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Abstract

Introduction:  Tobacco use during pregnancy is the most modifiable risk factor associated with poor 
pregnancy outcomes. Self-reported tobacco use has been demonstrated to have high misclassifi-
cation rates. The aims were to examine misclassification rates of perinatal tobacco use during each 
trimester of pregnancy and 8 weeks postpartum, and to evaluate characteristics associated with 
misclassification of tobacco use status.
Methods: This is secondary analysis of a prospective, multicenter trial of pregnant women, and it 
includes participants who were biochemically identified as tobacco users during their first trimes-
ter (N = 103). Each trimester and once postpartum, tobacco use was assessed via self-report and 
validated using a cutoff of 100 ng/mL for urine cotinine via NicAlert test strips to indicate current 
use. Those who self-reported as nonusers but were identified as users via urine cotinine were 
considered misclassified; misclassification rates were determined for each time period. Logistic 
regression assessed maternal factors associated with misclassification status.
Results: Misclassification rates declined from 35.0% at first trimester to 31.9% and 26.6% at the 
second and third; the postpartum rate was 30.4%. These rates did not differ significantly from 
each other at the 0.05 level. Race/ethnicity was associated with misclassification status; white/non-
Hispanic women were 87% less likely to be misclassified (p < .001).
Conclusion: Misclassification of prenatal smoking status decreases as pregnancy progresses, 
though the observed rate change was not significant. Minority women may be at particular risk 
for non-disclosure of tobacco use. Biochemical validation should be considered when assessing 
perinatal tobacco use via self-report, given high misclassification rates throughout the perinatal 
period.
Implications: These results demonstrate that regardless of trimester, more than one-quarter of 
tobacco-using pregnant women may not disclose tobacco use throughout pregnancy and early 
postpartum. Although the rate of misclassification decreased from first to third trimester and 
then increased in the immediate postpartum, these changes in misclassification rates were not  
significant. Minority groups may be at particular risk of misclassification compared with white/
non-Hispanic women. Biochemical validation is warranted throughout pregnancy to encourage 
cessation as tobacco use is one of the most easily-modified risk factors for poor birth outcomes.
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Introduction

Prenatal tobacco use is the most modifiable risk factor associated 
with poor pregnancy outcomes, including impaired placental attach-
ment and function, delayed fetal lung and brain development, mis-
carriage, preterm birth, and low birth weight.1 This remains a major 
public health concern: 12% of women in the US report smoking 
during pregnancy,2 and prenatal smoking rates in many countries 
exceed 20%–30%.3

Due to social pressures and the unacceptability of smoking dur-
ing pregnancy, many women misrepresent their smoking status.4,5 
Self-reported nonsmoking status or quitting has been associated with 
misclassification rates among pregnant women, typically ranging 
from 10% to 25%,6–10 though lower11,12 and higher4 rates have been 
reported. Unreliable self-reporting of tobacco use among pregnant 
women can have negative health consequences for both the mother 
and child. A healthcare provider’s ability to appropriately intervene 
is diminished if the mother’s true smoking status remains unknown.

Perez-Stable et al.13 found that serum cotinine values are accurate 
measures of smoking status among women and can be a useful in 
validating self-reported smoking status. Cotinine is the main metab-
olite of nicotine and is detectable in human fluids, such as urine, 
saliva, and blood, and is considered the most accurate measurement 
of active and passive smoke exposure among pregnant women.14 
Although cotinine is metabolized at a faster rate during pregnancy, 
its half-life remains approximately 12–18 hours, making it a reliable 
measurement of daily nicotine consumption.15–18

Several published analyses of cotinine levels used to validate self-
reported smoking data exist, but few have examined this relation-
ship among pregnant women at multiple times during pregnancy/
postpartum. The purpose of this study was to examine misclassifica-
tion rates of tobacco use during each trimester of pregnancy and 
early postpartum, and to evaluate personal characteristics associated 
with women who misclassify their smoking status in early preg-
nancy. We hypothesized that third trimester self-report would be the 
most reliable measure of prenatal smoking status.

Methods

Design and Sample
This longitudinal study was a secondary analysis of a larger pro-
spective trial of pregnant and postpartum women recruited between 
2008 and 2013 from three prenatal clinics in Central and Western 
Kentucky and Central Virginia. This sample included all pregnant 
women from the parent study who were biochemically validated as 
tobacco users via urine cotinine level in their first trimester (N = 103). 
The subsequent assessments were done once in each remaining tri-
mester and during the first 8 weeks postpartum.

Procedures
The study was approved by the medical Institutional Review Boards 
in all three sites. Women were approached to participate at their ini-
tial, first-trimester appointment. Potential participants were screened 
to exclude any pre-existing diabetes, heart disease, a medical his-
tory of HIV, bacterial vaginosis, sexually transmitted infections, 
chronic conditions with implications for immune function or any 
autoimmune disease. For women who met eligibly and verbalized 
willingness to participate, informed written consent was obtained. 
Participants completed the surveys via iPad or on paper and were 
given modest compensation at each of the four data collection 

points. On average, the survey took 20 minutes, and nearly all com-
pleted the iPad version. Participants also provided a midstream urine 
sample of 25 cc or more into in a disposable container. The urine 
samples were analyzed for cotinine level within 4 hours based on 
manufacturer guidelines.19 Urine was discarded after analysis.

Measures
Personal Characteristics
Demographics included age (in years), race/ethnicity (with five 
options, including Hispanic), education (with seven options), and 
household income (with nine options, ranging from “$4999 or less” 
to “$50 000 or more”). Other personal factors included whether the 
woman was partnered, if the pregnancy was planned (yes/no), and 
how many hours she was exposed to other people’s tobacco smoke 
indoors at home. Age, income, and planned pregnancy were used in 
their original format. Given the small numbers in each racial/eth-
nic minority, this variable was categorized as “white/non-Hispanic” 
or “Other.” A binary variable was created to indicate whether the 
woman was at least a high school graduate.

Participants indicated their marital/living status with seven pos-
sible options; those who chose “living with partner” or “married” 
were coded as “partnered,” while other responses were coded as 
“non-partnered.” Exposure to secondhand smoke (SHS) in the home 
was coded as “no” if the reported number of hours exposed in the 
home was zero and as “yes” for any positive number of hours.

Self-reported Tobacco Use
In each of the four surveys, participants were asked “Do you cur-
rently smoke cigarettes or use smokeless tobacco (loose leaf, dip, 
chew, and snuff) even just once in a while?” Those who answered 
“no” or “have never smoked or used tobacco products” were coded 
as nonusers; those who indicated “yes” were coded as tobacco users.

Biochemical Validation of Tobacco Use
Urine samples from each longitudinal assessment were tested using 
NicAlert strips. NicAlert, is a valid, cost effective and commercial 
immunochromatographic assay that uses cutoff limits of urine 
cotinine levels to validate smoking status in pregnant women.19–22 
A score of 3 or higher on this test is indicative of a urine cotinine 
value of 100 ng/mL or greater; this cutoff was used to determine 
tobacco use. NicAlert cutoffs for smoking validation are consistent 
with previous reported urine cotinine ranges.23,24 NicAlert cotinine 
assessment also correlates well with more complex laboratory tests 
using high performance liquid chromatography.23

Data Analysis
Descriptive statistics, including means and standard deviations or 
frequency distributions, were used to summarize the personal char-
acteristics and tobacco use indicators. Tobacco use misclassifica-
tion rate is defined as the ratio of those who reported they were 
not using cigarettes or smokeless tobacco but had above-threshold 
urine cotinine level relative to all with a positive cotinine assay. 
These rates and corresponding 95% confidence limits were used to 
assess changes in disclosure of tobacco use over the perinatal period. 
Logistic regression assessed personal factors associated with misclas-
sification status in the first trimester. The Hosmer–Lemeshow test 
determined model fit and variance inflation factors gauged the pres-
ence of multicollinearity. Data analysis was done using SAS, with an 
alpha level of 0.05.
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Results

The average age of participants was 24.9 (SD  =  4.8). Most were 
white/non-Hispanic (70.6%), and had at least a high school edu-
cation (74.5%). The majority had an annual household income 
of less than $15 000 (54.6%) and most were partnered (62.8%). 
Most women indicated their pregnancy was unplanned (73.2%) and 
the majority reported that they were exposed to SHS in the home 
(68.0%).

The number of biochemically validated tobacco users at each 
evaluation ranged from 103 in the first trimester to 72, 64, and 
46 for the second, third, and postpartum assessments, respectively. 
Of the initial 103, 25 were omitted from one or more subsequent 
misclassification rate calculations because their urine cotinine val-
ues were below the threshold for indication of tobacco product use 
(whether they self-identified as a user or nonuser). The rest of the 
missing participants were lost to follow-up; the largest loss of this 
type was between the third trimester and postpartum.

The misclassification rate, namely the rate of self-identifying as 
a nonuser while having a NicAlert value corresponding to a urine 
cotinine level of 100 or greater, varied over time from high of 35.0% 
at the first trimester to a low of 26.6% at the third trimester (see 
Figure 1); misclassification rates at second trimester and postpartum 
were 31.9% and 30.4%, respectively. While the trend was a decrease 
in under-reporting until the birth, followed by an increase postpar-
tum, misclassification rates did not differ significantly over time, as 
evidenced by the overlapping confidence intervals. There were also 
some women with a mismatch between self-reported tobacco use 
status and urine cotinine in the opposite direction, namely self-iden-
tification as a tobacco user and a NicAlert value corresponding to 
a cotinine level of less than 100. The rate of this type of mismatch 
was very low at each trimester of the perinatal period (in particular, 
3.6%, 4.0%, 0.4% and 1.7% in the first, second, third trimesters 
and postpartum, respectively).

The logistic model to examine factors related misclassification 
(ie, having a NicAlert test corresponding to cotinine of 100 or above 
while self-identifying as nonuser) was significant overall (χ2 = 19.0, 
p = .008; see Table 1). The only personal factor in the model that pre-
dicted first-trimester misclassification was race/ethnicity. Compared 
to other racial/ethnic groups, white/non-Hispanic women were 87% 
less likely misclassify themselves as nonusers. This model fit the 
data well, with a nonsignificant Hosmer–Lemeshow test (χ2 = 7.6, 
p = .47), and the variance inflation factors were less than 1.5, sug-
gesting multicollinearity did not influence regression parameters.

Discussion

Biochemical validation of tobacco use should be considered in the 
prenatal period since misclassification rates are high throughout 
pregnancy. Confirmed identification of tobacco use by health prac-
titioners will help ensure that patients are appropriately counseled 
about the adverse risks associated with prenatal tobacco use and 
provided cessation information. The findings from this study are 
similar to prior research that identified between 20% and 25% of 
pregnant women who reported a nonsmoking or quit status but who 
had cotinine measures above the minimum threshold for tobacco 
use.6–9

The rate of tobacco use misclassification among pregnant women 
is typically higher than in the general population. In a population-
based study, Vartianinen and colleagues25 determined that 2.7% to 
5.2% of female participants falsely reported that they had not used 
tobacco in the last month, conflicting with their serum cotinine lev-
els. The rate of misclassification was higher if they indicated they had 
ever used tobacco. In the general population aged 17 and above,26 
the misclassification rate of those who self-reported as nonsmokers 
was 1.4%.

The higher misclassification rate among pregnant women may 
be related to the stigma associated with smoking during pregnancy. 
Wigginton and Lee27 found that pregnant women who smoked were 
much more likely to be labelled as “unhealthy” and “bad influences” 
compared to their nonpregnant and nonsmoking counterparts. 
Another study28 found that pregnant women who smoke were more 
likely to deny smoking to health professionals due to social pres-
sure. Low socioeconomic status may have influenced the high mis-
classification rate in this sample, given three-quarters of participants 
had household incomes of less than $25 000. Webb and colleagues4 
determined a 73% misclassification rate among low-income preg-
nant women self-reporting as nonsmokers.

Consistent with prior research,29 this study determined that 
women of minority race/ethnicity may be at particular risk for 

Table 1. Logistic Regression Modeling the Likelihood of 
Misclassifying First Trimester Tobacco Use Status (n = 94)a

OR
95% CI  
for OR p

Age 0.91 0.81–1.02 .11
Race/ethnicity
 White/non-Hispanic 0.13 0.04–0.42 <.001
 Other 1.00
Education
 Less than high school 0.85 0.25–2.84 .79
 At least high school/GED 1.00
Total household income 1.20 0.97–1.49 .097
Partnered status
 Partnered 1.79 0.55–5.88 .34
 Non-partnered 1.00
Planned pregnancy
 Yes 1.15 0.38–3.50 .80
 No 1.00
SHS exposure in the home
 Yes 0.44 0.14–1.34 .15
 No 1.00

CI = confidence interval; OR = odds ratio; SHS = secondhand smoke.
aWhile the number of missing values for each of the demographic and personal 
variables was limited, nine participants were excluded from this model due to 
missing one or more of these.

Figure  1. Misclassification rates for each trimester and postpartum 
assessment, with 95% confidence intervals. 
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underreporting tobacco use during pregnancy. The discrepancy 
between racial/ethnic groups in rate of misclassification of tobacco 
use status among females in the general population has been 
reported. Wells and colleagues30 found that the misclassification rate 
among women was relatively low overall, but the rate among occa-
sional smokers was lower for those of majority race/ethnicity (6.0%) 
compared with minority participants (15.3%). The higher propen-
sity of minorities to underreport tobacco use while pregnant suggests 
that the poorer pregnancy and birth outcomes among tobacco users 
may affect minority populations disproportionately.

The primary limitation of this study is the attrition from the first 
trimester to the postpartum period, either due to drop out or to ces-
sation of tobacco use during pregnancy. This is consistent with other 
longitudinal studies of this population, where attrition of up to 54% 
has been reported.31 Further, maternal self-reported smoking during 
pregnancy is a predictor of higher attrition independent of whether 
the woman was able to be contacted or not,32 underscoring chal-
lenges to sample retention in this at-risk population. The accuracy of 
self-reported tobacco use may have been increased if we had given 
the participants more options for reporting their use. For example, 
a prior study of smoking during pregnancy also provided an option 
indicating the level of tobacco use had been “cut down.”33 An addi-
tional limitation is lack of assessment of other tobacco products in 
addition to cigarettes and smokeless tobacco; a portion of the mis-
classified tobacco users may have been using types of tobacco not 
specifically identified in the self-reported use question. Related to 
this, we did not assess whether any of the participants were using 
Nicotine replacement therapy; this has the potential for false posi-
tives via the NicAlert assay. The cutoff for urine cotinine is relatively 
high at 100  ng/mL; this may have incorrectly labeled some light 
tobacco users as nonusers. This concern is mitigated by the observa-
tion that this high cutoff made it less likely that those who were only 
exposed to SHS but not actively using tobacco would be labeled as 
users; the cutoff of 100 ng/mL is higher than has been used previ-
ously in this population.34 Metabolism of nicotine and cotinine in 
pregnant is increased while the half-life is decreased when compared 
to nonpregnant women.15 Although this concept is increasingly 
important in Nicotine replacement therapy dosing, limited evidence 
exists limiting validation of perinatal smoking status using preset 
cotinine limits. Finally, these participants were recruited from an 
area of the country with high smoking rates, even among pregnant 
women, so the findings may not be widely generalizable.

This is the first identified study to assess tobacco use misclas-
sification throughout pregnancy and the early postpartum period 
using repeated biochemical validation assessments. The results sug-
gest that self-report of current tobacco use may be lowest among 
minority women. In addition, given the consistently high rates of 
undisclosed use of tobacco throughout pregnancy, biochemical vali-
dation is warranted at each trimester. Future research in this area 
should be focused on the development of new approaches to discuss 
and intervene related to perinatal tobacco use, including strategies 
that encourage cessation while reducing social stigma for those still 
using tobacco products.
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