Open access Original research

Secondhand tobacco smoke exposure
among children under 5 years old:
questionnaires versus cotinine
biomarkers: a cohort study

BM)J Open

To cite: Mourino N, Pérez-

Rios M, Santiago-Pérez MI, et al.
Secondhand tobacco smoke
exposure among children under
5 years old: questionnaires
versus cotinine biomarkers:

a cohort study. BMJ Open
2021;11:¢044829. doi:10.1136/
bmjopen-2020-044829

» Prepublication history and
supplemental material for this
paper is available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2020-
044829).

Received 21 September 2020
Accepted 03 June 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Ménica Pérez-Rios;
monica.perez.rios@usc.es

Nerea Mourino @ ,' Ménica Pérez-Rios

Bruce Lanphear,® Kimberly Yolton,* Joseph M Braun

ABSTRACT

Objectives Cotinine is the gold standard to estimate
prevalence of secondhand tobacco smoke (SHS) exposure,
and assay limit of detection (LOD) cut-points are typically
used regardless of age. Our aim was to compare the
concordance between mother-reported SHS exposure and
serum cotinine categorising children as exposed with the
assay LOD or age-specific cut-points.

Design Data from the Health Outcomes and Measures of
the Environment (HOME) Study, a prospective pregnancy
and birth cohort.

Setting Hospital or participants’ homes.

Participants 389 pregnant women aged 18 years and
older, between 13 and 19 weeks of gestation, living in a
five-county region of the Cincinnati, Ohio metropolitan
area, and with follow-up on their children at birth and ages
12, 24, 36 and 48 months.

Primary and secondary outcome measures Children’s
serum cotinine, mother-reported active smoking and

SHS exposure were available at birth and during follow-
up visits. We used Cohen’s kappa index to assess
concordance between maternal self-report and child’s
serum cotinine concentrations. We estimated optimal
age-specific cut-points, their sensitivity—specificity and
positive—negative predictive values with receiver operating
characteristic curves.

Results Self-reported exposure and cotinine data were
available for 280 women who gave birth to singleton child.
When applying the assay LOD (0.015 ng/mL), concordance
between maternal report and serum cotinine, without
accounting for age, was below 0.23 at all times. When
using age-specific cut-points (12 months: 0.11 ng/mL;

24 months: 0.08 ng/mL; 36 months: 0.05 ng/mL and 48
months: 0.04 ng/mL), concordance improved, being low
at 12 months (0.39), moderate at 24 and 36 months (0.47
and 0.43) and high at 48 months (0.62).

Conclusions Concordance between mother-reported
SHS exposure among children under 5 years and serum
cotinine improved considerably after applying the cohort-
specific and age-specific cut-points. Future studies are
necessary to verify these results.

BACKGROUND
Exposure to secondhand tobacco smoke
(SHS), or passive smoking, is the involuntary
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Strengths and limitations of this study

» First study estimating serum cotinine age-specific
cut-points for children under 5 years old.

» This study has one of the largest samples of children
younger than 5 years to validate secondhand tobac-
co smoke (SHS) exposure using parental report and
biomarkers.

» We have longitudinal measures of SHS exposure
derived from both maternal report and children’s
serum cotinine concentrations over the first 4 years
of life.

» We do not include questions to evaluate third-hand
smoke exposure or dietary intake.

» We use concordance as another way of validating
the discriminatory capacity of the receiver operating
characteristic curve.

inhalation of a complex mixture of tobacco
smoke produced by the consumption of
tobacco.! SHS exposure is a global public
health concern, and there is no safe threshold
of exposure.” Children are especially vulner-
able to the effects of SHS exposure due to
their narrower airways, faster respiratory rate
and undeveloped immune system.” The detri-
mental effects of SHS exposure on children’s
health, which have been documented since
the 1970s, include an increased risk of sudden
infant death syndrome, acute respiratory
tract infections (bronchitis and pneumonia),
asthma exacerbation, respiratory symptoms
(cough, phlegm, wheeze and breathlessness)
and ear infections.* Over the last 50 years,
more than 100 000 infants exposed to SHS
have already died in the USA.”
Parent-reported SHS exposure, which is
often used to estimate SHS exposure, suffers
from recall bias, social desirability bias and
lack of knowledge about the child’s exposure
in the parents’ absence.’ As a result, having
access to sensitive and specific biomarkers of
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SHS exposure, such as cotinine, is generally considered a
more valid and reliable method for estimating exposure.’
Cotinine, which is the primary metabolite of nicotine, is
considered the optimal biomarker for measuring SHS
exposure. Cotinine has high specificity and sensitivity,” as
well as a prolonged half-life, relative to nicotine, which
ranges from 16 to 20 hours in children.' Cotinine can be
quantified in serum, urine, hair, saliva, maternal milk,
amniotic fluid and meconium.*” While there are validated
cotinine cut-points that can differentiate between active
smokers and non-smokers among adults, such cut-points
are not well established for distinguishing SHS exposure
among children.'" Most studies use the analytical tech-
nique limit of detection (LOD) to define SHS exposure.

Various investigators, who have evaluated the validity of
information collected from questionnaires using cotinine
as the gold standard, have found that the concordance
between parental self-report and cotinine measured in
child’s serum is inconsistent.'*'® These inconsistencies
could be related to poor validity of parental self-report,
age-related differences or a lack of adequate cut-points
for cotinine concentrations among children.'” ' Given
that assays for cotinine are so sensitive, the values above
the LOD might be derived from other sources of nicotine,
such as diet.” " Thus, the establishment of valid cut-points
for distinguishing SHS exposure from non-exposure
among children could reduce exposure misclassification.

The purpose of this study was to characterise the
concordance between motherreported SHS exposure
and serum cotinine concentrations in children younger
than 5 years and assess the utility of age-specific serum
cotinine cut-points to characterise children’s SHS expo-
sure compared with the serum cotinine assay LOD.

METHODS

Study participants

We used data from the Health Outcomes and Measures
of the Environment (HOME) Study, a prospective cohort
study that enrolled pregnant women from the Cincinnati,
Ohio, from 2003 to 2006.*’ The principal objective of the
HOME Study was to evaluate the association of prenatal
and postnatal exposure to environmental toxicants with
health and neurobehavioural outcomes in infants and
children. The inclusion criteria were: =18 years old,
between 13 and 19 weeks of gestation, residing in a house
built before 1978 within the study area, HIV negative, not
taking thyroid or epilepsy medication and not undergoing
chemotherapy or radiation therapy. From March 2003 to
January 2006, we recruited 468 pregnant women living in
a five-county region of the Cincinnati, Ohio metropolitan
area (Butler, Clermont, Hamilton and Warren counties)
and Northern Kentucky (Campbell county) to partici-
pate in a longitudinal pregnancy and birth cohort study.
Sixty-seven women dropped out in pregnancy during
the run-in phase of a randomised controlled trial of resi-
dential lead and injury hazard controls nested within
the cohort. From 2003 to 2014, we conducted up to 11

in-person follow-up visits on 410 eligible children (390
singleton and 10 twin sets) at the delivery hospital, our
study clinic or participants’ homes when children were
approximately 1 day, 4 weeks and 1, 2, 3, 4, 5 and 8 years
of age; follow-up rates ranged from 94% (age 4 weeks) to
48% (age 4 years). A detailed description of the cohort is
published elsewhere.*

Patient and public involvement

A community advisory board provided feedback on the
original design of the HOME Study before the study
began. Before initiating any new follow-up, we conducted
pilot testing to ensure that the visit length and types of
assessments were appropriate. At more recent childhood
follow-up visits, we collected information regarding the
visit length and experience from participants and used
this to inform the development of subsequent visits. We
previously reported back concentrations of environ-
mental chemical biomarkers to participants while also
providing contextual information. Finally, we reported
clinically significant findings to participants and their
medical providers.

Assessment of SHS exposure

Maternal-reported tobacco consumption and SHS exposure
Maternal-reported tobacco consumption and children’s
SHS exposure were obtained by using standardised face-
to-face interviews administered by a trained interviewer.
The questionnaire was administered during pregnancy
and at five different points during the follow-up: 4 weeks
after birth and when children were ages 12, 24, 36 and 48
months. At each interview, trained research staff surveyed
the women about their smoking of cigarettes, cigars and
pipes as well as the smoking of these products by other
members of the household. Women were also asked about
their SHS exposure and that of their child at home (living
with a smoker who smokes at home), in other frequently
visited homes and in the car. Each mother was classi-
fied as either a smoker, exposed (non-smoker with SHS
exposure) or unexposed (non-smoker with no SHS expo-
sure). Each child was classified as exposed if the mother
reported either being a smoker or living with a smoker
who smokes at home or if the mother reported that her
child was exposed to SHS in the car or in other homes
and places (such as grandmother’s home or daycare).
Otherwise, we classified children as unexposed.

Serum biomarkers of SHS exposure

We collected venous serum samples from children at
delivery (umbilical cord) and at 12, 24, 36 and 48 months
via venipuncture. The samples were stored at or below
—-80°C until analysis. Serum cotinine concentrations
were determined by the Centers for Disease Control and
Prevention Environmental Health Laboratories using
high performance liquid chromatography atmospheric
pressure tandem mass spectrometry. The assay LOD
threshold for cotinine was 0.015 ng/mL.19 We classified
women as unexposed if the cotinine concentration from
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newborns’ umbilical cord blood after birth was <LOD,
SHS exposed if the value was ZLLOD but <3 ng/mL and
smokers if the cotinine concentration was >3 ng/mL.ll
Children were classified as unexposed if their cotinine
concentration was <LOD and exposed if it was =LOD.
After calculating age-specific cut-points for children
(described further down), we classified them as unex-
posed if their cotinine concentration was lower than the
new cut-points and exposed if it was equal or higher than
the new cut-points.

Statistical analysis

We calculated descriptive analysis for maternal sociode-
mographic characteristics, serum cotinine concentra-
tions and SHS exposure prevalence in children using
maternal-reported information and serum cotinine
concentrations considering both assay LOD derived
cut-point and age-specific cut-points. The concordance
between maternal-reported SHS exposure and categories
of serum cotinine concentrations were calculated using
Cohen’s kappa index for two observers, considering two
categories (exposed/unexposed). Correlation and agree-
ment between children’s log-base transformed serum
cotinine concentrations at different moments between
12 and 48 months of age were estimated using Pearson
correlation coefficients (r) and intraclass correlation
coefficient (ICC).

We used receiver operating characteristic (ROC)
curves to identify the optimal serum cotinine concentra-
tion to distinguish SHS exposure from non-exposure in
children at 12, 24, 36 and 48 months. For this calculation,
we considered several information reported by mothers
regarding their children’s exposure to SHS to validate
the discriminatory capacity of the ROC curve. Exposed
category comprised children whose mothers reported
either being a smoker or living with a smoker who smokes
at home and those whose mothers reported they were
exposed in the car or in other homes and places (such
as grandmother’s home or daycare). Area under ROC
curves (AUCGCs) was calculated besides age-specific cut-
points. There are various methods to optimise cotinine
cut-points. We tested the three criteria most often used
in biostatistics: maximising the Youden index, the identi-
fication of the point on the curve with minimum distance
from the left-upper corner of the unit square and mini-
mising the difference between sensitivity and specificity;
while the three methods provided similar results, we chose
the third approach to be able to identify the optimal age-
specific cut-point that maximises both sensitivity and spec-
ificity, to minimise misclassification either as exposed or
unexposed based on cotinine concentrations. Specificity—
sensitivity and positive—negative predictive values (PPV-
NPV) were calculated for each age-specific cut-point.
Estimations were accompanied by confidence intervals
of 95% (95% CI). Analysis is restricted to children with
motherreported information and serum sample. The
analysis was performed by using Stata V.14.2.

RESULTS

Sample characteristics

A total of 384 women had complete data on their tobacco
smoke exposure at delivery, while 336 (87.5%) children
had complete self-report data at 12 months, 280 (72.9%)
at 24 months, 258 (67.2%) at 36 months and 187 (48.7%)
at 48 months. At baseline, 31% of women were between
ages 30 and 34 years, 62% were non-Hispanic white,
75% had greater than high school education, 81% were
employed, 78% lived with a spouse or partner and 71%
had private health insurance. The attrition rate of women
from pregnancy to the 48-month age period was 51.3%;
loss to follow-up was not related to any sociodemographic
characteristics (online supplemental table 1).

We restricted the analyses to children with both
maternal self-reported tobacco consumption and SHS
exposure information and cotinine measures. Informa-
tion was available for 280 newborns, 270 children at 12
months, 197 at 24 months, 196 at 36 months and 150 at 48
months (online supplemental table 2). The attrition rate
of these children with both self-reported data and serum
biomarkers of SHS exposure was 46.4% from delivery to
age 48 months (online supplemental table 1).

Serum cotinine distribution

Children’s geometric mean (GM) serum cotinine concen-
trations from 12 to 48 months was higher than newborns’
GM umbilical cord serum concentrations (table 1).
Serial measures of children’s serum cotinine concentra-
tions from 12 to 48 months were highly correlated with
correlation coefficients between log-transformed chil-
dren’s serum cotinine concentrations in consecutive
periods ranging from 0.81 (24-36 months) to 0.72 (12-36
months). The ICC between repeated serum cotinine
concentrations (analysis restricted to 71 children with
cotinine measures at 12, 24, 36 and 48 months) was 0.72
(95% CI0.63 to 0.80) reflecting good agreement between

measurements.

Prevalence of exposure to SHS

The prevalence of children exposed to SHS based
on maternal report varied between 26.8% and 31.3%
(figure 1). The prevalence of SHS exposure based on
cord serum cotinine after applying the assay LOD derived
cut-point of 0.015 ng/mL was double the self-reported
prevalence. The prevalence of SHS exposure based on
children’s serum cotinine concentrations decreased from
86.7% at 12 months to 74.7% at 48 months (figure 1
upper). The difference between maternal-reported prev-
alence of exposure and that estimated from children’s
serum cotinine concentrations, excluding newborns and
using LOD as cut-point, was nearly 50 percentage points
at any age.

Children whose mothers reported SHS exposure had
higher serum cotinine concentrations than children
whose mothers reported no exposure to SHS (figure 2).
Fifty per cent of the newborns born to self-reported
smokers had cord serum cotinine concentrations >3 ng/
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Table 1

quartiles and geometric mean with 95% CI

Descriptive statistics of serum cotinine concentrations (ng/mL) at birth and at 12, 24, 36 and 48 months: N, range,

Quartiles Geometric mean
N Range P25 P50 P75 Mean 95% CI

Newborn’s cotinine* 280 0.00000-261.0 0.003 0.017 0.088 0.022 0.015 to 0.032
Child’s cotinine*

12 months 270 0.00030-35.3 0.023 0.063 0.357 0.093 0.0731t0 0.118
24 months 197 0.00126-10.5 0.020 0.046 0.212 0.070 0.0583 to 0.092
36 months 196 0.00032-21.6 0.012 0.033 0.199 0.046 0.034 to 0.064
48 months 150 0.00024-14.9 0.013 0.027 0.249 0.047 0.033 to 0.067

*Analysis is restricted to participants with both maternal-reported data and cotinine measures.

N, number of observations; P, percentile.

mL. At 12 and 24 months of age, 83% and 80% of chil-
dren whose mothers reported that they were not exposed
had cotinine values higher than the LOD, and at 36 and
48 months of age, the percentage was 66% and 65%.
Moreover, the distribution of serum cotinine concen-
tration was similar among children whose mothers were
active smokers and non-smoking mothers who reported
SHS exposure (figure 2); for this reason, these categories
were combined in further analysis.

Estimation of age-specific cut-points for distinguishing SHS
exposure

The AUC of various serum cotinine thresholds ranged
from 0.80 and 0.89 (online supplemental figure 1).
Cut-points for distinguishing SHS exposure from non-
exposure decreased with child age and were set at 0.11

ng/mL at 12 months, 0.08 ng/mL at 24, 0.05 ng/mL
at 36 and at 0.04 ng/mL at 48 months (table 2). The
sensitivity and specificity corresponding to these cut-
points were above 72%, and NPV was over 87%. Using
the optimal serum cotinine age-specific cut-points, the
prevalence of SHS was highest at 12 months (39.3%) and
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Figure 1 Prevalence of SHS exposure among children is

derived from maternal self-report (exposed/unexposed),
depicted with a triangle, and also from serum cotinine
concentrations, depicted with a square, applying assay LOD
derived cut-point of 0.015 ng/mL (upper) and age-specific
cut-points of 0.11 ng/mL at 12 months; 0.08 ng/mL at 24
months; 0.05 ng/mL at 36 months; and 0.04 ng/mL at 48
months (bottom). LOD, limit of detection; ROC, receiver
operating characteristic; SHS, secondhand tobacco smoke.
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Figure 2 The box plots depict the distribution of serum
cotinine concentrations (ng/mL), as logarithm, from neonatal
umbilical cord (upper line=3 ng/mL and bottom line=0.015
ng/mL) and child at 12, 24, 36 and 48 months (line=0.015
ng/mL) depending on children’s SHS exposure reported by
mothers (unexposed/exposed/mother smoker). If using the
LOD derived cut-point of 0.015 ng/mL to distinguish between
SHS exposure/non-exposure, all the children, including
those from the non-exposure category, had serum cotinine
concentrations comparable with SHS exposure. LOD, limit of
detection; SHS, secondhand tobacco smoke.
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Table 2 AUC, new age-specific cut-points for each age (ng/mL) with its sensitivity, specificity, PPV and NPV

12 months 24 months 36 months 48 months
n 270 197 196 150
Exposed to SHS, n (%) 72 (26.7) 54 (27.4) 51 (26.0) 47 (31.3)
AUC (95% ClI) 0.80 (0.74 to 0.86) 0.83 (0.76 to 0.90) 0.84 (0.77 to 0.91) 0.89 (0.82 to 0.95)
Cut-points (ng/mL)* 0.11 0.08 0.05 0.04
Sensitivity (95% Cl) 72.20 (60.40 to 82.10 75.90 (62.40 to 86.50) 74.50 (60.40 to 85.70) 83.00 (69.20 to 92.40)

Specificity (95% CI)
PPV (95% CI)
NPV (95% Cl)

)
72.70 (66.00 to 78.80)
49.10 (39.20 to 59.00)
87.80 (81.80 to 92.40)

76.20 (68.40 to 82.90)
54.70 (42.70 to 66.20)
89.30 (82.50 to 94.20)

74.50 (66.60 to 81.40)
50.70 (38.90 to 62.40)
89.30 (82.30 to 94.20)

82.50 (73.80 to 89.30)
68.40 (54.80 to 80.10)
91.40 (83.80 to 96.20)

Estimations are accompanied by 95% CI.
*Age-specific cut-points (bold values) are those that maximised the AUC, that is to say, those that minimise the difference between sensitivity
and specificity. These values were calculated with receiver operating characteristic curves and children’s SHS exposure reported by their
mothers was considered the gold standard. Children’s serum cotinine concentrations above these cut-point values will reflect SHS exposure.
AUC, area under receiver operating characteristic curves; NPV, negative predictive value; PPV, positive predictive value; SHS, secondhand

tobacco smoke.

lowest at 48 months (38.0%). The greatest difference
between maternal self-reported prevalence and serum
cotinine estimated prevalence of SHS exposure is nearly
13 percentage points at 12 months (figure 1 bottom).

Concordance between self-reported exposure and serum
cotinine measures

The concordance between maternal-reported SHS expo-
sure and serum cotinine improved considerably after
applying age-specific cut-points. The kappa coefficient
between motherreported exposure and child’s serum
cotinine concentrations, using the LOD as threshold, was
below 0.22 in each of the four time periods. In contrast,
when age-specific cut-points were used, the kappa coef-
ficient improved from 0.39 at 12 months to 0.62 at 48
months (table 3). Taking Landis and Koch criteria into
account in assessing the kappa index, when using the
assay LOD of 0.015 ng/mL as cut-point, the concor-
dance between maternal-reported and children’s serum
cotinine concentrations after delivery was insignificant at
12, 24 and 36 months and low at 48 months. When using

the new age-specific cut-points, concordance improved
with age, being low at 12 months, but moderate at 24, 36
and high at 48 months.

DISCUSSION
In this cohort, preschool-aged children whose mothers
reported SHS exposure had higher serum cotinine
concentrations than children whose mothers reported
no SHS exposure. When using the serum cotinine assay
LOD as the threshold for distinguishing SHS exposure
from no exposure, concordance between serum cotinine
concentrations and maternal-reported exposure was non-
significant. In contrast, after deriving age-specific serum
cotinine cut-points, the concordance between serum
cotinine and mother-reported exposure to SHS improved,
with increasing concordance as child age increased.
Various studies conclude that serum cotinine concen-
trations in children vary as a function of age, sex or
race.? ' 2 With respect to age, children seem to have

Table 3 Kappa concordance coefficient between maternal-reported SHS exposure (exposed/unexposed) and child’s serum
cotinine concentrations accompanied with the percentage of agreement when using the assay LOD threshold and age-specific

cut-points at 12, 24, 36 and 48 months of age

12 months

24 months

36 months 48 months

Assay LOD threshold*
Agreement (%)
Kappa (95% Cl)
Age-specific cut-pointst

38.52
0.08 (0.04 to 0.13)

72.59
0.39 (0.28 to 0.50)

Agreement (%)
Kappa (95% Cl)

4213
0.12 (0.07 to 0.17)

76.14
0.47 (0.34 to 0.59)

49.49
0.18 (0.10 to 0.25)

54.00
0.22 (0.13 to 0.32)

74.49
0.43 (0.30 to 0.56)

82.67
0.62 (0.49 to 0.75)

*Assay LOD threshold to discriminate between children exposed and unexposed to SHS: 0.015 ng/mL.
TAge-specific cut-points (ng/mL) to discriminate between children exposed and unexposed to SHS calculated with receiver operating
characteristic curves, 12 months: 0.11; 24 months: 0.08; 36 months: 0.05; 48 months: 0.04.

LOD, limit of detection; SHS, secondhand tobacco smoke.
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higher cotinine concentrations than adults at similar
exposures. This could be due to metabolic differences,
or to the fact that children have a faster respiration rate
and inhale larger quantities of SHS contaminants than
adults.”” Previous studies found differences in cotinine
concentrations among children in different age groups,
with higher concentrations among the youngest chil-
dren.' *** Our results are consistent with this as GM
serum cotinine concentrations increased from birth to
12 months and then declined again, possibly reflecting
decreased respiratory rates as children aged. Differences
between cord blood and later concentrations could be
explained by the higher metabolism and faster elimina-
tion of cotinine in their mothers.”” Thus, results of prior
studies and developmental appropriate changes in child
behaviour, anatomy and physiology support the need for
age-specific cut-points for children. Indeed, when the
serum cotinine assay LOD threshold was used to distin-
guish SHS exposure, 65%-83% of children classified as
unexposed by mother report were reclassified as SHS
exposed. In contrast, when we used the new age-specific
cut-points, only 17%-27% were reclassified as SHS
exposed. Our results (data not shown) show that among
the children whose mothers declared that they were not
smokers at the four follow-up periods and that the chil-
dren were not exposed to SHS, the cotinine concentra-
tion decreased as age increased. This decrease is unlikely
to be due to misclassification of self-reported SHS by the
mother.

Other investigators have concluded that the prevalence
of SHS exposure obtained from maternal-report consis-
tently underestimates actual exposure. Presumably, some
of this estimate is because mothers might not report SHS
exposure because of recall bias, social desirability bias
or ignorance about their children’s exposure in other
settings.'” *' Children’s exposure may be so negligible
that mothers are not able to identify or quantify it.® Our
results indicate that some of the discordance was because
of failure to account for age-related differences in expo-
sure or metabolism.

Based on cotinine derived from the LOD threshold,
the prevalence of SHS exposure was 73.5% and 74.7% at
3 and 4 years old, respectively. Taking into account the
estimates obtained in population studies, about 4 out of
10 US children aged 3-11 years (40.6%) are exposed to
secondhand smoke.? These large differences, however,
fail to assess the influence of other factors such as the
sensitivity and suitability of the cut-points used to clas-
sify exposure to SHS. The assay LOD has become much
more sensitive over time. Earlier studies setitat 0.05 ng/
mL,4 1217 while more recent studies, including ours, have
a LOD of 0.015 ng/mL. This lower LOD could mean
that low serum cotinine concentrations reflect transient
SHS exposure or exposure from other sources, such as
food (tomatoes, potatoes, cauliflower and black tea).
Food consumption levels of dietary nicotine are insig-
nificant compared with moderate SHS exposure, but
consumption of high quantities of nicotine-containing

foodstuffs might contribute to low-level elevations in
serum cotinine (eg, 80 g of eggplant is equivalent to
approximately 0.01 ng/mL of serum cotinine).” Future
studies could verify this hypothesis using studies with
detailed dietary information and sensitive cotinine
biomarkers.

Despite the improvement in the concordance between
maternal-reported SHS and children’s serum cotinine
concentrations using the age-specific cut-points, misclas-
sification is still a problem. This misclassification has been
observed in prior studies, including those of pregnant
women and their children younger than 5 years,”* and
it could be due to maternal concealment to avoid social
judgement or ignorance about negligible and transient
low-level nicotine exposures quantified with sensitive
cut-points.

This study has some limitations worth nothing. First, we
had a modest sample size. Still, it was one of the largest
samples of children younger than 5 years to validate SHS
exposure using parental report and biomarkers,'? 27 27 3
Another limitation is the attrition of study participants.
Yet loss to follow-up was not associated with any measured
sociodemographic characteristic. Third, we did not
include questions to evaluate third-hand smoke exposure,
such as involuntary inhalation or cutaneous absorption
of nicotine particles deposited on clothing and furniture,
or dietary intake. Fourth, we lacked information about
the duration of exposure to SHS, which could have been
used to provide more valid and reliable cotinine thresh-
olds, and we did not account for factors such as the size
of the home, the intensity of exposure or the proximity
to smokers.” *' * Fifth, to identify the optimal serum
cotinine cut-points, we assumed maternal report was the
gold standard. We note that we expect any misreporting
to predominately affect the sensitivity of maternal report
and not the specificity; few women would report exposure
in its absence. It should be noted that maternal self-report
does not refer solely to whether the mother declares that
the child is exposed, but it also takes into consideration
if the mother is a smoker and if the child lives with other
smokers who smoke at home. Finally, our findings may
not be generalisable to other populations as our eligibility
criteria were not designed to ensure that our cohort was
representative of births in the study region. However,
most chemical biomarker concentrations among HOME
Study participants are similar to pregnant women and
children in the USA during the time of enrolment and
follow-up.*

This study also has several strengths. First, we had
longitudinal measures of SHS exposure derived from
both maternal report and children’s serum cotinine
concentrations over the first 4 years of life. Second,
our cohort was relatively higher SES, with 75.2% of the
mothers having greater than high school education.
Thus, misreporting of SHS exposure is likely reduced
as previous studies have shown that higher educational
level is associated with more accurate SHS exposure
reporting."”
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CONCLUSIONS

Previous investigators have concluded that maternal
reports dramatically underestimate children’s SHS expo-
sure. When we used age-specific cut-points, we found that
many fewer children were reclassified as SHS exposed.
Thus, maternal report may be a better indicator of chil-
dren’s SHS than previous estimates. The age specific cut-
points should be validated in other cohorts.
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