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       Introduction 
 Chronic passive smoke exposure (PSE) is a major public health 
concern that has been causally linked to premature death and 
disease in children and adults who do not smoke ( U.S. Department 
of Health and Human Services [USDHHS], 2006 ). According to 
the 1999 – 2000 National Health and Nutrition Examination Survey, 
24.9% of children aged 3 – 11 years and 19.9% of adolescents and 
young adults aged 12 – 19 years lived in households with at least 
one smoker ( USDHHS, 2006 ). Prevalence of PSE in the home is 
highest among low income and minority populations ( Centers 
for Disease Control and Prevention, 2008 ). Smoking parents are 
the most important sources of exposure among young children. 
Like healthy children, medically compromised children are ex-
posed to toxic passive smoke, despite their increased vulnerabil-
ity to the adverse health effects of exposure.  Tyc et al. (2004)  
reported, for example, that approximately 45% of children with 
newly diagnosed cancer from 303 households lived with at least 
one smoking parent and that many parents smoked in the pres-
ence of their child. 

 PSE increases children ’ s risk of pneumonia, bronchitis, re-
spiratory illness, wheezing, middle ear effusions, and otitis me-
dia ( Etzel, 1994 ;  National Research Council, 1986 ;  USDHHS, 
1986 ;  U.S. Environmental Protection Agency, 1992 ), and risk of 
complication increases with higher levels of exposure ( DiFranza 
& Lew, 1996 ). A number of biological mechanisms that interfere 
with lung function and growth ( Cook & Strachan, 1999 ) and 
immune responsiveness ( USDHHS, 2006 ) have been postulated 
to explain how PSE causes injury and disease. Children with 
cancer may be especially vulnerable to these insults secondary to 
disease and treatment-related toxicities that may affect their 
pulmonary, respiratory, and cardiovascular functioning ( Benoist 
et al., 1982 ;  Lipshultz et al., 1991 ;  O’Driscoll et al., 1990 ). In 
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addition to greater risk for later cardiovascular or pulmonary 
disease ( USDHHS, 1995 ), continued PSE may exacerbate pedi-
atric cancer patients ’  risk for developing second malignancies 
( Meisler, 1993 ;  Neglia et al., 1991 ;  Robison & Mertens, 1993 ). 

 Interventions designed to protect children from PSE are 
dependent on reliable measures of PSE. It is critical to know 
the social context in which PSE takes place and the time course 
or episodicity of both acute and chronic exposure. Such de-
tails are obtained only by observation in public settings or by 
report of persons routinely in such settings, such as parents in 
their private home. A number of behavioral, environmental, 
and biochemical measures have been used to quantify the 
magnitude of children’s PSE in their homes and cars ( Matt, 
Bernert, & Hovell, 2008 ). Parent reports are the most com-
mon method of assessing smoking behavior and exposure 
rates in the social and physical contexts of the young child 
( Hovell, Zakarian, Wahlgren, Matt, & Emmons, 2000 ). Parent 
reports are noninvasive, relatively inexpensive, and can be re-
peated over time. However, as is true of all measures, reports 
can be compromised by memory, distractions, or bias, where 
risk of penalty might lead parents to underestimate (or over-
estimate) level of PSE. Thus, it is important to assess the reli-
ability and accuracy of reported measures to set the stage for 
clinical research and service programs aimed at reducing child 
PSE ( Matt et al., 2000 ). 

 Past studies have demonstrated that smoking mothers can 
provide reliable and valid reports of sources and patterns of 
their child ’ s PSE ( Emerson et al., 1995 ;  Emmons et al., 1992 ; 
 Emmons, Hammond, & Abrams, 1994 ;  Matt et al., 1999 ,  2000 ), 
with 20% – 40% of the variance in biomarkers of exposure ac-
counted for by quantitative parent reports of exposure. For ex-
ample,  Matt et al. (2000)  reported correlations of .62 and .75 
between mothers ’  reported smoking rates and infant urine coti-
nine and air nicotine levels, respectively. However, no studies to 
date have examined quantitative parent reports of PSE for chil-
dren undergoing cancer treatment. 

 Managing the demands of their child ’ s cancer treatment 
may result in emotional stress that can reduce parental atten-
tion to and memory of ongoing PSE and/or increase parents ’  
smoking rate and level of child PSE. The social undesirability 
of exposing a sick child to PSE may also increase a parent ’ s 
guilt about smoking in the presence of the child, particularly if 
the medical setting is one that discourages smoking and ad-
vises parents to stop smoking around their child. These condi-
tions are likely to compromise the reliability of reports 
provided by parents of children with cancer as well as promote 
systematic underreporting on some occasions ( Matt et al., 
2000 ). 

 This study was designed to document the magnitude of PSE 
using both parent reports of exposure and laboratory assays of 
PSE for children undergoing treatment for cancer. It extends 
earlier research on PSE measurement by investigating whether 
parents/guardians can provide valid reports of the child ’ s PSE 
during cancer treatment. In addition to validity tests, this study 
was designed to determine whether parent smoking status, de-
mographic, or treatment-related variables alter the validity of 
parents ’  reports of children ’ s PSE. Results of the study will in-
form the generalizability of reported measures of PSE to medi-
cally vulnerable children and their families.   

 Methods  
 Participants 
 One-hundred and twenty-four parents or guardians of a child 
with cancer who lived with at least one adult smoker in the 
home and was exposed to tobacco smoke in the home and/or 
car participated in this study. Parents/guardians were eligible for 
participation regardless of their smoking status. Patients were 
eligible for this study if they were younger than 18 years of age, 
were receiving active treatment for cancer, were at least 30 days 
postdiagnosis, and were nonsmokers. Recruitment took place in 
the outpatient clinic of a large pediatric oncology hospital. Eli-
gible families were invited to participate in a randomized inter-
vention trial to reduce PSE among pediatric cancer patients. The 
data presented represent the baseline data for parents and chil-
dren who agreed to participate in this trial. 

 A small group of nonsmoking patients ( n    =   29) who lived in 
nonsmoking households (cotinine control group) was also 
recruited in order to assess the validity of our urine cotinine 
measures. The cotinine control group met similar eligibility 
criteria as the study patients, with the exception that they lived 
in nonsmoking households. Cotinine control group patients 
were selected to be comparable to a random subsample of the 
study participants according to age ( ± 1 year), gender, and race 
(White/non-White).   

 Procedure 
 Eligible parents were asked to provide information about smok-
ing and their child ’ s PSE by completing structured interviews, as 
described below. Patients provided urine samples for cotinine 
analyses.   

 Measures of PSE 
 The primary dependent variable in this study was the child ’ s ex-
posure to PSE from all persons who smoked in the child ’ s envi-
ronment. Parents provided information about their child ’ s PSE 
in response to a 15-item PSE Questionnaire that included ques-
tions about the number of smokers in the home, parent/family 
smoking patterns and exposure, as well as home smoking rules. 
Specifi cally, parents were asked,  “ How many cigarettes did you 
smoke in your home and to how many was your child exposed? ”  
They were also asked this question for each smoker living in or 
visiting the home and were similarly asked to report smoking 
and exposure occurring in the car. Exposure was defi ned as the 
number of cigarettes smoked in the same room or car as the 
child. 

 Parents were required to record a specifi c number of ciga-
rettes smoked and exposed along a continuum ranging from 
yesterday through 7 days ago. However, the number of cigarettes 
smoked and the number of cigarettes to which the child was 
exposed over the previous 72 hr (3 days) was of primary interest 
for this study, as this timeframe was used to validate against 
measures of cotinine whose half-life falls within this window 
( Collier, Goldstein, Shrewsbury, Zhang, & Williams, 1990 ). 
Smoking parents participating in the study were asked to report 
on the number of cigarettes smoked and exposed from himself/
herself and all other smokers living in the home and from those 
who visited. Nonsmoking parents were asked to report on the 
number of cigarettes smoked and the number of cigarettes to 
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which the child was exposed from the smoking spouse/partner 
and all other smokers living in the home or visiting. Responses 
were used to calculate the parents ’  and all sources ’  average daily 
smoking and the child ’ s average daily exposure to the cigarettes 
smoked in the home or car.   

 Urine collection 
 For toilet-trained children, urine samples were obtained in the 
clinic using standard urine collection methods. Children uri-
nated into standard urine collection cups, and urine was trans-
ferred to plastic test tubes for freezing and analyses. For 
non – toilet-trained children ( n    =   15), samples were collected us-
ing a sterile pediatric urine collection bag (Pediabag;  n    =   14) or 
via cotton rolls placed in the diaper ( n    =   1). Obtained urine was 
expressed into a collection cup. 

 Obtained samples were split and frozen in a standard freezer 
with tubes labeled with a randomly assigned identifi cation 
number for laboratory use. Twenty-one (16.9%) subjects were 
unable to provide suffi cient urine to split (<10 ml of urine in a 
single void). Batched samples were packed in dry ice and 
shipped to the Mass Spectrometry laboratories at San Diego 
State University, San Diego, CA, for analyses of cotinine levels. 
All samples were assayed by a high-performance liquid chro-
matography and tandem mass spectrometry method ( Bernert 
et al., 1997 ).   

 Statistical analyses 
 Cotinine values below detection were set to 0.1 ng/ml, the re-
ported minimal detection level; only children in the control 
group from nonsmoking households had levels below detec-
tion at baseline (12/57 control samples or 8/29 children). In 
parametric analyses, cotinine values and reported average daily 
exposure values (+0.1) were log 

10
  transformed given their 

skewed distributions so that more robust results would be ob-
tained as done in prior studies ( Matt et al., 1999 ,  2000 ). Means 
and interquartile ranges (IQRs or 25th and 75th percentiles) of 
the logged data are shown back-transformed to their original 
metric (i.e., resulting in geometric means) unless otherwise 
noted. 

 Cotinine split-half reliability was assessed by evaluating 
whether approximately 95% of the differences of paired split 
samples fell within  ± 2  SD s of the mean difference, which 
should be near 0 ( Bland & Altman, 1986 ). Intraclass correla-
tions and  SE s of measurement (or intersubject deviation) 
were calculated using analysis of variance methods ( Bland & 
Altman, 1996 ). For remaining cotinine analyses, the average 
of replicated assessments was used. Cotinine values for the 
control group (no smokers in the home) were compared 
with the study group (smokers in the home) using the non-
parametric rank sum test. Spearman ’ s rank correlation was 
used to investigate the relationship between cotinine values 
and reported measures of smoke exposure for the target par-
ent and others, as well as the relationship between reported 
smoking and exposure. Regression methods were used to as-
sess the predictive ability of cotinine on reported exposure to 
determine if this relationship (intercept or slope) differed 
according to participant characteristics. These analyses were 
implemented in SAS 9.1 (Cary, NC).  p  Values less than .05 
were considered significant, and no adjustments were made 
for multiple testing.    

 Table 1.      Child demographic characteristics 
for study sample and cotinine control 
sample  

  
Study sample 
( n    =   124)

Control sample 
( n    =   29) 

 Parent or child variable  n %  n %  

  Child variables 
     Child age (years)  
         0 – 5 52 41.9 10 34.5 
         6 – 12 37 29.9 10 34.5 
         13 – 17 35 28.2 9 31.0 
     Child gender  
         Male 63 50.8 15 51.7 
         Female 61 49.2 15 48.3 
     Child race  
         White 97 78.2 24 82.8 
         Non-White 27 21.8 5 17.2 
     Diagnosis  
         CNS 10 8.1 2 6.9 
         Leukemia/lymphoma 82 66.1 22 75.9 
         Solid tumor 32 25.8 5 17.2 
     Time since diagnosis  
         <6 months 87 70.2 13 44.8 
          ≥ 6 months 37 29.8 16 55.2  

     Note.  CNS = central nervous system.   

 Results  
 Demographic and medical variables 
  Table 1  presents the demographic characteristics of the 124 pa-
tients who provided urine samples. The demographic character-
istics of a smaller related cotinine control sample (children who 
did not reside in homes with smokers;  n    =   29) selected to be 
comparable to the children in our study sample based on age, 
gender, and race are also provided. The median patient age of 
the study sample was 7.2 years (range, 0.4 – 17.7 years), and the 
median time from diagnosis was 0.3 years (range, 0.1 – 4.8 years). 
For the cotinine control group, the median patient age was 9.4 
years (range, 2.2 – 17.2 years) with a median time from diagnosis 
of 0.6 years (range, 0.1 – 2.4 years).     

 The median age for the parents/guardians in our study sam-
ple was 33.4 years (19.6 – 61.2 years). Parents/guardians partici-
pating in the study included 75.8% mothers/stepmothers, 17.7% 
fathers/stepfathers, and 6.5% guardians identifi ed as a grand-
mother or aunt. The majority of the sample (82.3%) was White 
with 17.7% of the sample identifi ed as non-White. Approxi-
mately 52% of the sample was of low socioeconomic status 
(SES), as determined by a score of 1 or 2 on the  Hollingshead 
(1975)  Index. Roughly 58% of parents were married and 42% of 
parents were single. Almost 70% ( n    =   90) of the parents/guard-
ians participating in the trial were self-reported smokers.   

 Cotinine reliability 
 In order to examine the split-half reliability of the cotinine mea-
surements obtained in this study, intraclass correlations were 
computed for split-half cotinine samples obtained from 103 
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patient participants. The intraclass correlation was 0.970, indicat-
ing that 3% of the total variance was due to within-subject vari-
ability. Pearson ’ s correlation for data on the log scale was also 
computed at .970. The  SE  of measurement (or root mean square 
error) was 0.110 on the log scale. The mean difference ( SD ) on 
the log scale was 0.002 (0.156), which was not signifi cantly differ-
ent from 0 ( t  

102
     =    0.099,  p    =   .92 ) , as expected given the random 

assignment of labels (fi rst or second split). Importantly, 95/103 
(92.2%) of the differences fell within 0    ±    2  SD , indicating acceptable 
reliability ( Bland & Altman, 1996 ).   

 Cotinine validity 
 Cotinine levels for patients who came from smoking households 
were also signifi cantly higher than those obtained from patients 
living in nonsmoking homes who comprised our cotinine con-
trol group (mean [IQR]   =   3.9 [1.4 – 11.5] vs. 0.5 ng/ml [0.1 – 0.9], 
respectively;  p    <   .001), thereby supporting the construct validity 
of the laboratory cotinine measures used in the study.   

 Predictive validity of parent-reported PSE 
  Table 2  presents the average daily number of cigarettes smoked 
and the average daily number of cigarettes to which the child 

 Table 2.      Average daily smoking and 
exposure over 3 days as reported by 
smoking and nonsmoking parents  

  Variable 3 Days 

 Reporter (source)  N  M 
25th 
percentile

75th 
percentile  

  Average daily 
 cigarettes smoked

 

 Smoking parent (self) 90 1.6 0.7 6.7 
 Smoking parent (all sources) a 88 4.1 1.2 16.5 
 Nonsmoking parent 
 (smoking parent) b 

33 1.6 0 14.3 

 Nonsmoking parent 
 (all sources)

34 3.0 0.3 15.0 

 All parents (smoking parents) b 123 2.2 0.7 10.3 
 All parents (all sources) 122 5.8 1.0 16.0 
 Average daily cigarettes 
 exposed

 

 Smoking parent (self) 90 0.6 0 2.3 
 Smoking parent (all sources) 90 1.5 0.3 7.7 
 Nonsmoking parent 
 (smoking parent) b 

33 0.6 0 3.3 

 Nonsmoking parent 
 (all sources)

34 1.3 0 8.3 

 All parents (smoking parents) b 123 0.8 0 3.3 
 All parents (all sources) 124 1.5 0 7.8  

    Note.  Average daily smoking and exposure are calculated by adding 
smoking and exposure values across 3 days and dividing by 3. These 
values are log-transformed prior to calculating descriptive statistics, and 
means and interquartile ranges are back-transformed to the original scale.  

  a  Two families did not have results for cigarettes smoked, as reporting 
parent was unaware of other parent ’ s smoking.  

  b  One family had a patient ’ s brother as the identifi ed smoker, so was 
excluded from parent results.   
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 Figure 1.        Cotinine versus 3-day average cigarette exposure from all 
sources according to the reporting parent ’ s/guardian ’ s smoking status.    

was exposed over the previous 72 hr, as reported separately by 
smoking and nonsmoking parents. Average parent-reported ex-
posure levels from all sources in the child ’ s environment over a 
3-day period were similar when reported by both smoking and 
nonsmoking parents (1.5 and 1.3 cigarettes/day, respectively). 
Children were reportedly exposed to nearly half of the average 
number of cigarettes smoked by all sources.     

 The relationship between reported level of smoking and 
reported level of PSE was also examined. Spearman ’ s correla-
tion for all sources of exposure and smoking was .81 as report-
ed by all parents regardless of smoking status ( p    <   .001). 
Correlations were also .81 when examined separately for smok-
ing and nonsmoking parents ( p  values   <   .001). The reported 
levels of smoking and PSE only from parental sources resulted 
in correlations of .75 when reports were provided by all parents 
irrespective of smoking status and .75 and .82 when reports 
were provided by smoking and nonsmoking parents, respec-
tively ( p  values   <   .001). 

  Figure 1  shows a scatter plot of urine cotinine and reported 
average cigarette exposure over 3 days from all sources accord-
ing to the reporting parent ’ s/guardian ’ s smoking status. Results 
indicate a cluster of potential  “ false-positive, ”  cases (low urine 
cotinine and high parent-reported exposure) as well as some 
potential  “ false-negative ”  cases (high urine cotinine and low 
parent-reported exposure). Closer examination revealed a 
tendency for nonsmoking mothers to report higher levels of 
reported exposure than expected based on levels of cotinine.     

 In order to examine whether parents could provide valid re-
ports of the child ’ s PSE, Spearman ’ s correlations between aver-
age daily parent-reported exposure with children ’ s urine cotinine 
levels over a 3-day period were calculated according to smoking 
status of the reporting parent. These results are provided in 
 Table 3 . Reports from smoking parents yielded correlations of 
.35 for exposure from self and .54 for exposure from all sources. 
The proportion of shared variance between cotinine and 3-day 
parent-reported exposure increased by an absolute difference of 
15% (Pearson ’ s  r  2    =   .13 – .28) when other sources of exposure 
(other parent, relatives, friends) are considered over and above 
exposure by the reporting smoking parent. The mean urine co-
tinine level for patients whose reporting parent was a smoker 
was 5.1 ng/ml (IQR   =   1.9 – 13.6 ng/ml).     
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 Lower correlations were found between child cotinine levels 
and 3-day exposure reported by nonsmoking parents. Spear-
man ’ s correlations were .16 for exposure from the smoking 
spouse alone and .38 for exposure from all sources. Also, the 
proportion of shared variance between cotinine and 3-day par-
ent-reported exposure increased by an absolute difference of 
13% (Pearson ’ s  r  2    =   .04 – .17) when other sources of exposure are 
considered over and above the smoking spouse/partner when 
that report was provided by the nonsmoking parent. The mean 
cotinine level for patients whose reporting parent was a non-
smoker was 2.0 ng/ml (IQR   =   0.7 – 5.2 ng/ml). 

 To examine how well 3-day parent reports of all PSE sources 
could be predicted from the child ’ s urine cotinine levels, the  SE  
of estimate (SEE) or root mean square was obtained. Nonsmok-
ing parent reports ( n    =   33) were excluded from the analysis, as 
they were not strongly correlated with cotinine and we wanted 
to examine the most precise predictions. The SEE or root mean 
square was 0.70 on the log scale for predicting exposure from 
urine cotinine, and the 95% prediction intervals for 3-day expo-
sure at the average value of 1.5 cigarettes/day ranged from 0 to 
41.8 cigarettes. That is, if urine cotinine was used to predict the 
child ’ s exposure at an average 3-day reported exposure of 1.5 
cigarettes/day as reported by smoking parents, 95% of these pre-
dictions of exposure would fall between 0 and 41.8 cigarettes. 
This fi nding suggests that the true level of exposure could be 0 
or as high as 25 times that  “ observed. ”  

 We also examined whether the relationship between 3-day all 
source exposure as reported by smoking parents (excluding 
nonsmoking parents) and cotinine levels varied according to 
patient demographic and medical variables. An ordinary least 
squares regression model predicting exposure from cotinine was 
fi t that assessed whether intercepts or slopes differed according to 
patient characteristics. Results indicated no signifi cant differences 
in intercepts or slopes of the regression lines according to age 
group, gender, race (White vs. non-White), SES group (low vs. 
middle vs. high), child diagnosis (leukemia vs. central nervous sys-
tem/solid tumor), and time since diagnosis (<6 vs.  ≥ 6 months).    

 Discussion 
 This is the fi rst study to document the magnitude of PSE among 
children undergoing treatment for cancer using both quantitative 

parent report and urine cotinine measures. Our results showed 
substantial level of exposure as reported by parents, and these re-
ports were validated by cotinine assays. Children in our sample 
were exposed to approximately half the cigarettes smoked by their 
parents or other sources. Cotinine data appeared to provide reli-
able and valid objective measurement of recent exposure, across a 
range of exposures, in our sample of pediatric cancer patients. 
Levels of exposure   , as measured by the number of cigarettes to 
which the child was exposed or urine cotinine assays, were com-
parable to those reported in other studies of childhood samples 
employing similar outcomes ( Hovell et al., 2002 ;  Matt et al., 1999 , 
 2000 ) and refl ect the generalizability of these measures across 
vulnerable pediatric populations. 

 Parent reports of recent PSE among children treated for 
cancer showed moderately strong positive relationships with 
urine cotinine levels that were of similar magnitude to those 
previously reported for healthy children and children with asth-
ma ( Hovell et al., 2002 ;  Matt et al., 1999 ,  2000 ). The potential 
obstacles for assessing a child ’ s exposure in the medical setting 
(e.g., demands of caring for a child with cancer, a medical envi-
ronment that discourages smoking) did not appear to interfere 
with parents ’  ability to provide valid reports of their own smok-
ing and exposure behaviors or those of others in the child ’ s en-
vironment. Even under relatively stressful conditions, parent 
reports can provide reasonable short-term estimates of PSE 
from which clinical interventions designed to reduce child ex-
posure can be assessed. Patient demographic and medical vari-
ables did not affect the validity of parents ’  report of exposure. 
However, validity of the parental reported exposure was impact-
ed by the smoking status of the parent providing the report. 

 Exposure reports by parents in our sample who smoked 
were more strongly correlated with urine cotinine levels in their 
children than exposure reported by nonsmoking parents. Non-
smoking parents tended to overestimate the number of ciga-
rettes to which their child was exposed compared with what was 
suggested by their child ’ s cotinine levels, a pattern noted in pri-
or studies ( Matt et al., 1999 ). A weaker association was observed 
between cotinine and PSE from another smoker when reported 
by nonsmoking parents and compared with the association ob-
served when smoking parents reported on their own exposure. 
The less accurate reports of exposure by nonsmoking parents 
are not surprising, as they are not the source of the child ’ s expo-
sure. Nonsmoking parents may estimate exposure based on his-
torical smoking patterns they may have observed, speculate 
about exposure that is not directly observed, and tend to overes-
timate the salient exposure episodes when reporting overall ex-
posure. Additionally, some nonsmokers could exaggerate 
reports of exposure in an attempt to draw attention to the 
smoker ’ s behavior in relation to the child ’ s exposure and health 
status. 

 While there was general correspondence (up to  ~ 30% in 
shared variance) between parental reports of exposure and urine 
cotinine levels in this sample, the two measures are far from per-
fect agreement and provide independent information. The 
strength of these relationships does not allow, for example, for 
the precise prediction of the number of cigarettes exposed based 
on cotinine levels. Residual variance may be accounted for by 
individual physiological differences, metabolic differences, 
sources and locations of exposure, and limitations in parental 
reports of exposure. Biological measures do not inform when 

 Table 3.      Spearman ’ s correlations between 
average daily parent-reported exposure and 
child urine cotinine levels over 3 days  

  Variable  N 
Spearman ’ s 
correlation  

  Smoking parent (self) 90 .35** 
 Smoking parent (all sources) 90 .54*** 
 Nonsmoking parent (smoking parent) 33 .16 
 Nonsmoking parent (all sources) 34 .38* 
 All parents (smoking parent) 123 .34** 
 All parents (all sources) 124 .48**  

    Note.  In one family, the patient ’ s brother was the identifi ed smoker and 
was excluded from parent results.  

  * p    <   .05; ** p    <   .001; *** p    <   .0001.   
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the exposure occurred, the pattern of exposure, or the magnitude 
of exposure at each occurrence. Comprehensive exposure assess-
ments in future studies of PSE involving pediatric cancer patients 
would, therefore, benefi t from combinations of biological and 
reported estimates from parents. 

 It should be noted that only single, intermittent urine coti-
nine samples were obtained in this study, providing a relatively 
crude index of typical and maximal exposure. However, single 
cotinine measurements may not be suffi cient to precisely char-
acterize overall exposure level or exposure over a variable time 
course ( Matt et al., 2007 ). The large  CI s on predicted exposure 
levels obtained in our study suggest considerable variability in 
exposure outcomes. Given the variability of children ’ s exposure, 
estimates of exposure may be artifactually infl ated or reduced if 
the timing of the urine samples refl ects episodic high or low 
level exposure events. For example, children in our sample ex-
posed to high levels of smoke in the car during travel to the hos-
pital may have high urine cotinine levels if the samples are 
collected upon arrival at the hospital. Alternatively, children be-
ing treated at the smoke-free hospital environment for greater 
periods of time prior to urine sample collection may have less 
opportunity for exposure. These factors may have affected the 
less than perfect correspondence between cotinine and parent 
reports. More frequent and targeted cotinine measurements 
may be necessary to resolve temporal sampling problems and 
obtain more representative levels of exposure for this patient 
population ( Matt et al., 2007 ). Information about exposure pro-
fi les may be critical for research questions involving behavior 
change and disease risk information ( Matt et al., 1999 ). 

 Our fi ndings suggest that the smoking status of the parent 
providing the PSE report will need to be considered in future 
studies. Combining the PSE reports obtained from smoking 
parents with those of nonsmoking parents could attenuate the 
relationship between reported exposure and cotinine, such that 
reports from these two parent cohorts should be examined 
separately. In order to maximize the validity of parent-reported 
exposure, reports from smoking sources in the child ’ s environment 
may also be necessary to enhance the reports from nonsmoking 
parents. Additionally, nonsmoking parents may require instruction 
or counseling to become better observers of exposure behaviors 
when participating in PSE exposure trials. 

 Although our results are promising, they should be interpreted 
within the context of a limited sample comprising parents who 
were recruited to participate in a study designed to reduce PSE to 
their child being treated for cancer. Additionally, conclusions 
about nonsmoking parents providing reports of exposure in our 
study were based on a small number of participants, which limited 
the power for statistical testing and warrant future investigation. 
Replicating this study with families of young cancer patients may 
further increase our understanding of the factors that impact the 
validity of parent reports. While this study did not examine the 
specifi c social and environmental contexts in which the child ’ s 
exposure took place, such information is critical to understanding 
the  “ etiology ”  of child exposure. Clearly, children are not exposed 
in the hospital or other clinical settings where smoking is prohibited 
and exposure is severely controlled. Understanding what might be 
added to homes, cars, and other microenvironments to move 
them closer to the functional conditions that now prevail in 
hospitals and in other such settings may enable much greater 
reduction in children ’ s PSE.   
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