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Abstract— Introduction: Cigarette smoking during pregnancy
is the most significant modifiable risk factor for adverse fetal
outcomes, such as low birth weight and premature birth. Efforts
to obtain accurate estimate of smoking prevalence among
pregnant woman have been hindered by high rates of
misreporting. Cotinine is considered a gold standard measure of
exposure to cigarette smoke, but its level in urine and its
influence in pregnancy vary in different populations. There is no
consensus regarding urine cotinine cutoff point that matches all
pregnancies and distinguishes smokers from non-smokers and
environmental tobacco exposure (ETS).
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I.

INTRODUCTION

Tobacco smoke and tobacco smoking are known to be
associated with adverse pregnancy outcomes and increased
infant mortality and morbidity [1-4]. The most common
adverse outcomes include abortion, infertility, ectopic
pregnancy, low birth weight (LBW), intrauterine growth
restriction (IUGR), placenta previa, placental abruption,
congenital abnormalities, and sudden infant death syndrome
(SIDS) [3, 4]. Tobacco smoke exposure can be measured by
self-report and nicotine levels, the active ingredient in
tobacco, and its metabolite, cotinine. Cotinine has a longer
half-life (20 hours), which allows detection for a few days
after smoking [5]. Cotinine can be transferred though the
placenta to the fetus and has been measured in the meconium
[6] and cord blood [7]. Based on the recent Surgeon General
Report [4] and other studies, self-report may underestimate the
tobacco smoke exposure status [4, 8-10]. Therefore, efforts to
obtain accurate estimates of smoking prevalence among
pregnant woman have been hindered by misreporting.

Purpose: To determine the rate of cigarette smoking by selfreport and the level of urine cotinine in pregnant women in the
second trimester.
Method: 140 pregnant women were interviewed and one time
urine sample was collected during a routine prenatal visit. The
samples collected in one university related and three private
obstetrics and gynecology clinics in North Alabama. Urine
cotinine levels were determined using Calbiotech urinary ELISA
kit and standardized based on the level of creatinine.
Results: Cigarette smoking rate during pregnancy based on
self-report was 15.4%. The mean creatinine-standardized
cotinine level was 153.0 (ng/ml) (SD=463.7). The rate of smoking
based on the Society for Research on Nicotine and Tobacco
(SRNT)’s cutoff point (50 ng/ml) was 26.1%. The sensitivity and
specific of self-report were 57.6% and 97.8%, respectively.

Many studies have reported the effect of tobacco smoke
during pregnancy on birth outcomes such as LBW or IUGR
through self-report of tobacco smoke exposure [11-13].
Environmental tobacco smoke (ETS), also known as second
hand smoking, is prevalent [14] and has been shown to be
associated with adverse pregnancy outcomes such as LBW
[14, 15].

Conclusion: Relying on self-report to determine the smoking
status can result in exposure misclassification. In addition, not
considering detection of and intervention for ETS would not be
helpful in reducing the adverse pregnancy outcomes related to
tobacco smoke.

Cotinine is considered a gold standard measure of
exposure to cigarette smoke, but its level in urine is influenced
by gestational age and varies in different populations, which
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and pregnancy characteristics as shown in Table 1. Pairwise
deletion of observations was used to maximize use of available
data for the analysis. Demographic data and pregnancy
characteristics are summarized in Table 1. The mean level of
creatinine-standardized cotinine in urine was 153.0 µg/g (SD =
463.7) with a range of 0-3893.0 µg/g. Fig 1 shows that only
17.9% of participants were cotinine free. No significant
difference was found between demographic characteristics with
urine cotinine level.

affect the cutoff point for active smoking and ETS. The
purpose of this study was to determine the rate of cigarette
smoking by self-report and the level of urine cotinine in
pregnant women in the second trimester.
II.

MATERIALS AND METHOD

The Institutional Review Board (IRB) approval was
obtained prior to the initiation of this study. The study used a
cross-sectional, correlational study design with a
nonprobability, convenience sample of 140 pregnant women
from one university and 3 private obstetrics and gynecology
clinics located in an urban area in the southeastern United
States. The inclusion criteria was pregnant women who: (1)
were capable of understanding, speaking, and responding in
English, (2) were between the ages 19 to 40, (3) were pregnant
with one fetus (singleton), (4) were in their second trimester of
pregnancy, and (5) had no history of chronic diseases or high
risk pregnancies.
Potential participants were identified from the daily patient
appointment schedule in each clinic. In the university clinic,
the principal investigator approached eligible participants. In
the private clinics, the clinic physician determined if the
participant was eligible, and then informed the principal
investigator. The informed consent process and data collection
procedures took place in a private room after the participant
completed the physician’s appointment, in order to not interfere
with standard clinical practices in the clinics. The principal
investigator read the questionnaires (demographic and smoking
status) to the participants due to the potential variability in
participants’ reading ability. A urine sample for cotinine
measurement was obtained from each participant during the
prenatal clinic visit, using a portion of the urine sample
collected during that visit. If a urine sample was not available
at the time of data collection, the principal investigator
obtained a urine sample after the interview, at a convenient
time arranged by the participant, or at the participant’s next
prenatal visit. All urine samples were kept at a consistent
temperature (-4 ºC) (in a cooler with dry ice) prior to and
during transfer to the laboratory and transferred to freezer -80
ºC within 1-2 hours after collection. Urinary cotinine levels
were assessed using the Calbiotech urinary ELISA kit (solid
phase competitive and standardized by creatinine level)
according to the manufacturer’s instructions 2-3 weeks after
collection. The detection limit of the cotinine assay was 2
ng/ml [16].

TABLE 1.
DISTRIBUTION OF DEMOGRAPHIC CHARACTERISTICS
Variable

The data were entered in Epi Info TM [17] and exported to
SPSS version 21.0 [18]. The variables were examined for
outliers. Descriptive statistics were used to determine
distribution of maternal demographic and pregnancy
characteristics, the rate of tobacco smoke self-report, and the
level of urine cotinine in active smokers. The cutoff point for
active smokers were based on Society for Research on
Nicotine and Tobacco [5] (50 ng/ml).
II.

RESULTS

Urine samples from two participants were insufficient for
cotinine assays. There were also missing maternal demographic
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Frequency

Percent

Maternal Age (N = 139)
19-20
21-25
26-30
31-35
36-40

22
53
38
20
6

15.8
38.1
27.2
14.4
4.3

Education (N = 136)
High School or less; or GED
Some College and Higher

99
37

72.8
27.2

Marital Status (N = 136)
Married
Single*

61
75

44.9
55.1

Race/Ethnicity (N = 140)
African-American
White
Other

52
65
23

37.1
46.4
16.4

Employment Status (N = 134)
Employed Full time
Employed Part-time
Not-employed

41
28
65

30.6
20.9
48.5

Yearly Family Income (N = 119)
< $10,000
$10,000-$20,000
$20,000-$40,000
> $40,000
Don’t know

33
31
30
25
21

23.6
22.1
21.4
17.9
15.0

Gravida (N = 140)
1
2-3
4-5
>5

51
66
20
3

36.0
47.5
14.4
2.1
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TABLE 2

sensitivity and specificity of self-report were 57.6% and
97.8%, respectively, in pregnant women. However Pickett,
Rathouz [24] reported higher sensitivity (88.4) and specificity
(99%), which could be due to the difference in selected urine
cotinine cut-off point.

VALIDITY OF SELF-REPORTED TOBACCO SMOKE EXPOSURE
DURING PREGNANCY CONSIDERING COTININE AS GOLD
STANDARD
Self-reported tobacco
smoke exposure

Urine
Cotinine
< 50 ng/ml

Urine
Cotinine >50
ng/ml

Total

Smoking

2

17

19

Not-smoking

91

13

104

Total*

93

30

123

*17 missing values/

The inclination to not disclose tobacco smoking is higher in
pregnant women [25]. Therefore, self-reported smoking
prevalence can underestimate the true value [4, 26, 27]. In the
view of having different cut-off points in different studies,
various ethnic groups [8-10], and gestational age [7], the
comparison of the prevalence rate in different studies may not
reflect the real variance. The other concern is that the
gestational age at the time of data collection is variable across
studies, which makes the comparison of different studies’
result difficult. The level of cotinine metabolism varies in
different trimesters showing a pattern of elevated cotinine
concentration in the plasma and urine from the beginning to the
end of pregnancy [7], and that is why in this study only
pregnant women in second trimester were recruited.

Urine cotinine level indicating smoking

Sensitivity: 56.7%; Positive predictive value: 89.5%; Specificity: 97.8;

Negative predictive value: 87.5

III.

Considering that ETS is associated with adverse
pregnancy outcomes [4], detection of any cotinine in urine
could be important. Based on the results of this study, 25.3% of
participants had cotinine level of 5.1-50 ng/ml and 30% had a
level of 0.1-5.0 ng/ml, which means that 55.3% of pregnant
women were exposed to ETS. Therefore, not-considering ETS
exposure as a risk factor for fetal wellbeing would result in
failure by health care providers to initiate ETS prevention
practices and interventions during pregnancy. There are only a
few studies that determined a cutoff point for ETS, and again
the comparison is complicated due to dissimilarities in cut-off
points and gestational age at the time of urine collection.

DISCUSSION

In this study, the mean level of tobacco smoke based on
creatinine-standardized cotinine in urine ELISA was 152.93
µg/g (SD = 463.7 range from 0-3893.0 ng/ml). The prevalence
of smoking, based on self-report, was 15.4%, which is similar
to the smoking rate of 15.9% published in the report of the
Pregnancy Risk Assessment Monitoring System (PRAMS)
Surveillance Report for Alabama in 2010 [19]. However, in the
Selected Maternal and Child Health Statistics Alabama (2011)
report, the rate of smoking during pregnancy was reported to
be 10.6% in Alabama. Moreover, in 2003, the prevalence of
smoking during pregnancy was reported at 10.7% in the US
[20]. Therefore, the rate of self-reported tobacco smoke in this
study is higher than the published surveys. This could be due to
enrollment of a high number of low socioeconomic populations
in this study, which is a group known to have a higher
prevalence of smoking [19]. In this study no relationship was
found between demographic characteristics and the level of
cotinine, which is inconsistent with others that reported higher
level of tobacco exposure in low socioeconomic groups. This
inconsistency could be due to the recruitment of a higher
number of low socioeconomic participants in this study.

The limitations of this study were a small sample size, one time
urine collection, and spot urine sampling. Also, we did not
measure smoking history via pack years. In addition, most of
the participants in this study were from low socioeconomic
groups.
Conclusion: This study, consistent with several other
studies, showed that reliance on tobacco exposure selfreporting to identify pregnant smokers underestimates the
number of pregnant smokers in most ethnicities [8-10, 28, 29].
In addition, concealment of ETS will not assist in reducing the
complications of pregnancy due to exposure to tobacco smoke.
Therefore, a reliable measurement method, such as urinary
cotinine, may be appropriate to be included in routine prenatal
care visits.

Considering a cut-off point of 50 ng/ml, 10.7% of
participants did not disclose their tobacco smoke exposure.
Aurrekoetxea, Murcia [21] reported a prevalence rate of 18.5%
by self-report and 22.5% with a cotinine cut-off point of 50
ng/ml. Gilligan, Sanson-Fisher [22] indicated that 17% of
women who self-reported non-smoking were smokers based on
cotinine cut-off point of 250 ng/ml. Shipton, Tappin [23] selfreport prevalence rate of 24% versus 30% for smokers based
on a urine cotinine cut-off point of 13.7 ng/ml. In contrast,
Pickett, Rathouz [24] considered a cut-off point of 200 ng/ml
for active smokers and reported a prevalence rate of 28.9% and
found that self-report (26.3%) can be a valid way to
characterize smokers during pregnancy. In this study, the
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