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ABSTRACT:  The aim of this study was to determine the relationship of salivary
cotinine levels with individual and household smoking habits and with the season in
a sample (n=146) of Italian schoolchildren aged 9–14 yrs.

Active smoking and environmental tobacco smoke were measured by means of a
confidential standardized interview with each participating child and by a self-
reported questionnaire administered to the parents.  Saliva samples were obtained
twice: during winter from all children and during spring from a randomly selected
subgroup.

"Active smokers" were significantly more likely to be males and to live with smok-
ing family members.  Frequency of detectable cotinine both in "nonsmokers" and
"active smokers" was significantly correlated with the number of cigarettes smoked
by household members.  However, for any level of smoking by parents detectable
cotinine was more likely to be found in "active smokers" than in "nonsmokers".  In
"nonsmokers", the proportion of subjects with detectable cotinine decreased sig-
nificantly in spring compared to winter, a finding not observed in "active smokers".

In conclusion, we have demonstrated that passive smoking produces most effect in
winter, and is linked to the amount and style of the parents' smoking, mainly relat-
ed to smoking in presence of children.  Conversely, salivary cotinine detected in spring
appears to be derived mainly from active smoking.
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Many studies have established a significant causal
relationship between passive smoking exposure and ill
health in children [1, 2].  In particular, most of the evi-
dence suggests that there is a qualitative relationship
between environmental tobacco smoke exposure (ETS)
and negative consequences for the child [2–9].  However,
some studies have found little or no effect [10, 11], and
the dose-effect balance is incompletely defined and un-
derstood so far.

A quantitative approach to this relationship requires a
knowledge of the magnitude of  exposure, which can be
assessed by determining the level of a metabolite suffi-
ciently long-lived in the organism, only derived from
smoke inhalation and easily measured in body fluids.
Determination of cotinine levels in body fluids has def-
initely improved the study of the degree of tobacco
smoke absorption by exposed subjects in large popu-
lation samples. 

However, there are many other requirements for bet-
ter quantitative assessment of dose-effect relationships.
Whilst some investigators have defined passive smoking

by determining the number of cigarettes smoked daily
by parents, many others have simply classified house-
hold smoking patterns as either presence or absence of
smoking by both parents.  Obviously, it should be clear
whether parents smoke inside or outside the home; fur-
thermore, the existence of the multiple or intermittent
sources of passive smoke exposure for the child should
be properly defined.  The effect of season (higher level
of indoor cigarette smoke in winter) has sometime been
suspected but not proved [12].  After a certain age, the
matter is further complicated by the child's active smok-
ing, because even as little as one cigarette a week is
equivalent to more nicotine that can be absorbed by
means of passive exposure.

Several recent reports have used cotinine levels to study
the factors that increase exposure to ETS and its absorp-
tion in early childhood [13], but very few studies have
addressed these same issues in older children [14].  The
aim of this study was to determine, in a sample of Ital-
ian schoolchildren, the relationship of salivary cotinine
levels with smoking amount and pattern of household
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members; also taking into account the contribution of
children actively smoking, explored by means of a
confidential questionnaire; and of the season, by mea-
suring salivary cotinine in two different meterological
conditions.

Subjects and methods

The subjects were selected from a larger sample of
children aged 9–14 yrs in the Viterbo province near Rome.
Originally, a questionnaire concerning mainly parental
smoking habits was distributed to all 1,430 children aged
9–14 yrs, who were pupils of public schools.  A total of
1,208 (86%) returned the questionnaires.  Using these
questionnaires, the population was divided into smoking
and nonsmoking households, i.e. those in which no house-
hold member smoked and those in which at least one
household member smoked cigarettes.  Each group was
further subdivided according to the child's gender and a
random sample of 188 children was obtained from the
four resulting subgroups.  The parents of the children
selected were contacted and requested to take part in the
study.  A total of 146 accepted; a participation rate of
78%.  The nonresponse group was not different for sex,
age and social economic conditions.

Standardized questions on respiratory symptoms were
used to eliminate subjects with asthma, recurrent wheeze
or chronic cough.  A crowding index (number of rooms
per person) and availability of central heating were used
as indices of standard of living.  A second, detailed ques-
tionnaire on smoking behaviour by household members
was administered to one parent by a well-trained med-
ical member of our team.  Parents were asked about the
number of cigarettes smoked, and whether they were
smoked whilst at home.  Specifically, they were asked if
they smoked >4 cigarettes·day-1 "at the dinner table" or
"in the television room after dinner".  In addition to the
parental questionnaire, each participating child was
interviewed privately, after assuring her/him of the con-
fidentiality of the interview.  Specifically, the child was
asked: "Have you ever tried to smoke cigarettes"?   If
they answered affirmatively, they were asked if this had
happened "once or twice ever", "seldom", or "at least
once a week".  An additional question asked the child to
specify the number of cigarettes smoked per week or per
day and their opinion about smoking.

Saliva samples were obtained from all children during
the second half of February and the first half of March
1987, between 9 and 11 am.

A second saliva sample was obtained from a randomly
selected subgroup of 69 (47%) of these children during
the first half of June 1987.   All saliva samples were
coded, immediately frozen, and shipped to the American
Health Foundation in Valhalla, New York, USA.  The
laboratories were blind to all information about the sub-
jects and their parents' smoking habits.  Cotinine was
measured by a modified radioimmunoassay, as origin-
ally described by LANGONE et al. [15].  Children were
considered "active smokers" if they acknowledged ever
having tried to smoke cigarettes and "nonsmokers"

otherwise.  In addition, six subjects who said that they
were nonsmokers but who had cotinine levels of >11
ng·ml-1 were excluded from the analyses.  This decision
was based on a cut-off of 11 ng·ml-1, as previously de-
fined by JARVIS et al. [16] to distinguish active from pas-
sive smoking.  This may have excluded children who
were heavily exposed to ETS but did not smoke them-
selves.  However, our conservative approach makes
possible confounding of results by active smoking very
unlikely.

Data analysis

In view of the skewed nature of the distribution for
salivary cotinine concentration, geometric means were
calculated.  For logarithmic transformation, no detect-
able cotinine concentrations were assigned a value of
0.5 ng·ml-1 [14].

In order to compare cotinine levels and smoking be-
haviour in the household, Kendall's Tau was used as a
test of non parametric correlation.  Chi-squared was
used to compare proportions.  McNemar's test was used
to assess changes in the proportion of subjects with
detectable cotinine between winter and spring.  

Logistic regressions were carried out to compare "active
smokers" with "nonsmokers" after controlling for other
variables (sex, housing, heating, smoking by parents).

Statistical significance was defined as a p<0.05 with
use of a two-tailed distribution, and the SPSS-PC+ soft-
ware for the IBM-PC/AT was used in the statistical
analyses [17].

Results

Table 1 shows the characteristics of "active smokers"
and "nonsmokers" (as defined in Methods).  Among
the 37 subjects who admitted smoking experiences,
only four subjects smoked regularly: one subject smoked

Table 1. –  Characteristics of the subjects studied

Variables                  "Nonsmokers"*  "Active
smokers"**

n=109         n=37           p

Infants
Males  %      40    68  <0.004
Age# yrs 12±2 12±2 NS

Parental smoking behaviour
At least one smoker  % 49 65 <0.05
Mother  % 26 43 <0.04
Father  % 45 61 <0.09
At the dinner table  % 9 24 <0.02
In the television room  % 45 61 <0.09

Standard of living
Crowding index 21 11 <0.16

with ≥1 room·person-1 %
With central heating  % 42 27 <0.10

*: children with cotinine level ≤10 ng·ml-1 and who denied
smoking experiences; **: children who admitted smoking expe-
riences; #: mean±SD.  NS: nonsignificant.
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1 cigarette·week-1, two smoked 1 cigarette·day-1 and one
smoked 5–8 cigarettes·day-1 (data not shown).  "Active
smokers" were significantly more likely to be males and
to live with smoking family members.

In fact, at this prepubertal age, we have to consider
that boys are more concerned than girls to appear older.
This is confirmed by the affirmative answer to the ques-
tion: "Do people smoke because it makes them look older,
interesting and important?".  Thirty five percent of "active
smokers" (compared with only 7% of "nonsmokers")
answered "yes" to this question and the 78% of those
were males (data not shown).

"Active smokers" also tended to live in more crowded
homes, without central heating, and with a lower stan-
dard of living (although these relationships did not reach
statistical significance).

Table 2 shows the relationship between number of cig-
arettes smoked in the household and percentage of sub-
jects with detectable salivary cotinine measured during
the winter period.  Frequency of detectable cotinine both
in "nonsmokers" and "active smokers" was significantly
correlated with the number of cigarettes smoked by house-
hold members (p<0.0001).  However, for any level of
smoking by parents, detectable cotinine was more likely

to be found in "active smokers" than in "nonsmokers"
(p=0.006 by logistic regression, odds ratio (OR)=2.56
after adjustment for sex, heating and housing).  A simi-
lar result was obtained when households were subdi-
vided according to the number of smokers present (data
not shown).

We also studied (table 3) the relationship between
salivary cotinine and the place where the household
members smoked while they were at home (specifically,
if they smoked >4 cigarettes·day-1 "at the dinner table"
or "in the television room after dinner").  When the
household members smoked "at the dinner table" and "in
the television room after dinner" the proportion of sub-
jects with detectable cotinine was 75% in "nonsmokers"
and 88% in "active smokers" (p<0.0003 and p<0.001,
respectively).  However, for any smoking behaviour by
household members, detectable cotinine was more like-
ly to be found in "active smokers" (p<0.001, OR=2.05
adjusted for sex, housing and heating).

Table 4 shows the differences between salivary coti-
nine measured during the winter period and during the
spring.  Between the winter and spring period the
proportion of subjects with detectable cotinine de-
creased from 21% to 6% in "nonsmokers" (p<0.04).  We
found no differences in "active smokers" (from 47 to 41;
NS).

R. RONCHETTI ET AL.

Table 2.  –  Relationship between cotinine and number
of cigarettes smoked by household members (measured
during winter period)

Cigarettes smoked in household  n

0   1–19  20–39    >40       p

"Nonsmokers"
Subjects with cotinine % 14 10 24 67 <0.0001
Concentration†* ng·ml-1 0.66 0.66 0.91 1.77 <0.0001
Total  n 56 10 17 26
"Active smokers"
Subjects with cotinine  % 23 33 83 67 <0.0001
Concentration#* ng·ml-1 0.78 1.68 3.02 4.26 <0.0001
Total  n 13 3 12 9

†: geometric mean data from all subjects in group; *: unde-
tectable cotinine concentrations were recorded as 0.5 ng·ml-1.
To convert values to nmoles·l-1 multiply by 5.682.

Table 3.  –  Relationship between cotinine and smoking behaviour in household (measured during winter period)

Smoking behaviour in household

No smoking            Smoking           Smoking
at dinner              at dinner           at dinner

None                   and                     or                  and
in television          in television       in television

room                   room                room                   p

"Nonsmokers"
Subjects with cotinine  %   14 25 38 75 <0.0003
Concentration†* ng·ml-1 0.66                    0.93                    1.21                2.33 <0.0003
Total  n 56 24 21 8
"Active smokers"
Subjects with cotinine  % 23 50 70 88 <0.0011
Concentration†* ng·ml-1 0.78                    2.17                    3.38                4.00 <0.0011
Total  n 13 6 10 8

†: geometric mean data from all subjects in group; *: undetectable cotinine concentrations were recorded as 0.5 ng·ml-1.

Table 4.  –  Differences between salivary cotinine mea-
sured during winter period and during spring

Percentage of subjects
with detectable cotinine

Winter*              Spring         p

"Nonsmokers"  % 26 (21)  6   <0.04
Total  n                   109 52
"Active smokers"  % 54 (47) 41 NS

Total  n 37 17

*: the percentage of subjects who repeated the test during spring
is shown in parenthesis.
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Discussion

Our study was based on questionnaires administered
both to parents and children, and on repeated measure-
ments of saliva cotinine levels in a randomly selected
sample of children aged 9–14 yrs and living in an Italian
semi-rural environment.

We demonstrated that: 1) even at that age, the magni-
tude of exposure to tobacco smoke is significantly influ-
enced by personal active smoking habit; 2) for both
"actively smoking" and "nonsmoking" children, cotinine
levels are linked not only to the number of cigarettes
smoked but also to the household smoking behaviour;
and 3) during spring saliva cotinine is heavily reduced in
"nonsmoking" children.

The possibility of measuring cotinine in body fluids
allows epidemiologists to objectively measure the expo-
sure to tobacco smoke, previously evaluated only in-
directly by means of complex questionnaires.  However,
as could probably be anticipated, the practice demon-
strated that cotinine levels themselves need an explan-
ation: probably even more complex questionnaires will
be needed to understand the source of detectable coti-
nine.  Our study was an assay to interpret the personal
ETS exposure linking cotinine determinations to ques-
tionnaires designed to detect the sources of exposure.
We were dealing with an age in which "active smoking"
can significantly contribute to cotinine from passive
smoking: the latter can derive from household but also
from outdoor sources.

Our data show that even a confidential questionn-
aire cannot be considered as a gold standard for deter-
mining the existence of a personal active smoking  habit.
The admission by the subject that he/she "ever tried some
cigarettes" was in our material the best parameter to sep-
arate active from nonsmokers, and in all analyses these
two groups could be demonstrated to have different coti-
nine levels, especially during the warm season when
cotinine can only practically be detected in "active smok-
ers".  However, the label "active smokers" is, to a large
extent, a nonspecific parameter, because 33–77% of the
"active smokers" (depending on parent smoking habit)
had no detectable cotinine, and it is also relatively in-
sensitive, because at least six children (5%) in our study,
who denied active smoking, had cotinine levels too high
for passive exposure.

It is noticeable that "active smokers" are more likely
to belong to smoking families, especially if parents do
not refrain from smoking at the dinner table or in the
television room.  It appears that parental smoking is
considered an official example, which has profound
educational implications and initiates an imitative atti-
tude in childen, causing them to adopt the habit of more
or less intensive active smoking at an early age.  Also
"active smokers" are more frequently males; in ap-
parent contrast with data reported in Italy and in most
of Western countries where adolescent females smoke
more than males [18].

Questionnaires directed at determining the number of
cigarettes smoked daily in the house (not to mention
those that ask only about the number of smokers among

parents, housekeeper or others) are largely nonspecific
and nonsensitive.  We introduced a question about par-
ents' smoking behaviour at home (i.e. during and after
dinner, in the television room) and demonstrated that
this parameter significantly decreased the number of false
negatives, i.e. children belonging to smoking families
with no detectable cotinine in their saliva).  This is par-
ticularly true for nonsmoking children living in fam-
ilies where 1–39 cigarettes are smoked daily.  If parents
smoke during dinner and in television room, 80% of
these children have detectable cotinine levels, whilst only
20% have cotinine in the absence of this habit.  By con-
trast, when children are "active smokers" or when fam-
ilial cigarette consumption is heavy (more than 40
cigarettes·day-1), smoking at dinner and in the television
room is less powerful to predict the presence or absence
of detectable cotinine.

It must be recognized that this subject is very difficult
to deal with.  Some questions included in our questionn-
aire (e.g. "Do you smoke in the presence of the child in
the afternoon when he/she performs his/her duties?")
were found to be inadequate for predicting detectable
cotinine, whilst many others, such as those explor-
ing ETS exposure in public places, at school, etc.,
could not be included in this study for simplicity.  More
extensive investigations in this area could certainly
help to determine the meaning of detectable cotinine,
especially in those children (14%) who have significant
levels of cotinine even though living in nonsmoking fam-
ilies and who deny being "active smokers".

The fact that in our environment the warm season
can almost completely abolish smoking exposure demon-
strates that climatic conditions are important components
of the "life exposure story".  The seasonal effect on sali-
vary cotinine concentration was investigated by COOK et
al. [19], who found no significant changes between
winter and summer determination in 10 towns in England
and Wales.  In another study [20], however a halving
effect of the warmer season on cotinine salivary con-
centration was reported, but figures and statistical sig-
nificance were not given.

Previously, other authors have attributed findings
concerning passive smoking to climate.  For example,
TAGER et al. [21] explained the negative effect of mater-
nal cigarette smoking on children's lung function found
in East Boston but not in Tucson by means of different
climatic situations in the two environments.  MURRAY

and MORRISON [12] reported a significant increase in the
severity of bronchial obstruction and hyperresponsive-
ness in school-age children with a diagnosis of asthma
who were exposed to ETS, when compared to non-
exposed subjects.  However, they found that these effects
were only seen during the cold wet season in Vancouver
(Canada) and that no effects were seen during summer.

Therefore, when measuring the health consequences
of ETS, one should take into consideration the climate
and its influence on the ventilation of houses.  This in
its turn can also depend on socioeconomic character-
istics of the population, crowding index, architecture of
the buildings (e.g. one or two floors), etc.

In conclusion, we have found that the salivary cotinine
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concentration is a reliable indicator of exposure to ETS.
Whatever action one would like to take in order to pre-
vent this exposure, one should take into consideration the
causative factors: our results indicate that personal "active
smoking", household smoking behaviour and home ven-
tilation are almost equivalent contributors to cotinine pres-
ence in children aged 9–14 yrs.  Repeated measures of
salivary cotinine cannot only determine the true history
of personal exposure, and so precisely predict the health
consequences of such contamination, but can also repre-
sent a means for active preventive intervention in repeat-
edly or heavily exposed children.  For this purpose,
confidential and family questionnaires are at present the
only available means to determine the most probable
sources of detected cotinine.
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