smoke exposure
during pregnancy with happiness of the teenager at age 18,
taking into account the role of confounding and mediating
factors. Importantly, unhappy people were not considered
necessarily depressed, and happiness and depression were
analysed as two separate outcomes. Depression is associated
with internalizing behavioral problems and can be a very
disabling condition, associated with many negative outcomes,
including impaired social, educational, occupational, and
familial functioning [19].

Methods

In the calendar year of 1993, all deliveries taking place in the
four hospitals of the city of Pelotas, Brazil were monitored. All
mothers who lived in the urban area of the city at that time
were invited to participate in a research project, in which
newborns would be followed up from birth to adult life. All but
16 mothers agreed to take part, resulting in a total cohort size
of 5,249 individuals. Within 24 hours of delivery, mothers
answered a questionnaire and newborns underwent a series of
anthropometric measurements. The questionnaire collected
information on maternal smoking during pregnancy (no, <20
cigarettes per day, ≥20 cigarettes per day), partner smoking
(no, yes), family income (divided into quintiles for analyses),
whether or not the pregnancy was planned, maternal
perception on father’s support during gestation (low,
intermediate, high), maternal alcohol consumption during
pregnancy (no, yes), and type of delivery (vaginal, C-section).

At 11, 15 and 18 years of age, all cohort members were
sought for follow up visits. Out of the 5,249 participants, we

were able to locate 87.5% at 11 years, 85.7% at 15 years and
81.4% at 18 years of age. At the 11 years follow up visit,
mothers answered the Self Report Questionnaire (SRQ) [20].
We used a cut-off point of eight points to classify women as
normal or presenting minor psychiatric disorders within the
previous 30-day period. At the 15 years visit, we administered
the Strengths and Difficulties Questionnaire (SDQ) [21]. This
was answered by mothers and used to judge the adolescent’s
mental health in the 6 months before the interview; it is aimed
at measuring conduct problems, emotional problems and
symptoms of inattention and hyperactivity. These were
classified as normal (0-13 points), borderline (14-16 points) or
abnormal (17-40 points).

At the 18 years visit, we administered the Subjective
Happiness Scale (SHS) [22] for measuring happiness (no time
frame) and the Mini-International Neuropsychiatric Interview
(MINI) for measuring depression within a period of the “last 15
days” [23] to all participants of the cohort. The SHS scale
comprises four questions with answers ranging from 1 to 7, as
follows:

1. In general, I consider myself

  1 (not a very happy person) 2 3 4 5 6 7 (a very happy
person)

2. Compared to most of my peers, I consider myself:

  1 (less happy) 2 3 4 5 6 7 (a very happy person)

3. Some people are generally very happy. They enjoy life
regardless of what is going on, getting the most out of
everything. To what extent does this characterization describes
you?

  1 (not at all) 2 3 4 5 6 7 (a great deal)

4. Some people are generally not very happy. Although they
are not depressed, they never seem as happy as they might
be. To what extent does this describe you?

  1 (not at all) 2 3 4 5 6 7 (a great deal)

For the first three questions, a score of 7 indicates the
‘happiest’ status. Answers to the last question were reversed to
indicate the same. Therefore, the total score ranges from 4 to
28 points. We then calculated the average score for each
participant by simply dividing the total score by four. For
analyses we considered those who obtained a mean value of
six or higher in SHS scale as happy and others as normal-
unhappy [24]. The Cronbach's alpha statistics measured in our
own sample was 0.61.

Regarding the validity of the instruments used in this paper it
should be mentioned that the validity of the SHS was
compared to other similar tests such as Satisfaction with Life
Scale and the Positive Affect Scale, showing a positive
Pearson correlation of 0.66 and a moderate correlation of 0.49,
respectively [25]. The SRQ tool is used to measure basic
anxiety and depression and it has been validated in a Brazilian
sample of 485 subjects with a mean age of 40,04 (SD=15,89)
[26]; it was compared with the DSM-IV-TR as the gold standard
showing a 86.3% of sensitivity, 89.3% of specificity, a
discriminant power of 0.9 for psychiatric screening and a 0.86
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Cronbach’s alpha. The SDQ instrument has been validated in
Brazil [27] and compared with a diagnostic instrument
(Development and Well-Being Assessment) in the Pelotas birth
cohort at 11 years old [28] showing a sensitivity of 78.2%,
specificity of 70.4%, positive predictive value of 48.2%,
negative predictive value of 90.2% and an area under the curve
of 74.0%. The MINI DSM-IV represents an economic option for
identifying diagnostic cases according to international criteria,
in clinical trials and epidemiological studies; it is available in
almost 30 languages, including a Brazilian version [29]. The
depression component of this instrument has been tested
against CID and SCID-P showing the following results,
respectively: 0.73 and 0.84 for kappa statistics, 0.94 and 0.96
for sensibility, 0.79 and 0.88 for specificity, 0.82 and 0.87 for
predictive positive value and 0.93 and 0.97 for predictive
negative value.

Three teenagers fulfilled in exclusion criteria due to mental
disability (they were not eligible for the MINI interview
according to the general manual of procedures of the Pelotas
Birth Cohort); we also had some missing information for the
MINI questionnaire for another 50 teenagers who were
excluded from analyses.

Data analyses included a description of the sample in terms
of perinatal and adolescent variables. For the multivariate
analysis we used logistic regression. The main exposure
variables were maternal and partner smoking during
pregnancy. We ran three different models: unadjusted,
adjusted for confounders only (sex, family income, planned
pregnancy, father support during pregnancy, maternal alcohol
consumption, type of delivery and maternal SRQ when
adolescents were 11 years of age), and adjusted for
confounders and mediator (all variables mentioned before plus
adolescent SDQ at the age of 15 years). A mediator analysis
was carried out using the g-computation formula [30] showing
that from the total effect of smoking intra utero and depression
or happiness more than 75% was explained by the direct effect
and not by the mediator. Although the mediator effect was
small, we opted for maintaining this variable as a mediator in
the model.

Calculations of prevalence of happiness with 95%
confidence intervals were carried out using the SHS test when
the teenager was 18 and the same calculations of prevalence
of depression using the MINI test were performed.

The study protocol was approved by the Federal University
of Pelotas Ethics Committee. Cohort members and their
mothers provided written informed consent prior to each
interview.

Results

Of the 5,249 cohort members, we were able to locate 4,106
participants at 18 years of age; 49.1% of them were men. The
response rate was 81.4%, including those who died before
reaching 18 (n=169).

From the total sample, 4,053 individuals had information for
happiness and depression; 2,510 (61.9%) displayed neither
happiness nor depression, 1,266 (31.3%) presented
happiness, and 251 (6.2%) were depressed only. Of those not

depressed (N = 26), 0.6% were classified as happy, confirming
that happiness is not the same as absence of depression.

Table 1 shows the distribution of the exposure, confounding
and mediating variables. More than half of the mothers
reported that the pregnancy was not planned. The proportion of
mothers reporting high support from the father during
pregnancy was 88%. Only 5.2% reported consuming alcohol
during pregnancy. The proportion of C-sections was 31%. At
the 11 years follow up visit, 31% of the mothers were classified
as presenting minor psychiatric disorders. At 15 years of age,
27% of the adolescents were classified as abnormal in the
SDQ questionnaire. In relation to the main exposure variables,
33% of the mothers reported smoking during pregnancy; only
4.6% reported smoking 20 or more cigarettes per day. The
prevalence of partner smoking was 49.5%

Happiness
Happiness was defined for this analysis as a score of six

points or greater on the SHS scale. Table 2 presents the
association of maternal and partner smoking during pregnancy
with the dichotomised SHS score. In the unadjusted analysis,
there was an inverse dose response association between
maternal smoking and happiness. Adolescents born to mothers
who smoked 20 or more cigarettes per day during pregnancy
presented a 34% reduction in probability of happiness
compared to those born to non-smokers. Those born to lighter
smokers had intermediate levels of risk. There was some
attenuation of the risks after adjustment for confounders, and
further attenuation when the mediator variable (child’s SDQ
score at age 15) was also included, but the reduced risks for
happiness remained statistically significant. Partner smoking
was inversely associated with happiness in the unadjusted
analysis and in the adjusted analysis for confounders, but not
in the model adjusted for the mediator variable.

Depression
Very similar findings were observed for the adolescent

depression outcome (table 3. Partner smoking was associated
with depression in the unadjusted analysis only. Any maternal
smoking during pregnancy was related to an 85% increase in
the odds of depression in the unadjusted analysis. After
adjustment for confounders, the increased odds was equal to
48%, and it was further reduced to 36% after adjustment for the
mediator variable. Again, there was a dose response
association with the amount of cigarettes smoked per day. The
odds of depression for those born to mothers who smoked 20
or more cigarettes per day during pregnancy were 178% higher
than for those born to non-smokers in unadjusted analyses.
Odds ratios were reduced, but continued to be significant after
adjustment for confounders and mediator.

Happiness and Depression
Figure 1 illustrates the ratings of the SHS Scale relative to

the prevalence of depression. The lower the score on the SHS
scale, indicating unhappy individuals, the higher the prevalence
of depression (p value for trend = < 0.001).
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Table 1. Sample distribution at 18 years old according to
perinatal characteristics and prevalence of happiness and
depression.

Variable N (%)
Happiness (% and
95% CI)N=4106

Depression (% and
95% CI)N=4053

Sex  p=0.081 p<0.001

Male 2015 (49.1) 30.9 (28.9; 33.0) 3.5 (2.7; 4.3)
Female 2091 (50.9) 33.5 (31.5; 35.5) 10.0 (8.7; 11.3)

Family income
(quintiles)

 p<0.001 p<0.001

1st (lower) 781 (19.4) 26.2 (23.2; 29.3) 8.5 (6.6; 10.5)
2nd 943 (23.4) 31.1 (28.1; 34.0) 9.1 (7.3; 11.0)
3rd 702 (17.4) 30.3 (26.9; 33.7) 7.2 (5.3; 9.0)
4th 811 (20.1) 33.9 (30.6; 37.2) 4.3 (2.9; 5.7)
5th (higher) 797 (19.8) 39.3 (35.9; 42.7) 4.7 (3.2; 6.2)

Planned pregnancy  p<0.001 p=0.020

Yes 1818 (44.3) 35.3 (33.1; 37.5) 5.8 (4.7; 6.9)
No 2286 (55.7) 29.8 (28.0; 31.7) 7.7 (6.6; 8.8)

Partner support
durinlg pregnancy

 p=0.003 p=0.407

A lot 3589 (88.0) 33.1 (31.6; 34.7) 6.7 (5.9; 7.6)
Little 265 (6.5) 25.3 (20.0; 30.5) 6.5 (3.5; 9.4)
None 226 (5.5) 25.7 (20.0; 31.4) 9.1 (5.3; 12.8)

Alcohol use during
pregnancy

 p=0.957 p=0.433

No 3891 (94.8) 32.3 (30.8; 33.7) 6.8 (6.0; 7.6)
Yes 212 (5.2) 32.1 (25.8; 38.4) 8.2 (4.4; 11.9)

Type of delivery  p=0.006 p=0.064

Vaginal 2831 (69.0) 30.9 (29.2; 32.6) 7.3 (4.4; 7.0)
C-section 1275 (31.0) 35.2 (32.6; 37.9) 5.7 (6.4; 8.3)

Mother's SRQ at age
11 years old

 p<0.001 p=0.008

Normal 2723 (69.2) 34.7 (33.0; 36.5) 6.2 (5.2; 7.0)
Deviant 1210 (30.8) 27.2 (24.7; 29.7) 8.5 (6.9; 10.0)

Adolescent's SDQ at
age 15 years old

 p<0.001 p<0.001

Normal 2369 (60.1) 37.4 (35.5; 39.4) 4.6 (3.7; 5.5)
Borderline 518 (13.2) 26.6 (22.8; 30.5) 8.0 (5.6; 10.3)
Case 1050 (26.7) 23.1 (20.6; 35.7) 11.3 (9.4; 13.3)

Mother's smoking
during pregnancy

 p<0.001 p<0.001

No 2757 (67.2) 34.6 (32.9; 36.4) 5.5 (4.6; 6.3)
Yes 1349 (32.8) 27.3 (24.9; 29.7) 9.6 (8.1; 11.2)

Mother's smoking
during pregnancy

 p<0.001 p<0.001

No 2757 (67.2) 34.6 (32.9; 36.4) 5.5 (4.6; 6.3)
<20 cigarettes/day 1158 (28.2) 27.5 (25.0; 30.1) 9.0 (7.3; 10.6)
≥20 cigarettes/day 191 (4.6) 25.8 (19.6; 32.0) 13.8 (8.9; 18.8)

Partner's smoking
during pregnancy*  p<0.001 p=0.001

No 1910 (50.5) 35.5 (27.6; 31.7) 5.5 (4.4; 6.5)
Yes 1871 (49.5) 29.7 (33.3; 37.6) 8.3 (7.0; 9.5)

Total 4106 32.2 (30.8; 33.7) 6.8 (6.1; 7.6)

The 1993 Pelotas Birth Cohort.

*. Variable with the highest missing value (7.9%)

doi: 10.1371/journal.pone.0080370.t001

Discussion

Depression and happiness do not necessarily lie on polar
ends of a single spectrum and may have different underlying
aetiologies. Happiness is conceptualised as an important
outcome in its own right, distinct from the absence of
depressive disorder. It is important to identify which predictors
are common to both outcomes and which are specific to either
one. Our study suggests that maternal smoking in pregnancy is

Table 2. Unadjusted and adjusted analyses between
smoking during pregnancy (mother and partner) and
happiness.

 Unadjusted Adjusted* Adjusted**

Variable OR (95% IC) OR (95% IC) OR (95% IC)
Mother's smoking during
pregnancy

p<0.001 P=0.007 p=0.049

No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 0.71 (0.61; 0.82) 0.79 (0.67; 0.92) 0.83 (0.71; 0.98)
<20 cigarettes/day 0.72 (0.62; 0.83) 0.79 (0.69; 0.93) 0.83 (0.70; 0.99)
≥20 cigarettes/day 0.66 (0.47; 0.92) 0.79 (0.55; 1.13) 0.84 (0.59; 1.22)

Partner's smoking
during pregnancy

p<0.001 p=0.046 p=0.087

No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 0.77 (0.67; 0.88) 0.86 (0.74; 1.00) 0.88 (0.76; 1.02)

The 1993 Pelotas Birth Cohort.
*. Model 1: adjusted for sex, family income at birth, planned pregnancy, partner
support of pregnancy, alcohol use during pregnancy, type of delivery, partner's
smoking during pregnancy and mother's SRQ at age 11 years old
**. Model 2: Model 1 adolescent's SDQ at age 15 years old.
doi: 10.1371/journal.pone.0080370.t002

Table 3. Unadjusted and adjusted analyses between
smoking during pregnancy (mother and partner) and
depression.

 Unadjusted Adjusted* Adjusted**

Variable OR (95% IC) OR (95% IC) OR (95% IC)
Mother's smoking during
pregnancy

P<0.001 P=0.001 P=0.008

No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 1.85 (1.45; 2.36) 1.48 (1.13; 1.94) 1.36 (1.04; 1.79)
<20 cigarettes/day 1.70 (1.31; 2;21) 1.38 (1.03; 1.84) 1.27 (0.95; 1.71)
≥20 cigarettes/day 2.78 (1.78; 4.35) 2.11 (1.31; 3.40) 1.89 (1.16; 3;08)

Partner's smoking
during pregnancy

P=0.001 P=0.150 P=0.157

No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 1.56 (1.20; 2.02) 1.23 (0.93; 1.63) 1.23 (0.92; 1.63)

The 1993 Pelotas Birth Cohort.
*. Model 1: adjusted for sex, family income at birth, planned pregnancy, partner
support of pregnancy, alcohol use during pregnancy, type of delivery, partner's
smoking during pregnancy and mother's SRQ at age 11 years old
**. Model 2: Model 1 adolescent's SDQ at age 15 years old.
doi: 10.1371/journal.pone.0080370.t003
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important for both outcomes – increasing the risk for
depression and decreasing the probability of happiness.
Adolescents whose mothers and fathers had smoked during
pregnancy were 21% and 14% less likely to be happy,
according to the SHS scale, compared to mothers and fathers
who did not smoke, after controlling for confounders. Our data
also reveal a clear and robust association between prenatal
maternal smoking and offspring depression at 18 years. The
results remained significant after control for a range of possible
confounding and mediating variables. Notably, adjustment for
confounders such as maternal mental health at age 11 and
mediator such as the child’s own adjustment difficulties at age
15 (total emotional, conduct, hyperactive and peer problems)
did not explain the association between maternal smoking
during pregnancy and offspring depression at 18. Given this,
and the fact that only the mother’s smoking (not the father’s
smoking) predicted offspring depression, it is “plausible” to
think there is a direct biological pathway between tobacco
smoke exposure in utero and depressive illness in late
adolescence.

It should be highlighted that our study revealed a high
prevalence of minor psychiatric disorders (SRQ) among
mothers (31%) and abnormal SDQ cases among teenagers
(27%). Similar rates in Brazil have been reported in other
papers. A systematic review of mental disorders in the Brazilian
adult population showed a prevalence ranging from 20% to
56%, affecting mainly women [31].

Several limitations of the present study should be noted.
Women who smoke and do not quit while pregnant may be
more likely to have pre-existing psychopathology such as
depression, and the link with the offspring outcomes therefore
might be due to pre-existing maternal mental illness and not
due to smoke exposure. We did not evaluate maternal mental
health during pregnancy and so could not test this hypothesis
directly. However, because depression is a highly recurrent
illness and the number of previous episodes increases
vulnerability of further episodes, mainly among women [32,33],
we adjusted our analysis for mother’s mental health at the
follow-up of 11 years old as a potential confounder. The results
showed that the association between smoking exposure and
adolescent outcomes remained significant, even taking into
account maternal mental health at age 11. We recognize that
the absence of a measure of mental health during pregnancy is
a limitation of our findings; the adjustment for the SRQ 11
years after pregnancy was based on the hypothesis that
depression is a recurrent illness and this measure could be a
proxy of previous psychiatric disorders.

While there is no consensus in the literature about whether
prenatal exposure to tobacco has a causal effect on mood and
functioning, the possible biological mechanisms may involve
reduced cerebrocortical binding of paroxetine (PXT), a marker
for the serotonin (5HT) transporter, implicated in depression
[34–36]. Rat studies suggest specific possible mechanisms.
One study using rats demonstrated that prenatal nicotine
exposure led to a persistent reduction of dopamine turnover in

Figure 1.  Happiness Relative to the Prevalence of Depression.  The 1993 Pelotas Birth Cohort.
doi: 10.1371/journal.pone.0080370.g001
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the forebrain, as well as significant reductions of serotonin
turnover in the forebrain (PD22) and cerebellum (PD22)
[35,37]. Nicotine is a neuroteratogen that targets synaptic
function during critical developmental stages and recent rat
studies indicate that Central Nervous System (CNS)
vulnerability extends into adolescence. Fetal nicotine exposure
in rats (gestational days 4-21) decreased the cerebrocortical
binding of paroxetine (PXT), a marker for the serotonin
transporter, likely indicative of a decrease in nerve terminals in
that region; the effect lasted into adulthood. These results
indicate that both fetal and adolescent nicotine exposure elicit
apparent damage to serotonin projections with reactive
increases in regions containing serotonin cell bodies [36].

However, studies on human beings are inconclusive about
the effects on maternal smoking during pregnancy on offspring
psychopathology, because the designs used in most studies
(including our own) do not include measures of all factors that
influence mother’s characteristics and behaviour during
pregnancy, which are inherited by offspring. It is possible that
the associations observed in epidemiological studies could be
accounted for by genetic pathways, whereby heritable factors
influence both maternal predisposition to experiencing stress,
anxiety, continuation of smoking during pregnancy, and
offspring outcomes. In humans, such effects are difficult to rule
out without the use of experimental or genetic designs [38] and
prospective epidemiological studies might not be able do
address this issue [18].

Another limitation of the present study is that the use of other
prenatal substances was not controlled for, for example, the
evaluation of alcohol was only about consumption without
further details. It is known that exposure to marijuana in utero,
for example, has also been related to long-term effects [8].
Information about trimester-specific smoking could add
understanding about the effects of prenatal exposure to
tobacco, due to critical developmental changes occurring at
specific times during gestation [39]. The information on
smoking was self-reported and not validated by objective
measures such as cotinine in the urine or in the blood. Recall
bias is also possible for the information on partner smoking
since it was investigated at delivery; the information about
partner smoking was also limited due to the fact that the
answer was only “yes” or “no”. Residual confounding cannot be
ruled out in this study; however, the self-related information on
smoking during pregnancy and about the partner probably lead
to conservative results, since the harmful effects of smoking
during pregnancy on the offspring are well known by the
mothers.

One prior study has examined the relationship between
maternal smoking in pregnancy and offspring well-being [40]. In
a cohort of 7,222 children born in Copenhagen in 1959-61, and
traced at 31-33 years old, those whose mothers had smoked
more than 10 cigarettes a day during the last trimester of
pregnancy had a significantly lower probability of high quality of
adult life than those whose mothers were non-smokers (2.7%
lower). This study did not include a multivariate analysis and
quality of life was measured using a questionnaire that included
questions related to happiness. Thus, findings from our own

study about the importance of maternal smoking in pregnancy
for later happiness concords with this prior examination, but it
should be emphasised that “well being” is not necessarily
happiness. Faden et al., studying 3 year old children of
mothers who smoked during pregnancy, found that they had
less well developed language, higher activity level, greater
difficulty of management, fearfulness, decreased ability to get
along with peers, but no effects for levels of happiness.
Happiness was classified as usually happy, occasionally
irritable, and irritable [41]. Prior studies have had mixed results
on the effects of maternal smoking in pregnancy on offspring
depression, but most were limited to childhood [6,7,42,43], and
others focused on adulthood [1,44]. The only study we located
with data on depression in adolescence [10] referred to
‘internalizing’ problems, including factors such as anxiety,
rather than depression specifically. The study included some
2,000 children assessed at ages 11, 13 and 16 years old and
almost one third of the respondents’ mothers had smoked
tobacco during pregnancy. These respondents were at an
increased risk for all outcomes except internalizing problems
(significant odds ratios ranged from 1.40 to 2.97). Control for
confounding factors reduced the strength of all relationships. In
the final model, the strongest relationship was found for
mothers who smoked more than 10 cigarettes a day during
pregnancy and daily smoking in early adolescence (odds ratio:
1.56), but none of the relationships were statistically significant.
Our own finding that depression at age 18 years is strongly
linked to maternal smoking in pregnancy contrasts with results
from this single other study that examined the issue. This
difference in results may be at least in part due to the isolation
of depression as an outcome in our own study rather than a
combination of outcomes described as internalizing problems.

Although our findings showed that offspring were less likely
to be happy if their mothers or fathers smoked during
pregnancy, the information about smoking by the father was
referred by the mother, and it was not known the amount of
cigarettes smoked by the father; therefore we believe that the
most reliable results from this study are those about smoking
during pregnancy by the mother.

Given the inability of human research to adequately account
for all environmental and genetic selection factors, we must be
cautious about conclusions of a “causal effect” from maternal
pregnancy smoke on offspring outcomes. Our findings showed
an “association” between an increase risk for depression and a
decrease in the probability of happiness for offspring whose
mothers smoked during pregnancy, even when adjusted for
potential confounders and a possible mediator, but we can not
conclude that there is a “causal pathway” in this association
due to the design of the study.

Author Contributions

Conceived and designed the experiments: AMBM PCH HG
MCFA FCB. Performed the experiments: AMBM FCW PCH HG
MCFA FCB. Analyzed the data: FCW. Contributed reagents/
materials/analysis tools: JM PCH. Wrote the manuscript:
AMBM JM ML CBM.

Intra-Utero Smoke Exposure and Adolescent Mood

PLOS ONE | www.plosone.org 6 November 2013 | Volume 8 | Issue 11 | e80370



References

1. Cornelius MD, Goldschmidt L, Day NL (2012) Prenatal cigarette
smoking: Long-term effects on young adult behavior problems and
smoking behavior. Neurotoxicol Teratol 34: 554-559. doi:10.1016/j.ntt.
2012.09.003. PubMed: 23000289.

2. Stroud LR, Paster RL, Goodwin MS, Shenassa E, Buka S et al. (2009)
Maternal smoking during pregnancy and neonatal behavior: a large-
scale community study. Pediatrics 123: e842-e848. doi:10.1542/peds.
2008-2084. PubMed: 19403478.

3. Vaglenova J, Birru S, Pandiella NM, Breese CR (2004) An assessment
of the long-term developmental and behavioral teratogenicity of
prenatal nicotine exposure. Behav Brain Res 150: 159-170. doi:
10.1016/j.bbr.2003.07.005. PubMed: 15033289.

4. Abbott LC, Winzer-Serhan UH (2012) Smoking during pregnancy:
lessons learned from epidemiological studies and experimental studies
using animal models. Crit Rev Toxicol 42: 279-303. doi:
10.3109/10408444.2012.658506. PubMed: 22394313.

5. Wakschlag LS, Pickett KE, Cook E Jr., Benowitz NL, Leventhal BL
(2002) Maternal smoking during pregnancy and severe antisocial
behavior in offspring: a review. Am J Public Health 92: 966-974. doi:
10.2105/AJPH.92.6.966. PubMed: 12036791.

6. Brion MJ, Victora C, Matijasevich A, Horta B, Anselmi L et al. (2010)
Maternal smoking and child psychological problems: disentangling
causal and noncausal effects. Pediatrics 126: e57-e65. doi:10.1542/
peds.2009-2754. PubMed: 20587678.

7. Robinson M, Oddy WH, Li J, Kendall GE, de Klerk NH et al. (2008) Pre-
and postnatal influences on preschool mental health: a large-scale
cohort study. J Child Psychol Psychiatry 49: 1118-1128. doi:10.1111/j.
1469-7610.2008.01955.x. PubMed: 19017026.

8. Cornelius MD, De Genna NM, Leech SL, Willford JA, Goldschmidt L et
al. (2011) Effects of prenatal cigarette smoke exposure on
neurobehavioral outcomes in 10-year-old children of adolescent
mothers. Neurotoxicol Teratol 33: 137-144. doi:10.1016/j.ntt.
2010.08.006. PubMed: 21256428.

9. Cornelius MD, Goldschmidt L, De Genna NM, Larkby C (2012) Long-
term effects of prenatal cigarette smoke exposure on behavior
dysregulation among 14-year-old offspring of teenage mothers. Matern
Child Health J 16: 694-705. doi:10.1007/s10995-011-0766-0. PubMed:
21380771.

10. Monshouwer K, Huizink AC, Harakeh Z, Raaijmakers QA, Reijneveld
SA et al. (2011) Prenatal smoking exposure and the risk of behavioral
problems and substance use in adolescence: the TRAILS study. Eur
Addict Res 17: 342-350. doi:10.1159/000334507. PubMed: 22116508.

11. Huppert FA (2009) Psychological Well-being: Evidence Regarding its
Causes and Consequences†. Appl Psych Health Wellbeing 1: 137-164.
doi:10.1111/j.1758-0854.2009.01008.x.

12. Koivumaa-Honkanen H, Honkanen R, Viinamäki H, Heikkilä K, Kaprio J
et al. (2000) Self-reported life satisfaction and 20-year mortality in
healthy Finnish adults. Am J Epidemiol 152: 983-991. doi:10.1093/aje/
152.10.983. PubMed: 11092440.

13. Steptoe A, Demakakos P, de Oliveira C, Wardle J (2012) Distinctive
biological correlates of positive psychological well-being in older men
and women. Psychosom Med 74: 501-508. doi:10.1097/PSY.
0b013e31824f82c8. PubMed: 22511728.

14. McGorry P (2013) Prevention, innovation and implementation science
in mental health: the next wave of reform. Br J Psychiatry Suppl 54: s3-
s4. PubMed: 23288498.

15. D'Onofrio BM, Lahey BB, Turkheimer E, Lichtenstein P (2013) Critical
need for family-based, quasi-experimental designs in integrating
genetic and social science research. Am J Public Health 103 Suppl 1:
S46-S55. doi:10.2105/AJPH.2013.301252. PubMed: 23927516.

16. D'Onofrio BM, Van Hulle CA, Waldman ID, Rodgers JL, Harden KP et
al. (2008) Smoking during pregnancy and offspring externalizing
problems: an exploration of genetic and environmental confounds. Dev
Psychopathol 20: 139-164. PubMed: 18211732.

17. Knopik VS (2009) Maternal smoking during pregnancy and child
outcomes: real or spurious effect? Dev Neuropsychol 34: 1-36. doi:
10.1080/87565640802564366. PubMed: 19142764.

18. Rice F, Harold GT, Boivin J, Van den Bree M, Hay DF et al. (2010) The
links between prenatal stress and offspring development and
psychopathology: disentangling environmental and inherited influences.
Psychol Med 40: 335-345. doi:10.1017/S0033291709005911. PubMed:
19476689.

19. Zisook S, Lesser I, Stewart JW, Wisniewski SR, Balasubramani GK et
al. (2007) Effect of age at onset on the course of major depressive
disorder. Am J Psychiatry 164: 1539-1546. doi:10.1176/appi.ajp.
2007.06101757. PubMed: 17898345.

20. Mari JJ, Williams P (1986) A validity study of a psychiatric screening
questionnaire (SRQ-20) in primary care in the city of Sao Paulo. Br J
Psychiatry 148: 23-26. doi:10.1192/bjp.148.1.23. PubMed: 3955316.

21. Goodman R (1997) The Strengths and Difficulties Questionnaire: a
research note. J Child Psychol Psychiatry 38: 581-586. doi:10.1111/j.
1469-7610.1997.tb01545.x. PubMed: 9255702.

22. Lyubomirsky S, Lepper HS (1999) A measure of subjective happiness:
Preliminary reliability and construct validation. Soc Indic Res 46:
137-155. doi:10.1023/A:1006824100041.

23. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J et al.
(1998) The Mini-International Neuropsychiatric Interview (M.I.N.I.): the
development and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. J Clin Psychiatry 59 Suppl 20:
22-57;quiz: 9881538.

24. Piqueras JA, Kuhne W, Vera-Villarroel P, van Straten A, Cuijpers P
(2011) Happiness and health behaviours in Chilean college students: a
cross-sectional survey. BMC Public Health 11: 443. doi:
10.1186/1471-2458-11-443. PubMed: 21649907.

25. Mattei D, Schaefer CE (2004) An investigation of validity of the
subjective happiness scale. Psychol Rep 94: 288-290. doi:10.2466/
pr0.94.1.288-290. PubMed: 15077780.

26. Gonçalves DM, Stein AT, Kapczinski F (2008) [Performance of the
Self-Reporting Questionnaire as a psychiatric screening questionnaire:
a comparative study with Structured Clinical Interview for DSM-IV-TR].
Cad Saude Publica 24: 380-390. doi:10.1590/
S0102-311X2008000200017. PubMed: 18278285.

27. Fleitlich-Bilyk B, Goodman R (2004) Prevalence of child and adolescent
psychiatric disorders in southeast Brazil. J Am Acad Child Adolesc
Psychiatry 43: 727-734. doi:10.1097/01.chi.0000120021.14101.ca.
PubMed: 15167089.

28. Anselmi L, Fleitlich-Bilyk B, Menezes AM, Araújo CL, Rohde LA (2010)
Prevalence of psychiatric disorders in a Brazilian birth cohort of 11-
year-olds. Soc Psychiatry Psychiatr Epidemiol 45: 135-142. doi:
10.1007/s00127-009-0052-2. PubMed: 19381426.

29. Amorim P (2000) Mini International Neuropsychiatric Interview (MINI):
validation of a short structured diagnostic psychiatric interview. Rev
Bras Psiquiatr 22: 106-115. doi:10.1590/S1516-44462000000300003.

30. Daniel RM, De Stavola BL, Cousens SN (2011) gformula: Estimating
causal effects in the presence of time-varying confounding or mediation
using the g-computation formula. STATA J 11: 479-517.

31. dos Santos ÉG, de Siqueira MM (2010) Prevalência dos transtornos
mentais na população adulta brasileira: uma revisão sistemática de
1997 a 2009. J Bras Psiquiatr 59: 238-246. doi:10.1590/
S0047-20852010000300011.

32. Bulloch A, Williams J, Lavorato D, Patten S (2013) Recurrence of Major
Depressive Episodes Is Strongly Dependent on the Number of
Previous Episodes. Depress Anxiety (ahead of print). PubMed:
24038800.

33. Solomon DA, Keller MB, Leon AC, Mueller TI, Lavori PW et al. (2000)
Multiple recurrences of major depressive disorder. Am J Psychiatry
157: 229-233. doi:10.1176/appi.ajp.157.2.229. PubMed: 10671391.

34. Montgomery SA, Mansuy L, Ruth A, Bose A, Li H et al. (2013) Efficacy
and safety of levomilnacipran sustained release in moderate to severe
major depressive disorder: a randomized, double-blind, placebo-
controlled, proof-of-concept study. J Clin Psychiatry 74: 363-369. doi:
10.4088/JCP.12m08141. PubMed: 23656841.

35. Muneoka K, Ogawa T, Kamei K, Muraoka S, Tomiyoshi R et al. (1997)
Prenatal nicotine exposure affects the development of the central
serotonergic system as well as the dopaminergic system in rat
offspring: involvement of route of drug administrations. Brain Res. Dev
Brain Res 102: 117-126. doi:10.1016/S0165-3806(97)00092-8.

36. Xu Z, Seidler FJ, Ali SF, Slikker W Jr., Slotkin TA (2001) Fetal and
adolescent nicotine administration: effects on CNS serotonergic
systems. Brain Res 914: 166-178. doi:10.1016/
S0006-8993(01)02797-4. PubMed: 11578609.

37. Ansari RW, Shukla RK, Yadav RS, Seth K, Pant AB et al. (2012)
Involvement of dopaminergic and serotonergic systems in the
neurobehavioral toxicity of lambda-cyhalothrin in developing rats.
Toxicol Lett 211: 1-9. doi:10.1016/j.toxlet.2012.03.010. PubMed:
22366556.

38. Rutter M, Moffitt TE, Caspi A (2006) Gene-environment interplay and
psychopathology: multiple varieties but real effects. J Child Psychol
Psychiatry 47: 226-261. doi:10.1111/j.1469-7610.2005.01557.x.
PubMed: 16492258.

39. Miller MW (2006) Brain Development: Normal Processes and the
Effects of Alcohol and Nicotine. USA: Oxford University Press.

Intra-Utero Smoke Exposure and Adolescent Mood

PLOS ONE | www.plosone.org 7 November 2013 | Volume 8 | Issue 11 | e80370

http://dx.doi.org/10.1016/j.ntt.2012.09.003
http://dx.doi.org/10.1016/j.ntt.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23000289
http://dx.doi.org/10.1542/peds.2008-2084
http://dx.doi.org/10.1542/peds.2008-2084
http://www.ncbi.nlm.nih.gov/pubmed/19403478
http://dx.doi.org/10.1016/j.bbr.2003.07.005
http://www.ncbi.nlm.nih.gov/pubmed/15033289
http://dx.doi.org/10.3109/10408444.2012.658506
http://www.ncbi.nlm.nih.gov/pubmed/22394313
http://dx.doi.org/10.2105/AJPH.92.6.966
http://www.ncbi.nlm.nih.gov/pubmed/12036791
http://dx.doi.org/10.1542/peds.2009-2754
http://dx.doi.org/10.1542/peds.2009-2754
http://www.ncbi.nlm.nih.gov/pubmed/20587678
http://dx.doi.org/10.1111/j.1469-7610.2008.01955.x
http://dx.doi.org/10.1111/j.1469-7610.2008.01955.x
http://www.ncbi.nlm.nih.gov/pubmed/19017026
http://dx.doi.org/10.1016/j.ntt.2010.08.006
http://dx.doi.org/10.1016/j.ntt.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/21256428
http://dx.doi.org/10.1007/s10995-011-0766-0
http://www.ncbi.nlm.nih.gov/pubmed/21380771
http://dx.doi.org/10.1159/000334507
http://www.ncbi.nlm.nih.gov/pubmed/22116508
http://dx.doi.org/10.1111/j.1758-0854.2009.01008.x
http://dx.doi.org/10.1093/aje/152.10.983
http://dx.doi.org/10.1093/aje/152.10.983
http://www.ncbi.nlm.nih.gov/pubmed/11092440
http://dx.doi.org/10.1097/PSY.0b013e31824f82c8
http://dx.doi.org/10.1097/PSY.0b013e31824f82c8
http://www.ncbi.nlm.nih.gov/pubmed/22511728
http://www.ncbi.nlm.nih.gov/pubmed/23288498
http://dx.doi.org/10.2105/AJPH.2013.301252
http://www.ncbi.nlm.nih.gov/pubmed/23927516
http://www.ncbi.nlm.nih.gov/pubmed/18211732
http://dx.doi.org/10.1080/87565640802564366
http://www.ncbi.nlm.nih.gov/pubmed/19142764
http://dx.doi.org/10.1017/S0033291709005911
http://www.ncbi.nlm.nih.gov/pubmed/19476689
http://dx.doi.org/10.1176/appi.ajp.2007.06101757
http://dx.doi.org/10.1176/appi.ajp.2007.06101757
http://www.ncbi.nlm.nih.gov/pubmed/17898345
http://dx.doi.org/10.1192/bjp.148.1.23
http://www.ncbi.nlm.nih.gov/pubmed/3955316
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01545.x
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01545.x
http://www.ncbi.nlm.nih.gov/pubmed/9255702
http://dx.doi.org/10.1023/A:1006824100041
http://www.ncbi.nlm.nih.gov/pubmed/9881538
http://dx.doi.org/10.1186/1471-2458-11-443
http://www.ncbi.nlm.nih.gov/pubmed/21649907
http://dx.doi.org/10.2466/pr0.94.1.288-290
http://dx.doi.org/10.2466/pr0.94.1.288-290
http://www.ncbi.nlm.nih.gov/pubmed/15077780
http://dx.doi.org/10.1590/S0102-311X2008000200017
http://dx.doi.org/10.1590/S0102-311X2008000200017
http://www.ncbi.nlm.nih.gov/pubmed/18278285
http://doi:10.1097/01.chi.0000120021.14101.ca
http://www.ncbi.nlm.nih.gov/pubmed/15167089
http://dx.doi.org/10.1007/s00127-009-0052-2
http://www.ncbi.nlm.nih.gov/pubmed/19381426
http://dx.doi.org/10.1590/S1516-44462000000300003
http://dx.doi.org/10.1590/S0047-20852010000300011
http://dx.doi.org/10.1590/S0047-20852010000300011
http://www.ncbi.nlm.nih.gov/pubmed/24038800
http://dx.doi.org/10.1176/appi.ajp.157.2.229
http://www.ncbi.nlm.nih.gov/pubmed/10671391
http://dx.doi.org/10.4088/JCP.12m08141
http://www.ncbi.nlm.nih.gov/pubmed/23656841
http://dx.doi.org/10.1016/S0165-3806(97)00092-8
http://dx.doi.org/10.1016/S0006-8993(01)02797-4
http://dx.doi.org/10.1016/S0006-8993(01)02797-4
http://www.ncbi.nlm.nih.gov/pubmed/11578609
http://dx.doi.org/10.1016/j.toxlet.2012.03.010
http://www.ncbi.nlm.nih.gov/pubmed/22366556
http://dx.doi.org/10.1111/j.1469-7610.2005.01557.x
http://www.ncbi.nlm.nih.gov/pubmed/16492258


40. Ventegodt S, Flensborg-Madsen T, Anderson NJ, Merrick J (2005)
Factors during pregnancy, delivery and birth affecting global quality of
life of the adult child at long-term follow-up. Results from the
prospective Copenhagen Perinatal Birth Cohort 1959-61.
ScientificWorldJournal 5: 933-941. doi:10.1100/tsw.2005.112. PubMed:
16327937.

41. Faden VB, Graubard BI (2000) Maternal substance use during
pregnancy and developmental outcome at age three. J Subst Abus 12:
329-340. doi:10.1016/S0899-3289(01)00052-9. PubMed: 11452837.

42. Batstra L, Hadders-Algra M, Neeleman J (2003) Effect of antenatal
exposure to maternal smoking on behavioural problems and academic

achievement in childhood: prospective evidence from a Dutch birth
cohort. Early Hum Dev 75: 21-33. doi:10.1016/j.earlhumdev.
2003.09.001. PubMed: 14652157.

43. Carter S, Paterson J, Gao W, Iusitini L (2008) Maternal smoking during
pregnancy and behaviour problems in a birth cohort of 2-year-old
Pacific children in New Zealand. Early Hum Dev 84: 59-66. doi:
10.1016/j.earlhumdev.2007.03.009. PubMed: 17499944.

44. Liu T, Gatsonis CA, Baylin A, Kubzansky LD, Loucks EB et al. (2011)
Maternal smoking during pregnancy and anger temperament among
adult offspring. J Psychiatr Res 45: 1648-1654. doi:10.1016/
j.jpsychires.2011.08.007. PubMed: 21890149.

Intra-Utero Smoke Exposure and Adolescent Mood

PLOS ONE | www.plosone.org 8 November 2013 | Volume 8 | Issue 11 | e80370

http://dx.doi.org/10.1100/tsw.2005.112
http://www.ncbi.nlm.nih.gov/pubmed/16327937
http://dx.doi.org/10.1016/S0899-3289(01)00052-9
http://www.ncbi.nlm.nih.gov/pubmed/11452837
http://dx.doi.org/10.1016/j.earlhumdev.2003.09.001
http://dx.doi.org/10.1016/j.earlhumdev.2003.09.001
http://www.ncbi.nlm.nih.gov/pubmed/14652157
http://dx.doi.org/10.1016/j.earlhumdev.2007.03.009
http://www.ncbi.nlm.nih.gov/pubmed/17499944
http://dx.doi.org/10.1016/j.jpsychires.2011.08.007
http://dx.doi.org/10.1016/j.jpsychires.2011.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21890149

	Happiness and Depression in Adolescence after Maternal Smoking during Pregnancy: Birth Cohort Study
	Introduction
	Methods
	Results
	Happiness
	Depression
	Happiness and Depression

	Discussion
	Author Contributions
	References


