
Introduction
The tobacco situation in India is unique because of a vast 
spectrum of tobacco products available for smoking as 
well as smokeless use. The epidemic of harmful substance 
use, mainly chewing tobacco and smoking, is increasing 
at an alarming pace. Nearly 1.3 billion people around the 
world are tobacco users, and 80% of them live in low- and 
middle-income countries. Tobacco use kills 8 million 
people every year worldwide.1 

Non-invasive methods for monitoring tobacco use, 
particularly through the measurement of cotinine, have 
gained prominence due to their practicality and reduced 
burden on participants. Traditional methods, such as self-
reported smoking status, are often subject to bias and 
inaccuracies, as individuals may underreport their tobacco 
use due to social stigma or health concerns.2 In contrast, 
non-invasive sampling techniques, such as urine or saliva 
collection, provide objective data that can enhance the 
reliability of tobacco exposure assessments.3

Cotinine, the primary metabolite of nicotine, serves as 
a well-established and reliable biomarker for evaluating 
tobacco exposure. It is produced in the liver through 
nicotine metabolism and has an approximate half-life 
of 20 hours, making it an effective indicator of recent 

tobacco consumption.4,5 Cotinine can be measured in 
various biological specimens such as urine, saliva, and 
blood, providing flexibility in sampling based on study 
requirements.6,7 Its detection in these biological fluids 
allows for quantitative assessment of nicotine intake, which 
is essential for determining the extent of tobacco exposure 
among both active smokers and individuals exposed to 
secondhand smoke.8,9 The use of cotinine as a biomarker 
has been invaluable in epidemiological investigations, 
public health evaluations, and clinical research, as it 
facilitates understanding of the health impacts of tobacco 
use and assessment of smoking cessation interventions.10,11 
Furthermore, cotinine concentrations reflect the intensity 
of tobacco exposure, which is crucial for estimating the 
potential risk of developing tobacco-related diseases.12,13

The ability to measure cotinine levels non-invasively 
allows for broader applications in various settings, 
including clinical trials, public health surveys, and 
community-based studies.14 This approach not only 
facilitates the monitoring of tobacco use patterns but also 
aids in the evaluation of interventions aimed at reducing 
tobacco consumption.

The purpose of this literature review was to synthesize 
current research on the use of cotinine as a biomarker for 
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nicotine exposure, with a particular focus on non-invasive 
methods of measurement. This review aimed to examine 
the effectiveness of cotinine as a biomarker, highlight 
advancements in non-invasive monitoring techniques, 
and explore the implications for public health and clinical 
practice. 

Invasive vs. Non-Invasive Approaches
Cotinine, a metabolite of nicotine, is a key biomarker for 
assessing tobacco exposure. The detection of cotinine can be 
performed through both invasive and non-invasive methods 
(Table 1). Invasive methods for nicotine testing typically 
involve obtaining blood samples (venous or arterial) 
to measure nicotine and its metabolites using sensitive 
analytical techniques such as liquid chromatography-
tandem mass spectrometry (LC-MS/MS).15

Advantages of Non-Invasive Methods in Public Health 
and Clinical Settings
Non-invasive methods for nicotine testing offer several 
advantages over traditional invasive procedures. They 
significantly reduce discomfort and anxiety associated 
with blood draws, increasing their acceptability among a 
wider population. These approaches can be conveniently 
implemented in diverse settings such as community health 
programs, schools, and workplaces, thereby enabling 
large-scale screening efforts. Additionally, non-invasive 
sampling methods lower the costs related to laboratory 
processing and personnel training, making them a 
more economical option for extensive studies. They also 
permit more frequent and timely assessments of cotinine 
levels, which is particularly beneficial for monitoring 
the effectiveness of smoking cessation programs and 
interventions. Furthermore, by eliminating the use of 
needles, non-invasive methods minimize the risk of 
infection and other complications that are commonly 
linked with invasive techniques.15

Current Trends in Cotinine Detection Technology
Recent advancements in cotinine detection technology 
have focused on enhancing the sensitivity, specificity, 
and practicality of non-invasive methods. Some notable 
trends include:

Microfluidic Devices16

Innovations in microfluidic technology have led to the 
development of portable devices that can analyze saliva 
samples for cotinine levels quickly and accurately. These 

devices integrate sample collection and analysis into a 
single platform, streamlining the testing process.

Electrochemical Biosensors17

Recent studies have explored the use of electrochemical 
biosensors for the detection of cotinine in saliva. These 
sensors offer rapid results and can be designed for point-
of-care testing, making them suitable for use in various 
clinical and public health settings.

Wearable Technology15

The integration of wearable devices capable of monitoring 
cotinine levels through sweat or other non-invasive means 
is an emerging area of research. These technologies aim 
to provide continuous monitoring of tobacco exposure, 
which could be particularly useful for individuals in 
smoking cessation programs.

Machine Learning and Data Analysis18

The application of machine learning algorithms to 
analyze cotinine detection data is gaining traction. 
These approaches can enhance the accuracy of 
predictions regarding tobacco exposure and improve the 
interpretation of results from non-invasive tests.

Environmental Monitoring19

Advances in environmental monitoring techniques, such 
as the use of passive samplers to detect cotinine in air or 
surface samples, are being explored. This could provide 
insights into secondhand smoke exposure in various 
settings.

As technology continues to evolve, these methods are 
likely to become increasingly integrated into routine 
assessments of tobacco exposure, enhancing our ability 
to monitor and address tobacco-related health issues 
effectively.

Saliva-Based Cotinine Testing Methodology
The steps for saliva-based cotinine testing20,21 are discussed 
below.

Preparation
Participants are instructed to avoid eating, drinking, or 
smoking for a specific period before sample collection to 
minimize contamination.

Sample Collection
Saliva is collected using specialized devices such as 

Table 1. Invasive vs. Non-Invasive Approaches

Approach Method Advantages Challenges

Invasive15 Blood sampling
- High accuracy and reliability
- Suitable for detailed analysis

- Requires trained personnel
- Uncomfortable for patients due to needle insertion
- Logistical challenges in blood collection and processing for 
large-scale studies

Non-Invasive15 Urine, Saliva, Sweat, 
Hair, Breath sampling

- Minimal discomfort for patients
- Does not require specialized training
- Allows for more frequent sampling
- Better suited for large-scale, repeated sampling

- May have lower accuracy than invasive methods
- Environmental factors may affect test results
- Variability in sensitivity and specificity 
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Salivette tubes, cotton swabs, or by drooling directly into 
a collection tube to ensure adequate sample volume and 
minimize contamination.

Storage and Transport
Samples are stored at approximately 4°C to maintain 
cotinine stability during transport and storage until 
analysis, preserving sample integrity.

Analysis
Techniques like high-performance liquid chromatography 
(HPLC) and mass spectrometry are used to measure 
cotinine concentration with precision, making the 
method highly effective for quantifying tobacco exposure.

Urine Cotinine Testing
Urine is widely used as a biological matrix for cotinine 
testing due to its practical advantages, particularly its 
longer detection window compared to other matrices 
like blood or saliva. Cotinine, the primary metabolite 
of nicotine, has a half-life of approximately 20 hours, 
allowing it to remain detectable in urine for several 
days after tobacco exposure. This extended detection 
window is particularly beneficial for assessing both active 
smoking and secondhand smoke exposure, making urine 
a preferred choice for epidemiological studies and public 
health assessments.22,23

Methodology and Accuracy of Urine-Based Cotinine Assays
The methodology for urine cotinine testing typically 
involves several analytical techniques, including:

Liquid Chromatography-Tandem Mass Spectrometry (LC-
MS/MS)
Considered the gold standard for cotinine detection due 
to its high sensitivity and specificity. It allows for the 
simultaneous quantification of cotinine and other nicotine 
metabolites, providing a comprehensive assessment of 
tobacco exposure.24

Gas Chromatography-Mass Spectrometry (GC-MS)
Another highly accurate method, GC-MS is often used 
for the analysis of cotinine in urine samples. It involves 
liquid-liquid extraction or solid-phase extraction to 
isolate cotinine from urine before analysis.25

Immunoassays
Enzyme-linked immunosorbent assays (ELISA) and 
lateral flow immunoassays (LFIA) are also employed for 
cotinine detection. These methods are generally simpler 
and faster but may have lower sensitivity compared to 
LC-MS/MS and GC-MS.25,26

Sweat Patch Testing for Cotinine
Sweat patch testing is an innovative method for 
monitoring cotinine levels, the primary metabolite of 
nicotine, in a non-invasive manner. This method involves 
the application of a sweat patch to the skin, which collects 

sweat over a specified duration, typically ranging from 
24 hours to several days, depending on the design of the 
patch and the intended monitoring period. The patch 
is designed to absorb sweat, allowing for the analysis of 
cotinine and other biomarkers without the need for blood 
or urine samples.

The sweat patch is typically made of a breathable, 
adhesive material that adheres to the skin, ensuring that 
sweat can be collected continuously during the wear 
period. The duration of wear can vary based on the 
specific application and the physiological conditions of 
the individual, with some patches designed for short-term 
monitoring (1-3 days) and others capable of longer wear 
(up to 14 days).15,27

Benefits of Continuous and Cumulative Exposure 
Monitoring
One of the primary advantages of sweat patch testing for 
cotinine is its ability to provide continuous and cumulative 
exposure monitoring. Unlike traditional methods that 
rely on single-point measurements (e.g., blood or urine 
tests), sweat patches can capture fluctuations in cotinine 
levels over time, offering a more comprehensive view of 
an individual’s tobacco exposure.

Non-Invasive Collection
The sweat patch method is non-invasive, making it more 
acceptable to users, especially in populations such as 
children or those who may be uncomfortable with blood 
draws.28,29

Real-Time Monitoring
Continuous monitoring allows for the assessment of 
cotinine levels in real-time, which can be particularly 
useful in clinical settings for evaluating the effectiveness of 
smoking cessation programs or for monitoring exposure 
to secondhand smoke.30

Cumulative Data
The ability to collect data over several days provides 
insights into long-term exposure patterns, which can 
be critical for public health assessments and research 
studies.31,32

Sweat patches reliably detect cotinine, showing a strong 
correlation with urine and blood tests. Some patches can 
detect concentrations as low as 0.5 ng/mL.33-35 Continued 
advancements in sweat patch technology and analytical 
methods will enhance its utility in public health and 
clinical applications.

Hair Analysis for Long-Term Cotinine Monitoring
Hair as a Sample for Retrospective Nicotine Exposure 
Analysis
Hair analysis has emerged as a valuable method for 
assessing long-term nicotine exposure through the 
measurement of cotinine, a primary metabolite of 
nicotine. Unlike other biological matrices such as blood or 
urine, which reflect short-term exposure, hair can provide 
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a historical record of nicotine intake over extended 
periods. This is due to the incorporation of cotinine into 
the hair shaft as it grows, allowing for the assessment of 
cumulative exposure to nicotine and tobacco smoke.

The process of hair growth allows cotinine levels 
to be analyzed in hair segments, providing insights 
into exposure patterns over time. For instance, a 1 cm 
segment of hair can represent approximately one month 
of exposure, making it possible to correlate cotinine 
levels with specific time frames of smoking behavior or 
environmental exposure to tobacco smoke.

Advantages of Long-Term Exposure Tracking
Extended Detection Window
Hair can retain cotinine for months, allowing for the 
assessment of long-term exposure to nicotine. This 
is particularly useful in studies where understanding 
chronic exposure is essential, such as in epidemiological 
research or public health assessments.36,37

Non-Invasive Collection
Collecting hair samples is a non-invasive procedure that 
is generally more acceptable to participants compared 
to blood draws or urine collection. This can enhance 
participation rates in studies and make it easier to gather 
samples from diverse populations.38,39

Stability of Samples
Hair samples are stable and can be stored for long periods 
without significant degradation, making them suitable 
for retrospective studies. This stability allows researchers 
to analyze samples long after they have been collected, 
providing flexibility in study design.40

Objective Measurement
Hair analysis provides an objective measure of nicotine 
exposure, reducing reliance on self-reported smoking 
status, which can be biased due to social stigma or recall 
inaccuracies.41,42

In other words, hair analysis for cotinine monitoring 
offers a promising approach for assessing long-term 
nicotine exposure, with significant implications for 
public health research and tobacco cessation programs. 
While challenges such as contamination and variability 
exist, advancements in analytical techniques and 
standardization efforts can enhance the reliability and 
applicability of this method in various contexts.

Breath Cotinine Analysis
Introduction to Breath Testing and Exhaled Breath 
Condensate (EBC) Methods
Breath testing for cotinine, a metabolite of nicotine, is 
an emerging non-invasive method for assessing tobacco 
exposure. This technique primarily utilizes exhaled 
breath condensate (EBC), which is the aerosolized 
liquid collected from exhaled air. EBC contains various 
biomarkers, including cotinine, which can provide 
insights into an individual’s smoking status and exposure 

to secondhand smoke.
The process of breath testing involves collecting 

exhaled air, which is then cooled to condense the vapor 
into a liquid form. This liquid can be analyzed for 
cotinine levels using various analytical techniques, such 
as gas chromatography-mass spectrometry (GC-MS) 
or liquid chromatography-tandem mass spectrometry 
(LC-MS/MS). The ability to measure cotinine in breath 
offers a unique advantage, as it reflects recent exposure to 
tobacco products without the need for invasive sampling 
methods.43

Potential for Non-Invasive, Real-Time Monitoring
One of the most significant advantages of breath cotinine 
analysis is its non-invasive nature, making it more 
acceptable to participants compared to blood or urine 
tests. This method allows for real-time monitoring of 
cotinine levels, which can be particularly beneficial in 
various settings:

Future Potential in Point-of-Care and Cessation Programs
Despite the challenges, breath cotinine analysis holds 
significant potential for future applications:

Integration into Cessation Programs
Breath testing could be incorporated into smoking 
cessation programs, providing individuals with immediate 
feedback on their tobacco exposure and progress in 
reducing nicotine intake. This real-time monitoring could 
enhance motivation and adherence to cessation efforts.

Development of Portable Devices
Advances in sensor technology could lead to the 
development of portable breath analyzers that can be 
used in various settings, including homes, clinics, and 
public health campaigns. These devices could facilitate 
widespread screening and monitoring of tobacco 
exposure.

Research Applications
Breath analysis can contribute to research on the effects 
of tobacco exposure on health outcomes, helping to 
establish correlations between cotinine levels and various 
health conditions.

Personalized Health Monitoring
The ability to monitor cotinine levels in real-time could 
pave the way for personalized health interventions, 
allowing individuals to track their exposure and make 
informed decisions about their health.44

In summary, breath cotinine analysis represents a 
promising non-invasive method for monitoring tobacco 
exposure, with significant implications for public health, 
clinical practice, and smoking cessation programs. 
While there are challenges related to sensitivity and 
standardization, ongoing research and technological 
advancements are likely to enhance the utility and 
accuracy of this method in the future.
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Comparative Analysis of Non-Invasive Cotinine Testing 
Methods
Non-invasive cotinine testing methods include saliva 
testing, urine testing, sweat patch testing, and breath 
analysis. Each method has distinct characteristics regarding 
detection windows, accuracy, feasibility, strengths, 
limitations and applications are shown in Table 2.

Suitability for Specific Populations
For children, saliva testing is ideal due to its ease of 
collection. Urine testing is suitable with supervision, 
while sweat patch testing requires caution to avoid skin 
irritation. Breath analysis is non-invasive but may need 
trained personnel for accuracy.

For chronic users, saliva and urine testing are effective 
for recent exposure but not long-term monitoring. Sweat 
patch testing is better for long-term tracking, while breath 
analysis offers immediate feedback but is less suitable for 
chronic use.

Saliva and urine testing are good for recent exposure, 
sweat patches for long-term monitoring, and breath 
analysis for real-time assessments, though it faces 
sensitivity challenges.35

Future Directions and Research Needs
Innovations and Technological Advancements in Non-
Invasive Cotinine Testing
The field of non-invasive cotinine testing is rapidly evolving, 
driven by technological advancements that enhance the 
accuracy, convenience, and applicability of these methods. 
Innovations in sensor technology, data analytics, and 
integration with digital health platforms pave the way for 
more effective monitoring of tobacco exposure.

Advanced Sensor Technologies
The development of more sensitive and specific sensors 

for detecting cotinine in various biological matrices 
(saliva, urine, sweat, and breath) is crucial. Innovations 
such as microfluidic devices and electrochemical sensors 
are being explored to improve detection limits and reduce 
the time required for analysis.45

Wearable Devices
The integration of non-invasive cotinine testing 
into wearable technology could facilitate continuous 
monitoring of tobacco exposure. These devices could 
provide real-time feedback to users, promoting awareness 
and encouraging cessation efforts.15

Artificial Intelligence and Machine Learning
The application of AI and machine learning algorithms to 
analyze cotinine data can enhance predictive capabilities 
and improve the interpretation of results. These 
technologies can help identify patterns in tobacco use and 
exposure, leading to more personalized interventions.46

Point-of-Care Testing
The development of portable, point-of-care testing 
devices for cotinine detection can increase accessibility, 
particularly in remote or underserved areas. These 
devices can provide immediate results, facilitating timely 
interventions.47

Areas for Further Research, Including Sensitivity and 
Specificity Improvements
While non-invasive cotinine testing methods have shown 
promise, several areas require further research to enhance 
their effectiveness:

Sensitivity and Specificity
Ongoing research is needed to improve the sensitivity and 
specificity of non-invasive tests. This includes optimizing 

Table 2. Comparison of Cotinine Testing Methods: Characteristics, Applications, and Limitations

Testing 
Method

Detection 
Window

Sensitivity Feasibility Strengths Applications Limitations

Saliva 
Testing

Up to 3–4 days High (73%–94%)
Easy, non-
invasive

High acceptance; 
suitable for 
surveys and trials

Public health studies (children, 
adolescents); clinical verification 
of tobacco exposure; home self-
monitoring

Affected by hydration, oral 
hygiene, diet; variability in 
sensitivity; requires standardized 
collection; contamination risk

Urine 
Testing

Up to 3–4 days
Very high ( > 90% 
for LC-MS/MS)

Non-invasive, 
widely accepted

Highly accurate; 
standard clinical 
and forensic 
method

Epidemiological studies; 
smoking cessation programs; ETS 
exposure assessment; clinical 
identification of tobacco use

Sample contamination risk; 
variability due to hydration/
diet; difficulty in cut-off values; 
ethical/privacy concerns

Sweat Patch 
Testing

1–14 days
Moderate to high 
(variable)

Non-invasive, 
continuous 
monitoring

Ideal for long-term 
monitoring; useful 
in field settings

Clinical and research monitoring; 
workplace/school-based studies; 
real-world exposure tracking

Affected by temperature/
humidity; variability in sweat 
composition; possible skin 
irritation; limited quantitative 
accuracy

Hair 
Analysis

Weeks to 
months (long-
term)

High (for chronic 
exposure)

Non-invasive 
but requires lab 
processing

Reflects long-term 
exposure; useful 
for retrospective 
analysis

Public health research; long-
term exposure assessment; 
tobacco cessation monitoring; 
epidemiological studies

External contamination risk; lag 
time; variability in hair growth; 
need for standardization

Breath 
Analysis

Hours to days
Moderate 
(variable)

Non-invasive, 
real-time

Immediate 
feedback; point-
of-care utility

Public health monitoring; clinical 
screening; rapid assessment and 
cessation motivation

Lower sensitivity; influenced 
by diet/metabolism; short 
detection window; requires 
standardization
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collection methods, refining analytical techniques, and 
developing standardized protocols to minimize variability 
in results.47

Longitudinal Studies
More longitudinal studies are necessary to assess the long-
term reliability and accuracy of non-invasive cotinine 
testing methods. These studies can help establish the 
correlation between cotinine levels and health outcomes 
over time.

Population-Specific Research
Research should focus on the applicability of non-invasive 
testing methods across diverse populations, including 
children, pregnant women, and individuals with chronic 
health conditions. Understanding how factors such as 
age, gender, and health status affect cotinine levels can 
inform tailored interventions.

Integration with Other Biomarkers
Exploring the potential of combining cotinine testing with 
other biomarkers of tobacco exposure or health outcomes 
could enhance the overall assessment of tobacco-related 
health risks.

Potential for Expanded Use in Low-Resource Settings
Non-invasive cotinine testing methods hold significant 
potential for implementation in low-resource settings, 
where traditional testing methods may be impractical or 
unavailable:

Cost-Effectiveness
Non-invasive methods are generally less expensive 
than invasive procedures, making them more accessible 
for low-resource healthcare systems. Research into 
cost-effective testing solutions can facilitate broader 
adoption.

Training and Education
Developing training programs for healthcare providers 
in low-resource settings can enhance the implementation 
of non-invasive testing methods. Education on the 
importance of tobacco monitoring and cessation can 
empower communities to take charge of their health.

Community Engagement
Engaging communities in the development and 
implementation of non-invasive testing programs 
can increase acceptance and participation. Tailoring 
interventions to meet the specific needs and cultural 
contexts of communities can enhance their effectiveness.

Quality Control of Cotinine Measurement
High-quality measurement of cotinine requires rigorous 
validation and ongoing quality control to ensure both 
precision (reliability) and accuracy (trueness). Several 
published methods illustrate the components and 
performance metrics one should consider:

Method Validation Parameters
Many studies validate LC-MS/MS assays for cotinine 
using control samples at different concentrations (low, 
medium, high, plus a lower limit of quantification, 
LLOQ) to assess intra- and inter-run precision (usually 
expressed as coefficient of variation, CV%) and accuracy 
(bias from nominal values). For example, Abdullah et. 
al, 2016 developed a plasma assay with QC samples at 4 
concentration levels; mean accuracies for cotinine ranged 
between ~90.3% to ~102.9%, and intra- and inter-day 
precision (RSD) were < 15% for all analytes.48

Limits of Quantification and Detection
Establishing LOD (Limit of Detection) and LOQ (Limit 
of Quantification) is essential. A recent method for serum 
and saliva samples has reported LOQs for cotinine around 
0.25 to 1 ng/mL, depending on matrix, with good linearity 
(R² > 0.995) over a wide working range.49

Accuracy & Bias
True values are assessed via recovery experiments and 
comparison with reference/control materials. In urine 
assays (including multiple metabolites), recoveries for 
cotinine and its metabolites were high (often 76-99%) 
with bias typically within ± 10%.49

Precision (Random Error)
Precision is quantified by repeated measurements. Within-
run (repeatability) and between-run (reproducibility) 
CVs are reported. Good methods report CVs often < 10% 
for mid- and high-concentration QC samples, somewhat 
higher (e.g., up to ~15-20%), acceptable at LLOQ levels.50

Conclusion
In summary, non-invasive cotinine testing methods 
represent a significant advancement in tobacco exposure 
monitoring, offering numerous benefits in terms of 
accessibility, convenience, and patient comfort. Key 
findings from the literature highlight the effectiveness of 
these methods in various settings, including public health 
monitoring, clinical practice, and research.

The importance of non-invasive methods lies in their 
ability to enhance accessibility for tobacco monitoring, 
particularly in populations that may be reluctant to engage 
in traditional testing methods. As research continues to 
advance, the integration of innovative technologies and 
the focus on improving sensitivity and specificity will 
further solidify the role of non-invasive cotinine testing in 
public health initiatives.

Ultimately, the impact of these methods on public 
health initiatives and research is profound, as they provide 
valuable data that can inform tobacco control policies, 
enhance smoking cessation efforts, and improve health 
outcomes for individuals and communities affected by 
tobacco use.
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