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ENVIRONMENTAL DETERMINANTS
The effects of low-level environmental tobacco smoke exposure on
pulmonary function tests in preschool children with asthma
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Abstract Keywords
Objectives: Though parents of children with asthma smoke, they often avoid smoking in their | ung function, preschool children,
homes or near their children, thus limiting exposure. It is not known if such low-level tobacco smoke exposure

environmental tobacco smoke (ETS) results in measurable exposure or affects lung function.
The objectives of this study were to measure urinary cotinine in preschool children with
asthma, and to examine the relationship between low-level ETS exposure and pulmonary
function tests (PFTs). Methods: Preschool children with asthma were enrolled. Parents
completed questionnaires on ETS exposure and asthma control, urinary cotinine concentrations
were measured and PFTs were compared between subjects with and without recent ETS
exposure. Results: Forty one subjects were enrolled. All parents denied smoking in their home
within the last 2 weeks, but 14 (34%) parents admitted to smoking outside their homes or away
from their children. Fifteen (37%; 95%Cl: 23-53) of the children had urinary cotinine levels
>1ng/ml, of which seven (17%; 95%Cl: 8-32) had levels >5ng/ml. FEV; and FEV, s were lower
in subjects with a urinary cotinine level >5ng/ml as compared to those with levels <1 ng/ml or
between 1 and 5 ng/ml; both at baseline and after inhalation of albuterol. Five of seven subjects
with urinary cotinine levels >5 ng/ml had FEV, s less than 65% of predicted values. There were
no significant differences in IOS measures. Conclusions: Despite parental denial of smoking near
their children, preschool children may be exposed to ETS. Such low-level ETS exposure may
affect lung function, possibly in a dose-dependent manner.
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Introduction cotinine concentrations compared to controls [15]. School-age
children with high levels of smoke exposure compared to
those with low-level exposure are more likely to have had
moderate or severe asthma [16] and worse lung function
[17,18]. A safe ETS exposure threshold has not been
established, though urinary cotinine levels >1ng/ml are
unlikely to be due to exposure to nicotine from sources other
than air, such as food [19-21].

The objectives of this study were to assess ETS exposure
with measurement of urinary cotinine in preschool children
whose parents only smoked outside or away from their
children; and to compare pulmonary function tests in those
with evidence for ETS exposure to those without. The
hypotheses were that many preschool children with asthma
whose parents only smoked outside would have measureable
urinary cotinine levels; and their pulmonary function would
be lower than non-ETS exposed age-matched children,
possibly in a dose-dependent manner.

For many, if not most, patients with life-long asthma,
symptoms begin in infancy and early childhood [1-4].
Genetic, environmental and lifestyle factors all play important
roles [4-8]. The lungs of infants and young children are
particularly susceptible to damage when exposed to environ-
mental toxicants including environmental tobacco smoke
(ETS) [9,10]. As a result, the effects of ETS exposure on
childhood respiratory health are an area of great interest and
extensive investigation [10-13]. ETS increases the prevalence
of asthma exacerbations, worsens asthma control and
increases risk for developing fixed airflow obstruction
[10-12,14]. Maternal smoking has been shown to be
associated with deficits in spirometry in school-aged children
[14]. Many parents take precautions to smoke outside of their
home or away from their children [15]. Smoking outdoors
with the door closed has been shown to help limit exposure,
but these children still had significant difference in urinary
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enrolled. The diagnosis of asthma was based on typical
asthma symptoms such as recurrent wheeze, cough and
breathlessness resolving spontaneously or with an inhaled
bronchodilator. Subjects were excluded if they had a
primary respiratory diagnosis other than asthma, known
cardiovascular disease, a neuromuscular disorder, musculo-
skeletal deformities or a restrictive pulmonary defect.
In addition, subjects were excluded if they had a history
of premature birth (<34 weeks gestation) or an acute
exacerbation defined as asthma-like symptoms requiring
oral corticosteroids, emergency visit or hospitalization
during the prior 4 weeks.

Procedures

This study was approved by the Institutional Review Board.
After obtaining informed consent, demographic data was
obtained and subjects completed a validated smoking expos-
ure questionnaire [22] and an asthma control questionnaire
[23]. Urinary cotinine was determined by the direct ELISA
method (Calbiotech Inc., Spring Valley, CA), which reflects
exposure to nicotine within 24-36h [19,26]. Cotinine levels
were measured in duplicate, and the mean of the two values
are reported as unadjusted concentrations (ng/ml) [19,24-26].
Spirometry and impulse oscillometry were performed in
accordance with American Thoracic Society (ATS) and
European Respiratory Society (ERS) guidelines [27].
Measurements were made before and at least 15 min after
nebulization of 2.5mg of albuterol via hand-held small
volume nebulizer. Spirometry values were compared to age-
appropriate reference equations [27-31]. Impulse oscillome-
try measurements (Rs, Rjp, Rpo and Xs) were compared to
reference values established by Frei et al. [32].

Data analysis

Subjects were stratified into three groups: urinary cotinine
<1.0ng/ml, 1-5ng/ml and >5ng/ml. The distributions of
continuous variables were characterized by their median and
interquartile range (IQR). Mann—Whitney U tests were used
to test for the significance of differences in continuous
variables between the ETS exposed and non-ETS exposed
groups, and Fisher Exact Probability Tests were used to
compare categorical variables. Two-tailed p values of <0.05
were considered significant.

Results

Forty-one subjects were enrolled. None of the parents
reported smoking in the home or around their child within
the last 2 weeks. Two (14.3%) subjects in the exposed group
had also been exposed to maternal smoking during pregnancy.
Fifteen (37%; 95%CI: 23-53) children had urinary cotinine
levels >1ng/ml, a level unlikely to be secondary to non-
environmental exposure to nicotine [19-21,26]. Of these
15 children, 8 were between 1 and 5ng/ml and 7 had levels
greater than 5ng/ml. Five (12%) had urinary cotinine levels
>10ng/ml. The highest urinary cotinine level was 32 ng/ml.
Fourteen (34%) parents reported smoking since their child
was born. About 50% of those children had urinary cotinine
levels > 1ng/ml, compared to 30% of the children whose
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parents denied any parental smoking after the child was born
(»p=0.04).

Patient characteristics are described in Table 1. There were
no significant differences between exposed and unexposed
groups in age, height, weight, sex, race, ethnicity, history of
atopy or family history of asthma. All subjects denied acute
exacerbations in the proceeding 4 weeks. About 14 (54%) of
the non-ETS exposed group and 14 (93%) of the ETS exposed
group were on daily anti-inflammatory medications
(»p=0.02).

Spirometry results are presented in Table 2. There were no
significant differences in either FEV,s or FEV, between
children with urinary cotinine levels <1 ng/ml and children
with urinary cotinine levels between 1 and 5 ng/ml. However,
median FEV 5 and FEV| were lower for the group of subjects
with urinary cotinine level >5ng/ml than either of the other
two groups (Figures 1 and 2). These differences were present
both before and after inhaled albuterol. About 5 of 7 subjects
with urinary cotinine levels >5ng/ml had FEV s less than
65% of predicted values (data not shown). Impulse oscillo-
metry results are in Table 3. There were no significant
differences between the three groups.

Discussion

ETS exposure has been shown to adversely affect the
respiratory health of children with asthma [9-17]. Passive
smoking has been implicated in increasing bronchial respon-
siveness [33-35], increased frequency of emergency room
visits [36,37], increased hospitalizations, and impairment of
recovery after hospitalization for acute asthma [38,39]. Many
smoking parents attempt to limit their children’s ETS
exposure by smoking only out of their homes [15]. While
these efforts decrease exposure, this study confirms that their
children are still being exposed, based on measureable urinary
cotinine concentrations. Urinary cotinine, a specific and

Table 1. Patient characteristics.

Urinary cotinine  Urinary cotinine

(<1 ng/ml) (>1ng/ml) )4
N 26 15
Age (years)* 5.6 (5.0-5.9) 5.3 (4.4-5.6) 0.06

Height (cm)*
Weight (kg)*

111.1 (107-118) 112(104-118 0.61
19.3 (18.6-22.7) 20.0 (18.9-25.0) 0.44

Sex (female) 11 (42%) 3 (20%) 0.27
ACQ score* 0 (0-0.53) 0.50 (0.14-1.25)  0.05
Race
White 20 (77%) 11 (73%) 1.0
Black 2 (8%) 4 (27%) 0.17
Asian 4 (15%) 0 (0%) 0.28
Ethnicity
Hispanic 11 (42%) 6 (40%) 0.86
Non-hispanic 15 (58%) 9 (60%) 0.86
Positive atopy history 19 (73%) 9 (60) 0.60
Positive family history 14 (54%) 7 (47%) 0.92
Controllers* 14 (54%) 14 (93%) 0.02
In-utero ETS exposure 4 (15%) 0 (0%) 0.29
Urinary cotinine 0 (0-0.15) 4.5 (1.95-11.5) <0.0001
(ng/ml)*
Urinary cotinine 0 (0%) 5 (33%) 0.004
>10ng/ml

Inhaled corticosteroids and/or montelukast **Median (interquartile
range).
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Table 2. Spirometry in preschool children with asthma.
Groups p
A B C A versus B B versus C A versus C
Urinary cotinine <1 ng/ml 1-5ng/ml >5ng/ml
n 26 8 7
FEVqos () 0.86 (0.78-1.02) 0.92 (0.82-0.99) 0.55 (0.47-0.75) 0.77 0.04 0.048
% Predicted 94 (78-101) 87 (83-98) 59 (53-72) 0.89 0.021 0.014
FEV, 5, post-albuterol 0.94 (0.87-1.17) 0.96 (0.89-0.98) 0.64 (0.56-0.81) 0.24 0.032 0.009
% Predicted 102 (81-112) 91 (84-96) 67 (63-85) 0.38 0.024 0.002
FEV, () 1.11 (1.02-1.34) 1.19 (1.09-1.29) 0.78 (0.70-1.15) 0.58 0.082 0.119
% Predicted 103 (88-115) 99 (92-103) 78 (71-86) 0.026 0.074 0.026
FEV,. post-albuterol 1.15 (1.02-1.34) 1.25 (1.19-1.40) 0.89 (0.79-1.24) 0.54 0.046 0.05
% Predicted 105 (98-118) 100 (98-110) 89 (83-89) 0.617 0.011 0.009
All values are expressed as medians (interquartile range).
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Table 3. Impulse oscillometry in preschool children with asthma.
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Groups p value
A B C A versus B B versus C A versus C

Urinary cotinine <1 ng/ml 1-5ng/ml >5ng/ml

Sample size 26 8 7

Rs, baseline 10.7 (9.5-11.9) 9.9 (9.6-10.7) 11.1 (9.0-12.5) 0.19 0.30 0.88
% predicted 100.1 (93.2-119.5) 97.5 (85.9-109.1) 100.7 (93.6-110.6) 0.23 0.36 0.93
Rs, post-albuterol 7.4 (6.6-8.6) 6.9 (6.4-8.0) 8.2 (7.3-9.9) 0.32 0.13 0.19
% predicted 73.2 (66.7-80.8) 63.9 (60.4-82.0) 77.6 (71.8-88.6) 0.36 0.17 0.22
R0, baseline 8.3 (7.6-9.5) 8.1 (7.6-8.5) 7.5 (7.1-9.0) 0.18 0.47 0.56
% predicted 92.6 (83.7-101.9) 82.4 (79.0-98.6) 86.1 (81.0-89.7) 0.2 0.38 0.31
R0, post-albuterol 6.3 (5.5-7.9) 6.2 (5.9-6.4) 6.9 (6.5-7.2) 0.56 0.16 0.16
% predicted 68.6 (61.8-78.4) 66.5 (61.4-75.9) 71.3 (69.3-79.6) 0.59 0.21 0.23
R», baseline 6.7 (6.1-7.9) 6.5 (6.0-6.9) 6.0 (5.9-7.3) 0.14 0.52 0.54
% predicted 92.4 (83.2-103.5 85.6 (78.4-93.4) 84.5 (83.6-90.7) 0.16 0.47 0.37
Ry, post-albuterol 5.4 (4.7-6.3) 5.4 (5.2-5.8) 5.7 (5.5-5.9) 0.88 0.63 0.50
% predicted 74.7 (67.0-84.8) 70.8 (69.8-81.0) 75.5 (71.0-83.7) 0.92 0.72 0.67
Rs—R;( baseline 3.6 (28 -4.2) 3.3 (2.9-3.9) 42 (3.1-5.1) 0.38 0.31 0.42
Rs—Ry0, post 2.0 (1.6-2.4) 1.4 (1.2-1.6) 2.5 (1.8-4.0) 0.25 0.09 0.32
Xs, baseline —4.5 (—4.9 to —3.8) —4.0 (—4.9 to —3.8) —4.0 (5.7 to =3.5) 0.86 0.53 0.74
% predicted 98.3 (84.4-108.5) 90.4 (77.9-100) 96.5 (73.4-122.6) 0.92 0.7 0.96
Xs, post —3.1 (=3.5to —2.6) —2.6 (—3.1 to —2.5) —3.3 (—44to —2.3) 0.64 0.5 0.67
% predicted 67.7 (57.9-80.1) 59.8 (56.8-61.8) 77.8 (48.9-99.8) 0.74 0.68 0.90

All values are expressed as median (interquartile range).

major metabolite of nicotine with a half-life of approximately
20h, has been established as a valid marker of recent
exposure [19,21,26,40]. ETS exposure may be a combination
of second-hand smoke and third-hand smoke, generally
defined as exposure to tobacco smoke that previously settled
onto furniture, clothes and inanimate objects and subse-
quently becomes re-suspended [41-44].

This study confirms that parental reports are not always
reliable when used to screen for ETS exposure. Of the 14
subjects whose parents admitted only to outdoor smoking
during the previous 2 weeks, 7 (50%) had urinary cotinine
levels >1ng/ml and 4 (28.6%) subjects had urinary cotinine
levels >10ng/ml. A safe threshold for ETS exposure has not
been established. Based on urinary cotinine levels, 34% of
preschool children in this study were exposed to ETS, since
other sources of urinary cotinine such as nicotine in foods, are
unlikely to result in levels >1ng/ml [19-21]. However the
subjects in this study were exposed to relatively low levels of
nicotine, at least in the previous 24-36h. Only one subject
had a level >30ng/ml, and one child had a level between
20 and 30ng/ml. Adult active smokers (>10 cigarettes/day)
have been reported to have mean urinary cotinine levels as
high as 1100 ng/ml [45].

The relationship between low-level ETS exposure and
lung function in preschool children has not been well
studied. Cook et al. [18] studied the relationship between
ETS exposure as measured by salivary cotinine and spirom-
etry in a community based study of children 5-7 years of
age, and found a small but significant decrement in lung
function (difference of 6% in FEFsy, and 2% in FEV;
between the highest and lowest quintiles for salivary
cotinine) with increasing exposure. We detected what
appears to be a dose-dependent difference in spirometry in
preschool asthmatic children with low-level recent ETS
exposure. There were no differences in impulse oscillometry
measures.

There are a number of limitations to this study. The
sample size was small. Children may be exposed to ETS
from adults other than their parents. There may be
unaccounted for confounding factors that affect lung function
in this age group. There is difficulty in diagnosing asthma in
this age range [45]. The subjects included in this study may
be a mixture of phenotypes, and perhaps the relationship
between ETS exposure and lung function would vary
between specific asthma phenotypes [5]. This study was
cross sectional, hence the effects of low-level ETS exposure
on pulmonary function over time were not studied. Since
ETS exposure affects pulmonary function in older children
with asthma [14-17], perhaps the effects increase over
time from cumulative exposure and may not be apparent in
3-6 year olds.

Conclusions

Based on urinary cotinine levels, preschool children with
asthma whose parents insist they smoke outside of the home
or away from their children are still exposed to tobacco
smoke, albeit at low levels. Even low-level exposure to
ETS may adversely affect lung function, possibly in a
dose-dependent manner.

Acknowledgements

We thank the Children’s Environmental Health Center of the
Hudson Valley and the Division of Pediatric Pulmonology,
Allergy & Sleep Medicine, New York Medical College for
their support. We acknowledge Lance A. Parton, MD and the
staff of his laboratory for their assistance in the performance
of the ELISA tests. The technical assistance of Richard
Griffin, MS, RPFT in the performance of the pulmonary
function tests is gratefully acknowledged. We also acknow-
ledge the assistance of Ingrid Gherson, BS, MPH in the
collection of data for analysis.

RIGHTS LI N Hiy



J Asthma Downloaded from informahealthcare.com by University of Liverpool on 11/01/14

For personal use only.

DOI: 10.3109/02770903.2014.894054

Declaration of interest

The authors have no conflict of interest to report. This study
was supported in part by grants from the Westchester
Community Foundation and the Alfred E. Smith Memorial
Foundation.

References

1.

2.

10.

11.

14.

15.

16.

18.

Phelan PD, Robertson CF, Olinsky A. The Melbourne Asthma
Study: 1964-1999. J Allergy Clin Immunol 2002;109:189-194.
Sears MR, Jones DT, Silva PA, Simpson A, Williams SM. Asthma
in seven year old children: a report from the Dunedin
Multidisciplinary Child Development Study. N Z Med J 1982;95:
533-536.

Kurukularatchy RJ, Fenn M, Twiselton R, Matthews S, Arshad SH.
The prevalence of asthma and wheezing illnesses amongst
10-year-old schoolchildren. Respir Med 2002;96:163—169.
Taussig LM, Wright AL, Holberg CJ, Halonen M, Morgan W],
Martinez FD. Tuscon Children’s Respiratory Study: 1980 to
Present. J Allergy Clin Immunol 2003;111:661-675.

Caudri D, Wijga A, Schipper CA, Hoekstra M, Postma D,
Koppelman G, Brunekreef B, et al. Predicting the long-term
prognosis of children with symptoms suggestive of asthma at
preschool age. J Allergy Clin Immunol 2009;124:903-910.
Johnson CC, Ownby DR, Zoratti EM, Alford SH, Williams K,
Joseph CLM. Environmental epidemiology of pediatric asthma and
allergy. Epidemiol Rev 2002;24:154-175.

Salam MT, Li Y, Langholz B, Gilliland FD. Early-life environ-
mental risk factors for asthma: findings from the children’s health
study. Environ Health Perspect 2004;112:760-765.

Vonk JM, Postma DS, Boezen HM, Grol MH, Schouten JP,
Koeter GH, Gerritsen J. Childhood factors associated with asthma
remission after 30-year follow-up. Thorax 2004;59:925-929.
Reardon JZ. Environmental tobacco smoke: respiratory and other
health effects. Clin Chest Med 2007;28:559-573.

U.S. Department of Health and Human Services. The health
consequences of involuntary exposure to tobacco smoke: a report of
the surgeon general. U.S. Department of Health and Human
Services, Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health; 2006.

Gilliland FD, Li Y, Peters JM. Effects of maternal smoking during
pregnancy and environmental tobacco smoke on asthma and
wheezing in children. Am J Respir Crit Care Med 2001;163:
429-436.

Gergen PJ, Fowler JA, Maurer KR, Davis WW, Overpeck MD. The
burden of environmental tobacco smoke exposure on the respiratory
health of children 2 months through 5 years of age in the United
States: The Third National Health and Nutrition Examination
Survey, 1988 to 1994. Pediatrics 1998;101:1-8.

Li Y, Gilliland FD, Berhane K, McConnell R, Gauderman WJ,
Rappaport EB, Peters JM. Effects of in utero and environmental
tobacco smoke exposure on lung function in boys and girls with and
without asthma. Am J Respir Crit Care Med 2000;162:2097-2104.
Cook DG, Strachan DP, Carey IM. Parental smoking and
spirometric indices in children. Thorax 1998;53:884—-893.
Johansson A, Hermansson G, Ludvigsson J. How should parents
protect their children from environmental tobacco-smoke exposure
in the home? Pediatrics 2004;113:€291-e295.

Mannino DM, Homa DM, Redd SC. Involuntary smoking and
asthma severity in children: data from the Third National Health
and Nutrition Examination Survey. Chest 2002;122:409—415.
Wang X, Wypij D, Gold DR, Speizer FE, Ware JH, Ferris BG,
Dockery DW. A longitudinal study of the effects of parental
smoking on pulmonary function in children 6-18 years. Am J
Respir Crit Care Med 1994;149:1420-1425.

Cook DG, Whincup PH, Papacosta O, Strachan DP, Jarvis MJ,
Bryant A. Relation of passive smoking as assessed by salivary
cotinine concentration and questionnaire to spirometric indices in
children. Thorax 1993;48:14-20.

Benowitz NL. Cotinine as a biomarker of environmental tobacco
smoke exposure. Epidemiol Rev 1996;18:188-202.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

689

Oddoze C, Dubus JC, Badier M, Thirion X, Pauli AM, Pastor J,
Bruguerolle B. Urinary cotinine and exposure to parental smoking
in a population of children with asthma. Clin Chem 1999;45:
505-509.

de la Riva-Velasco E, Krishnan S, Dozor AJ. Relationship between
exhaled nitric oxide and exposure to low-level environmental
tobacco smoke in children with asthma on inhaled corticosteroids.
J Asthma 2012;49:673-678.

Gehring U, Leaderer BP, Heinrich J, Oldenwening M,
Giovannangelo MECA, Nordling E, Merkel G, et al. Comparison
of parental reports of smoking and residential air nicotine
concentrations in children. Occup Environ Med 2006;63:766—772.
Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR.
Development and validation of a questionnaire to measure asthma
control. Eur Respir J 1999;14:902-907.

Bjercke RJ, Cook G, Rychlik N, Gjika H, Van Vunakis H,
Langone JJ. Stereospecific monoclonal antibodies to nicotine and
cotinine and their use in enzyme-linked immunosorbent assays.
J Immunol Methods 1986;90:203-213.

Langone JJ, Cook G, Bjercke RJ, Lifschitz M. Monoclonal antibody
ELISA for cotinine in saliva and urine of active and passive
smokers. J Immunol Methods 1988;114:73-78.

Matt G, Hovell MF, Quintana PJE, Zakarian J, Liles S, Meltzer SB,
Benowitz NL. The variability of urinary cotinine levels in young
children: implications for measuring ETS exposure. Nicotine Tob
Res 2007;9:83-92.

Beydon N, Davis SD, Lombardi E, Allen JL, Arets HGM, Aurora P,
Bisgaard H, et al. An official American Thoracic Society/European
Respiratory Society statement: pulmonary function testing in
preschool children. Am J Respir Crit Care Med 2007;175:
1304-1345.

Eigen H, Beiler H, Grant D, Christopher K, Terrill D, Heilman D,
Ambrosius WT, Tepper RS. Spirometric lung function in healthy
preschool children. Am J Respir Crit Care Med 2001;163:619-623.
Nystad W, Samuelson SO, Nafstad P, Edvardsen E, Stensrud T,
Jaakkola JJK. Feasibility of measuring lung function in preschool
children. Thorax 2002;57:1021-1027.

Zapletal A, Chalupova J. Forced expiratory parameters in healthy
preschool children (3—6 years of age). Pediatr Pulmonol 2003;35:
200-207.

Stanojevic S, Wade A, Lum S, Stocks J. Reference equations for
pulmonary function test in preschool children: a review. Pediatr
Pulmonol 2007;42:962-972.

Frei J, Jutla J, Kramer G, Hatzakis GE, Ducharme FM, Davis GM.
Impulse oscillometry: reference values in children 100 to 150 cm in
height and 3 to 10 years of age. Chest 2005;128:1266—1273.
Murray AB, Morrison BJ. The effect of cigarette smoke from the
mother on bronchial responsiveness and severity of symptoms in
children with asthma. J Allergy Clin Immunol 1986;77:575-581.
Frischer T, Kuehr J, Meinert R, Karmaus W, Barth R, Hermann-
Kunz E, Urbanek R. Maternal smoking in early childhood: a risk
factor for bronchial responsiveness to exercise in primary-school
children. J Pediatr 1992;121:17-22.

Martinez FD, Antognoni G, Macri F, Bonci E, Midulla F,
De Castro G, Ronchetti R. Parental smoking enhances bronchial
responsiveness in nine-year-old children. Am Rev Respir Dis 1988;
138:518-523.

Chilmonczyk BA, Salmun LM, Megathlin KN, Neveux LM,
Palomoki GE, Knight GJ, Pulkkinen GE, Haddow JE.
Association between exposure to environmental tobacco smoke
and exacerbations of asthma in children. NEJM 1993;328:
1665-1669.

Evans D, Levison MJ, Feldman CH, Clark NM, Wasilewski Y,
Levin B, Mellins RB. The impact on passive smoking on
emergency room visits of urban children with asthma. Am Rev
Respir Dis 1987;135:567-572.

Gerald LB, Gerald JK, Gibson L, Patel K, Zhang S, McClure LA.
Changes in environmental tobacco smoke exposure and
asthma morbidity among urban school children. Chest 2009;135:
911-916.

Abulhosn RS, Morray BH, Llewellyn CE, Redding GJ. Passive
smoke exposure impairs recovery after hospitalization for acute
asthma. Arch Pediatr Adolesc Med 1997;151:135-139.

Jarvis MJ, Russel MA, Benowitz NL, Feyerabend C. Elimination of
cotinine from body fluids: implications for noninvasive

ETS exposure, lung function in preschool asthma

RIGHTS LI N Hiy



J Asthma Downloaded from informahealthcare.com by University of Liverpool on 11/01/14

For personal use only.

690 C. Valsamis et al.

41.

42.

43.

measurements of tobacco smoke exposure. Am J Public Health
1988;78:696-698.

Bequemin MH, Bertholon JF, Bentayeb M, Attoui M, Ledur D,
Roy F, Roy M, et al. Third-hand smoking: indoor measurements of
concentration and sizes of cigarette smoke particles after resus-
pension. Tob Control 2010;19:347-348.

Matt GE, Quintana PJ, Destaillats H, Gundel LA, Sleiman M,
Singer BC, Jacob P, et al. Thirdhand tobacco smoke: emerging
evidence and arguments for a multidisciplinary research agenda.
Environ Health Perspect 2011;119:1218-1226.

Butz AM, Breysse P, Rand C, Curtin-Brosnan J, Eggleston P,
Diette GB, Williams D, et al. Household smoking behavior: effects

44,

45.

J Asthma, 2014; 51(7): 685-690

on indoor air quality and health of urban children with asthma.
Matern Child Health J. 2011;15:460-468.

Matt GE, Quintana PJE, Zakarian JM, Fortmann AL,
Chatfield DA, Hoh E, Uribe AM, Hovell MF. When
smokers move out and non-smokers move in: residential

thirdhand smoke pollution and exposure. Tob Control 2011;20:
el—e8.

National Heart, Lung, Blood Institute and the National
Asthma Education and Prevention Program. Expert Panel
Report 3: Guidelines for the Diagnosis and Management of
Asthma. Summary Report. J Allergy Clin Immunol 2007;120:
S$93-S138.

RIGHTS LI N Hiy



	The effects of low-level environmental tobacco smoke exposure on pulmonary function tests in preschool children with asthma
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Declaration of interest
	References


