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Asking the Right Questions to Ascertain Early Childhood
Secondhand Smoke Exposures
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Secondhand smoke is associated with a myriad of adverse health outcomes. Therefore, it is essential for clinicians
to ask precise questions about exposures, particularly for children. We present 4 questions that incorporate several
locations of exposure and provide a more comprehensive account of children’s smoke exposures than maternal
smoking alone. (J Pediatr 2012;-:---)
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t is estimated that 50% to 75% of children have detectable
levels of serum cotinine, a nicotine metabolite specific to
secondhand smoke.1 Because secondhand smoke has

many associated adverse health effects in children, it is
important for clinicians to collect unbiased, precise, and
accurate exposure histories. Children are exposed to second-
hand smoke in a variety of locations, including their homes,
friends’ and relatives’ homes, public places, and vehicles with
disparate levels of exposure among those with lower socio-
economic status.2 Questions posed to collect these histories
in the clinical setting must be both comprehensive and con-
cise to enable targeted interventions. In this study, we evalu-
ated 4 questions for collecting secondhand smoke exposure
histories in children participating in the Cincinnati Child-
hood Allergy and Air Pollution Study (CCAAPS).

Methods

CCAAPS is an ongoing birth cohort of children having at
least 1 parent with a positive skin prick test and allergy symp-
tom.3 Exposure to parental reported secondhand smoke was
defined at the enrollment visit (age 6-7 months) as well as
exams at ages 1, 2, and 3 years. Four secondhand smoke-
related exposure questions (Q) were posed: the number of
cigarettes smoked daily by the mother (Q1), the number of
smokers living in the child’s home (Q2), the number of hours
per day a child was exposed to secondhand smoke at any lo-
cation (Q3), and secondhand smoke exposure in the car (yes/
no) (Q4). Hair samples for cotinine analysis were collected
annually by cutting 2 samples of �20 strands from the root
end in the occipital region of the scalp. Because �20% of
1 year of age samples were of insufficient weight for analysis,
samples from 2 years of age visit were adjusted for weight and
analyzed for cotinine level by radioimmunoassay at the Hos-
pital for Sick Children in Toronto, Ontario, Canada4; the
limit of detection was 0.02 ng/mg. Therefore, the 2 years of
CCAAPS Cincinnati Childhood Allergy and Air Pollution Study

Q Question
age questionnaire responses were used unless otherwise indi-
cated. As an indicator of socioeconomic status, lower income
was defined as <$40 000 per year. The institutional review
board at the University of Cincinnati approved the study.
Written informed consent was obtained from the parents
of all participating children.
The c2 or t-tests were used to compare differences for bi-

nary and continuous variables, respectively. Prior to the anal-
ysis, cotinine levels below the lower limit of detection were
estimated as the lower limit of detection divided by 2.5 Levels
were log-transformed to approximate a normal distribution
as determined by the Shapiro-Wilk test. Spearman coeffi-
cients were used to determine correlations between the 4 sec-
ondhand smoke questions and hair cotinine level. Statistical
analyses were conducted using SAS version 9.2 (SAS Insti-
tute, Cary, North Carolina).

Results

Overall, 55% of the 617 children in the CCAAPS cohort
with available hair samples were male, 30% had lower an-
nual household income, and 14% were African American.
Cotinine was detected in 83% of the hair samples. Geo-
metric mean hair cotinine levels (�SE) were higher in chil-
dren with a lower family income (0.15 � 1.12 ng/mg)
compared with those with higher income (0.05 � 1.05
ng/mg; P = .55).
Parents of children with lower family income were signif-

icantly more likely than those with higher income to report at
age 2 that the mother smokes$1 cigarette per day (Q1, 27%
Supported by the National Institute of Environmental Sciences at the National
Institutes of Health (grants R01 ES011170, T32 ES010957, and P30 ES006096
to G.L.), which did not have a role in the study design, collection, analysis, or
interpretation of data, the writing of the report or the decision to submit the paper for
publication. The authors declare no conflicts of interest.

0022-3476/$ - see front matter. Copyright ª 2012 Mosby Inc.

All rights reserved. 10.1016/j.jpeds.2012.02.040

1

Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
http://dx.doi.org/10.1016/j.jpeds.2012.02.040


Figure. Percentage of CCAAPS children at age 2 and col-
lectively from birth through age 3 identified as exposed to
secondhand smoke by parental reported question, stratified
by income level. The stacked bars represent the proportion of
children identified as exposed to secondhand smoke by each
of the 4 questions, starting with Q1 (maternal smoking). If
maternal smoking is negative, Q2 (number of household
smokers) is evaluated. If Q2 is 0, Q3 (number of hours a day
around secondhand smoke) is then evaluated. If Q3 is 0, Q4
(secondhand smoke in the car) is evaluated. The resulting
stacked bar represents the additional percentage of children
exposed to secondhand smoke identified by Q2-4. SHS,
secondhand smoke.
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vs 8%), that there were $1 smokers living in the household
(Q2, 44% vs 16%), that the child spent$1 hour around sec-
ondhand smoke per day (Q3, 32% vs 9%), and that the child
was exposed to secondhand smoke in the car (Q4, 31% vs
6%) (P < .0001 for all comparisons).

At 2 years of age, we observed that children in lower in-
come families were 3 times more likely to be exposed to sec-
ondhand smoke compared with children from higher income
families (57% vs 19%, P < .0001) (Figure). Among the
children exposed to secondhand smoke, 55% of lower
income and 56% of higher income children would have
been misclassified if Q2-4 were not asked in addition to
maternal smoking (Figure). To obtain total childhood
secondhand smoke exposures, we also combined positive
responses from the 4 questions over all time points from
birth through 3 years of age, with similar findings (73%
lower income compared with 27% higher income exposed
to secondhand smoke, P < .0001; Figure). Further, 59% of
lower income and 67% of higher income children exposed
to secondhand smoke would have been misclassified as
unexposed if Q2-4 were not posed to the parent (Figure).

Of our 4 secondhand smoke questions, Q3 (the number
of hours around secondhand smoke per day) and Q4
2

(secondhand smoke in the car) were the most strongly corre-
lated with hair cotinine levels at 2 years of age among those
with lower (r = 0.49, P < .0001) and higher income
(r = 0.24, P < .0001), respectively, further demonstrating
the importance of these additional questions.

Discussion

Families with lower socioeconomic status have disparately
higher levels of parental reported secondhand smoke
exposures.2 By asking additional questions about the
number of smokers living in the home, the number of
hours per day around smoke, and whether anyone ever
smokes in the car with the child, we identified that over
half of the children would have been misclassified as un-
exposed if maternal smoking was the sole indicator. These
types of questions also provide the parent(s) an opportu-
nity to report exposures without divulging personal
habits. Taken together, these results indicate that ques-
tions pertaining to secondhand smoke that do not directly
target the mother are necessary when obtaining exposure
histories.
Our data provide specific questions important for clini-

cians in order to obtain a thorough smoking history from
their patients. Asking just 4 questions about maternal smok-
ing, the number smokers living in the home, the number of
hours the child spends around secondhand smoke per day,
and exposures in the car will yield a comprehensive and
clinically relevant smoking history. n
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