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ABSTRACT

To describe the smoking habits of the mothers
participating in the INMA (INfancia y Medio
Ambiente or Childhood and the Environment)
cohort of Valencia and to determine which occu-
pational factors are associated with smoking
cessation during pregnancy. Cohort study com-
prising 855 pregnant women from Health Ser-
vice Areas 6 and 7 was set up in the Auto-
nomous Region of Valencia, Spain. Data on
smoking and smoking cessation during preg-
nancy, and on sociodemographic and work re-
lated variables were collected through struc-
tured questionnaires at the first and third tri-
mester of pregnancy. Multivariate logistic reg-
ression models were constructed to assess fac-
tors related to smoking at the beginning of the
pregnancy and to continued smoking. 787 wo-
men followed in the project and completed all
the data. Among them 40.9% smoked at the
beginning of pregnancy and 56.2% continued
until gestational week 32. Time and effort spent
on housework was associated with smoking at
the beginning of pregnancy while stress in the
workplace related variables contributed to both
the prevalence of smoking at the beginning of
the pregnancy and the persistence in the habit
throughout pregnancy. We found a high preva-
lence of smoking among the pregnant mothers.
Both, conditions in the workplace, as well as the
burden of housework were found to be risk
factors for smoking and not quitting during
pregnancy. These factors should be taken into
account when developing health programs de-
sighed to encourage the incorporation of heal-
thy habits into the lives of pregnant women.
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1. INTRODUCTION

Smoking during pregnancy can have deleterious ef-
fects on reproductive outcomes [1], such as delays in
fetal growth and development; a contribution to later re-
spiratory problems; neurobehavioral effects such as
cognitive deficits and/or Attention Deficit/Hyperactivity
Disorder (ADHD), and metabolic problems such as obe-
sity, in the subsequent development of the child [2]. Some
physiopathological pathways known to be implicated in
these disorders go from functional disturbances of the
placenta up to the direct and indirect toxic effect of cer-
tain components of cigarette smoke (mainly nicotine and
cadmium) on the fetal brain, lungs and pancreas. In spite
of this, exposure to tobacco smoke, both in the fetal
period as well as in passive form during childhood, is
probably one of the most common and dangerous ex-
posures to pollution in the first years of life [3].

Among pregnant Spanish women, smoking prevalence
is high in comparison with other European countries
[4,5]. According to the health survey carried out in the
Autonomous Region of Valencia in 2005, approximately
35% of women in their reproductive years were smokers
[6].

Factors such as low socioeconomic [7] or educational
levels [4], longer periods of smoking prior to becoming
pregnant [4,8,9], having a partner who smokes [8,9] have
all been associated with lower success rates in smoking
cessation. Working women are exposed to additional
factors, such as the lack of support from coworkers at the
workplace, that can reduce their probability of quitting
smoking. On the other hand, experiencing high physical
demands such as working for long hours or lifting heavy
weights; or psychological ones, such as a need to keep a
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high level of concentration on their tasks, which have
been associated to smoking cessation, can be a cause for
higher relapse rates, too [10]. To our knowledge, the
influence of occupational factors over the risk of conti-
nued smoking during pregnancy has not been thoroughly
studied.

The INMA (INfancia y Medio Ambiente or Childhood
and the Environment) project is a multicenter cohort
study based on a population sample of pregnant women
[11,12]. The objective of this work was to determine
which occupational factors were associated with conti-
nued smoking during the pregnancies of the mothers par-
ticipating in the INMA cohort of Valencia.

2. SUBJECTS AND METHODS
2.1. Study Design and Population

The Valencia INMA cohort study was started in 2003
and originally comprised 855 pregnant women from
Health Service Departments 6 and 7 of the Autonomous
Region of Valencia. The subjects were recruited at the
end of the first trimester of their pregnancies (weeks 10 -
13 of gestation) in the population based prenatal screen-
ing for congenital malformations at the University Hos-
pital “La Fe”. The Hospital La Fe Ethics Committee ap-
proved the research protocol. Women were recruited
between November 2003 and June 2005, and the criteria
for inclusion in the study were as follows: to be at least
16 years old, with a singleton pregnancy, not having un-
dergone fertility treatments, to be 13 weeks pregnant or
less, delivery planned to take place at the University
Hospital “La Fe”, and no communication handicap. The
sample selection was achieved through consecutive sam-
pling of those pregnant women who met all the afore-
mentioned criteria, and who agreed to participate and
sign an informed consent form approved by the ethics
committee of the hospital. The acceptance rate was 54%.
There was a larger proportion of working women and a
slightly higher mean age among those included in the
study than among those who rejected [13].

After inclusion in the study, 31 women had an abor-
tion, 4 had a fetal death, 28 withdrew, and 5 were lost to
follow up, leaving 787 pregnant women who delivered a
live infant. For the present study, we included a total of
787 women who completed structured questionnaires
administered by trained interviewers at two points in
time during pregnancy: at the end of the first trimester
(range 10 - 13 weeks of gestation), and in the third tri-
mester of pregnancy (range 28 - 32 weeks of gestation).

2.2. Study Variables

2.2.1. Outcome Variables
Information concerning the mothers’ smoking habits
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during the pregnancy was ascertained retrospectively in
the second questionnaire in the third trimester of preg-
nancy. Women were considered to be smokers if they
smoked at the beginning of their pregnancies. Women
who smoked more than 10 cigarettes per day were con-
sidered to be heavy smokers [14]. Non-cessation of smok-
ing was defined as a mother who continued smoking
until the third trimester of her pregnancy.

2.2.2. Explanatory Variables

The potential explanatory factors for the prevalence of
smoking at the beginning of the pregnancy, and for con-
tinued smoking during pregnancy were classified into the
following groups: variables related to the smoking habit;
sociodemographic, socio-familiar, and socioeconomic vari-
ables. The smoking-related variables were age at which
the person started smoking and the number of cigarettes
per day the women smoked at the beginning of their pre-
gnancy. The sociodemographic factors considered were
age, country of origin, and area of residence (urban or
semi-urban vs. rural); the father’s country of origin was
not included as it was highly correlated with that of the
mother. The socio-familiar variables consisted of co-
habitation with the child’s father, whether the partner
smoked, planned pregnancy, previous births, and the
housework performed by the mother. Housework was
divided into two categories according to the amount done
and the help received in carrying it out, classified as
mother who “usually did the housework” and did it
“whithout or with little help”, versus mother that “not
usually did the housework™ or did it “with quite or a lot
of help”. The socioeconomic variables included: educa-
tional level (primary school, secondary school, univer-
sity). Occupational social class was not included because
of its high correlation with educational level.

A total of 649 women were employed at any given
moment of pregnancy before the third trimester, and
completed a specific occupational questionnaire includ-
ing: occupational exposure to physical loads and psy-
chosocial risk. Under the rubric of occupational exposure
to physical loads, heavy lifting and standing were taken
into account. Women were considered to be exposed to
these risks if they lifted heavy weights (>20 kg) daily
and if they stood for four or more hours during the work
day. An eight-item questionnaire on psychosocial risk
based on the Spanish adaptation of the Copenhagen
Psychosocial Questionnaire (COPSOQ) [15] was also
administered. It included questions on fast working pace,
constant attention, difficulties for meeting deadlines,
monotonous and repetitive work, work outcomes heavily
affecting co-workers, costumers and/or installations, lim-
ited decision making on tasks to be developed, and lack
of social support from co-workers or supervisors). The
questions consisted of rating these items on 5-level scale
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of intensity. Exposure to “job strain” was considered if
the woman reported to be exposed to at least three psy-
chosocial factors not related to support at work; and ex-
posure to “job strain and social isolation” if job strain, as
defined previously, was associated to lack of social sup-
port from supervisors and/or co-workers (Table 1).

2.3. Statistical Methods

First a descriptive analysis of the variables related to
tobacco consumption and smoking persistence through-
out pregnancy was carried out. The analysis of differ-
ences between smokers and non-smokers and between
smokers who continued and those who quit smoking in
the aforementioned variables, was carried out with the
aid of logistic regression. 2 multivariate models were
defined: starting with the complete model, a backward
stepwise model selection was carried out in which the
criterion for maintaining variables in the adjusted model
was a change in the likelihood, with a p-value < 0.10. An
adjusted model for mothers that reported to smoke more
than 10 cigarettes per day (heavy smokers during preg-
nancy) was also performed. Both models, for tobacco
consumption and smoking persistence, were extended by
including work-related stress variables after restricting
them to women who were employed at any given mo-
ment of pregnancy (n = 649). The criterion for maintain-

Table 1. Occupational exposures investigated in the question-
naire and criteria for exposure.

Occupational exposures Criteria for exposure

Physical loads

>4 hours during the

Long standing workday

Heavy lifting (>20 kg) Every day

Psychosocial conditions

Exposed to at least three of

Job strain the six items below

Working very fast Always or very often

Constant attention Always or very often

Repercussions of work on others Always or very often

Monotonous and repetitive work Always or very often

Time to accomplish deadlines Never

Possibility of making decisions Never

Exposed to at least one of

Social isolation the two items below

Support from workmates Sometimes/never

Support from supervisors Sometimes/never

Job strain plus social

Job strain and social isolation : .
isolation
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ing work-related stress variables in the models was the
same as before (likelihood ratio, with a p-value < 0.10).
The presence of significant interaction terms between the
variables included in the models was also explored.

3. RESULTS

3.1. Study Population, Smoking Habits in
the Beginning of Pregnancy and Risk
of Continued Smoking

A total of 787 women completed the questionnaire
administered in the 32nd week of pregnancy. 38.1% of
the women had never smoked, 21.0% had quitted smok-
ing prior to pregnancy, and 40.9% were active smokers
in the beginning of pregnancy. With regard to this last
group, the average age for initiating smoking was 16
years and the average length of time that the women had
smoked was 13.4 years. The mean age of the subjects
was 30.1 years (data not shown). 87.8% of the women
were of Spanish origin and 66.3% had completed secon-
dary school or university. With regard to their employ-
ment situation, 82.5% of the women worked outside the
home and 17.5% were unemployed (Table 2).

In the adjusted model, smoking was most common
among Spanish women and those living in rural areas.
Among the socio-familiar variables, doing housework
with little or no help, not having planned the pregnancy,
or living with a smoker significantly raised the risk of the
mother being a smoker. Lower educational level showed
a risk 2.5 times higher for women with a primary school
education (either complete or incomplete) vs. women
with a university degree. The risk was also higher for
those working outside the home during pregnancy than
for housewives (Table 2).

3.2. Analysis of Factors Associated with
Smoking and Continued Smoking
throughout Pregnancy among Working
Women (n = 285)

The women who worked at any given moment of pre-
gnancy with just a primary or secondary school educa-
tion presented a risk of continued smoking between 2.47
and 1.97 times higher, respectively, than women with a
university degree. Both increased for heavy smokers
during pregnancy OR = 3.14; CI (95%) = (1.24; 7.95) and
OR = 2.71; CI (95%) = (1.08; 6.75) respectively. As ex-
pected, number of cigarettes smoked per day was clearly
associated with the maintenance of the habit OR = 2.73;
CI (95%) = (1.55; 4.80) for consumption between 10 and
19 cig/day in the beginning of pregnancy and OR = 4.75;
CI (95%) = (2.66; 8.46) for consumption of 20 or more
cig/day (Table 3).

Workplace conditions involving heavy physical demands
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Table 2. Baseline characteristics of the cohort (n = 787) and risk of smoking at the beginning of the pregnancy.

Smokers Crude Adjusted® Adjusted (>10 c/d)°
n (%) (%) OR 95% CI OR 95% CI p OR 95% CI p
Country of origin <0.001 <0.001
Spain 691 (87.8) 45.4 1 Reference 1 Reference 1 Reference
Latin America 63  (8.0) 12.7 0.17 0.08 -0.37 022 0.10 -049 0.12 0.04 —0.41
Other 33 42 36.4 0.69 033 -142 0.64 029 -1.39 0.60 0.24 -1.51
Residence 0.073 0.163
Urban/semi-urban 736 (93.8) 414 1 Reference 1 Reference 1 Reference
Rural 49  (6.2) 57.1 1.88 1.05 -338 1.77 094 -3.32 1.67 0.82 -3.43
Planned pregnancy 0.032 0.028
Yes 591 (76.0) 40.4 1 Reference 1 Reference 1 Reference
No 187 (24.0) 48.7 140 1.00 -194 149 1.03 -2.14 1.61 1.06 —2.45
Partner smokes <0.001 <0.001
No 405 (51.5) 29.4 1 Reference 1 Reference 1 Reference
Yes 382 (48.5) 56.3 3.09 231 415 264 194 -359 2.96 2.07 —4.25
Home tasks 0.004 0.004
No, or with quite or 442 (56.2) 37.6 1 Reference 1 Reference 1 Reference
much help
Yes, withoutorwith 5, 4300 4g8 159 119 201 158 115 216 169 118  —243
little help
Educational level 0.001 <0.001
Primary school 265 (33.7) 52.5 268 1.80 -399 223 145 -343 3.21 1.87 -5.50
Secondary 337 (42.8) 41.8 1.75  1.19 -256 152 1.01 -228 2.30 1.37 -3.86
University 185 (23.5) 29.2 1 Reference 1 Reference 1 Reference
Employed during 0.009 0,023
pregnancy
No 138 (17.5) 355 1 Reference 1 Reference 1 Reference
Yes 649 (82.5) 43.9 142 097 208 175 1.15 -2.68 1.74 1.07 -2.82

Occupational characteristics of women employed during pregnancy (n = 649) and risk of smoking at the beginning of the pregnancy®

Passive smoking

at work
No 510 (78.8) 429 1 Reference
Yes 137 (21.2) 47.4 120 082 -1.75
Long standing
No 309 (47.6) 40.1 1 Reference
Yes 340 (52.4) 47.4 1.34 098 -1.83
Heavy lifting (>20 kg) 0.009 0.005
No 607 (93.8) 42.8 1 Reference 1 Reference 1 Reference
Yes 40 (6.2) 62.5 222 1.15 -430 262 127 -541 3.12 1.39 -6.97
Job strain (JS)
No 371 (57.2) 44.2 1 Reference
Yes 278 (42.8) 435 097 071 -1.33
Social isolation (SI)
No 315 (48.5) 40.0 1 Reference
Yes 334 (51.5) 47.6 136 1.00 -1.86
JS and SI
No 482 (74.3) 41.9 1 Reference
Yes 167 (25.7) 49.7 1.37 096 -1.95

*Simultaneously adjusted for all the variables included in the column; ®Risk of smoking > 10 cig/day compared with non-smokers, n = 672; ‘Adjusted model
also includes the variables from the previous complete data model.
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Table 3. Baseline characteristics of the smokers in the cohort (n = 334) and risk of continued smoking during pregnancy.

Continued Crude Adjusted® Adjusted (10 c/d)°
smoking
n (%) (%) OR 95% CI OR 95% CI p OR 95% CI p
Country of origin
Spain 314 (94.0) 61.5 1 Reference
Other 20 (6.0) 45.0 051 021 -1.27
Residence
Urban/semi-urban 305  (91.6) 60.7 1 Reference
Rural 28 8.4) 57.1 08 04 -1.89
Planned pregnancy
Yes 239 (72.4) 59.8 1 Reference
No 91 (27.6) 62.6 .13 0.68 -1.85
Partner smokes
No 119  (35.6) 52.9 1 Reference
Yes 215 (64.4) 64.7 1.63  1.03 -2.56
Home tasks
Noorwith quiteor e 497 403 1 Reference
much help
Yes, without or with
? little help 168  (50.3) 60.1 097 0.63 -1.50
Educational level 0.035 0.050
Primary school 139 (41.6) 67.6 328 171 -630 247 124 -491 314 124 -795
Secondary school 141 (42.2) 61.7 253 133 -482 197 1.00 -3.89 271 1.08  —6.75
University 54 (16.2) 38.9 1 Reference 1 Reference 1 Reference
Employed during
pregnancy
No 49 (14.7) 63.3 1 Reference
Yes 285  (85.3) 60.0 087 047 -1.63
Age of smoking
onset (years)
<15 130 (40.2) 69.2 1 Reference
>16 193 (59.8) 56.5 058 036 —0.92
Cig/day at the begin- <0.001 0.084
ning of pregnancy
1-9c/d 115 (344) 39.1 1 Reference 1 Reference
10-19¢c/d 99  (29.6) 64.6 284 163 -496 273 155 —4.80 1 Reference
>20 c/d 120 (35.9) 71.5 536 3.03 947 475 266 -8.46 .71 093 -3.14

Risk of continued smoking among women employed during pregnancy (n = 285)°

Passive smoking

at work
No 219 (77.1) 57.5 1 Reference
Yes 65 (22.9) 67.7 1.55 0.86 —2.78
Long standing
No 124 (43.5) 53.2 1 Reference
Yes 161  (56.5) 65.2 1.65 1.02 -2.66
Heavy lifting (>20 kg) 0.032 0.037
No 260  (91.2) 58.1 1 Reference 1 Reference 1 Reference
Yes 25 (8.8) 80.0 289 1.05 -793 3.04 102 -9.05 415 0.88 -19.57
Job strain (JS)
No 164  (57.5) 56.7 1 Reference
Yes 121 (42.5) 64.5 138  0.85 225
Social isolation (SI)
No 126  (44.2) 56.3 1 Reference
Yes 159 (55.8) 62.9 1.31  0.81 -2.12
JS and SI
No 202 (70.9) 58.9 1 Reference
Yes 83 (29.1) 62.7 .17 0.69 -1.98

*Simultaneously adjusted for all the variables included in the column; ®Risk of continued smoking among smokers of >10 cig/day at the beginning of pregnancy.
n = 219; ‘Adjusted model also includes the variables from the previous complete data model.
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or the absence of social support on the part of coworkers
were risk factors for smoking at the beginning of the pre-
gnancy (Table 2). In the adjusted model, lifting weights
over 20 kg on a daily basis was significantly associated
to smoking OR = 2.62; CI (95%) = (1.27; 5.41). For
heavy smokers during pregnancy, the risk was increased
OR = 3.12; CI (95%) = (1.39; 6.97). The absence of so-
cial support from coworkers increased the risk of not
quitting smoking but the relationship was not significant
(Table 3).

Physical demands in the work place were also asso-
ciated in a significant manner with the persistence of
smoking. Long standing showed to increase the risk OR
= 1.65; IC (95%) = (1.02; 2.66), but this variable was not
retained in the adjusted model. In women who performed
heavy lifting of 20 kg or more on a daily basis OR = 3.04;
CI (95%) = (1.02; 9.05) in the adjusted model. For heavy
smokers OR =4.15; IC (95%) = (0.88; 19.57) (Table 2).

4. DISCUSSION

We found a high prevalence of smoking among preg-
nant women in our study. Physical load, specifically
carry weights exceeding 20 kg in the workplace, was
proved as a risk factor for both, smoking and continued
smoking. The amount of housework performed by the
women acted as increased the risk of smoking at the be-
ginning of pregnancy.

Despite smoking is recognized as the most important
preventable risk factor during pregnancy in various coun-
tries [16,17], the prevalence of active smokers at the be-
ginning of the pregnancy found un this study was 40.9%,
higher even than the percentage found in previous Span-
ish studies such as that conducted by Palma, et al., who
analyzed the incidence of smoking among Spanish women
in the Autonomous Region of Cantabria between 1998
and 2002 and the associated variables [4]. Those re-
searchers observed that the prevalence of smoking de-
creased during the period of the study, although the per-
centage of women who quit smoking was much less
(20.6% in 2002) than that found in our study (43.8%), as
was the reduction of cigarettes per day in those who con-
tinued to smoke (48.7% vs. 69.8%). These data are in
agreement with those from other studies carried out in
Spain [18]. Women who lived in a non-urban environ-
ment exhibited a higher prevalence of smoking, probably
due to their different life-style. In other studies, this ob-
servation has been associated with the fact that rural
women are subject to a higher degree of stress [19].

The results of the few studies that exist about the as-
sociation between physical work load and both smoking
and continued smoking are inconclusive [10,20-22]. Nev-
ertheless, several previous studies have observed some
type of association between physical work load and con-
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tinued smoking [21,22]. One possible explanation that
has been offered for the relation between the physical
work load and continued smoking suggests that smoking
provides an excuse for taking the breaks required in
physically demanding jobs. Furthermore, tobacco may
serve as a physical stimulant in this type of work [10,20].
Moreover, the physical work load could be understood as
a causative condition for work-related stress, the relation
of which to smoking has been documented with com-
peling evidence [10].

Social support in general or social participation has
been related positively to the ability to quit smoking and
negatively to the amount of cigarettes smoked. However,
the results regarding the relation of social support in the
workplace with smoking are inconclusive [10]. It is
worth noting that not all studies on the influence of work
conditions on smoking have taken into account the role
of social support within the workplace. It is more usual
that this factor be considered as a resource within a pro-
gram organized within the workplace to help smokers
quit.

In this study, conditions in the workplace (specifi-
cally heavy lifting) proved to be risk factors for smoking
and for continued smoking during pregnancy and the
amount of housework performed by the women acted as
a risk factor for smoking. If casual, the observed associa-
tions should be taken into account when elaborating pub-
lic health programs aimed at encouraging healthy habits
during pregnancy, such as cessation of habits involving
toxic substances, including tobacco [4] and the promo-
tion of healthier workplace and home environments for
pregnant women. Health promotion strategies should be
integrated with interventions targeted to reduce job strain.
Such programs should begin from childhood to keep
girls from smoking before the onset of puberty, which is
the age of highest risk for smoking initiation [23,24].

Limitations

One of the limitations of the study derives from the re-
sponse rate (54%) among the women who were invited
to participate which may limit the generalizability of our
results. The global prevalence of women who smoked
during pregnancy in the health areas corresponding to
our study was around 20%, lower than that found in our
study, although the instant of reference was not specified
in this questionnaire [25].

The self-reporting of the number of cigarettes smoked
per day by the subjects is considered to be fairly reliable
[26]. To evaluate the validity of smoking information
from the questionnaire, urine samples from 708 women
at week 32 of pregnancy were analysed for total cotinine.
Urinary cotinine levels of smokers were extremely high-
er than those of non-smokers [27].
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Although several confounding factors have been taken
into account, other potential factors such as the presence
of other stressors at home might influence the results.
Smoking habits of cohabitants and/or friends were not
included in the analysis because of doubts about causal-
ity.

Fagestrom test for nicotine dependence was not used
nor did the test about motivation for smoking-cessation
(Richmond test). The number of cigarettes smoked per
day is a face valid measure of dependence on nicotine
[28]. Motivation was not evaluated with the purpose to
not skew the study.
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