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ARTICLE

Health Effects Related to Environmental Tobacco
Smoke Exposure in Children in the United States

Data From the Third National Health and Nutrition Examination Survey

David M, Manning, MD; Jeanne E. Moorman, MS; Beverly Kingsley, PhD; Debarah Rose, PRI James Repace, MSe

Ohjective: To determine the cffects of prenatal and
postnatal smoke exposure on the respiratory health of
children in the United States.

Design: MNationally representative cross-sectional
survey, including questionnaive information, mea-
surernents of serum cotinine (a3 metabolite of nicotine),
and pulmonary function measurement, of 5400 US
children,

Eoting and Participants: Childrenaged 4 1o 16 yEurs
in the Third Matonal Health and Mutrition Examina-
tion Survey, October 25, 1988, (o October 15, 1994,

Mathods: VWe simatified the study partcipants into ter-
tiles, on the basis of serum cotinine levels, and used lo-
fistic and linear regression modeling, adjusting for known
covariates, to determine the effect of high environmen-
tal whaceo smoke (ETS) exposure (on the basis of a high
cotinine level) on outcomes such as the prevalence of cur-
rent asthma, the prevalence of frequent wheezing, school
ahsence, and lung function. For children aged 4 to 11
years, we also determined the cffect of prenaal mater-
nal smoking on these outcomes

Resuhts: We observed effects of ETS exposure in all age
groups, although the effects varied berween age groups.
Among all children significant effects associated with high
cotinine levels were for wheezing apart from cold in the
past year {odds rado [OR], 1.8; 95% confidence interval
[C1], 1.1-2.8); 6 or mare days of school absence in the past
year (OR, 2.0, 95% C1, 1.4-2.8); and lung function decre-
mients in the forced expiratory volume in 1 second (mean
change, -1.8%; 95% CI, -3.2% to -0.4%) and the masi-
mal midexplratory Qow (mean change, -5.9%; 5% CI,
=B.1% to -3.4%). Although current and ever asthma were
not significantly associated with high cotinine levels in the
overall group (OR, 1.5;95% CI,0.8-2.7, and OR, 1.3, 95%
CI, 0.8-2.2, respectively), they were increased signifi-
cantly among 4- to 6-year-old ehildren (OR, 5.3; 95% C1,
2.2-12.7, and OR, 2.3; 95% CI. 1.1-5.1, respectively).

Conclusloms: We investigated recent ETS exposures as
important prediciors of respiratory health outcomes in
children 4 years and older. Environmental tohbaceo smake
expasure affects children of all ages, although the exact
effects may vary between age groups.
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HVIRONMENTAL tobacco

smoke (ETS) exposure

among children, which can

begin before birth and con-

tinue through childhood, is
an important and preventable cause of
morbidity amoeng children, Recent com-
prehensive revlews by the California En-
vironmental Protection Agency "and Cook
and Srrachan ? in the joumnal Thorax, have
conchuded thar ETS exposure increases res-
piratory symptoms and diseage and de-
creases lung function in children.

Maost studies that have cxamined the
health effects of ETS exposure on chil-
dren have used reported ETS exposure or
the presence of smokers in the child's
household to define exposure ¥* A limi-
tatkon of these studies is that mest chil-

dren in the United States are exposed to
ET5,* thus children in the “unexpased” ca-
egary in these studies can have expo-
sures from nonparental sources or in places
other than the home. Use afl the hio-
marker, cotinine, can potentally reduce
misclassification, allowing one to com-
pare a high-exposure group with a low-
EXpasUTE group.’

Crur study analyzed data among chil-
dren aged 4 through 16 years, from the
Third Mational Health and Mutrition Ex-
amination Survey (NHANES 101), 2 na-
tionally representative study of the US
population. We used serum cotinine lev-
cls as the main basis for classilying chil-
dren into ETS exposure groups. We also
determined whether prenatal maternal
smoking affected these outcomes.
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SUBJECTS AND METHODS

STUDY POPLLATION

The NHANES 111 was conducred from 1956 through 1994
by the Mational Center for Health Statistics of the Centers
for Misease Control and Prevention, Atlanta, Ga® The

ETHAMES I was approved ko the Madenal Center fac Health
Staristkes” [nstinsEonal Reviea Board. In this sarvey, & swmani-
fied mulristage clusiered probability design was nsed 1o se-
lect a representative sample of the civilian, neninstitution-
alized US population. Eighty-one geographic sites were
included im the final sample. Survey participanis com-
pleted extersive guessiannaines in the hausehald and a com-
prehensive phosical eamiration, including pulmenary fune-
tion pesting, at a specially equipped mehile examinarlon
center. Cruestionmnaires for panticipans younges than 17 years
were completed by 2 knowledgeable proxy.

SURJECTS AMD DEMOGRAFHICS

For our study, the analysis was limited o children aged 4
through 16 years [or whom serum cotnine levels were ab-
taimed [cotinine levels were not obiained on children
younger than 4 years). The WHANES 111 particlpants un-
derwent a physical examingtion, inclisding pulmonary fanc-
tiom vesting for children 8 years and older. 1n addition, we
excluded children who gither reporied current seoking
or had cotinine levels higher than 1136 nmol/L, indicar-
ing possible current nse of cigarettes or spit tobacce®

VARIABLE DEFINITION

The rcefethnicity of the partcipants was dassified a5 *non-
Hispanic white,” "nen-Hispanie Black.” “Mexican Ameri-
can.” or "other” and was determined by sell-report on the
questionmnaire, We excluded children of *oher” pace from
the analyses becanse of the small aumber of subjects in this
Calegory. uckoeconomic status was dersrmined o be “low"
if the reference adult in the mily (one of the persons whe
owns the home or pays the rent) had a 12th-grade sduca-
ton o Less, or the poverty index for the Eumily was less than
1 {on the busis of the number of people living in hame and
reported hounsthold Income)? Family size was classified as
3 ar mare or £ or less, If either the father or mother of the
child reported asthma or hay fever 21 amy age, the child was
chissified as having a parental kiswory of allergy o asthma,
Participans were classified as having & preratal expesure to
smike il the respondent reparted that the maother smalsed
at amy time while pregrant with the child (only asked for
children 11 years or younger). Respendents were asked *Has
adector ever told you that your child has asthma?” and “Does
your child suill bave asthma?™ We classified childoen with a
positive resporse 1@ the first question as “ever asthma® and
the second as “cument asthma.” We dassified pamicipants
as having recwrrent wheeze sympioms if the respendent re-
poried 3 or mone episodes ufwhnuimg in the past year. We
classified participants &5 having wheezing apart from a cold
il the respondent reparted this atamy time in the previcus
year, Wie also cdlassified participants a5 baving 5 or fewer or
& or mare school absence days in the previous year. For most
aralyses, we siratified panicipants into 3 age strata: 4 10 8
yiars, T o 11 years, and 12 10 16 years,

FULMONARY FUNCTION DATA

Spirometry was conducted on survey pamicipanis S years
and alder using a dry rolling seal spirometer in the mahbile
cramination center. Procedures [or testing were based on
tha 1987 American Thoracie Seddety recommendations "To
ebtain spirometry acceptable sccording to the protocel, 5
v 8 Foroed expirations were performed. Several measures
of lung funcrion were vsed: the lvreed expimtory volume
in 1 second (FEV}, the foroed vita] capacity (FYC), the
maximnal midexpiratary How (MMEF) (desermined by cal-
culating the mean Mow per cecond from 25% o 759% of the
lung volume), and the FEVUFEVC ratio. We defined
participanis with an FEVYFYC matio of Less than 0,80 a5
havimg low Tung function [of use in calegorical analyses.

COTININE LEVELS

serum cotinine levels were determined using high-
pertormance ligald chromavography atmospheric-pressure
chemical ionization tandem mass spectromenry, 4 is
described elsewhere® We stratified the subjects int ver-
tiles, hased on cotinine levels of 0.28 omelL (ihe Ymit of
detection; subjects with no devectable cotinine were
included in this wersile} w 0.59 nmel/L, 0.60 1o 3.23
nmoll, and 3.24 to 1136 nmol/L, The same cotinine
strata were nsed in all age strata analyses. An estimaned
lewel of (.19 amalil {one kalf of the level of decection
divided by the square root of 2) was used for subjects with
no detectable cotinine level when caloulating mean expo-
sure levels in the study subjecis.

ANALYSIS

We calcubated all sstimates using the sampling welght o rep-
resent children aged 4 o 16 years in the Unied Stanes, The
purpass of the sampling weight is 1o provide papulziion es-
timates that adjuss for unequal probabilities of selection and
aceount [or nonrespanse. The welghts were postswratified w
thie LIS population & estimated by the Burean of the Cen-
sus. For analyses, we nsed both SAS and SUDAAN, pro-
grams that adjust for complex sample design when vari-
ance estimaes are cloulabed " We did separane analyses
bath strasified by the 3 g groups specified earlierand group-
ing all children togeches, bun comtralling for age. Using Io-
ghstie regression, we modeled faciors predicting panici-
pants with lew lung lunction, 6 or mare scheal absenoes in
the past vear, ever asthma, current asthma, 3 or mose epi-
sades of wheezing in the past year, or any wheezing apan
from calds during the past year. Each model was adjusted
for racefethmicity, socioeconomic status, family size, ard pa-
rieptal history of asthma. Bach micdel weas evaluared lor evi-
dence of elfect modification and confounding, W ran sepa-
ratz medels inthe 2 younger age growps induding varizbles
[or cotinine teriiles hoth in the presence and in the absence
ol rmaternal prenzial smoking (ks was mot reported in chil-
dren 12 yeirs and elder) in an attempa o beaner define the
elfzct that materns] prenatal smoking had on the oatcomes
in children. For evaleation of contmepus long furction data
[FEV,, FEVyFVL, FYC, and MMEF) and days ol scheal ab-
sence, we developed linear regression models adjusting for
age, sicting helght, sex, moeethnicity, secioeconamic sta-
tuz, parenial history of allengy or asthma, Bamily size, and
prenatal maternal smoking and cotinine levels.
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O the 13944 children aged 2 months through 16 yearswho
partcipated in NHANES 111, 4419 were younger than 4
years. Of the remaining 9525 children, 3711 did not have
serum cotinine levels obtained, 272 were of “other” race,
and an additional 142 either admitted 10 current smoking
or had cotinine levels higher than 113.6 amol/L, leaving
5400 children avaitable for analysis, The 3711 children who
did not have cotinine levels obtained were similar to the
3400 partbcipants with regard to sex, race, sociosconomic
starus, reported ETS exposure, and parental history of al

lergy or asthma (P>,05, for all). but were overrepre-
sented in the youngest age group (52% for 4-6 vears, vs 21%
and 18% for 7-11 and 12-16 years, respectivelyd (P <.01).

Creerall, cotnine was detected in 84.9% (5E, 1.5%)
of the children, Children 4 through & years had a
e cotinine bevel of 6,25 nmolL (SE. 0059 nmol) and
# median cotinine level of 1.65 nmolL. Comesponding
levels for children aged 7 through 11 years were 4.54
nmolL (SE, 0.34 nmolL) and 1.31 nmolL, and for
children aged 12 through 16 years were 5.34 nmol/L
{SE, 0.57 nmolL) and 1.%6 nemolf.

The distribution of the covariates and swteames are
displayed in Table 1 by age and in Table 2 by coti-
nine tertile. The covariates were fairly similar across age
sirata, whereas the outeomes of current asthma, ever
asthma, and 6 or more days of school absence tended to
increase in older children and reported wheezing apart
from colds tended to decrease in older age straa, Cone-
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versely, the covariates of low sockoeconomic stamus and
prenatal smoke exposure were much higher among chil-
dren in the highest cotinine tertile than among those in
che bvwest tertile (Tahle 27,

Lng]s:lc Tegression rmadels with outcome mezsunes
of current asthma, ever asthma, 3 or more wheezing epi-
siudes in the past year, wheezing apan from cold in the
past yezar, & or more school absences in the past year var-
ied by age group, with only the latter 2 outcomes being
significant in all the children | Table 3).

Any level of prenatal maternal smoking was re-
ported among 20.0% of children aged 4 through 6 years
and 19.4% of children aged ¥ through 11 years (Table
1) In our models, which included cotinine weriles both
with and withewt prenatal maternal smoking, among chil-
dren aged 4 through 6 years, a high cotinine level was
associaed with an increased prevalence of cutrent asthma
and wheezing, regardless of the presence or absence of
prenatal maternal smoking (Figues 1 ), A similar smaky-
sis in 7= through 11-year-old children yielded no signifi-
cant results (data not shown).

Children with the highest cotinine levels were more
likely to have an FEV JFVC ratio of less than 0.8 than
were children with the lowest eatinineg level (Table 30,
Alter adjustment for all covariates, the FEV,, the FEV, /
FVYC ratlo, and the MMEF were significantly decreased
in all children ( TYakle &), Environmental tobacco smoke
exposure was also significantly assoegated with lung func-
tion decrements among 8- through 11-year-olds with-
out prematal maternal smoking (Table 4). The distriba-
tiom of FEV WPV C ravios was shifted voward 2 smaller ratio
among children in the highest cotinine tenile (Figurs 2,

School absence days, after adfustment for age, racef
ethnicity, sex, sociveconomic stawus, family size, and pa-
rental history of asthma, were significantly increased
among children in the highest cotnine terile (mean in-
crease in annual days absent, 2.5; 95% confidence inter-
wal [CI], 1.1-3.9). The odds of missing 6 or more days of
schoal were significantly increased among all children
Loddde patio [OR], 2.0; 93% CI, 1.4-2.8).
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B COMMENT ey

We analyzed NHANES 111 data to determine the effects
of ETS exposure on the respiratory health of children,
Rather than depending on parental repors of exposure,
which have been the basis of most analyses looking at
the health effects of ETS exposure, '+ we used serum
cotinine levels o classify children and compared thase
with the highest exposure with those with the lowest
exposure, As is consistent with other studies, our stron-
gest eflfects were in the youngest children, with ETS
exposure being assockated with an increassd risk for ever
and current asthma and wheezing, *'*"* Among older
children, [hﬂuﬁh, we [ound sisnirwa.nl associations
between ET5 exposure and increased school absence
and low lung function. Jrur data suggest that recent ETS
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expasuTes are important even among children withour
prenatal smoke exposure,

Cotinine i an accurate marker not only for ETS
exposure’ but also for pamiculate air pollution expo-
sure." The relation between mean serum estinine bevel
(P}, in namorolars per liter (nmolL), and the 24-hour
average particulate marer 2.5 pm in diameter or less
(PM; 5} contributed by ETS ure, in micrograms
per cubic meter (pg/m?*), above a non-ETS background
air pollution level, is given by the formula PM ;5 (pg/
m*}=12.0 P (nmol/L)."*!'* Thus, children aged 4
through § years with a mesn cotinine level of 6.25
nmal/l. had a mean PM, . exposure in excess of 70
pe'm’, which would be ¢ to be assockated with
adverse health oweomes, -

Our primary findings are eonsistent with these re-
pored in the literature, We found an increased risk for
current asthma (OR, 5.3; 5% CI, 2.2-12.70 and wheez-

ing apart from colds (OR, 4.8; 95% CI, 2.4-2.9) among
children aged 4 through 6 years. Although current and
ever asthma were not significantly associated with high
cotinine levels in the overall group (O, 1.5; 95% CI, 0.8-
2.7 and OR. 1.3:95% CI, 0.8-2.2, respectively), these re-
sults are comparable with the recent pooled estimate of
parenial smoking on asthma, yielding an OR of 1.5 (95%
CL, 1.3-1.7} and, for wheeze, vielding an OR of 1.5 (95%
ClL 1.1-1.9).1

The findings from our analysis of lung function
showed significant decrements related to ETS exposure
for MMEF and FEV /FVC ratio for children aged 8
through 16 years (Table 4). A recent review of lung func-
tion decrements related to ETS exposure showed a pooled
estimated decrement of 0.9% for FEV | and 4.5% for
MMEF, @ which is very similar to the results obtained from
our final medels (Table 4), Children with prenatal ma-
termal had lewer mean levels of lung function
{Table 4), suggesting that in utero exposure 1o smoke may
have long-term effects on lung growth.

Interpretation of these data is subject to several po-
tential limitations. Cotinine, which has a half-life of 3 or
4 days, accurately measures recent exposure to ETS or
nccasional active smoking in older children, but not re-
mote exposure. Cument exposure & maore likely o indi-
cate “lifetime exposure” in younger children (because of
their being alive [ewer years, with less opportunity for
rooverrent of smokers into or out of the howsehold), thus
potentially explaining why an association with asthma
and asthma symptems is strongest in this group. The ques-
thonnaine data were not validated by a review of medical
records or physician interview, This may be a particular
problem with regard 1o prenatal smoking, which could
have been underreporned or misclassified. Although this
wias a large sample, the analysis may have lacked power
to detece small increases in the OR for some of the out-
comes. An additional imiaton is that children may
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change their behavior on the basis of symptoms, Chil-
dren, particularly older ones, bothered by smoke may
avoid it, resulting in lower cotinine levels. Further-
more, all children may not uniformly process inhaled
ET5. For example, rackal differences in cotinine levels,
for similar levels of tobacco intake, has previously been
described M

Proxy reports (bypically by the parent) were used
for children. While this may adequately report symp-
toms in younger children (where they are mare likely 1o
be chserved by the parents), the potental exises for overs
reporting or underreporting once the children reach
sohigal -agt.“ Thiz may cantribute, in part, to our not de-
tecting significant effects on asthma or symploms among
T- through L&-year-old children,

W'e found than children of all apes exposed v ETS had
health efects potentially related to this exposure, and that
recent exposure to ETS is important whether or not chil-
dren had exposure to prenatal maternal smoking. The
observed effects were, generally, stronger in the younger
children, for whom the ETS exposure is greater and pa-
rental reporting is more accurate. Environmenial to-
baces smoke exposure is potentially preventable by re-
stricting or eliminating smaking in the home and in public
places thar children wisit.

Accepted for publication September 18, 2000.
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