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Abstract

Introduction: Nicotine dependence assessment is essential in smoking cessation programs. The
Fagerstrom Test for Nicotine Dependence (FTND) is widely used, but its subjective nature limits
accuracy. Biomarkers such as cotinine, exhaled carbon monoxide (CO), and carboxyhemoglobin
(COHDb) provide objective measures of tobacco exposure and dependence. Methods: A prospective
observational study was conducted at the Smoking Cessation Unit of Salamanca University Hospital
from 2009 to 2022. A total of 3820 smokers were included. Demographic data, smoking history, and
dependence level were recorded. Biomarkers, including serum cotinine, exhaled CO and COHb, were
measured. The correlation between biomarkers and FTND scores was analyzed. Results: Cotinine
levels showed the strongest correlation with FTND scores (r = 0.302, p < 0.001), followed by COHb (r
= 0.234, p < 0.001) and exhaled CO (r = 0.219, p < 0.001). Conclusion: Biomarkers offer a reliable
alternative to subjective nicotine dependence assessments. Cotinine proved to be the most accurate
marker. Integrating biomarkers into clinical practice could improve cessation outcomes by enabling
personalized treatment strategies.

Keywords: nicotine dependence; cotinine; CO; COHb

Introduction

Smoking is one of the leading preventable causes of morbidity and mortality worldwide,
responsible for more than 8 million deaths per year according to the World Health Organization
(WHO) [1].

Tobacco causes both physical and psychological dependence. To measure physical nicotine
dependence, the Fagerstrom Test for Nicotine Dependence (FTND) and its simplified version, the
Heavy Smoking Index (HSI), are commonly used. The FTND consists of six questions and classifies
dependence as mild (0-4 points), moderate (5-6 points), or severe (> 7 points). The HSI, on the other
hand, has only two questions and also classifies dependence as low (0-2 points), moderate (3-4
points), and high (5-6 points) [2-5].

The subjective nature of these tests may limit their clinical utility, as nicotine dependence is a
complex process that includes physical and psychological aspects that are difficult to quantify. The
use of objective tools, such as biochemical markers, could be helpful in overcoming these limitations.

In this context, biological markers such as exhaled carbon monoxide (CO), carboxyhemoglobin
(COHb), and cotinine offer an objective alternative for quantifying exposure and assessing
dependence.

CO s a colorless and odorless gas generated by tobacco combustion [6-10], and its measurement
in exhaled air allows for the estimation of immediate exposure to tobacco smoke, as there is a direct
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relationship between the number of cigarettes smoked and CO levels in exhaled air [11]. Regular
smokers typically present CO concentrations equal to or greater than 8-10 ppm, with this figure
serving as the cutoff point. Its sensitivity and specificity are around 90%, although the cutoff point
may vary depending on environmental factors [9, 10].

Occasional smokers present CO levels below 10 ppm but always higher than 6 ppm, while non-
smokers rarely have levels above 6 ppm [12]. Most of the CO binds reversibly to hemoglobin (Hb),
forming carboxyhemoglobin (COHb). The affinity of CO for hemoglobin is 200 to 250 times greater
than that of oxygen; however, COHDb is completely dissociable, and CO is released and eliminated
through the lungs once exposure ceases [11, 13, 14].

Cotinine is the primary metabolite of nicotine and has a half-life of 11 to 37 hours, compared to
2-5 hours for CO, making it a more reliable indicator of tobacco consumption [12]. Its sensitivity and
specificity for distinguishing between smokers and non-smokers are high, as well as for quantifying
consumption: regular smokers typically have serum levels between 200-400 ng/mL, those with lower
consumption present levels between 40 and 50 ng/mL, and non-smokers have levels below 10 ng/mL
[15-17].

In smokers, cotinine levels correlate with the number of cigarettes per day, smoking history, CO
levels, and FTND scores. Although this statement by Benowitz dates back to the 1980s, it has been
validated by various authors over the following years [18].

Regarding biochemical markers, it should be noted that for a smoker to develop physical
nicotine dependence, the substance must be present chronically in their bloodstream. Since the FTND
aims to measure the degree of physical nicotine dependence, it is expected that FTND scores would
positively correlate with blood levels of cotinine or other biochemical markers of tobacco
consumption.

Studies examining the relationship between exhaled CO concentration and FTND scores
typically rely on a single measurement. However, as Pérez Trullen et al. [19] point out, a single and
isolated CO measurement is not a reliable indicator for assessing chronic nicotine consumption. Due
to its very short half-life (2 to 5 hours), CO levels are significantly influenced by the time elapsed
since the last cigarette was smoked [20, 21].

For this reason, the longer half-life of cotinine (15 to 20 hours) makes its blood concentration less
sensitive to the time since the last cigarette compared to CO measurement in exhaled air.
Consequently, cotinine is presumably a more suitable biochemical marker for chronic nicotine intake
and, therefore, a better parameter for correlating with dependence.

The use of biological markers, together with dependence markers, could improve the design and
effectiveness of personalized treatments and enable more precise patient follow-up. This study
evaluates the usefulness of these biochemical markers compared to the FTND and HSI in smoker
patients starting smoking cessation programs.

Methods

Study Design and Population:

A prospective observational study was conducted at the Smoking Cessation Unit of the
University Hospital of Salamanca between September 2009 and June 2022. The study included 3,820
smokers over the age of 18 who started a smoking cessation program in this Unit. The included
patients agreed to participate in the study and were followed up for 12 months, with scheduled visits
at 1, 3, 6, and 12 months. During each visit, biochemical marker levels, treatment adherence, and
smoking cessation outcomes were recorded.

Variables:

Demographic data (sex and age), consumption markers (cigarettes/day, years of smoking, and
pack-year index [PYI]), and biochemical markers (cotinine, CO, and COHb) were collected. To assess
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dependence, the FTND and HSI were used. These tests allowed the classification of patients into low,
moderate, or high dependence levels.

Statistical Analysis:

Biochemical markers (cotinine levels, carbon monoxide, and carboxyhemoglobin) were
evaluated using bivariate analysis (Pearson correlation) to analyze their relationship with the other
variables studied. Subsequently, an individual analysis was performed using analysis of variance
(ANOVA) and multiple comparisons to assess the relationship between biochemical marker levels
and tobacco dependence levels based on FTND scores (high, moderate, or low), as well as the Heavy
Smoking Index.

The ANOVA test evaluates whether the observed differences between group means are
statistically significant or merely the result of random variability. Bonferroni correction and Dunnett's
t-test were applied to control for Type I error. Values of p < 0.05 were considered significant. Data
were analyzed using IBM SPSS version 25.0.

Results

Of the 3,820 participants, 53% were men, and the mean age was 48.6 + 11.4 years. The average
tobacco consumption was 24.5 + 11.5 cigarettes/day, with a mean pack-year index (PYI) of 40.1 + 24.1.
The average smoking duration was 31.6 + 11.6 years.

As shown in Table 1, the mean FTND score in the studied population was 6.68 + 1.91 points,
while the mean HSI score was 3.97 + 1.30 points. According to the FTND scale, 56% of patients had
high dependence, 31.4% had moderate dependence, and 12.6% had low dependence. According to
the HSI scale, 13.3% of patients had low dependence, 52% had moderate dependence, and 34.7% had
high dependence.

Table 1. Mean values of biochemical markers and dependence levels in the population at the start of the study.

Global mean Mean values by Mean values by D
values dependence levels  dependence levels levels
(FTND) (HSTI)
Cotinina 365,11 + 262.170 + 154.83 258.19 +163.80 Low
o 336.11 +164.31 353.76 + 160.46 Moderate
(ng/ml) 175.37 .
402.767 +173.20 420.77 +178-37 High
14.10 +11.27 14.45+12.09 Low
(p(lzacr)n) 20.50 +13.93 18.83 £ 13,20 19.91 + 14.40 Moderate
22.49 + 14,64 23.11+13.63 High
COHb 2.78+1.76 2.82+1.86 Low
(%) 3.81+2.05 3.55+1.97 3.71+2.12 Moc‘%erate
412+2.13 422 +1.99 High
Fagerstrom
(FTND) 6.68 +1.91
Heavy Smoking
Index 3.97+1.30
(HSI)

In summary, a higher percentage of patients were classified as having high dependence using
the FTND (56% vs. 34.7% with HSI). A greater proportion of patients were classified in the moderate
dependence range with the HSI (52% vs. 31.4% with FTND). The percentage of patients with low
dependence was similar for both tests (12.6% vs. 13.3%).

The mean blood cotinine level was 365.1 + 175.3 ng/mL. When divided according to dependence
levels based on the FTND, the mean cotinine value was 262.17 + 154.83 ng/mL in patients with low
dependence, 336.11 + 164.31 ng/mL in patients with moderate dependence, and 402.78 + 173.20 ng/mL
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in patients with high dependence. The differences between the three groups were statistically
significant (p = 0.000).

When using the HSI to determine the level of dependence, the mean cotinine value was 258.19
+ 163.80 ng/mL in patients with low dependence, 353.79 + 160.85 ng/mL in patients with moderate
dependence, and 420.77 + 178.37 ng/mL in patients with high dependence.

The mean levels of CO in exhaled air were 20.5 + 13.9 ppm, and the mean COHb was 3.8 + 2%.
When divided by dependence levels according to the FTND, the mean value for low dependence was
14.10 + 11.27 ppm, for moderate dependence it was 18.8 + 13.2 ppm, and for high dependence it was
22.4 + 14.6 ppm. All these comparisons were statistically significant with a p = 0.000. Regarding
carboxyhemoglobin, the overall mean was 3.8 * 2%, with mean values of 2.7 + 1.7% for low
dependence according to FTND, 3.5 + 1.9% for moderate dependence, and 4.1 + 2.1% for high
dependence.

When stratifying CO levels according to HSI dependence levels, the mean levels were 14.45 +
12.09 ppm for low dependence, 19.91 + 14.39 ppm for moderate dependence, and 23.11 + 13.63 ppm
for high dependence. Regarding carboxyhemoglobin, the mean values were 2.82 + 1.86% for low
dependence, 3.71 + 2.11% for moderate dependence, and 4.2 + 1.98% for high dependence.

Table 2 shows the correlations obtained between the different biochemical markers and the
dependence tests (FTND and HSI). Cotinine showed a significant correlation with the FTND (r =
0.302, p < 0.001), establishing a consistent relationship with chronic nicotine exposure (Figure 1 -
graphic A-). On the other hand, both CO and COHb presented a moderate correlation with the FTND
(r=0.219, p<0.001 and r = 0.234, p <0.001, respectively) (Figure 1 -graphics B y C-).
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A.  Correlation between cotinine levels and dependence levels (HSI and FTND) at the start of the study.
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B. Correlation between CO levels and dependence levels (HSI and FTND) at the start of the study.

= X X x
20} ” X . 20} L X -
x x - x ¥
x x
gls- i 515'
= X é i =
510t 2 510
o x o
#
5‘* 5r
0_I L 1 1 1 0
0 1 2 3 4 5 6
HsI FTND

C. Correlation between COHb levels and dependence levels (HSI and FTND ) at the start of the study.

Figure 1. Correlation between biochemical levels and dependence levels (HSI and FTND) at the start of the
study.

Table 2. Correlation between biochemical markers and dependence according to FTND and HSI at the start of

the study.
Cotinina  Fagerstrom l‘:agel:st.rom CcO %COHb
simplificado
- Pearson 1 0.302 0.301 0333 0345
Cotinina  correlation (r)
Sig. (bilateral) 0.000 0.000 0.000 0.000
N 3563 3563 3482 3482
Pearson
. 21 192 1 .
cO correlation (r) 0.333 0.219 0.19 0.996
Sig. (bilateral) 0.000 0.000 0.000 0.000
N 3482 3648 3649 3655
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Pearson 0.345 0.234 0.210 0.996 1
COHb correlation (r) ' : : :
Sig. (bilateral)  0.000 0.000 0.000 0.000
N 3482 3648 3649 3655

Cotinine showed a correlation with the level of dependence according to the HSI similar to that
observed with the FTND, with r = 0.301 (p < 0.001) (Figure 1 -graphic A-). On the other hand, both
CO and COHb showed positive correlations, but lower than those of cotinine, with the level of
dependence measured by the HSI scale, with r =0.192 (p <0.001) for CO and r = 0.210 (p < 0.001) for
COHb (Table 2, Figure 1 -graphics B and C-).

When analyzing individually, using an analysis of variance (ANOVA), the relationship between
the levels of biochemical markers and the different levels of tobacco dependence based on the FTND
score (high, moderate, or low) and the HSI statistically significant differences were found for all
levels, with a p = 0.000. In other words, higher levels of dependence were associated with higher
levels of serum cotinine, CO, and COHb. This can be observed in Tables 3 and 4 and Figure 2.

Table 3. Statistical significance of the relationship between biochemical markers and dependence levels
according to the FTND scale.

Multiple comparisons

. 95% Confidence
Difference
Desv. ] Interval
of means (I- Sig.
) Error Lower  Upper
limit limit
Low Moderate -73.94 951 0.000 -96.72 -51.15
High -140.60 892 0.000 -161.96 -119.24
Bonferroni Moderate Low 73.94 9.51 0.000 51.15 96.72
High -66.66 6.27 0.000 -81.67 -51.65
Hich Low 140.60 892 0.000 119.24 161.96
.. & Moderate 66.66 6.27 0.000 51.65 81.67
Cotinine
tde Moderate Low 73.94 9.51 0.000 53.36 94,51
Dunnett .
. High Low 140.60 892 0.000 121.31 159.88
(bilateral)=
tde Moderate Low 4.40 1.27 0.001 1.66 7.14
Dunnett .
(bilateral)? High Low 18.59 1.19 0.000 16.03 21.16
Low Moderate -4.72 0.77  0.000 -6.56 -2.88
High -8.39 0.72 0.000 -10.12 -6.66
Low 4.72 0.77  0.000 2.88 6.56
Bonf i Moderat
onterront - MI0Cerdte T High 3.67 051 0000 489  -245
CcO Hich Low 8.39 0.72  0.000 6.66 10.12
8" "Moderate 3.67 051 0000 245 489
tde Moderate Low 4.72 0.77 0.000 3.06 6.39
D tt
e High Low 8.39 072 0000 683 9.95
(bilateral)=
Low Moderate -0.77 0.11 0.000 -1.05 -0.50
High -1.34 0.11  0.000 -1.59 -1.08
Low 0.77 0.11  0.000 0.50 1.05
Bonf i Moderat
%COHb oot VoG T Hieh -0.56 008 0000 075  -0.39
. Low 1.34 0.11  0.000 1.08 1.59
High
Moderate 0.57 0.08 0.000 0.39 0.75
Moderate Low 0.77* 0,1135 0,000 0,528 1,019
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tde
Dunnett High Low 1.33* 0,1063 0,000 1,108 1,568
(bilateral)=

Table 4. Statistical significance of the relationship between biochemical markers and dependence levels

according to the HSI.
Difference 95% Confidence
Desv. ) Interval
of means (I- Sig. —
Error Lower Limite
) limit  superior
Low Moderate -95.57 874 0.000 -116.51  -74.63
High -162.59 9.17 0.000 -184.54 -140.62
Bonferroni Moderate Low 95.57 8.74 0.000 74.63 116.51
Cotinine High -67.01 6.14 0.000 -81.72 -52.31
High Low 162.58 9.17 0.000 140.62 184.54
Moderate 67.01 6.14 0.000 52.31 81.72
t de Dunnett Moderate Low 95.57 8.74 0.000 76.66 114.49
(bilateral)a High Low 162.58 9.17 0.000 142.74 182.42
Low Moderate -5.46 0.71 0.000 -7.16 -3.76
High -8.66 0.74 0.000 -10.44 -6.88
. Low 5.46 0.71 0.000 3.76 7.16
o Bonferroni  Moderate ——p p 3.20 050 0.000 440  -2.00
High Low 8.66 0.74 0.000 6.88 10.44
Moderate 3.20 0.50 0.000 2.00 4.40
t de Dunnett Moderate Low 5.46 0.71 0.000 3.93 6.99
(bilateral)= High Low 8.66 0.74 0.000 7.05 10.27
Low Moderate -0.89 0.10 0.000 -1.14 -0.64
High -1.40 0.11 0.000 -1.66 -1.13
. Low 0.89 0.10 0.000 0.64 1.14
o4 COHb Bonferroni Moderate ——p. -0.51 007 0000 -0.68  -033
High Low 1.40 0.11 0.000 1.13 1.66
Moderate 0.51 0.07 0.000 0.33 0.68
t de Dunnett Moderate Low 0.89 0.10 0.000 0.66 1.12
(bilateral)a High Low 1.40 0.11 0.000 1.16 1.63
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Figure 2. Evolution of biochemical marker levels based on tobacco dependence according to the FTND.

Discussion

Published studies on the relationship between tobacco consumption biomarkers and nicotine
dependence levels are scarce [22, 23], but existing studies highlight the importance of using
biochemical markers that accurately reflect the degree of chronic nicotine consumption whenever
possible. Since the FTND and HSI measure the degree of physical dependence on nicotine, it is
expected that the score obtained on these tests will correlate positively with the levels of biochemical
markers and, therefore, can be used as markers of dependence.

The relationship between CO and dependence established by the FTND shows significant
variation in the literature, with correlation coefficients ranging from 0.23 to 0.88, which does not
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happen in the case of cotinine [24-26]. Benowitz and colleagues note that these differences are due to
the use of single measurements of CO values to determine the correlation, so CO cannot be
considered a good index of tobacco consumption. Although CO has an accumulated value
throughout the day based on consumption, it has a very short half-life from the last cigarette, so its
utility is limited [27, 28].

In our study, the relationship between CO and COHb levels with the FTND and HSI shows
similar results, with a positive correlation for both FTND and HSI (r=0.219 and r = 0.192 for CO; and
r=0.234 and r = 0.210 for COHD). This reflects that elevated levels of CO and/or COHb correspond
with higher scores on both tests, findings consistent with existing literature. However, it should be
noted that in our study, the correlation values observed are relatively low but significant.

For this reason, cotinine has emerged as a more reliable indicator of tobacco consumption due
to its longer half-life compared to CO and COHb. However, the available literature regarding the
relationship between tobacco dependence and cotinine levels is much smaller and older [20]. Despite
this, the published findings align with those observed in our study, showing significant and
moderately high correlations between cotinine levels and the degree of dependence, measured using
the FTND. Pomerleau and colleagues [20] found a correlation of 0.42 (p < 0.005) between cotinine
levels and FTND score. Other authors have also found significant correlations between CO and FTND
(r=0.5853; p = 0.0001) and between COHb and FTND (r = 0.549; p = 0.0001) [21]. In our study, the
correlation values observed were 0.302 for the FTND scale and 0.301 for the HSI scale, with little
variation between the two tests, unlike Pomerleau's study. In any case, the correlation observed with
cotinine is better than the one observed with CO and COHb.

In conclusion, the results obtained in this study validate the use of biochemical markers as
complementary, though not substitute, tools to traditional nicotine dependence tests. Although
FTND and HSI are widely used, their subjective nature limits their accuracy, making it necessary to
complement or integrate the information obtained with other parameters. Cotinine presents a better
correlation with nicotine dependence, measured by the FTND, than CO in exhaled air and COHb,
positioning it as the most reliable biochemical marker for quantifying physical nicotine dependence.

Nonetheless, the determination of CO and COHD are less invasive tests that are simpler, cheaper,
and faster than cotinine determination. Therefore, it is necessary to perform a cost-benefit analysis in
each case to decide which test to use.

Conclusion

The findings of this study put into focus the potential of biochemical markers, particulary
cotinine, as objective tools to complement traditional nicotine dependence assessment such as the
FTND and HIS. Given cotinine's stronger correlation with dependence levels, its integration into
smoking cessation programs could enhance personalized treatmen strategies. However, the
practicality and lower cost of CO and COHb measurements make them valuable alternatives in
resource-limited settings. Future research should explore cost-effectiveness analyses and long-term
clinical outcomes to optimize the use of these biomarkers in routine smoking cessation interventions.
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