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Abstract

Introduction Cigarette smoking is an established risk
factor for adverse perinatal outcomes. The purpose of this
study is to examine the association between maternal smok-
ing in pregnancy and the occurrence of placental-associated
syndromes (PAS).

Methods We analyzed data from a population-based
retrospective cohort of singleton deliveries that occurred
in the state of Missouri from 1989 through 2005
(N =1,224,133). The main outcome was PAS, a composite
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outcome defined as the occurrence of placental abruption,
placenta previa, preeclampsia, small for gestational age,
preterm or stillbirth. We used logistic regression models to
generate adjusted odd ratios and their 95 percent confidence
intervals. Non-smoking gravidas served as the referent
category.

Results The overall prevalence of prenatal smoking was
19.6%. Cigarette smoking in pregnancy was associated
with the composite outcome of placental syndromes (odds
ratio, 95% confidence interval = 1.59, 1.57-1.60). This
association showed a dose-response relationship, with the
risk of PAS increasing with increased quantity of cigarettes
smoked. Similar results were observed between smoking in
pregnancy and independent risks for abruption, previa,
SGA, stillbirth, and preterm delivery.

Conclusion Maternal smoking in pregnancy is a risk
factor for the development of placenta-associated syndrome.
Smoking cessation interventions in pregnancy should
continue to be encouraged in all maternity care settings.

Keywords Maternal smoking - Placenta-associated
syndrome - Singletons - Population-based study

Introduction

The placenta-associated syndromes (PAS) are an informal
classification of disease states arising from diseased placen-
tal spiral arteries, placental ischemia, and endothelial dys-
function [1-4]. The syndromes encompass preeclampsia, a
disease state characterized by hypertension and proteinuria
after 20 weeks’ gestation; placental abruption or infarction;
and the associated complications of preterm birth, fetal
growth restriction, or intrauterine fetal death [5, 6]. Although
the entities in PAS share some common mechanisms, their
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etiology is believed to be multifactorial and poorly defined
[1]. Their classification into a syndrome arises as a result of
suspected shared placental vasculopathy that significantly
compromises placental function leading to sustained mor-
bidity in the developing fetus or fetal demise.

Smoking during pregnancy is a recognized risk factor for
a wide range of adverse fetal outcomes, including low birth
weight, preterm birth, premature rupture of the membranes,
placenta previa and placental abruption among others
[7-9]. Cigarette smoke is also known to contain substances
that affect placental endothelial function leading to the
development of ischemic vascular changes that impact
placental growth and functions [8, 10, 11]. Although the
association between cigarette smoke and individual entities
of placental syndromes have not been reported, it is likely
that cigarette smoke is associated with the components of
PAS through similar vascular/ischemic pathways. The
exact relationship between maternal smoking and the
occurrence of the placental syndromes has not, to our
knowledge, been investigated. Accordingly, we undertook
this study to assess the association between maternal smok-
ing in pregnancy and the occurrence of PAS based on the
following hypotheses:

1. prenatal smoking is associated with placental syndromes;

2. the association between smoking during pregnancy and
placental syndromes show a dose-gradient effect, with
the risk of PAS increasing with increase in the number
of cigarettes smoked by the pregnant mother.

Methods

We utilized the Missouri maternally linked cohort data files
covering the period 1989 through 2005. The Missouri vital
record system is a reliable one that has been adopted as
“gold standard” to validate US national datasets that
involve matching and linking procedures [12].

For the purpose of this study, we selected singleton
births within the gestational age range of 20-44 weeks.
Based on the previously published reports [13], we
assigned women to the following smoking categories: class
I smoker (0-9 number of cigarettes per day); class 2 smoker
(10-19 number of cigarettes per day); and class 3 smoker
(>20 number of cigarettes per day). We used non-smoking
mothers as the referent category.

The main outcome of interest was PAS, a composite
outcome defined as the occurrence of either placental
abruption, placenta previa, preeclampsia, small for gesta-
tional age, preterm, or stillbirth. Placental abruption was
defined as a condition where all or part of the placenta has
pulled away from the uterine wall, disrupting the flow of
blood and oxygen to the fetus. Placenta previa was defined
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as an obstetric complication in which the placenta is
attached to the uterine wall close to or covering the cervix.
Preeclampsia was defined as a diastolic blood pressure of at
least 90 mmHg accompanied by proteinuria (>0.3 g day or
>1 on a urine dipstick) [14, 15]. Small for gestational age
was defined as less than tenth percentile of birth weight for
gestational age using population-based national reference
curves for singletons [16]. Preterm was defined as births at
<37 weeks. Stillbirth was defined as in utero fetal death at
>20 weeks’ gestation.

Gestational age was largely based on the interval
between the last menstrual period and the date of deliv-
ery of the baby (95% cases). When the menstrual esti-
mate of gestational age was inconsistent with the birth
weight (e.g., very low birth weight at term), a clinical
estimate of gestational age on the vital records was used
instead [17, 18].

The distribution of the following selected maternal soci-
odemographic characteristics was compared between
smoking and non-smoking mothers to assess differences in
baseline characteristics: maternal age, parity, race, educa-
tion, marital status, and adequacy of prenatal care.
Adequacy of prenatal care was assessed using the revised
graduated index algorithm, which has been found to be
more accurate than several others, especially in describing
the level of prenatal care utilization among groups that are
high risk [19, 20]. This index assesses the adequacy of care
based on when the trimester prenatal care begun, number of
visits, and the gestational age of the infant at birth. In this
study, inadequate prenatal care utilization refers to women
who either had missing prenatal care information, had pre-
natal care but the level was considered sub-optimal, or
mothers who had no prenatal care at all. We performed
crude frequency comparisons between the two groups for
the presence of common obstetric complications, namely,
anemia, insulin-dependent diabetes mellitus, other types of
diabetes mellitus, and chronic hypertension, preeclampsia,
eclampsia, abruption placenta, and placenta previa.

Statistical analysis

Chi-square test was used to assess differences in sociode-
mographic characteristics and maternal pregnancy compli-
cations between the two groups (smoking/non-smoking).
We used logistic regression models to generate adjusted
odd ratios and their 95% confidence intervals. The covari-
ates included in our model are maternal age, parity, race,
education, marital status, adequacy of prenatal care, gender
of the infant, and year of birth. We constructed the regres-
sion models and assessed goodness-of-fit of the regression
models using the —2 log likelihood ratio test. We estimated
the significance of main effects by means of the Wald test,



Arch Gynecol Obstet (2011) 283:729-734

731

and assessed dose—response using the y test for linear trend
[21].

Adjusted estimates were derived in all cases using
non-smoking gravidas as the referent category. All tests of
hypothesis were two-tailed with a type-1 error rate fixed at
5%. SAS version 9.1 (SAS Institute, Cary, NC) was used to
perform all analyses. This study was approved by the Office
of the Institutional Review Board at the University of South
Florida.

Results

A total of 1,312,505 singleton births were available for
analysis. We excluded pregnancies before 20 weeks or
beyond 44 weeks of gestation (70,803 or 5.4%) and records
for which prenatal smoking (9,646 or 0.77%), gestational
age (7,595 or 0.61%), or birth weight (328 or 0.03%) values
were missing (total = 17,569 or 1.4%). The final dataset
comprised a total of 1,224,133 singleton records, consisting
of smokers (240,247 or 19.6%) and non-smokers (983,886
or 80.4%; the referent group).

Overall, the prevalence of prenatal smoking was 19.6%.
Figure 1 illustrates the trend of prevalence of prenatal
smoking during pregnancy and PAS in the study population
over the course of the study. Table 1 shows frequency com-
parison between smoking and non-smoking mothers with
respect to selected sociodemographic characteristics.
Smoking gravidas were more likely to be younger, white,
multiparous and to have achieved a lower level of educa-
tion than non-smokers. Smoking mothers were also less
likely to be married and to have received adequate prenatal
care than their non-smoking counterparts.

Table 2 displays the prevalence of common medical and
obstetric complications among mothers in the study. The

Fig. 1 Crude rates of the annual 30
prevalence of smoking and

incidence of placental

syndromes by year, 25
Missouri, 1989-2005

Table 1 Comparison of selected sociodemographic characteristics by
prenatal smoking status, Missouri, 1989-2000

Non-smoker Smoker P value
(N =983,886)% (N =240,247)%
Maternal age
>35 years 10.57 7.50 <0.01
Parity
Multiparous 57.22 65.82 <0.01
Race
Black 15.99 11.67 <0.01
White 81.29 87.21
Education
>12 years 85.03 61.73 <0.01
Married
Yes 72.54 47.97 <0.01
Adequate prenatal care
Yes 53.12 41.45 <0.01

overall prevalence of pregnancy complications was 32.3%
(N =395,218) distributed as follows: smokers (N = 100,051
or 25.3%) and non-smokers (295,167 or 74.7%). Of
the obstetric complications, anemia, placental abruption,
placenta previa, SGA, preterm, and stillbirth were more likely
among smoking gravidas. Preeclampsia, insulin-dependent
diabetes, other forms of diabetes, and chronic hypertension
were more common among mothers who did not engage in
prenatal smoking. Infants born to non-smoking mothers had
slightly greater mean gestational age [mean = 38.9 weeks,
standard deviation (SD): 42.5] than those born to smoking
mothers [mean = 38.7 £+ 2.8] (P <0.01). Infants of non-
smoking mothers were also found to have higher mean
birth weight (3,387 £ 592 vs. 3,132 £ 593) (P < 0.01).
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Table 2 Prevalence of common medical/obstetric complications
among mothers by prenatal smoking status, Missouri, 1989-2005

Non-smoker Smoker P value
(N =983,886) (%) (N =240,247) (%)
Anemia 13,705 (1.39) 4,081 (1.70) <0.01
Insulin-dependent 7,446 (0.76) 1,542 (0.64) <0.01
diabetes
Other forms 22,712 (2.31) 4,961 (2.06) <0.01
of diabetes
Chronic 9,873 (1.00) 1,805 (0.75) <0.01
hypertension
Preeclampsia 48,384 (4.92) 7,960 (3.31) <0.01
Eclampsia 1,003 (0.10) 221 (0.09) 0.17
Placental abruption 6,969 (0.71) 3,045 (1.27) <0.01
Placenta previa 3,479 (0.35) 1,153 (0.48) <0.01
SGA 73,497 (7.47) 41,042 (17.08) <0.01
Preterm 103,752 (10.55) 32,767 (13.64) <0.01
Stillbirth 4,347 (0.44) 1,474 (0.61) <0.01

Figure 2 is an illustration of the distribution of rates of
placenta syndromes by prenatal smoking status. There were
276,918 (22.6%) infants born to mothers who were
diagnosed with placenta-associated syndrome in the study
population. Infants born to mothers diagnosed with
placenta-associated syndrome had lower mean gestational
age [mean = 36.6 weeks, standard deviation (SD): +3.8]
than those born to mothers without placenta-associated syn-
drome (mean =39.5 4+ 1.5) (P <0.01). Infants of mothers
diagnosed with placenta-associated syndrome were also
found to have lower mean birth weight (2,714 & 708 vs.
3,520 £ 416) (P < 0.01).

The adjusted estimates for the association between
prenatal smoking and placenta-associated syndrome are
summarized in Table 3. Overall, mothers who engaged in

smoking during pregnancy had a 59% increased risk for
placental syndromes. A dose-response relationship was
evident between the number of cigarettes smoked and the
risk for placenta-associated syndrome. The increased risk
of PAS ranged from 44% in class 1 smokers to 78% in class
3 smokers. The findings were similar for abruption, previa,
SGA, stillbirth, and preterm. Preeclampsia had reduced risk
levels for smokers, with the risk level decreasing, as the
number of cigarettes smoked increased.

Discussion

In this large population-based sample, we observed an
increased risk for PAS among women who engaged in
smoking during pregnancy. The elevated risk showed a
dose-response gradient in relation to the number of
cigarettes smoked daily, with heavy smokers (at least 1
pack per day) being almost twice as likely to develop PAS
than their counterparts who did not smoke in pregnancy.
This finding is relevant because the effect of maternal ciga-
rette use in pregnancy varies across the different disease
states that comprise PAS. Although smoking in pregnancy
is an established risk factor for placental abruption and pla-
centa previa [22-25], in the case of preeclampsia, the evi-
dence points to a protective effect, especially in primiparous
pregnancies [26]. Our results corroborate these findings
from the previous literature and support the assertion that
placenta previa and abruption do not share a common etiol-
ogy with preeclampsia in relation to cigarette smoking [22].
Understanding the association of smoking in pregnancy and
the risk of PAS represents a first step toward enhancement
of our knowledge on the role of intrauterine nicotine expo-
sure in mediating these and other adverse pregnancy
outcomes.
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Table 3 Adjusted odd ratio for the association between prenatal smoking and placental syndromes, Missouri, 1989-2005

Placental-associated Abruption Previa Preeclampsia SGA Preterm Stillbirth
syndromes (N = 276,698) (N =10,014) (N =4,632) (N =56,344) (N =114,539) (N=136,519) (N =5,821)
Number Adj. OR Adj. OR Adj. OR Adj. OR Adj. OR Adj. OR Adj. OR
of cases  (95% CI) (95% CI) (95% CI1) (95% CI) (95% CI) (95% CI) (95% CI)
Non-Smoker 202,092 Referent Referent Referent Referent Referent Referent Referent

Smoker 74,826 1.59 (1.57-1.60) 1.67 (1.59-1.74) 1.50 (1.39-1.61)
Class 1 22,553 1.44(1.42-1.47) 1.54(1.43-1.65) 1.37 (1.21-1.54)
Class 2 29,856 1.57 (1.55-1.60) 1.63 (1.53-1.73) 1.45(1.31-1.61)
Class 3 22,417 1.78 (1.75-1.81) 1.87 (1.74-2.00) 1.68 (1.51-1.88)

0.73 (0.71-0.75) 2.27 (2.24-2.30) 1.19(1.17-1.21) 1.20(1.13-1.28)
0.78 (0.75-0.81) 1.92(1.87-1.95) 1.21 (1.18-1.24) 1.16 (1.05-1.28)
0.70 (0.67-0.74) 2.30(2.26-2.35) 1.17 (1.14-1.19) 1.14 (1.04-1.25)
0.70 (0.67-0.74) 2.68 (2.63-2.74) 1.19 (1.19-1.22) 1.34 (1.22-1.49)

Adj. OR = adjusted odds ratio. Non-smoker: number of cigarettes per day = 0; smoker: number of cigarettes per day > 0; class I: number of cigarettes per
day = (0-9); class 2: number of cigarettes per day = (10-19); class 3: number of cigarettes per day > 20

% Adjusted estimates were generated after controlling for the effects of maternal age, parity, race, education, marital status, adequacy of prenatal care, gender

of the infant and year of birth

Previous studies suggest that women with a history of
placental syndrome have a twofold increased risk of devel-
oping remote cardiovascular disease [1]. Cardiovascular
disease is the leading cause of mortality in females [27].
The association between smoking in pregnancy and PAS
shown in this study implies that the benefits of smoking
cessation before pregnancy may extend not just to lowering
the risk of placental syndromes and other documented poor
birth outcomes, but also to a lower likelihood of subsequent
development of cardiovascular dysfunction in affected
mothers. This information can be used in counseling
women of reproductive age as part of the efforts to enhance
quitting rates among smokers. Knowledge of other benefits
of not smoking during pregnancy may serve as an addi-
tional incentive for smokers to quit.

The prevalence of PAS reported here (>30% among
smokers and 22.6% in the entire cohort of mothers) is much
higher than previous estimates. Ray etal. [1] reported a
prevalence of 7% among a large sample of mothers from
Canada. The difference could be attributable to variation in
the definition of our composite measure (PAS). Although
Ray et al. defined maternal placental syndromes to include
preeclampsia, gestational hypertension, placental abrup-
tion or placental infarction, we used a much broader defini-
tion in our study population. In addition to the conditions
considered by Ray etal. our definition of PAS included
fetal birth outcomes (small for gestational age, preterm or
stillbirth). Other factors that could explain the lack of
agreement in prevalence estimates include differences in
demographics (especially maternal age and race) and in the
occurrence of obesity.

Maternal smoking can predispose to PAS through differ-
ent pathologic mechanisms culminating in a state of
chronic intrauterine hypoxia. Nicotine and carbon monox-
ide generated by cigarette smoke act as potent vasoconstric-
tors of placental vessels, thereby compromising placental
blood flow [10]. Carbon monoxide in tobacco smoke also

interferes with fetal oxygenation by forming carboxyhemo-
globin [28]. In addition, nicotine can raise maternal blood
pressure and heart rate, further impairing blood flow to the
fetus [10, 11]. The net effect of these insults is increased
gestational bleeding, premature rupture of the membranes,
placenta previa, and placental abruption [29, 30].

There are limitations to our study findings. First, previ-
ous investigators have highlighted the importance of imple-
menting smoking cessation programs as early as possible in
pregnancy, preferably in the preconception period [7, 31].
Unfortunately, our inability to obtain information on the tri-
mester in which smoking occurred during pregnancy or
whether the mothers quit smoking at any time during their
pregnancy precludes us from commenting on the associa-
tion between timing of smoking cessation and occurrence
of PAS in our cohort. Second, cigarette smoking status was
based on maternal self-report and was not validated by
more objective assessments, such as serum cotinine levels.
However, any misclassification resulting from this limita-
tion is likely to skew our findings toward the null, as preg-
nant mothers are more likely to underreport smoking during
pregnancy [32]. That we are still able to demonstrate sig-
nificant association between maternal smoking and risk of
PAS highlights the strength of the relationship. Third, we
were unable to account for the possible effects of exposure
to second-hand smoke, including paternal smoking habits,
information that is not documented in vital records. Finally,
cocaine use has been shown to predispose to placental
abruption [33] and women who use cocaine are also more
likely to be smokers. However, information on cocaine use
was not available in our database.

The strengths of this study include a large sample size
that improved the generalizability of our findings. Our use
of a composite for PAS reflects the idea that the various
disease conditions that comprise PAS share a common
pathogenesis involving a disruption in placental function.
Another strength is the relative completeness of our data
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source, with only about 0.8% missing data on prenatal
smoking habit over the period of the study.

In summary, we found that maternal smoking in
pregnancy is a risk factor for the development of PAS. Our
findings highlight the need for ensuring that smoking cessation
interventions in pregnancy continue to be encouraged in all
maternity care settings.

Conlflict of interest statement We declare that we have no conflict
of interest.
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