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Introduction

Smoking remains a persistent global public health problem, 
contributing significantly to preventable deaths and chronic 
illnesses. The addictive nature of nicotine makes quitting tobacco 
a formidable challenge for many individuals. While various tobacco 
treatment medications have been developed over the years, their 
effectiveness can vary greatly from person to person. Tailoring 
tobacco treatment therapy to individual needs is key to increasing 
quit rates. One promising strategy is the titration of tobacco 
treatment medications using Total Nicotine Equivalents (TNE) 
and monitoring of expired breath Carbon Monoxide (EtCO) levels. 
This article explores the concept of titration in tobacco treatment, 
exploring the significance of TNE and EtCO measurements, and 
discusses their implications for tobacco treatment with the goal of 
enhancing quit rates.

The Challenge of Treating Tobacco Addiction

Quitting smoking is a complex journey often marked by 
relapses and withdrawal symptoms. Nicotine, the primary 
addictive component in tobacco, has a powerful influence on 
the brain’s reward pathways, making the process of quitting 
challenging. Smokers and other tobacco users who attempt to quit 
may experience

intense cravings, mood swings, and physical discomfort, which 
can lead to relapse if not adequately managed. Tobacco treatment  

 
medications, such as nicotine replacement therapies (NRTs) and  
prescription medications like varenicline (Chantix) and bupropion  
(Zyban), have been developed to aid individuals in their quest to 
quit smoking. However, these medications should not have a one-
size-fits-all approach. Factors such as an individual’s nicotine 
addiction severity, tobacco use habits, and physiological responses 
to treatment can significantly impact their success in quitting. This 
is where the concept of titration comes into play.

Understanding Total Nicotine Equivalents (TNE)

Total Nicotine Equivalents (TNE) is a novel approach to 
comprehending and addressing nicotine addiction. Unlike 
traditional assessments that focus solely on cigarette consumption, 
TNE biochemically measures all sources of nicotine intake, 
including cigarettes, e-cigarettes, and various forms of NRTs. By 
quantifying TNE, healthcare providers gain a more comprehensive 
understanding of an individual’s nicotine exposure and addiction 
level, allowing for the personalization of treatment plans.

The calculation of TNE involves the consideration of 
several factors

•	 Nicotine content in cigarettes or other tobacco products: 
Different tobacco products contain varying levels of nicotine.

•	 Nicotine intake from other sources: Individuals attempting 
to stop tobacco often use NRTs like nicotine gum, patches, 
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or lozenges. Additionally, some may resort to vaping as an 
alternative nicotine source. All these sources contribute to 
TNE.

•	 Individual use patterns: Factors such as the number of 
cigarettes smoked per day, number of puffs, and depth of 
inhalation, type of e-cigarette vaped and type of nicotine liquid 
and whether the liquid contains nicotine salts, and any other 
tobacco product use all play a role in determining TNE.

•	 In-office TNE assays: TNE can now be assessed in the medical 
office in 20 minutes using the power of your smartphone. TNE 
assessment is reimbursed by third-party payors and private 
insurance companies, providing sustainable revenues.

Personalized Treatment Through TNE

Titrating tobacco treatment medications based on TNE offers 
several advantages in

the effort to quit tobacco:

	 Tailored Approach: Calculating TNE allows healthcare 
providers to gauge the level of nicotine addiction accurately. Armed 
with this information, they can personalize the treatment approach, 
determining whether higher doses of NRTs or other medications 
are necessary.

	 Optimizing NRTs: For individuals using NRTs, TNE can 
help ensure they receive the appropriate dosage. Some individuals 
may require higher doses to effectively manage withdrawal 
symptoms, while others may do well with lower doses.

	 Transition Planning: TNE can guide healthcare providers 
in creating a gradual transition plan for tobacco-using patients who 
wish to quit using e-cigarettes or other harm reduction methods. 
This ensures a safer and more effective path to quitting.

	 Realistic Goal Setting: Understanding TNE enables both 
healthcare providers and patients to set realistic goals for reducing 
nicotine intake over time. This gradual reduction can increase the 
likelihood of successful quitting.

Monitoring Progress with Expired Breath Carbon 
Monoxide (CO) Levels

Expired breath Carbon Monoxide (CO) measurements play 
a useful role in assessing a smoker’s progress towards quitting. 
CO is a toxic gas found in cigarette smoke, and its presence in the 
breath indicates recent tobacco use. Monitoring CO levels provides 
an objective and non-invasive way to track a patient’s smoking 
status throughout their quitting journey. When an individual quits 
smoking, their expired breath CO levels gradually decrease over 
time. This reduction serves as a tangible indicator of progress, 
motivating individuals to remain smoke-free. By regularly 
assessing expired breath CO levels, healthcare providers can gauge 
the effectiveness of treatment and make necessary adjustments to 
the patient’s therapy plan.

The Role of Expired Breath CO Measurements

	 Objective Feedback: Expired breath CO measurements 
provide healthcare providers and patients with objective feedback 

on smoking status. This objectivity helps individuals stay 
accountable to their progress and encourages them to adhere to 
their quit plan.

	 Motivation: Seeing a decline in CO levels can serve as a 
powerful motivator for individuals attempting to quit. It offers 
tangible evidence of the benefits of quitting, such as improved 
oxygenation and reduced health risks.

	 Timely Adjustments: If a patient’s CO levels remain 
elevated despite their quit attempts, healthcare providers can use 
this information to adjust the treatment plan promptly. This may 
involve modifying the medication dosage, providing additional 
counseling, or exploring alternative treatment options.

	 Long-term Success: Regular CO monitoring doesn’t 
just measure short term success but can contribute to long-term 
smoking cessation. Individuals who continue to track their CO 
levels after quitting are more likely to remain committed to a 
smoke-free lifestyle.

Combining TNE and Expired Breath CO Monitoring

The integration of TNE and expired breath CO measurements 
into tobacco treatment programs can have a profound impact on 
quit rates. This combined approach maximizes the benefits of both 
personalized treatment and objective progress tracking.

	 Personalized Treatment Plans: The calculation of TNE 
enables healthcare providers to develop personalized treatment 
plans that address each individual’s unique nicotine addiction 
severity. Patients receive tailored guidance on the choice and 
dosage of smoking cessation medications.

	 Objective Monitoring: Expired breath CO measurements 
provide an objective means of tracking progress with combustible 
traditional cigarettes. Patients can see the direct correlation 
between their efforts and the reduction in CO levels, which can 
enhance their motivation to stay smoke-free.

	 Adaptability: The combination of TNE and CO monitoring 
allows for the timely adjustment of treatment strategies. If a 
patient’s TNE and CO levels remain inappropriately high or low, 
healthcare providers can modify the treatment plan to better 
address their needs, increasing the likelihood of successful quitting.

	 Enhanced Quit Rates: Ultimately, the synergy between 
TNE and CO monitoring can lead to higher quit rates. When 
tobacco using patients receive personalized treatment and see 
tangible evidence of their progress, they are more likely to remain 
committed to quitting.

Conclusion
Titrating tobacco treatment medications using Total Nicotine 

Equivalents (TNE) and monitoring expired breath Carbon Monoxide 
(EtCO) levels represents a promising strategy for increasing quit 
rates among smokers and other tobacco users. This personalized 
and objective approach allows healthcare providers to tailor 
treatment plans to individual needs, providing a more effective 
path to tobacco treatment.  Changes to the Centers for Medicare 
and Medicaid Services (CMS) rules regarding behavioral health 
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care now encourage sustainable reimbursement for the treatment 
of tobacco addiction. As we continue to combat the global tobacco 
epidemic, integrating TNE and EtCO measurements into tobacco 
treatment programs can help save lives and reduce the devastating 
health consequences of smoking. Empowering individuals with the 
tools and knowledge to quit successfully is a vital step towards a 
tobacco-free future. Readers are encouraged to contact the author 
for more information.

Acknowledgement

None.

Conflict of Interest
Matthew Bars is the CEO, Founding Director, and Chief Quitting 

Officer of IntelliQuit.

References
1. Benowitz NL, Bernert JT, Foulds J, Hecht SS, Jacob P, et al. (2020) 

Biochemical Verification of Tobacco Use and Abstinence: 2019 Update. 
Nicotine Tob Res 22(7): 1086-1097.

2. Caffrey AR, Borrelli EP (2021) The art and science of drug titration. 
Ther Adv Drug Saf 11:2042098620958910. 

3. Chen TY, Kao CW, Cheng SM, Chang YC (2019 ) Effect of Home 
Medication Titration on Blood Pressure Control in Patients With 
Hypertension: A Meta-Analysis of Randomized Controlled Trials. Med 
Care 57(3): 230-236. 

4. Digard H, Proctor C, Kulasekaran A, Malmqvist U, Richter A (2013) 
Determination of Nicotine Absorption from Multiple Tobacco Products 
and Nicotine Gum. Nicotine Tob Res 15(1): 255-261.

5. Henningfield, JE, Stitzer ML, Griffiths, RR (1980) Expired air carbon 
monoxide accumulation and elimination as a function of number of 
cigarettes smoked. Addict Behav 5(3): 265-272.

6. Hurt RD, Dale LC, Offord KP, Croghan IT, Hays JT, et al. (1995) Nicotine 
patch therapy for smoking cessation in recovering alcoholics. Addiction 
90(11): 1541-1546. 

7. Joseph AM, Fu SS, Lindgren B, Rothman AJ, Kodl M, et al. (2011) 
Chronic disease management for tobacco dependence: a randomized, 
controlled trial. Arch Intern Med 171(21): 1894-1900. 

8. Lawson GM, Hurt RD, Dale LC, Offord KP, Croghan IT, et al. (1998) 
Application of serum nicotine and plasma cotinine concentrations 
to assessment of nicotine replacement in light, moderate, and heavy 
smokers undergoing transdermal therapy. J Clin Pharmacol 38(6): 
502-509.  

9. Leischow SJ, Merikle EP, Cook G, Newman R, Muramoto M ( 1999) An 
evaluation of NicCheck I: a dipstick method for analyzing nicotine and 
its metabolites. Addict Behav 24(1): 145-148. 

10. Peach H, Ellard GA, Jenner PJ, Morris RW (1985) A simple, inexpensive 
urine test of smoking. Thorax 40(5):351-357. 

11. Piper M, Jorenby DE, Schlam T, Donny E (2023) The real-world 
impact of three alternative nicotine delivery products on combustible 
cigarette use-The OPTIONS Study.  Presented at the Society for Tobacco 
and Nicotine Research Annual Conference, San Antonio, Texas.

12. Prezant D, Farber H, Bars M, Tanner N, Crotty Alexander L, et al. (2021) 
Tobacco-Dependence Treatment Tool Kit Committee. American 
College of Chest Physicians tobacco-dependence treatment tool Kit, 
4th ed. Glenview, IL: American College of Chest Physicians; [accessed 
2022 Jan 21]. 

13. Prochaska JJ, Vogel EA, Benowitz N (2022) Nicotine delivery and 
cigarette equivalents from vaping a JUUL pod. Tob Control (e1): 
e88-e93.

14. Rigotti NA, Kruse GR, Livingstone-Banks J, Hartmann-Boyce J (2022) 
Treatment of Tobacco Smoking: A Review. JAMA 327(6): 566-577. 

15. Sachs DPL, Benowitz NL, Bostrom AG, Hansen MD (1995) Percent 
Serum Replacement Success of Nicotine Patch Therapy.  American 
Journal of Respiratory and Critical Care Medicine, 151, A688. Presented 
at ATS Conference, Seattle, WA

16. Sachs DP, Benowitz NL (1996) Individualizing medical treatment for 
tobacco dependence. Eur Respir J 9(4):629-631.

17. Vogt TM, Selvin S, Widdowson G, Hully SB (1977) Expired air carbon 
monoxide and serum thiocyanate as objective measures of cigarette 
exposure. Am J Public Health 67(6): 545-549.

18. Webber MP, Zeig-Owens R. Schwartz T, et al. (2021) FDNY World Trade 
Center Health Program.  Health Impacts on FDNY Rescue/ Recovery 
Workers 15 years: 2001 to 2016.  Fire Department of the City of New 
York. 

https://pubmed.ncbi.nlm.nih.gov/31570931/
https://pubmed.ncbi.nlm.nih.gov/31570931/
https://pubmed.ncbi.nlm.nih.gov/31570931/
https://pubmed.ncbi.nlm.nih.gov/33796256/
https://pubmed.ncbi.nlm.nih.gov/33796256/
https://pubmed.ncbi.nlm.nih.gov/30762831/
https://pubmed.ncbi.nlm.nih.gov/30762831/
https://pubmed.ncbi.nlm.nih.gov/30762831/
https://pubmed.ncbi.nlm.nih.gov/30762831/
https://pubmed.ncbi.nlm.nih.gov/22585541/
https://pubmed.ncbi.nlm.nih.gov/22585541/
https://pubmed.ncbi.nlm.nih.gov/22585541/
https://pubmed.ncbi.nlm.nih.gov/7435315/
https://pubmed.ncbi.nlm.nih.gov/7435315/
https://pubmed.ncbi.nlm.nih.gov/7435315/
https://pubmed.ncbi.nlm.nih.gov/8528039/
https://pubmed.ncbi.nlm.nih.gov/8528039/
https://pubmed.ncbi.nlm.nih.gov/8528039/
https://pubmed.ncbi.nlm.nih.gov/22123795/
https://pubmed.ncbi.nlm.nih.gov/22123795/
https://pubmed.ncbi.nlm.nih.gov/22123795/
https://pubmed.ncbi.nlm.nih.gov/9650539/
https://pubmed.ncbi.nlm.nih.gov/9650539/
https://pubmed.ncbi.nlm.nih.gov/9650539/
https://pubmed.ncbi.nlm.nih.gov/9650539/
https://pubmed.ncbi.nlm.nih.gov/9650539/
https://pubmed.ncbi.nlm.nih.gov/10189983/
https://pubmed.ncbi.nlm.nih.gov/10189983/
https://pubmed.ncbi.nlm.nih.gov/10189983/
https://pubmed.ncbi.nlm.nih.gov/4023989/
https://pubmed.ncbi.nlm.nih.gov/4023989/
https://pubmed.ncbi.nlm.nih.gov/33762429/
https://pubmed.ncbi.nlm.nih.gov/33762429/
https://pubmed.ncbi.nlm.nih.gov/33762429/
https://pubmed.ncbi.nlm.nih.gov/35133411/
https://pubmed.ncbi.nlm.nih.gov/35133411/
https://pubmed.ncbi.nlm.nih.gov/8726921/
https://pubmed.ncbi.nlm.nih.gov/8726921/
https://pubmed.ncbi.nlm.nih.gov/869087/
https://pubmed.ncbi.nlm.nih.gov/869087/
https://pubmed.ncbi.nlm.nih.gov/869087/

	_Hlk145675260
	_Hlk145675545
	_Hlk145675902
	_Hlk145675400
	_Hlk145675959
	_Hlk145676027
	_Hlk145675440

