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Introduction: Identifying a potent biomarker for smoking cessation can play a key role in 
predicting prognosis and improving treatment outcomes. This study aimed to evaluate the 
contribution of new biomarkers based on the levels of Cotinine (Cot) and carbon monoxide 
(CO) to the short- and long-term quit rates of nicotine replacement therapies (Nicotine Patch 
[NP] and Nicotine Lozenge [NL]).

Methods: In this prospective interventional study, 124 smokers under treatment with the 5A’s 
method were selected from an outpatient smoking cessation center in district 18 of Tehran City, 
Iran. The study was conducted from April 2016 to December 2018. They were divided into NP 
(n=56) and NL (n=61) intervention groups. The levels of Cot and CO were measured using 
ELISA and breath analysis at the beginning of the study. Three markers were calculated: Cot/
CO, Cot to cigarette per day ratio (Cot/CPD), and CO/CPD. Binary logistic regression models 
and generalized estimating equations models were analyzed by SPSS software, version 21 to 
determine the chances of quitting smoking.

Results: Of the NP participants, 30.4% and 19.6% were abstinent after 2 and 6 months, 
respectively, while NL was found less effective with 19.7% for 2-month follow-up and 13.1% 
for 6-month follow-up. The 6-month success of quitting attempts was significantly different for 
the NP participants at the second half of Cot/CO (P=0.029). Of the NL participants, CO/CPD 
would be a superior predictor for smoking cessation success (P>0.05). 

Conclusion: The findings of this study suggested two markers of Cot/CO and CO/CPD in this 
order for the optimum treatment outcomes of NP and NL. 
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1. Introduction

igarette smoking is one of the significant 
reasons behind many preventable deaths 
across the globe (Adams & Morris, 2021; 
Samet, 2013). Tobacco-induced diseases, 

namely chronic obstructive pulmonary disease, cancer, 
and cardiovascular disease, largely account for many 
premature deaths in the world (Jha, 2020; Saidi et al., 
2019). At present, the number of tobacco users is around 
1.3 billion smokers, which will rise to 1.6 billion by 
2025 (World Health Organization, 2019). The Iran Min-
istry of Health has reported that the number of cigarettes 
consumed exceeds 50 billion per year. More importantly, 
the burden of disease and treatment is associated with 
skyrocketing health care costs (Alimohammadi et al., 
2017; Rezaei, Pulok, & Ebrahimi, 2020).

There have been some practical smoking cessation ap-
proaches, including behavioral or pharmacological inter-
ventions. However, the treatment failure rate is consider-
able, and many smokers cannot succeed even with extra 
support (Cahill, Lindson-Hawley, Thomas, Fanshawe, & 
Tim Lancaster, 2016; Lancaster & Stead, 2017). Nico-
tine Replacement Therapies (NRT) are approved by the 
United States (US) Food and Drug Administration. One 
NRT is transdermal Nicotine Patch (NP). It has been 
found widespread applications in the US (Pierce & Gil-
pin, 2002; Jonk et al., 2005) and Europe (West, DiMa-
rino, Gitchell, & McNeill, 2005), and reported with en-
hanced cessation rates as opposed to placebo (2008 PHS 
Guideline Update Panel, 2008). Based on clinical trials, 
its quit rate hardly goes over 30% (2008 PHS Guideline 

Update Panel, 2008). Another almost new NRT is Nico-
tine Lozenge (NL), which ameliorates cessation rates 
compared to placebo (Stead et al., 2008; Shiffman et al., 
2002). 

The marked individual variability in both clinical re-
sponse and side effects necessitates the development of 
novel biomarkers for the detection of smoking status and 
optimization of pharmacotherapy outcomes (Bough et 
al., 2013). The genotypes of the enzymes involved in 
metabolic phases play an essential role in phenotypes, 
such as the rate of nicotine metabolism, the serum level 
of cotinine, and the metabolite of nicotine (Rao et al., 
2000). So, researchers have shown that heritability con-
tributes significantly to tobacco addiction (Kralikova et 
al., 2013; Wang, Cho, Xiao, Wajsbrot, & Park, 2013). 
The involvement of genetically informed biomarkers 
in the process of pharmacological treatment potenti-
ates cessation rates (Bough et al., 2013; Dempsey et al., 
2004), which implies that the same genetic factors which 
make an individual prone to nicotine addiction are more 
likely to lessen the response to pharmacotherapy (Brock, 
Takeda, Brennan, & Walton, 2011). 

As for smoking consumption, studies have explored 
many biomarkers, such as plasma and urinary levels of 
nicotine, total nicotine equivalents, and exhaled Carbon 
Monoxide (CO) (Hartz et al., 2012). Nicotine is one of 
such tobacco-specific biomarkers (Jacob & Byrd, 1999) 
and primarily undergoes metabolism to Cotinine (Cot) in 
the liver (Benowitz & Jacob, 1994). The half-life of Cot 
ranges between 12 and 20 h in the body (Hammond & 
Leaderer, 1987; Jaakkola & Jaakkola, 1997), which, in 
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turn, enables its detection for several days to one week 
(Benowitz, 1999; SRNT Subcommittee on Biochemi-
cal Verification, 2002). Approximately 10%–15% of 
Cot is eliminated in the urine, with the remaining being 
converted to trans-3’-hydroxycotinine and other byprod-
ucts (Benowitz, Jacob, Fong, & Gupta, 1994). Given its 
slower clearance yet longer half-life, the amount of Cot, 
determined in the saliva, urine, or serum, is vastly utilized 
as a biomarker of tobacco smoke exposure (Raja, Garg, 
Yadav, Jha, & Handa, 2016). On the other hand, CO is a 
byproduct produced during tobacco combustion (Man Ki 
Ho et al., 2009). CO has a short half-life of around 2–3 
h (Perkins, Karelitz, & Jao, 2013) and can signify the 
recent exposure to smoking. Put differently, the time of 
the last cigarette is of utmost importance in this biologi-
cal method. Moreover, previous reports have indicated 
that the ratio of carbon monoxide to cotinine (CO/Cot) 
can be used as a scale showing the severity of smoking. 
However, others have pointed out that smokers’ exposure 
to CO, Cot, and other tobacco metabolites is either un-
dervalued or overvalued through the self-declaration of 
the number of Cigarettes Per Day (CPD) (Joseph et al., 
2005). In other words, the objective indexes give more 
trustworthy information concerning smoking patterns 
than self-reports (Klesges, Debon, & Ray, 1995). 

Determination of pre-treatment biomarkers among 
smokers, which may be linked to the cessation of smok-
ing, can help smokers and clinicians to select the types 
of NRT with effective cessation outcomes. The present 
study was intended to investigate if previous biomark-
ers derived from smoking intensity, including Cot/CO, 
Cot to Cigarette Per Day ratio (Cot/CPD), and CO/CPD 
(de Leon et al., 2003; Ho et al., 2009) could predict the 
short- and long-term quit rates of NP and NL in a large 
sample of treatment-seeking smokers in Iran. Also, this 
study explored whether results are in agreement across 
different operationalization of the biomarkers (i.e., con-
tinuous measures or based on the second-half above the 
median of ratios).

2. Methods

Study design and participants

This prospective interventional study includes 470 
male individuals treated with 5A’s method of smoking 
cessation counseling. They were selected from Teh-
ran City, Iran. The recruitment of the participants was 
conducted among members of a social group called 
NOSMOKINGNEWS in the Telegram application 
through an intelligent SMS-based notification system in 
an outpatient smoking cessation center in District 18 of 

Tehran from April 2016 to December 2018. We did not 
enroll women in the present study because of the marked 
differences in nicotine metabolism related to the effect of 
estrogen (Benowitz, Lessov-Schlaggar, Swan, & Jacob, 
2006). The inclusion criteria were the age range between 
18 and 65 years old, smoking more than 5 cigarettes 
per day verified by CO (>7 ppm) (coVita, 2020), hav-
ing residence in Tehran for at least 6 months, and being 
interested in cessation treatment. The following factors 
ruled out the participation: the female gender, use of 
non-tobacco nicotine-containing products such as elec-
tronic cigarettes, use of other quit smoking treatments, 
history of treatments for substance use disorders, history 
of drug or alcohol abuse, prohibition of medical use of 
nicotine due to the history of the liver and kidney diseas-
es, cancer and organ transplantation, history of substan-
tial cardiac dysrhythmias, stroke, angina, heart attack or 
uncontrolled hypertension, history of major depressive 
disorder, DSM-IV Axis I psychiatric disorders or suicide 
risk, intake of antipsychotic, stimulant, opiate, antiar-
rhythmic, anti-coagulant, or antidepressant medicines 
with an effect on CYP2A6 activity, and failure to deliver 
informed consent. 

Study procedure 

The study participants commonly received the 5A’s 
(Ask, Advise, Assess, Assist, and Arrange) method, in-
cluding all strategies and advice that a primary care 
provider should deliver within 3−5 minutes (Martínez 
et al., 2017; World Health Organization, 2020). As a 
result of the exclusion criteria, 346 individuals were 
excluded from the study. The remaining eligible partici-
pants (n=124) signed informed consent forms and were 
referred to a tobacco cessation clinic in Tehran. The pres-
ent study procedure followed the Code of Ethics of the 
World Medical Association (the Declaration of Helsinki). 
The study was approved by the Ethics Committee of the 
Tehran University of Medical Sciences (code: IR.TUMS.
REC.1394.18.96). All participants could benefit from 
behavioral therapy, were given educational booklets, 
and accessed the @NOSMOKINGNEWS website for 
more information. Also, they were offered one session 
of smoking cessation counseling for 30 min. Based on 
Figure 1, the participants were randomly assigned into 
the nicotine patch (NP) and nicotine lozenge (NL) groups 
and subsequently underwent the assessment of nicotine 
dependence by Fagerström Test for Nicotine Depen-
dence (FTND) (Heatherton, Kozlowski, Frecker, & Fag-
erstrom, 1991) and the physical examination by an expert 
physician. The group assignment was carried out using a 
Microsoft Excel-based random number generator. 
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For nicotine replacement therapy, all participants re-
ceived 5 sessions of individual counseling. The first ses-
sion with a physician expert in smoking cessation lasted 
an hour and focused on the harms and benefits of quit-
ting as well as techniques that help the person to choose 
a day to quit within the next two weeks. On the day of 
withdrawal, the participant received the second counsel-
ing session by a trained counselor via telephone, which 
focused on the side effects of withdrawal and how to 
deal with them. During the first four weeks of nicotine 
replacement therapy, each participant had three tele-
phone sessions with the counselor focusing on prevent-
ing relapse. The amount of the drug in each group was 
based on the FTND results. NPs were administered at 
14 mg/d for those with the FTND score ≤6 for the first 
6 weeks, followed by 7 mg/d for the next 6 weeks. For 
those with the FTND score between 7 and 10, NL was 
administered 21 mg/d followed by 14 mg for the next 
two weeks and then 7 mg for the final 4 weeks. Partici-
pants in the NL group received 9 tablets per day for the 
first 6 weeks, 5 tablets for weeks 7 to 9, and 3 tablets 
for 10 to 12 weeks of the treatment. Those with a low 
FTND score (≤6) received 2-mg tablets, and their peers 
with a high FTND score (7-10) were treated with 4 mg 
tablets. Smoking cessation was assessed at the end of 3 
and 6 months. In this regard, the exhaled CO level was 
measured with piCO+smokerlyzer®, and those with a 
CO reading of <7 ppm confirmed abstinent. 

Fagerström Test for Nicotine Dependence (FTND)

The FTND is composed of 6 items to evaluate grada-
tions in tobacco dependence. Further studies have veri-
fied that the FTND establishes good internal consistency, 
positive association with main smoking variables, such 
as Cot (Heatherton et al., 1991; Payne, Smith, McCrack-
en, McSherry, & Antony, 1994), and favorable reliability 
(Sarbandi et al., 2015). 

The level of cotinine in the plasma

Blood samples were obtained from those who claimed 
to be nicotine-free for five hours, equivalent to the time 
needed for converting nicotine to Cot with a longer half-
life (17 hours) (Sharma, Sane, Anand, Marimutthu, & 
Benegal, 2019). Around 6 mL of peripheral blood was 
collected by antecubital venipuncture in ethylenediami-
netetraacetic acid (EDTA)-containing tubes. The par-
ticipant’s plasma was then separated by centrifugation 
at 3000 ×g for 3 min and kept at -80°C. The Cot ELISA 
kit (Crystal, China) was used to assess Cot in the plasma. 
Using a microplate reader (Hyperion Inc., USA), the in-
tensity of the color was measured at 415 nm.

Exhaled breath CO analyzer

The piCO+smokerlyzer® (Bedfont Scientific, Eng-
land, UK) was used to measure the exhaled CO levels 
with standardized smoking thresholds recommended by 
the manufacturer for different age categories. At first, the 
amount of room CO was measured, and the machine’s 
calibration was checked at ambient conditions. All sub-
jects were trained to inhale and hold their breath, with 
every test lasting 15 s. Then, they thoroughly blew into 
the device’s mouthpiece lightly until a loud sound was 
displayed, which meant completing the breath-submit-
ting task. The breath analysis was performed again when 
the difference between the results exceeded 2 ppm. The 
exhaled CO levels were presented in ppm, and the CO 
reading of >6 ppm confirmed smoking.

Statistical analysis

SPSS v. 22. (SPSS Inc., Chicago, IL, USA) was em-
ployed for data analysis. Descriptive statistics were in-
dicated in the form of mean, Standard Deviation (SD), 
and the second-half above the median of ratios. The 
Mann-Whitney U test was applied to compare the dif-
ferences of age, smoking parameters, and Cot biomark-
ers between the NP and NL groups. In this study, three 
biomarkers were calculated: Cot/CO, Cot/CPD, and CO/
CPD. Additionally, these biomarkers were categorized 
by the half above the median of ratios, and the quit rate 
was reported for each half. Binary logistic regression 
models and Generalized Estimating Equations (GEE) 
model were developed to estimate the odds of smoking 
cessation success as a function of the biomarkers.

3. Results

The study participants were enrolled from the residence 
of Tehran, who were at least 18 years old, smoked more 
than 5 cigarettes per day, and received the 5A’s method. 
Of all participants, 50% was initially allocated to the NP 
group, which further lost six patients (three had low CO 
readings and three withdrew). The other 50% were as-
signed to the NL group, of whom only one declined to con-
tinue the study after the baseline assessment (Figure 1). As 
indicated in Table 1, the subjects were matched in terms 
of age and smoking status (P>0.05) (Table 1).

At a 2-month follow-up, 30.4% (n=17) of the par-
ticipants in the NP group was confirmed as abstinent, 
whereas the smoking cessation success rate was lower 
in the NL group (n=12, 19.7%). After six months, both 
groups showed a decrease in the success rate (n=11, 
19.6% for the NP group; n=8, 13.1% for the NL group). 
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Table 1. Comparing age and smoking parameters between the NP and NL groups

Variables
Mean±SD

PNP Group
(n=56)

NL Group 
(n=61)

Age, year 42.39±11.20 42.57±8.74 0.688

FTND 6.20±0.25 6.25±1.98 0.897

CPD 11.79±5.42 12.70±5.11 0.203

Cot, ng/mL 77.54±37.65 90.07±70.59 0.758

CO, ppm 15.13±3.80 15.34±3.68 0.707

NP: Nicotine Patch; NL: Nicotine Lozenge; FTND: Fagerström Test for Nicotine Dependence; CPD: Cigarette Per Day; Cot: 
Cotinine; Co: Carbon monoxide.

Figure 1. Flow diagram of the subjects through the study

NP: Nicotine Patch; NL: Nicotine Lozenge; FTND: Fagerström Test for Nicotine Dependence.
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Based on Figure 2, there was no significant difference 
in the cessation success between the two groups at two 
or six months (P>0.05). Table 2 indicates the values of 
Cot/CO, Cot/CPD, and CO/CPD. It was found out that 
these ratios seemed comparable between the NP and NL 
groups (P>0.05). 

In the NP group, having a Cot/CO ratio above the sec-
ond half (4.52 ng/mL.ppm) was linked to 39.3% of the 
success of attempts to quit after 2 months, and to 28.6% 
of the success of attempts to quit after 6 months. As for 
Cot/CPD, the ratio above the second half (7.17 ng.d/mL) 
meant a minimum success rate of 35.7% upon 2-month 
follow-up and 25% upon 6-month follow-up. When it 
comes to CO/CPD, the ratio greater than the second half 
(1.46 ppm.d) was associated with a minimum success 
rate of 35.7% after 2-month follow-up and 21.4% after 
6-month follow-up (Figure 3).

On the other hand, the NL group exhibited that a Cot/
CO ratio below the second half (4.72 ng/mL.ppm) 
led to 20.0% of the success of attempts to quit after 2 
months and 13.3% of the success of attempts to quit af-
ter 6 months. Also, a Cot/CPD ratio less than the sec-
ond half (7.17 ng.d/mL) resulted in a minimum success 
rate of 23.3% upon 2-month follow-up and 13.3% upon 
6-month follow-up. In this group, having a CO/CPD ra-
tio less than 1.27 ppm.d was linked to a minimum suc-
cess rate of 24.1% after 2-month follow-up and 17.2% 
after 6-month follow-up (Figure 3).

The result of binomial logistic regression models re-
vealed that only the Cot/CO ratio was significantly (Wald 
χ2=4.761, P=0.029) correlated to the 6-month follow-up 
success rate. When we pooled the quitting at 2-month 
and 6-month follow-up using the GEE model, there was 
a significant relationship between the Cot/CO ratio and 
success rate in the NP group (OR=1.30, 95% CI=1.07–
1.59, P <0.05). This finding implies that with a 1 unit in-

Table 3. Odds ratios of smoking cessation success from generalized estimating equations models

Variables
The NP Group (n=56) The NL Group (n=61)

ORa 95% CIb OR 95%CI

Model 1

Cot/CO 1.30* 1.07-1.59 0.98 0.87-1.10

Time 
Following 2 months
Following 6 months

1.00
0.52

0.32-0.86
1.00
0.62

0.39-0.98

Model 2

Cot/CPD 1.09 0.98-1.22 0.99 0.85-1.16

Time 
Following 2 months
Following 6 months

1.00
0.54

0.35-0.87
1.00
0.62

0.39-0.98

Model 3

CO/CPD 1.23 0.39-3.90 0.80 0.26-2.52

Time 
Following 2 months
Following 6 months

1.00
0.56

0.36-0.87
1.00
0.62

0.39-0.98

NP: Nicotine Patch; NL: Nicotine Lozenge; CPD: Cigarette Per Day; Cot: Cotinine; Co: Carbon monoxide.

aOdds ratio; bConfidence interval; *P<0.05.

Table 2. Cot biomarkers for the study groups

Variables
NP Group (n= 56) NL Group (n=61)

P
Mean±SD Second Half Mean±SD Second Half

Cot/CO, ng.mL-1/ppm 5.16±0.38 4.52 5.37±0.74 4.72 0.881

Cot/CPD, ng.mL-1/d-1 7.49±0.62 7.17 7.17±0.67 7.17 0.750

CO/CPD, ppm/d-1 1.43±0.06 1.46 1.34±0.06 1.27 0.246

NP: Nicotine Patch; NL: Nicotine Lozenge; CPD: Cigarette Per Day; Cot: Cotinine; Co: Carbon monoxide.
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crease in the Cot/CO, the odds of smoking cessation suc-
cess were estimated to increase at least 7% and at most 
59%. Notably, the 95%CI of OR did not include a value 
one, meaning that a 1 unit increase in the Cot/CO would 
not make any difference in odds. Moreover, all models in 
Table 3 show that time was inversely associated with the 
likelihood of smoking cessation success (OR=0.52-0.56 
in the NP group; OR=0.62 in the NL group).

4. Discussion

Over the past decades, many studies dealing with success-
ful smoking cessation have focused mainly on clinical vari-
ables, such as smoking characteristics, demographics, and 
treatment. Several smoking-related factors contribute to 
positive cessation outcomes, including lower baseline crav-
ing (Waters et al., 2004; Berlin, Singleton, & Heishman, 
2013), the severity of nicotine dependence (Batra, Collins, 
Torchalla, Schröter, & Buchkremer, 2008; Paluck et al., 
2006), and the number of cigarettes smoked per day (Jay-

Figure 2. The success of attempts to quit (in percentage) for the study groups

NP: Nicotine patch; NL: Nicotine lozenge.

Figure 3. The success of attempts to quit (in percentage) at the second half for the NP (A) and NL (B) Groups

NP: Nicotine patch; NL: Nicotine lozenge.
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akrishnan et al., 2013; Haug, Schaub, & Schmid, 2014). 
Recently, the personalization of treatment using validated 
biomarkers is a new approach to enhance cessation out-
comes (Bough et al., 2013). In this case, the Nicotine 
Metabolite Ratio (NMR) is a good example that exhibits 
a phenotypic surrogate of nicotine clearance (Dempsey 
et al., 2004). This biomarker, defined as the ratio of trans-
3’hydroxycotinine to Cot, is stable and independent from 
the time of the last cigarette (Lea, Dickson, & Benowitz, 
2006). However, it differs with sex, race, age, and body 
mass index (Fogli et al., 2016; Johnstone et al., 2006; 
Mooney et al., 2008; Rubinstein, Shiffman, Rait, & Be-
nowitz, 2013). The NMR can also be affected by both en-
vironmental inducers and inhibitors, some of which seem 
transitory (Chenoweth et al., 2014). The present study is 
intended to propose new biomarkers for different treatment 
choices and investigate whether smoking cessation time af-
fects the success rates of NP and NL. A crucial step in iden-
tifying a new biomarker is to examine if it has effects on 
smoking cessation in an attempt to improve current smok-
ing cessation treatments.

Our main findings were that the 6-month success rate to 
quitting was significantly different for the patients under 
treatment with NP at the second half of the Cot/CO ratio. 
In other words, the quit rate of NP is more than doubled for 
the second-highest half of Cot/CO (28.6%) versus the sec-
ond-lowest half of Cot/Co (10.7%). Indeed, this ratio was 
found helpful in predicting the smoking cessation success 
and treatment course (at least 6 months) among the NP 
cases; that is, the Cot/CO ratio greater than 4.52 ng.mL-1/
ppm led to the highest quit rate in the NP group. This re-
sult was confirmed by the GEE model. On the contrary, if 
the patients undergo the NL treatment, the CO/CPD ratio 
will be a superior predictor to the Cot/CO ratio. This study 
showed that the patients who received treatment with NL 
and had a CO/CPD of less than 1.27 ppm/d-1 experienced 
the highest quit rate. Therefore, there is room to improve 
cessation rates by personalizing treatment based on smok-
ing biomarkers (Bough et al., 2013).

These biomarkers can be potentially applied to preci-
sion medicine where treatment is tailored based on the 
susceptibility of patients. In this study, the patients with 
Cot/CO>4.52 ng.mL-1/ppm were observed with the 
highest treatment response to NP, whereas those with 
CO/CPD <1.27 ppm/d-1 had the highest treatment re-
sponse to NL. Therefore, there is a risk of treatment fail-
ure if related markers are overlooked, and patients face 
inappropriate treatment. More importantly, the remain-
ing patients (i.e., Cot/CO <4.52 ng.mL-1/ppm and CO/
CPD>1.27 ppm/d-1) ran the highest risk of NRT treat-
ment failure. 

As for the comparison of the treatments, the smoking 
cessation success rate was higher in the NP group, and 
cessation time reduced the success rate in general. For 
instance, around one-third of the NP group achieved 
smoking cessation after 2 months, which subsequently 
reduced to almost one-fifth after 6 months. Similarly, 
Schnoll et al. reported that quit rates were higher for 
transdermal nicotine vs nicotine lozenge at the end of 
treatment and after 6 months (Schnoll et al., 2010). As 
for the advantage of Cot/CO, it can be measured easily 
and non-invasively. Although, it should be noted that it 
was not stable over time. 

This study had some strong and weak points, which are 
worth our attention. The main weakness was excluding 
women due to the marked differences in nicotine me-
tabolism. Also, the study had a small sample size caused 
by limited human and financial resources. The use of pri-
vate online counseling did not consume a lot of time and 
space to contact the subjects under treatment. Ubiquitous 
access to the therapist and updated data collection via the 
web were to put a value on patient-therapist interactions 
and to ensure better analysis of the treatment outcomes. 
In addition to interactive follow-up, this study applied a 
biological method to evaluate the patient’s progress in 
quitting attempts and determine their smoking status, 
which, in turn, positively contributes to personal motiva-
tion and treatment adherence. 

5. Conclusions

This study indicated that Cot/CO ratio, as well as CO/
CPD ratio, could predict the smoking cessation success 
and treatment course among those who received treat-
ments with NP and NL.
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