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Abstract
Context—While maternal smoking has been associated with child emotional and behavioral
problems, to our knowledge, no study has evaluated the association between overall household
smoking and such problems.

Objectives—To investigate whether children who live with smokers are more likely than children
who do not live with smokers to have emotional or behavioral problems and to explore this association
in households with non-smoking mothers.

Design, Setting, and Participants—Nationally representative data from the 2000–2004
Medical Expenditure Panel Surveys, involving 30,668 children aged 5–17 years, were utilized.
Associations between child emotional or behavioral problems and household smoking, and child,
maternal and family characteristics, were examined. SUDAAN software was used to adjust for
complex sampling design.

Main Outcome Measures—Overall score on the Columbia Impairment Scale (CIS), a 13 item
parent-report measure of child emotional or behavioral functioning (range, 0–52, ≥16 indicates a
child with such problems).
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Results—Children in smoking vs. non-smoking households were significantly more likely to have
behavioral problems (17.39% vs 9.29%, P<0.001). After adjusting for all covariates, male sex, older
age of child, younger age of mother, unmarried mother, maternal depression, below average maternal
physical and mental health, each were independently associated with increased likelihood of
emotional and behavioral problems, as was the presence of one or more adult smokers in the
household (Adjusted OR 1.42; 95% CI:1.26–1.60). The odds of CIS≥16 increased with increasing
number of smokers in the household, even among children whose mothers did not smoke.

Conclusion—Children living with smokers are at increased risk for emotional or behavioral
problems, and rates of such problems increase with increasing numbers of smokers in the household,
even in the absence of maternal smoking.

According to the 2006 U.S. Surgeon General's Report, there is no safe level of tobacco
exposure, yet more than 30% of children live in households with at least one adult smoker, and
nearly 60% have evidence of recent exposure to secondhand smoke (SHS)1–3. SHS exposure,
either in utero or during childhood, has been causally linked to numerous adverse health
outcomes, and is a leading preventable cause of both low birth weight and Sudden Infant Death
Syndrome, and a major contributor to increased rates of lower respiratory infections and otitis
media, and increased asthma severity1, 4–7. Recently, associations between SHS exposure and
other childhood problems including increased rates of dental caries8, 9 and the metabolic
syndrome10 have been identified, as well as the finding that there are increased rates of food
insecurity among children and adults in households where adults smoke, probably through the
mechanism of decreased money available for food when money is spent on cigarettes.11

Studies also indicate that prenatal tobacco and childhood SHS exposure are associated with
child behavioral problems, including internalizing and externalizing behaviors12–24,
ADHD17, 25–36, and conduct disorder.19, 37–39 These observational human epidemiologic
studies usually can not distinguish between prenatal tobacco and postnatal secondhand smoke
exposure and their potential associations with negative behavioral or emotional outcomes as
it is the very rare individual who smokes during pregnancy but not after pregnancy. Similarly,
in the absence of biomeasures of smoking exposure, it is not possible to distinguish between
children's exposure to secondhand smoke and exposure to smokers, who themselves are more
likely to be poor, have less education and higher rates of depression and anxiety disorders than
do non-smokers. This growing body of epidemiologic work is complemented by findings from
experimental animal studies. Animal models have demonstrated that in utero nicotine exposure
is associated with impairment of coordination and motor activity, as well as increased rates of
hyperactivity, inattention, and learning and memory problems40–45, and a recent study reported
that primate postnatal tobacco smoke exposure leads to changes in brain cell development
similar to prenatal nicotine exposure in both rodents and monkeys.46

Human studies have focused on behavioral problems in children exposed to tobacco or SHS
from prenatal and/or postnatal maternal smoking, but to our knowledge, no study has examined
the association between overall household adult smoking and child emotional or behavioral
problems.

The purpose of this study was to utilize a nationally representative sample to investigate
whether children who live in households with smokers are more likely than children who do
not live with smokers to have emotional or behavioral problems, and to explore this association
in households with non-smoking mothers.
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METHODS
Data Source

Concatenated data from the 2000–2004 Medical Expenditure Panel Survey (MEPS), a large
and nationally representative survey of the US civilian and non-institutionalized population,
co-sponsored by the Agency for Healthcare Research and Quality (AHRQ) and the National
Center for Health Statistics, were used to investigate the association between adult household
smoking and emotional or behavioral problems among 30 668 children aged 5–17 years. The
MEPS has been conducted annually since 1996, and information on smoking status has been
collected since 2000.

The sample of households participating in the MEPS was selected from the previous year's
respondents to the National Health Interview Survey. For each participating household, five
rounds of interviews were conducted over two calendar years to collect a set of data from that
family. The interviews were conducted in the home by a trained interviewer using computer
assisted personal interviewing technology. Typically, during each round, the same adult
respondent, most often the individual most knowledgeable about the household's health and
health care, was interviewed and reported on behalf of all individuals in that household.
Sociodemographic and health-related information collected during these interviews comprised
the Household Component of the MEPS, which was the main source of data for this study47–
49. Data were also abstracted from supplemental sections in the MEPS. All data were weighted
and annualized to produce national estimates. For a detailed description of the MEPS, further
information is available at http://www.meps.ahrq.gov/.

Study Variables
Behavioral and Emotional Problems—Children's scores on the Columbia Impairment
Scale (CIS), a 13 item structured parent interview that measures overall emotional and
behavioral functioning, was the outcome measure (Table 1). The CIS is administered by a lay
interviewer and provides a respondent-based rating with good reliability, validity and
correlation with clinicians' scores on the Children's Global Assessment Scale, school
difficulties, and mental health services referrals50–52. As part of the Child Preventive Health
Supplement section of the MEPS, the CIS was administered to adult household respondents
for all children aged 5–17 years living in the respondent's home. Respondents were asked, “In
general, how much of a problem do you think (person) has with” [each of the 13 items on the
CIS]. Response to each item ranged from 0 (“No problem”) to 4 (“A Very Big Problem”), with
the summated score ranging from 0 to 52, with a CIS score of ≥16 indicating that the child has
a behavioral or emotional problem53, 54. All 13 items on the CIS were answered in 86.7% of
cases; in 10.7% of cases one item was not answered, in 2.1% of cases 2 items were unanswered,
and in 0.5% 3–8 items were unanswered. Consistent with previous studies, imputed mean
scores were used to assign values to missing CIS items50, and a validated cutoff score of ≥16
to indicate emotional or behavioral problems was employed51. The CIS measures the presence
of either behavioral or emotional problems, or both together in a particular child, but due to its
unifactorial nature, it can not discriminate between emotional and behavioral problems and
thus throughout this paper elevated CIS scores are indicated as reflecting “emotional or
behavioral problems” of children and adolescents, whereas in actuality the elevated CIS score
may reflect elevated emotional and behavioral problems in some cases.

Adult Household smoking—Information on household smoking was derived from the
Adult Self Administered Questionnaire section of the MEPS. All individuals in the household
≥18 years of age were given a mail-in questionnaire, which included the question “Do you
currently smoke?” Households were dichotomized as having no adult smokers vs. those with
one or more adult smokers, and were additionally categorized as having 0, 1, 2, and 3 or more
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adult smokers. For adults for whom data on smoking status was not reported (12% in 2004),
imputations were conducted using a 2-step model. The first step targeted adults for whom
smoking status was reported in only one of the two years of MEPS participation. Based on the
finding that 6.5% of participants in the 2003 and 2004 MEPS who reported smoking status for
both years reported a change in smoking status between the two years, with the percent who
started (3.0%) and quit (3.4%) smoking balanced, reported smoking status in one year was
assigned to the year not reported. In the second step, which targeted adults missing data from
both years, an algorithm developed by AHRQ, was applied2. No information was available on
amounts smoked by each adult household smoker, whether they smoked in the home or
automobile, or whether the household had rules prohibiting smoking indoors or in automobiles.

Child and Family Characteristics—Based on previously described associations with
child behavioral problems, covariates and potential confounders, including child age, sex, race/
ethnicity (per respondent report), number of adults in the household, poverty status, and
maternal characteristics such as age at child's birth, education, marital status, depression,
physical, and mental health, were chosen15, 55–64. These data were available in the MEPS
household file and supplemental sections. As detailed in Table 2, child age was dichotomized
into younger (5–11 years) and older (12–17 years), and maternal marital status was
dichotomized into married vs. not-married (single, divorced, widowed). Household income
was divided into 5 categories (poor, near poor [100<125% poverty], low income [125<200%
poverty], middle income [200<400% poverty], and high income ≥ 400% poverty]65. Child
race/ethnicity, number of adults in the household, and maternal education were categorized.
Maternal age at child's birth was calculated using maternal age and child age at time of
interview.

Maternal Physical and Mental Health—Scores on the Short Form-12 (SF-12) Physical
Component Scale (PCS) and Mental Component Scale (MCS) were used as measures of
maternal physical and mental health. The SF-12 is a validated, 12 item self- report health
measure that has been well studied in the general population and in populations with specific
physical (e.g. arthritis, diabetes, MI) and mental health conditions (e.g. depression, anxiety)
66. PCS and MCS scores range from 0–100, with lower scores indicating poorer health. PCS
and MCS scores were available in the Self Administered Questionnaire supplement. Mean
scores and standard deviations were calculated and scores were categorized for analyses (Table
2).

Sample Selection
Of the 34,681 children ages 5–17 years who participated in the MEPS in 2000–2004, 808
children were excluded because of missing scores for all CIS items. 2267 children were
excluded because of missing maternal data, primarily for households in which a biological,
adoptive or step mother was not present. While children who were not living with their
biological parents were not specifically excluded, the exclusion of children for whom some
maternal data were missing probably increased the likelihood of excluding children who were
not living with their biological parents. Due to a taxonomy change between the 2002 and 2003
MEPS, 938 children designated as “multiple” or “other” races were also excluded. Total sample
size was N=30,668 children.

Analyses
Mean total CIS scores and mean scores on each of the 13 CIS items were calculated and
compared, using t-tests, for children living in smoking vs. non-smoking households. The
associations between emotional or behavioral problems (CIS≥16) and smoking in the
household, number of smokers in the household, maternal smoking, and other child, maternal
and family characteristics were examined in bivariate analyses using chi square tests. All
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variables associated with elevated CIS scores (i.e. >16) in bivariate analyses at p<0.10 were
entered into the multivariate analyses. Logistic regression models were constructed to explore
independent relationships between CIS ≥16 and household smoking, as well as CIS≥16 and
number of household smokers, adjusting for (Table 2). Similar logistic regression analyses
were conducted exclusively for children whose mothers were not current smokers. SUDAAN
software was used to adjust for complex sample design.

RESULTS
Table 2 displays the characteristics of the sample and factors associated with children's
emotional or behavioral problems (CIS≥16) in bivariate and multivariable analyses. In
bivariate analyses, all variables (older age, male gender, Black race, lower number of adults
in household, lower family income, the presence of a smoker in the home, increasing number
of smokers in the home, maternal smoking, maternal age <20 years at child's birth, lesser
maternal education, mother not being married, and worse maternal physical and mental health)
were each significantly associated with child emotional or behavioral problems at a P-value
of <0.05 As demonstrated in Table 2, 33.96% of all children surveyed live with one or more
adult smokers and 20.82% of mothers smoked. Overall, 11.38% of all subjects had CIS ≥16.
By contrast, 15.45% of children living in smoking households vs. 9.29% living in non-smoking
households had CIS≥16 (P<0.001), 17.39% of children whose mothers smoked had elevated
CIS scores as compared to 9.80% of children whose mothers did not smoke (P<0.001), and
rates of elevated CIS increased with increasing numbers of adult smokers in the home (9.29%
among children living in homes without any adult smokers, 14.72%% for those living with 1
smoker, 15.99% for those living with 2 adult smokers, and 18.77% for those living with 3 or
more smokers (P<0.001). Rates of emotional or behavior problems decreased as family income
and maternal education increased, and decreased as the number of adults living in the household
increased.

After adjustment for all covariates (Table 2), male sex, older age of child (12–17 years),
younger age of mother at child's birth (<20 years), unmarried mother, maternal depression,
below average maternal physical and mental health each were independently associated with
increased rates of emotional and behavioral problems, as was the presence of one or more adult
smokers in the household (Adjusted OR [AOR] 1.40; 95% CI: 1.23–1.60), maternal smoking
(AOR 1.33, 95% CI 1.14–1.55), and as number of adult smokers in the home increased (1
smoker AOR 1.34, 95% CI 1.15–1.55; 2 smokers AOR 1.48, 95th% 1.24–1.78; 3 or more
smokers AOR 1.78, 95th% 1.28–2.48). In contrast, higher family income, higher maternal
education, and living with 3 or more adults were each independently associated with lower
rates of elevated CIS scores.

The independent association of number of household smokers and child emotional or
behavioral problems is illustrated in graphic form in Figure 1. In a similar analysis including
only children for whom the mother was not a smoker, this relationship remained significant
(Figure 2), i.e. the percentage of children with elevated CIS scores increased as the number of
household smokers increased in multivariate analyses.

DISCUSSION
These data from a large and nationally representative sample demonstrate an independent
association between adult household smoking and child emotional and behavioral problems.
After adjustment for numerous potential confounders and well established independent
predictors of such problems, children who live with one or more adult smokers are 1.4 times
more likely than children who do not live with smokers to have emotional and behavioral
problems as shown in Table 2. The likelihood of these problems increases with increasing
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number of smokers in the household, such that living with 3 or more smokers is independently
associated with a a risk that is 1.75 times more than it is among children who are live in
households with no smokers.` These findings persist even among children whose mothers are
not smokers, suggesting that children exposed to any adult smokers and/or SHS within their
homes are at increased risk for emotional or behavioral problems.

Children's involuntary exposure to SHS is a common and profoundly serious problem which
has been receiving increasing attention from the pediatric, public health and research
communities. The most recent Surgeon General's Report on Secondhand Smoke Exposure
mentioned for the first time the association between SHS exposure and cognitive and
behavioral problems of children, but included the statement that “the evidence is inadequate
to infer the presence or absence of a causal relationship….”1

The human literature on this subject has largely focused on active maternal smoking during
pregnancy, and has reported a fairly consistent association between prenatal maternal smoking
and child behavioral problems24. The association between postnatal maternal smoking and
child behavioral problems is both less well studied and less clear, and as mentioned in the 2006
Surgeon General's Report, disentangling prenatal from postnatal exposure continues to pose a
difficult methodological problem1.

As early as 1975, Denson and colleagues reported that for mothers of “hyperkinetic children,”
cigarette consumption was 3 times higher than among mothers whose children were not
“hyperkinetic”67. That study found no association for paternal smoking, and did not investigate
other potential sources of household SHS exposure. Weitzman and colleagues reported that
postnatal maternal smoking is independently associated with behavioral problems in children.
A dose-response relationship both for children whose mothers smoked during and after
pregnancy as well as for those whose mothers smoked only after pregnancy was identified15.
Similarly, Williams and colleagues demonstrated a significant association between postnatal
maternal smoking at the 5 year visit and externalizing child behavioral problems and suggested
“both biological and social explanations, including a direct psychopharmacologic effect of
nicotine through passive smoking20.” Additionally, two studies evaluating behavior in 3 year
old children demonstrated that current maternal smoking is associated with behavior and
attention problems21, 59, and one study reported that 5 year old children exposed to maternal
smoking were rated more active by their mothers68. In contrast, in a study of disruptive
childhood behaviors (i.e. conduct problems, ADHD), Fergusson and colleagues reported that
after adjusting for potential confounders, postnatal maternal smoking alone was not
significantly associated with increased behavioral problems16.

Whereas these studies focused on maternal smoking, this is the first study we are aware of that
explores the association between children's exposure to adult household smokers and/or SHS
exposure from adult household smokers and child emotional or behavioral problems. A recent
study investigating prenatal and postnatal smoking, low level lead and child ADHD, found no
association between report of household smoking and rates of childhood ADHD34. That study,
however, did not investigate numbers of smokers in the household or the mother's smoking
status, and the dependent variable was ADHD, rather than behavioral and emotional problems,
as assessed in the current study.

Child, maternal, and family characteristics thought to be potential confounders and independent
predictors of child behavioral and emotional problems were included in the logistic regression
models. Consistent with previous studies, the majority of these, including: male sex, older age
(12–17 years), younger maternal age, unmarried mothers, maternal depression, minority race/
ethnicity, or overall mental health problems, and the report of poorer maternal physical heath,
were found to be independently associated with increased rates of children's emotional and
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behavioral problems15, 55–64, 69. After adjustment for all covariates, poverty and maternal
education were no longer significantly associated with such problems, except at the highest
level of education, which was associated with decreased rates of these problems. This raises
the question as to whether the effects of these factors on children's behavioral or emotional
health might be mediated through the pathway of SHS exposure or exposure to adult smokers..
Unfortunately, insufficient information regarding the nature of children's exposure (duration,
age, and frequency of SHS exposure and inability to disentangle exposure to smokers from
exposure to SHS) make it impossible to address this important question.

The mean total Columbia Impairment Scale (CIS) score in this study was 6.47, almost identical
to the mean reported by Bird and colleagues in 199651. The CIS is a global measure of
impairment52. Because of its unidimensional structure, it can not distinguish emotional from
behavioral probems.

There are a number of other limitations to this study. The data did not allow us to investigate
the association of prenatal SHS exposure and children's emotional and behavioral problems,
and it is possible that findings from this study may in part reflect prenatal exposure. In the
present study, smoking status was ascertained by self-report, which has been demonstrated to
have high validity in population based studies70, 71 Previous smoking history, however, was
not ascertained and therefore could not be included in the analyses, making an underestimation
of child SHS exposure more likely37. Data were also lacking as to whether or not smokers were
smoking inside the child's home, and information about smoking behaviors of those less than
18 years of age was not available. Because of the cross-sectional nature of the data, it was not
possible to determine the child's age at which exposure to SHS began, or the duration of the
exposure.

Another limitation is that there is the potential for unmeasured confounders. For example, it is
possible that the relationship seen between the number of adult smokers and increased rates of
children's emotional/behavioral problems is a result of confounding and actually represents an
SES proxy for overcrowding. This appears unlikely, however, as rates of elevated scores on
the CIS decreased both in bivariate and multivariate analyses as the number of adults in the
household increased, whereas rates of elevated CIS scores increased with increasing numbers
of adult smokers in the same analytic models. Similarly, while we were able to adjust for
maternal depression and mental health, the data did not allow us to control for other
characteristics or behaviors of smoking and non-smoking adults, which may influence the
behavior or emotional state of children living in the household. As the Columbia Impairment
Scale is highly correlated with the Clinician's Global Assessment Scale, it seems unlikely,
however, that the smoking status of the individual rating the child's behavior should directly
influence CIS score. In addition, as the Columbia Impairment Scale was administered only for
children aged 5–17 years, we were unable to explore behavioral and emotional functioning in
children less than 5 years, a group described in the 2006 Surgeon General's report as particularly
vulnerable to SHS exposure because of immature and rapidly developing respiratory, immune
and nervous systems, and reliance on caregivers1. The sample size was too small to look at
children 5–6 separately, to see if the associations of emotional or behavioral problems and
living with adult smokers were greater among the youngest children for whom data were
available. Also, eliminating children who were of mixed or unknown race and for whom
maternal data were missing may have introduced unknown biases. Furthermore, The CIS scale
itself has the limitation that it is not standardized for the differences between male and females
in its prediction72.

Despite these limitations, this study, which utilizes data from a large and nationally
representative sample, uses a well validated epidemiologic measure of behavior or emotional
problems, and controls for numerous potential confounders, demonstrates that living with adult
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smokers, even in the absence of maternal smoking, is independently associated with increased
rates of children's behavioral and emotional problems, and that the risk of such problems
increases with increasing numbers of household smokers.

While a study such as this adds to the evidence for an association of children's tobacco smoke
exposure and increased rates of emotional and behavioral problems, it neither provides
evidence for biologic or psychosocial mechanisms underlying this association, nor proves a
causal nature of this association. Based on animal models, it is clear that in utero nicotine
exposure has profound effects on the developing brain. During childhood, the brain continues
to develop, and as demonstrated by studies of exposures to lead and mercury, remains
exquisitely sensitive to environmental toxins. As noted previously, a recent study in primates
with postnatal SHS exposure demonstrated changes in the brain similar to those observed with
prenatal exposure46. As suggested by Williams and colleagues20, we speculate that in children
exposed to SHS, it is a combination of the direct effect of this exposure on the developing brain
along with other biological and psychosocial factors that ultimately shapes child behavior.
Future studies, prospective in design, adjusting for prenatal exposure and using a biological
measure of exposure such as cotinine, in addition to self-report, would further elucidate this
association and might help disentangle potential neurotoxic effects of SHS from potential
untoward consequences of altered home environments and attitudes toward children in homes
with adult smokers.

It cannot be overstated that exposure to tobacco smoke has numerous deleterious health
consequences. In addition to increased risk of SIDS, asthma, respiratory tract infections and
otitis media, children living with smokers are also at increased risk for mental health problems.
While further studies are necessary to establish causality for the association between household
smoking and child emotional and behavioral problems, the findings from this study nonetheless
have important implications for primary care and public health. To promote child health and
wellbeing, tobacco use for all individuals living in households with children should be assessed,
and smoking cessation should be encouraged and facilitated73.
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Figure 1.
Adjusted Odds Ratios for Emotional and Behavioral Problems (CIS≥16) among Children
Living in Households with Varying Numbers of Smokers***
Medical Expenditure Panel Surveys 2000–2004, N=30,668
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Figure 2.
Adjusted Odds Ratios for Emotional and Behavioral Problems (CIS≥16) among Children of
Non-Smoking Mothers Living in Households with Varying Numbers of Smokers***
Medical Expenditure Panel Surveys 2000–2004, N=24,283
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Table 1

The Columbia Impairment Scale (CIS)

How much of a problem does child have with:

1) getting along with mother

2) getting along with father

3) feeling unhappy or sad

4) (his/her) behavior at school

5) having fun

6) getting along with adults

7) feeling nervous or afraid

8) getting along with brothers and sisters

9) getting along with other kids

10) getting involved in activities like sports or hobbies

11) (his/her) schoolwork

12) (his/her) behavior at home

13) staying out of trouble

In the Child Health Supplement to the Medical Expenditure Panel Survey, respondents were asked to rate on a scale from 0 (“No Problem”) to 4 (“A
Very Big Problem”), how much of a problem the child has with thirteen specified activities. Questions not applicable for a specific child were coded

to “Asked, but Inapplicable” (99). A key reference for the Columbia Impairment Scale is Bird HR et al 199651.
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