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ABSTRACT

The relationship betw een asthma and passive
smoking has been w ell established. How ever, it is
still not clear w hether an acute asthma attack can
be induced by acute smoke exposure. The specific
aims of this study were: 1- To assess the degree of
smoke exposure through urinary cotinine levels in
asthmatic children during and 4 weeks after asthma
attacks and, 2- To evaluate the reliability of parental
questionnaires in asthmatic children by comparing
the data obtained from cotinine measurements and
parental reports. Thirty-two consecutive asthmatic
children who were admitted to the emergency clinic
were included in the study. Parents were asked to
complete a questionnaire about their smoking ha-
bits and housing conditions. Urinary cotinine and cre-
atinine levels were measured in children during and
4 w eeks after the acute asthma attack. The mean
age of the patients was 5.7 ± 3.2 years. The mean
attack rate was 3.5 ± 3.8 per year. Thirty-eight per-
cent of the patients were taking no preventive treat-
ment. In 80 % of patients, urinary cotinine and crea-
t inine ratios (CCR) w ere signif icantly above the
non-exposed, non-smoker levels. However, CCR le-

vels during acute asthma attacks w ere not higher
than those measured 4 weeks after the acute attack
(314.6 ± 299.1 vs. 203.8 ± 165.2 ng/mg respectively,
p > 0.05). Although parental reports of passive smo-
ke exposure w as 71 % , CCR levels revealed that
81 % and 97 % of children were exposed to passive
smoke during acute attacks and asymptomatic pe-
riods, respectively. In conclusion, although the pro-
portion of children w ith acute asthma attacks w ho
were exposed to passive smoking was high, the de-
gree of passive smoke exposure was not higher du-
ring acute attacks. Parental questionnaires w ere
found to be unreliable in reporting passive smoke
exposure in asthmatic children during acute attacks. 

Key words: Passive smoking. Asthma. Children.
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RESUMEN

La relación entre el asma y el consumo pasivo de
tabaco está bien establecida. Sin embargo, todavía
no está claro si una exposición aguda al humo del ta-
baco puede inducir un ataque agudo de asma. Los
objetivos concretos de este estudio fueron: 1) deter-
minar el grado de exposición al humo del tabaco me-
diante los niveles de cotinina en orina de niños as-
máticos durante y 4 semanas después de un ataque
de asma, y 2) establecer la fiabilidad de los cuestio-
narios rellenados por los padres de niños asmáticos
comparando los datos obtenidos mediante la medi-
ción de la cotinina con lo declarado por los padres. El
estudio se realizó sobre 32 niños asmáticos que in-
gresaron consecutivamente en urgencias. Se pidió a
los padres que rellenasen un cuestionario sobre sus
hábitos de consumo de tabaco y las condiciones de
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su vivienda. Se midieron los niveles de cotinina y crea-
tinina en orina de los niños durante y 4 semanas des-
pués del ataque agudo de asma. La media de edad
de los pacientes era de 5,7 ± 3,2 años. El promedio
anual de ataques era de 3,5 ± 3,8. El 38 % de los pa-
cientes no seguía ningún tratamiento preventivo. En
el 80 % de los pacientes, los cocientes de cotinina y
creatinina en orina (CCC) eran significativamente su-
periores a los de los niños no fumadores pasivos. Sin
embargo, los CCC durante el ataque agudo de asma
no resultaron superiores a los niveles medidos 4 se-
manas después del ataque (314,6 ± 299,1 frente a
203,8 ± 165,2 ng/mg respectivamente, p > 0.05). Si
bien el consumo pasivo de tabaco era del 71 % se-
gún los padres, los CCC revelaron que el 81 %  y el
97 % de los niños estuvieron expuestos a un consu-
mo pasivo de tabaco durante los ataques agudos y
los períodos asintomáticos, respectivamente. En
conclusión, aunque un alto porcentaje de los niños
que sufrieron un ataque agudo estuvieron expues-
tos a un consumo pasivo de tabaco, el grado de ex-
posición no fue superior durante el ataque agudo.
Asimismo, se constató que los cuestionarios realiza-
dos a los padres no son fiables para determinar el
consumo pasivo de tabaco de los niños asmáticos
durante los ataques agudos. 

Palabras clave: Consumo pasivo de tabaco. Asma.
Niños. Cotinina. Cuestionario.

INTRODUCTION

Asthma is the leading cause of chronic illness of
childhood, affecting 7-12 % of children globally w ith
an increasing morbidity and prevalence1,2. Although
the genetic predispositions for atopy and bronchial
hyperresponsiveness play a role in pathogenesis of
asthma, some avoidable environmental factors pro-
voke an inflammatory response and are know n to
exacerbate symptoms of asthma3-5. Substantial
scientific evidence has proved passive smoking to be
an important environmental risk factor in children
spending 70-80 % of their time at home6-9. Although
individual studies had conflict ing results, a
meta-analysis showed passive smoking not to be a
causal factor for asthma but a risk factor increasing
the severity, frequency of attacks and hospitaliza-
tions in already established asthmatics. However the
question of whether an acute attack can be induced
by acute smoke exposure remains unanswered10-12. 

Documentation of smoke exposure requires ob-
jective markers. Cotinine, a metabolite of nicotine, is
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a w idely used indicator to objectively quantify ciga-
rette smoke exposure as it can be measured in body
fluids accurately w ith a half-life of 10-37 hours in
smokers and longer in non-smokers13-18. 

Several studies have consistently show ed that
70-75 % of children are exposed to tobacco smoke in
Turkey7. The specific aims of our study were a) to in-
vestigate whether acute exposure of tobacco smo-
ke can start an attack in asthmatic children chroni-
cally exposed to passive smoke, and b) w hether
questionnaires given to parents w ith high anxiety le-
vels during the acute attack can reflect exposure ob-
jectively. 

PATIENTS AND METHODS

The study population consisted of thirty-two asth-
matic children who were consecutively admitted to
the emergency clinic with an acute asthma attack bet-
ween March 1996 and September 1996. Study was
approved by the investigational committee of the hos-
pital and written consents were obtained from the pa-
rents and the patients. Patients who were recruited
into the study were diagnosed with asthma according
to the guidelines of the international pediatric asthma
consensus group having at least one previous episode
of physician diagnosed acute asthma attack19.

A questionnaire including questions regarding
smoking habits of all household members, housing
conditions, and child’s medical history was given to
the parents on admission. Number of cigarettes
smoked daily was coded into four intervals (1 to 10,
10 to 20, 20 to 30, and > 30). Educational status of
the parents was described by calculating the total ye-
ars of education. In terms of housing conditions, he-
ating types and total number of rooms in the house-
hold were recorded. 

Children were asked to provide a urine sample as
soon as possible once they were admitted to the
emergency department. Small amounts of urine such
as two milliliters were required for analysis. The urine
was refrigerated immediately, frozen within 12 hours,
and kept frozen at –40 °C until analyzed. Urinary coti-
nine and creatinine levels were measured during the
acute asthma attack and four weeks after the attack
when the patients were free of asthma symptoms.

Urinary cotinine was measured in each sample by
Double Antibody I-125 radio-immunoassay (DPC-LA,
USA). The Double Antibody procedure is a liquid-pha-
se radio-immunoassay, wherein I-125 labeled cotini-
ne competes for a fixed time with cotinine in the pa-
tient urine sample for antibody sites. After
incubation, the antibody-bound fraction is separated
from the free fraction. Finally, the antibody-bound



fraction is precipitated and counted. Patient sample
concentrations are read from a calibration curve. The
antiserum is specific for cotinine and other nicotine
metabolites, w ith very low  cross-reactivity to other
compounds that might be present in patient sam-
ples. Urinary creatinine was measured w ith the use
of a commercially available kit (Crescent Diagnostics,
USA). Cotinine levels were then standardized by di-
viding the cotinine levels w ith creatinine. Results
w ere expressed as cotinine/creatinine ratio (CCR).
Limit of detection was determined to be 5 ng/mL of
urine. All samples were analyzed w ithout know led-
ge of the exposure status of the subjects. The level
of 30 ng/mg was used to categorize subjects into ex-
posed and unexposed, based on the report of
Henderson et al20. Serum Ig E levels were measured
during asymptomatic period by ELISA technique.
Atopy status was defined by history, eosinophilia and
high Ig E levels according to the patient’s age. 

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS for
Windows statistical package. Continuous variables
w ere compared by t-tests. Analysis of categorical
variables w as done by the chi-square. Spearman’s
rho and Mann-Whitney tests were used to correlate
the parental report of exposure w ith urinary CCR re-
sults. Statistical significance was defined as p < 0.05.

RESULTS

Over a six-month period, 32 children w ith asthma
were enrolled in the study. Of all the patients, 62.5 %
were male. Mean age was 5.7 ± 3.2 years, ranging
betw een 1 and 14 years. M ean attack rate w as
3.5 ± 3.8 per year. Thirty-seven percent of the pa-
tients had not received any kind of anti-asthmatic tre-
atment before admission to the emergency depart-
ment. Thirty-one percent of children w ere given
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inhaled steroids which was the main drug used by
this group of asthmatics. 

Seventy-one percent of children had at least one
smoker parent at home. Fathers were the principal
smoking parent at home, w ith a smoking rate of
62.3%. Smoking rate among the mothers was 31.1%
(table I). Average number of cigarettes smoked daily by
mothers and fathers were 2.1 ± 4.8 and 10.6 ± 12.2,
respectively. Total number of cigarettes smoked at
home was 14.4 ± 14.8 on average. Majority of patients
(71.8%) were exposed to less than 20 cigarettes daily
(table II).

Average period of education for mothers and fat-
hers were 6.4 ± 3.1 and 8.7 ± 3.7 years, respectively.
In terms of educational status there was a direct ne-
gative relationship for fathers between educational
status and smoking habits, however this relation was
inverse for mothers (p: 0.03, r: –0.39 and; p: 0.03,
r: 0.36 respectively). In other words, the more edu-
cated mothers tended to smoke more. Prevalence of
parental smoking was similar in treated and non-trea-
ted group, but the amount of cigarette exposure was
significantly related to the previous treatment moda-
lit ies. Children w ho had no anti-asthma treatment
were exposed to cigarette smoke more than the chil-
dren who had been given treatment. Average num-
ber of daily cigarettes smoked at home w as
21.2 ± 15.6 for untreated group, but it  w as
11.7 ± 12.5 for the treated (p: 0.02, r: –0.42).

Cotinine levels w ere 295 ± 293 ng/ml and
229.6 ± 201 ng/ml during the acute attack and asymp-
tomatic period, respectively (table III). These values
were standardized according to urinary creatinine le-
vels. All measurements for urinary creatinine were in
normal range, betw een 0.5 mg/dL and 1.8 mg/dL.
Mean urinary CCR levels were 314.6 ± 299 ng/mg du-
ring the acute attack and 203.8 ± 165.2 ng/mg during
the asymptomatic period. Although cotinine and CCR
levels during acute attack seemed to be higher, there
was no significant difference between the objective
measures of smoke exposure during acute attacks
and asymptomatic periods (p > 0.05). Cut-off value for
exposure w as determined to be 30 ng/mg pre-

Table I

Household smokers of subjects

Percent

Only Mother 9.3
Only Father 31.2
Mother + Father 21.8
Father + Others 9.3
No Smoker 28.1

Table II

Total number of cigarettes smoked at home

Number of cigarettes Percent

0 28.1
1-10 12.5
10-20 31.2
20-30 15.6
> 30 12.5



viously20. Exposure was shown for 81% and 96% of
the children during acute attack and asymptomatic
period, respectively (p > 0.05). There was no signifi-
cant association betw een age and CCR levels
(p > 0.05). The findings did not differ when data were
analyzed after gender breakdown.

Sixty-seven percent of patients were atopic. There
was no difference in CCR levels between atopic and
non-atopic patients, during acute attacks and asymp-
tomatic periods (326.4 vs. 311.6 and 202.3 vs 204.7,
respectively).

Parental report of smoke exposure showed no sig-
nificant correlation w ith objective measurement of
exposure both in acute attacks and asymptomatic
periods (table IV). Nine parents reported no exposure
during acute attacks and asymptomatic periods but
only one patient was found as non-exposed in that
group. There was no significant association betwe-
en total number of daily smoked cigarettes at home
obtained by questionnaire and CCR levels (p > 0.05).

In terms of housing conditions, there was no sig-
nificant relation between CCR and number of rooms
per person (p > 0.05). Wood-burning stove was the
most common type of heat source (75 %) followed
by central heating (25 %). There was no relation bet-
ween the type of heating and CCR levels (p > 0.05).

DISCUSSION

Passive smoke exposure is a well-known risk fac-
tor for acute respiratory tract infections in children8,9.
Although it was shown that passive smoke exposure
aggravates symptoms in asthmatic children, effect of
sudden heavy smoke exposure on precipitating acu-
te asthma attack has not been documented21. In our
study, we were also unable to show such an effect
of sudden heavy smoke exposure. In other words,
acute asthma attack did not coincide with sudden he-
avy smoke exposure in already smoke-exposed asth-
matic children. 
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Questionnaire results showed that 71% of all chil-
dren had at least one smoker parent at home. This
rate is similar to the other studies performed in
Turkey7,22. It has been show n that children w hose
mothers are smokers had approximately 2.5 times
greater risk to develop asthma than children whose
mothers did not smoke1. Increasing prevalence of ma-
ternal smoking is a significant problem especially for
child-bearing age group of women in many develo-
ping countries under the pressure of tobacco industry.

Previously diagnosed and treated asthmatic chil-
dren are expected to have a lower prevalence of pa-
rental smoking due to the medical advice. Although
parental education on the hazardous effects of smo-
king on their asthmatic child is one of the crit ical
points that should be focused on in asthma manage-
ment, it has been shown that asthma education pro-
grams might fail to involve parents who smoke23. In
our study there w as no difference betw een pre-
viously treated and non-treated groups in terms of
passive smoke exposure supporting either inadequa-
te education by the physicians or parental non-com-
pliance. In previously treated group only the repor-
ted amount of cigarettes smoked at home was lower
however the objective measurement of smoke ex-
posure did not confirm the reported information. We
speculate that despite the recommendations of the
health staff, parents either only reduced the number

Table IV

Comparison of parental report of exposure and CCR levels

Acute attack Asymptomatic period
Parental Report

CCR > 30 ng/mg (n) CCR < 30 ng/mg (n) CCR > 30 ng/mg (n) CCR < 30 ng/mg (n)

Smoke exposure 18 5 23 0
No smoke exposure 8 1 8 1

Total 26 6 31 1

Table III

Comparison of CCR levels

Acute Asymptomatic p
Attack Period

Mean Urinary CCR (ng/mg) 314.6 ± 299.1 203.8 ± 165.2 > 0.05
Mean Cotinine (ng/ml) 295 ± 293 229.6 ± 201 > 0.05

No. of children with 26 (81 %) 31 (96 %) > 0.05
CCR > 30 ng/mg



of cigarettes they smoke or reported decreased
amount of smoke exposure24.

Cotinine had been shown to be an objective indica-
tor of passive smoke exposure15. CCR level is above
500 ng/mg among active smokers. A cut-off level of
30 ng/mg has been reported to distinguish children
exposed to tobacco smoke from those unexposed
by Henderson et al20. In contrast to this, some studies
have shown that cotinine is measurable, sometimes
at high levels, in children w ith no reported exposure
at home25. In our study although CCR levels found in
acute attacks were higher than the asymptomatic pe-
riods, difference was not statistically significant. In a
study of 609 children admitted to emergency room,
Reese et al. found elevated levels of CCR among chil-
dren w ith bronchiolit is compared to children w ith
non-respiratory symptoms26. Ehrlich et al investigated
whether recent elevations of passive smoke exposu-
re triggered attacks of asthma requiring visits to the
emergency room. Although mean CCR level in symp-
tomatic asthmatic children w as 46 ng/mg, it w as
38.5 and 25.8 ng/mg in asymptomatic asthmatic
group and healthy subjects, respectively. These levels
were not significantly different from each other. The
only difference they found w as the higher rate of
smoker mothers among asthmatic children11. In a
study by Ogborn et al. 56 asthmatic children were in-
vestigated during acute attack and w ell visits for a
possible triggering factor of passive smoke exposure.
They found a mean CCR level of 93 ng/mg during the
acute attack and it was 97 ng/mg during the well vi-
sit12. Willers et al demonstrated a mean cotinine level
of 10 ng/mL in the urine of asthmatics and this was
significantly higher than normal children who had a
mean cotinine level of 4.8 ng/ml (p < 0.005)27.

In our study, the CCR levels detected were gene-
rally higher than those reported in other studies.
A study from Japan by Matsukura et al. showed that
mean CCR level among passive smoke exposed
non-smoker adults was 680 ng/mg28. That is the hig-
hest level reported in non-smokers. There is possibly
a regional variation in passive smoke exposure all
around the world. In our country also like in Japan,
risk of passive smoke exposure is higher and this
may lead to high levels of CCR in passive smokers.
The oldest child w ith a CCR of > 500 ng/mg w as a
4.5 years old boy and the highest level of CCR
(1000 ng/mg) was detected in a one-and-a half-year-
old child. Although passive smoke exposure at day-
care could be responsible for such high levels of co-
tinine, none of these children had attendance of
daycare. This finding demonstrates that such high
levels can be found in passive smoke exposed chil-
dren and may be the cut-off level for active and pas-
sive smoking should be revised. In homes where pa-
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rents are heavy smokers, passive smoking level of
CCR can overlap w ith previously defined active smo-
ker levels.

We w ere unable to demonstrate any significant
difference betw een CCR levels measured during
acute attacks and asymptomatic periods. Ogborn et
al. could not demonstrate such a difference either12.
In this study, authors suggested that among asth-
matic children w ith chronic exposure, an asthmatic
attack might not be triggered by discrete increases in
passive smoke exposure. Instead, they suggested
that any further insult, such as cold, weather change,
or exercise may simply induce the asthma attack, in
the child w ho w ould not respond this w ay w ithout
chronic smoke exposure. Although this may be
a possible explanation, w e should also consider
the possibility of parental avoidance of smoking
at the onset of f irst symptoms of the attack. This
kind of behavior may cause reduced levels of CCR
during an attack and mask the real effect of passive
smoke exposure. Such effect can only be demons-
trated by a biological marker w ith a relatively long
half-life. Hair cotinine levels may be used to assess
cumulative exposure over months and can be a more
accurate method for detecting long-term exposure29.

Reliability of parental report of exposure compared
to cotinine levels has been studied and some studies
have show n objective markers should be used for
detecting the rate of exposure17. In our study, paren-
tal report of passive smoke exposure was 71 %, but
as an objective method of assessing the degree of
smoke exposure, CCR levels revealed that 81 % and
97 % of children were exposed to passive smoke du-
ring acute attacks and asymptomatic periods, res-
pectively. Especially, the parental report of “ no ex-
posure”  w as found unreliable. Cunningham et al
observed that parents reported misleading informa-
tion about their smoking habits17. Previous studies
revealed that reliability of parental report of passive
smoke exposure was especially lower in asthmatic
children. Clark et al. have found the exposure rate as
69 % by measuring the salivary cotinine whereas it
w as only 31 %  in questionnaire forms30. How ever,
Chilmonczyk et al. suggested that questionnaires are
reliable for detecting the rate of smoking18. They sho-
wed that only 14 percent of children had higher le-
vels of CCR in the non-exposed group.

Another important factor that may affect the pas-
sive smoke exposure is the number of rooms per
person at home. We could not show any relation bet-
ween the number of the rooms per person and CCR
levels. This may be explained partly by the structure
of the families in our country. Family relations are so
close that although they live in separate houses,
many relatives visit each other so frequently and thus



a questionnaire form asking also the smoking habits
of visiting persons is also needed.

In conclusion, this study revealed that the degree
of passive smoke exposure w as not higher during
the acute attack in asthmatic children chronically ex-
posed to passive smoke at home. This finding can
also be explained by the parental avoidance of smo-
king at the onset of the first symptoms of the attack,
which would prevent detection by a biological marker
with a relatively short half-life. CCR levels detected in
this study were generally higher than those reported
in other studies. Since the smoking rate in the crow-
ded urban environment of our subjects is high, this
discordance may have been caused by differences in
the general prevalence of smoking in our country.
Approximately 75 % of children are exposed to ciga-
rette smoke in Turkey, so that passive smoking is of-
ten almost unavoidable in public places.
Questionnaires given to parents w ith high anxiety le-
vels during the acute attack w ere found unreliable
compared to CCR levels in our study. We speculate
that a biological marker w ith a relatively longer
half-life such as hair cotinine may be much more use-
ful in such studies. Also, instead of a questionnaire
form it is crucial to use an objective method of as-
sessing the degree of smoke exposure especially in
asthmatic groups.
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