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Introduction
The term “smoking” refers to active smoking
behaviour, the intentional inhalation of tobacco
smoke from any tobacco products (manufactured
and hand-rolled cigarettes, cigars, pipe tobacco and
cigarillos) by a smoker. Between 2000 and 2010,
the number of smokers at a global level reached 1.4
billions [1]. As such, smoking is an enormous pub-
lic health problem with a tremendous potential for
addiction.

Cotinine is the major metabolite of nicotine
and results from the metabolism of nicotine by the
cytochrome 2A6 enzyme system in the liver. It is
the current marker of choice for the absorption of
tobacco smoke [2] because of its relatively long
half-life (ten times longer than that of nicotine) [3].
Cotinine measurements from human body fluids
can provide an assessment of recent exposure to
environmental tobacco smoke, but they do not indi-
cate the duration of exposure nor do they indicate
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the intake of other components of tobacco smoke
[4]. Cotinine has been isolated in plasma [5,6],
urine [5,7], saliva [7,8] and gingival crevicular
fluid [9,10].

In saliva, cotinine concentrations are signifi-
cantly greater in unstimulated than in stimulated
saliva, the differences being explained by changes
in pH with alterations in salivary flow rate [11].
The cotinine from unstimulated saliva can be eval-
uated by quantitative (ELIZA analysis, gas-chro-
matography, high-performance liquid chromatog-
raphy, and so on) or semi-quantitative (reagent-
impregnated test strips) methods [3], which corre-
late with recent nicotine exposure (3-4 days),
smoking status (active constant or occasional
smoker, passive smoker, non-smoker) [5,12,13]
and the plasma and urinary cotinine levels [14].

Salivary cotinine can be also used for measur-
ing nicotine dependence in smokers [15].
Clinically, nicotine dependence is most often
defined using the eight-item Fagerström Tolerance
Questionnaire (FTQ) [16], and its modified six-
item version, the Fagerström Test for Nicotine
Dependence (FTND) [17].

The FTQ was designed specifically to assess
physical dependence on nicotine [16]. Two of the
eight original FTQ items, those that assess the time
to first cigarette (TTFC) of the day after waking up
and the number of cigarettes smoked per day
(CPD), were found to account for most of the vari-
ance of the FTQ [18] and to be superior in predict-
ing biochemical and behavioural indices of smok-
ing [17,19-21]. Heatherton et al. (1989) [19] creat-
ed a scale of just these two items. It is called the
Heaviness of Smoking Index (HSI) and it has been
suggested that these items may be the most useful
and powerful indicators of nicotine dependence
[17,19,22].

Smoking is at present the principal avoidable
cause of premature death in the world as it is
involved in the aetiology of numerous systemic dis-
eases [23,24]. Because it has an enormous addic-
tive potential and a growing prevalence, epidemio-
logical studies of smoking prevalence and nicotine
dependence have an increasing importance in pub-
lic health policies for smoking cessation.

Against this background, the aim of this study
was the evaluation of salivary cotinine levels and
self-reported smoking status in 35-44 year old
adults from Constanta, Romania, and also the eval-
uation of the nicotine dependence in daily smokers
assessed using the HSI.

Methods
In a cross-sectional study, the salivary cotinine
(objective biomarker of smoking status) levels
were measured during a questionnaire-based study,
which involved the evaluation of the participants’
self-reported smoking status and HSI.

Study population and sample
The study population was drawn from adults aged
between 35 and 44 years who lived in the Constanta
district of Romania. The initial representative sam-
ple was chosen using a stratified multistage sam-
pling design and population data from the Regional
Office of the National Institute of Statistics [25].
The initial target sample of 379 was calculated so
that it met the criteria of 95% confidence level, 5%
sampling error, and 50% estimated level of smok-
ers in the targeted population.

Salivary cotinine evaluation
The salivary cotinine evaluation was performed in
two stages.

Stage 1: Generation and collection of the saliva
The first stage involved the generation and collec-
tion of total unstimulated saliva samples. This was
achieved using a standard method, compatible with
the analysis of biomarkers, namely passive collec-
tion of unstimulated saliva in sterile containers
using a funnel and a tube which was capped, which
were part of the NicAlert™ saliva collection sys-
tem [26]. The tubes with the unstimulated saliva
samples were then sealed and stored at -30°C prior
to analysis of the cotinine level (saliva is stable at
this temperature for evaluation of biomarkers for at
least three months [27]).

Stage 2: Evaluation of the salivary cotinine level
The salivary cotinine level was evaluated using
NicAlert™ saliva strip tests (Nymox Pharmaceutical
Corporation, St.-Laurent, QC, Canada). The system
(Figure 1) provides a semi-quantitative measure of
cotinine in saliva for the purpose of determining
whether an individual has been exposed to tobacco
products within the past 48 hours. NicAlert™ sali-
va test strip zones range from level 0 (0-10 ng/mL,
non-user of tobacco products) to level 6 (>1000
ng/mL, user of tobacco products). The cut-off con-
centration for the NicAlert™ saliva test (an
immunochromatographic assay using monoclonal
antibody), indicating a positive result, was 10
ng/mL (zones 1-6). The salivary cotinine concen-
tration and the interpretation for each level of the
NicAlert™ test are shown in Table 1.
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Table 1. Cotinine concentration and its interpre-
tation for each level of the NicAlert™ test

Salivary cotinine level was recorded after
squeezing eight drops from the saliva-containing
tubes (after bringing it to room temperature) direct-
ly onto the white padded end of the strip. Results
were read after allowing the strip to develop by lay-
ing it on the marked area of the plastic laminated
instruction card for 15 to 30 minutes [26]. The low-
est numbered zone displaying a red colour was doc-
umented as the NicAlert™ saliva test result.

Self-reported smoking status and HSI evalua-
tion
A questionnaire (Figure 2), designed in order to
collect information regarding the tobacco con-
sumption and to evaluate smoking status and the
HSI of the participants, was given to the partici-
pants to complete during the same appointment as

that for the saliva collection. The questionnaire had
been pilot tested before its use in this study. It
sought information on the following items:

Demographic data (age, gender).
The number of cigarettes smoked in the
last 24 hours.
The number of cigarettes smoked per day
(CPD).
The time to first cigarette in the morning
(TTFC).
The lifetime smoking period.
The use of other forms of tobacco (cigars,
pipe, chewing tobacco) and/or nicotine
replacement therapy (NRT).
Employment-related tobacco exposure
(i.e., handling tobacco).

Participants who reported being non-smokers
of cigarettes but who reported the consumption of
tobacco products by other means (such as chewing)
were excluded; the participants who reported work-
related tobacco exposure were also excluded.

Using the answers from the questionnaire as a
gold standard of smoking status, the subjects were
divided in three groups. These were:

1. Current constant smokers: subjects who
reported current, daily use of cigarettes (at
least one cigarette per day) and who had
smoked at least 100 cigarettes in their life-
time [28,29].

Level Cotinine Interpretation
concentration 

(ng/mL)
0 0-10 Non-smokers 
1 10-30 Occasional active 
2 30-100 smokers 
3 100-200
4 200-500
5 500-1000 Constant active smokers
6 >1000

Figure 1. NicAlert™
saliva test equipment.
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Figure 2. The questionnaire for assessing tobacco consumption.
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2. Current occasional smokers: subjects who
reported current, but not everyday use of
cigarettes (at least five cigarettes per week,
almost every week, and at least one ciga-
rette in the previous seven days) [28],

3. Non-smokers: subjects who reported that
they had not smoked during at least 14 days
prior to the salivary sample collection,
including former smokers and also people
who had never smoked [30].

Time to first cigarette in the morning (TTFC)
and number of cigarettes smoked per day (CPD)
were used to assess participants’ HSI. They were
coded as ordinal variables. TTFC was classified in
four categories:

1. Smoking less than 5 minutes after waking
up (code 3).

2. Smoking between 6-30 minutes after wak-
ing up (code 2).

3. Smoking between 31–60 minutes after
waking up (code 1).

4. Smoking more than 60 minutes after wak-
ing up (code 0).

CPD was also categorised into four categories,
which were:

1. 10 or fewer CPD (code 0).
2. 11-20 CPD (code 1).
3. 21-30 CPD (code 2).
4. 31 CPD or more (code 3).
Adding together the TTFC and CPD codes pro-

duced the HSI, which has a three-level scale, as fol-
lows:

1. Low nicotine dependence (0-2 points).
2. Moderate nicotine dependence (3-4 points).
3. Heavy nicotine dependence (5-6 points)

[17,31].

Ethical approval
Permission to conduct the study was given by the
Professional Ethical Committee of Ovidius
University, Constanta, and by the Ethical Committee
of the Medical College of Constanta District. Written
informed consent (including patient information on
the aim and methods of the study) was obtained from
all participants. Participation was optional, and the
time for deciding whether to take part or not (express
consent or refusal) was 48 hours.

Statistical analyses
Data were analysed using statistical software (SPSS
version 12 for Windows; SPSS Inc, Chicago, USA).
The test–retest reliability of the questionnaire was
tested using kappa statistics. Descriptive statistics

were used for the analysis of the questionnaire’s
answers. The chi-square test was used for testing
intra-group variation, ANOVA was used for testing
between-groups variation, and Spearman’s coeffi-
cient was used for measuring the association between
variables.

Results
The kappa value for test–retest of the questionnaire
was 0.96 (perfect agreement).

The response rate was 77.3% (86 subjects
refused to participate in the study and a further
seven subjects were excluded because they were
sellers of tobacco products). The final study sample
comprised 286 subjects (6% sampling error; 95%
C.L.), with a mean age of 40 +4 years, of whom
109 (38.1%) were males and 177 (61.9%) were
females. One hundred and fifty-six were urban and
130 were rural dwellers (Table 2).

Table 2. Distribution of the subjects by gender
and place of residence

The salivary cotinine levels found in the entire
study sample were as follows: 0 for 47 subjects
(16.4%), 1 for 103 subjects (36.0%), 2 for 19 sub-
jects (6.6%), 3 for 26 subjects (9.1%), 4 for 28 sub-
jects (9.8%), 5 for 42 subjects (14.7%), and 6 for 21
subjects (7.3%) (Table 3). The results showed sig-
nificant differences (P<0.5) in cotinine levels
according to the subjects’ gender (Table 4), with
higher values in males than in females. There were
no statistically significant differences in cotinine
levels according to place of residence (urban vs.
rural) (Table 5).

Table 3. The salivary cotinine levels in 
the study sample

* Rounded to one decimal place, as in all the following tables

Salivary cotinine levels Frequency (n) %*
0 47 16.4
1 103 36.0
2 19 6.6
3 26 9.1
4 28 9.8
5 42 14.7
6 21 7.3

Total 286 100

Place of residence Males Females Total
Urban 62 94 156
Rural 47 83 130
Total 109 177 286



Table 4. Distribution of the salivary cotinine lev-
els by gender

Table 5. Distribution of the salivary cotinine lev-
els according to place of residence

The self-reported smoking status and analysis
of the answers to the questions regarding tobacco
consumption led to the distribution of subjects into
three categories (Table 6). These were: current con-
stant smokers (116; 40.6%), current occasional
smokers (10; 3.5%) and non-smokers (160; 55.9%).
The distribution of the self-reported smoking status
of the subjects according to gender (Table 7)
showed significant differences between the smoker
categories (P<0.05). Sixty-nine (39.0%) of the
females and 57 (52.3%) of the males were smokers.
There were no significant differences in the smok-
ing status categories related to the subjects’ place
of residence (Table 8).

Table 6. Distribution of the subjects by their self-
reported smoker status

Table 7. Distribution of the self-reported smoking
status by gender

Table 8. Distribution of the self-reported smoking
status according to place of residence

The HSI, as mentioned previously, was comput-
ed only for the current constant smokers (daily smok-
ers), as the sum of TTFC and CPD. The mean HSI
value was significantly higher (P<0.05; ANOVA) for
males (4.1±1.4) than for females (2.0±1.4). The dis-
tributions of TTFC and CPD codes are shown in
Tables 9 and 10. Both TTFC and CPD codes had sig-
nificantly higher values for males than for females
(P<0.05; ANOVA) but there were no differences in
these variables related to the place of residence of the
smokers (P>0.05; ANOVA).

Table 9. Distribution of TTF codes in 
current constant smokers

Table 10. Distribution of CPD codes in current
constant smokers

CPD codes Frequency (n) %
0 (=10) 23 19.8

1 (11-20) 43 37.1
2 (21-30) 39 33.6
3 (=31) 11 9.5
Total 116 100.0

TTF codes Frequency (n) %
0 (>60 min.) 17 14.7

1 (31-60 min.) 24 20.7
2 (6-30 min.) 44 37.9
3 (<5 min.) 31 26.7

Total 116 100.0

Place of Rural Urban
residence n % n %
Non-smokers 77 59.2 83 53.2
Current occasional 4 3.1 6 3.8
smokers
Current constant 49 37.7 67 42.9
smokers
Total (n=286)            130 (45.5%)    156 (54.5%)

P (chi-square test)=0.588

Self-reported Males Females
smoking status n % n %
Non-smokers 52 47.7 108 61.0
Current occasional 0 0 10 5.7
smokers
Current constant 57 52.3 59 33.3
smokers
Total (n=286) 109 (38.1%) 177 (61.9%)

P (chi-square test)=0.001

Self-reported Frequency %
smoker status (n)
Current constant smokers 116 40.6
Current occasional smokers 10 3.5
Non-smokers 160 55.9
Total 286 100.0

Place of Rural Urban
residence n % n %

0 29 22.3 18 11.5
1 43 33.1 60 38.5
2 8 6.2 11 7.1
3 13 10.0 13 8.3
4 13 10.0 15 9.6
5 13 10.0 29 18.6
6 11 8.8 10 6.4

Total (n=286) 130 (45.5%) 156 (54.5%)
P (chi-square test)=0.131

Salivary Males Females
cotinine levels n % n %

0 9 8.3 38 21.5
1 36 33.0 67 37.9
2 7 6.4 12 6.8
3 3 2.8 23 13.0
4 9 8.3 19 10.7
5 28 25.7 14 7.9
6 17 15.6 4 2.3

Total (n=286) 109 (38.1%) 177 (61.9%)
P (chi-square test)=0.05
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The distribution of HSI values (Table 11)
grouped the current constant smokers in three nico-
tine dependence levels, as follows: 41 (35.4%) sub-
jects with low nicotine dependence, 48 (41.4%)
subjects with moderate nicotine dependence, and
27 (23.2%) subjects with heavy nicotine depend-
ence.

Table 11. Distribution of the HSI values and 
nicotine dependence levels in current smokers

The analysis of the possible correlations between
the analysed variables showed the following:

There was a significant correlation
between the individual’s cotinine level and
self-reported smoking status (Table 12;
P<0.05) in the entire study group.
The individual’s salivary cotinine levels in
the whole study sample were also correlat-
ed with age (P<0.05).
There was a significant positive correlation
in current constant smokers between the
salivary cotinine levels and TTF (Table
13), CPD (Table 14), and also with HSI
codes (Table 15).

Discussion
A precise estimate of tobacco consumption and
nicotine dependence in people is an important con-
cern in epidemiologic studies. The present study
was carried out on adults aged 35-44 years, this
being the adult age group suggested by the World
Health Organization (WHO) to be involved in
cross-sectional studies and also the age group with
the highest prevalence of smoking.

HSI values (TTF+CPD) Frequency 
(n) %

Low nicotine dependence 0 13 11.2
(n=41; 35.3%) 1 11 9.5

2 17 14.7
Moderate nicotine 
dependence 3 25 21.6
(n=48; 41.4%) 4 23 19.8
Heavy nicotine 
dependence 5 17 14.7
(n=27; 23.3%) 6 10 8.6
Total 116 100.0

Self-reported smoking Non- Current occasional Current constant 
status smokers smokers smokers

n % n % 0 0
Cotinine levels 0 47 29.4 0 0 0 0

1 99 61.9 3 30.0 1 0.9
2 14 8.8 4 40.0 1 0.9
3 0 0 3 30.0 23 19.8
4 0 0 0 0 28 24.1
5 0 0 0 0 42 36.2
6 0 0 0 0 21 18.1

Total (n=116) 160 55.9 10 3.5 116 40.6
Spearman correlation/Sig. (2-tailed)         0.877''/0.000

Table 12. Distribution/correlation of the individuals' cotinine levels according to/with their 
self-reported smoker status

TTF 0 (<5 min) 1 (6-30 min) 2 (31-60 min) 3 (=60 min)
n % n % n % n %

Cotinine levels 1 0 0 0 0 0 0 1 3.2
2 0 0 0 0 0 0 1 3.2
3 11 64.7 6 25.0 6 13.6 0 0
4 4 23.5 13 54.2 10 22.7 1 3.2
5 2 11.8 4 16.7 23 52.3 13 41.9
6 0 0 1 4.2 5 11.4 15 48.5

Total (n=116) 17 14.7 24 20.7 44 37.9 31 26.7
Spearman correlation/Sig. (2-tailed)         0.604''/0.000

Table 13. Distribution/correlation of the current constant smokers' cotinine levels according to/with TTF

** Correlation is significant at the 0.01 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).



Cross-sectional studies of tobacco use general-
ly employ questionnaires to assess smoking and
nicotine dependence. The answers from those who
complete the questionnaires may be subjective. It is
far more objective to assess and quantify the recent
exposure of an individual to cigarette smoke by
analysing cotinine in his or her body fluids (blood,
urine or saliva) [32-34].

In the present study, the questionnaire was used
to classify the subjects as smokers (constant and
occasional) and non-smokers. The assessment of sali-
vary cotinine levels, measured by the NicAlert™
saliva test, then provided an objective technique to
determine the level of subjects’ exposure to tobacco.

The results regarding smoking prevalence
indicated that the subjects included a slightly high-
er percentage of active smokers (44.1%) than the
one reported by the WHO (43.5%) for the adult
population of Romania in 2000 [35]. In comparison
with these WHO data, the prevalence of smoking
decreased among Romanian males and increased
among Romanian females, in agreement with the
WHO predictions for 2000-2010 [35].

After the initial classification of subjects, the

NicAlert™ saliva test was used for the objective
assessment of tobacco exposure. When based on
the self-reported information, more than half of the
subjects participating in this study claimed to be
non-smokers. However, after objective assessment
of their exposure to tobacco, this percentage
decreased dramatically, indicating that they had not
been truthful when completing the questionnaire
and were either active or passive smokers.

The salivary cotinine levels founded in this study
(11-100 ng/mL saliva), in the most part among those
who claimed to be non-users of tobacco products
(self-declared as non-smokers), are similar to those of
previous studies [5,8,33,36-38] and indicated either a
passive smoking status or deception. In our study, the
salivary cotinine levels were higher in females than in
males, indicating that females are more exposed to
passive smoking than males; this finding may reflect
the results of the current smoking prevalence, higher
in males than in females.

In the current study, the HSI mean values were
higher in males than in females and at higher values
than in other previous studies on this topic [39-41].
The HSI distributed the current constant smokers

CPD 0 (=10) 1 (11-20) 2 (21-30) 3 (=31)
n % n % n % n %

Cotinine levels 1 0 0 0 0 0 0 1 9.1
2 0 0 0 0 1 2.6 0 0
3 16 69.6 6 14.0 1 2.6 0 0
4 5 21.7 21 48.8 2 5.1 0 0
5 2 8.7 13 30.2 25 64.1 2 18.2
6 0 0 3 7.0 10 25.6 8 72.7

Total (n=116) 23 19.8 43 37.1 39 33.6 11 9.5
Spearman correlation/Sig. (2-tailed)         0.666''/0.000

Table 14. Distribution/correlation of the current constant smokers' cotinine levels according to/with CPD

** Correlation is significant at the 0.01 level (2-tailed).

HSI Low nicotine Moderate nicotine Heavy nicotine 
dependence dependence dependence

n % n % 0 0
Cotinine levels 1 0 0 0 0 1 3.7

2 0 0 0 0 1 3.7
3 19 46.3 4 8.3 0 0
4 17 41.5 11 22.9 0 0
5 4 9.8 27 56.3 11 40.7
6 1 2.4 6 12.5 14 51.9

Total (n=116) 41 35.3 48 41.4 27 23.3
Spearman correlation/Sig. (2-tailed)         0.636''/0.000

Table 15. Distribution/correlation of the current constant smokers' cotinine levels according 
to/with their HSI (nicotine dependence)

** Correlation is significant at the 0.01 level (2-tailed).
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into three nicotine dependence levels, as follows:
41 (35.3%) with low nicotine dependence, 48
(41.4%) with moderate nicotine dependence, and
27 (23.3%) with heavy nicotine dependence. In
agreement with previous studies, the individual’s
salivary cotinine level measured by the NicAlert™
saliva test was well correlated with the self-report-
ed smoking status evaluated by questionnaire
[5,12,13,42].

In self-reported current constant smokers, the
salivary cotinine levels were significantly correlat-
ed both with items of the HSI, TTFC and CPD, and
also with nicotine dependence, measured by HSI.
These results are in accordance with other studies
that have assessed tobacco exposure and nicotine
dependence [18,19,22,39]. They confirmed that
measuring salivary cotinine by a semi-quantitative
method such as NicAlert™ saliva test is a very
valuable method for assessing the use of tobacco in
cross-sectional surveys.

In order to increase the quality and length of peo-
ple’s lives, further epidemiological studies on tobac-
co consumption and nicotine dependence in a social
context should be performed. Their results will
inform anti-smoking educational programmes and
public policies for smoking cessation in Romania.

Conclusions
The salivary cotinine levels found in the
entire study sample were as follows: 0: 47
subjects (16.4%); 1: 103 subjects (36.0%);
2: 19 subjects (6.6%); 3: 26 subjects
(9.1%); 4: 28 subjects (9.8%); 5: 42 sub-
jects (14.7%); 6: 21 subjects (7.3%); The
results showed significantly higher values
of cotinine levels in males than in females.
The self-reported smoking status analysis
(the answers to the questions regarding
tobacco consumption) distributed the sub-
jects into three categories of smokers: 116
(40.6%) current constant smokers, 10
(3.5%) current occasional smokers, and
160 (55.9%) non-smokers; there was a
higher percentage of smokers among males
(52%) than females (39%).

The HSI values distributed the current con-
stant smokers in three nicotine dependence
levels, as follows: 41 (35.3%) with low
nicotine dependence, 48 (41.4%) with
moderate nicotine dependence, and 27
(23.3%) with heavy nicotine dependence.
Salivary cotinine levels measured by the
NicAlert™ saliva test were well correlated
with individuals’ self-reported smoking
status.
Salivary cotinine levels were also signifi-
cantly correlated with TTFand CPD, and
also with nicotine dependence evaluated by
HSI.
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