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Abstract 
The field of breath analysis has developed to 
be of growing interest in medical diagnosis 
and patient monitoring. The main advantages 
are that it’s noninvasive, painless and 
repeatable in flexible cycles. Even though 
breath analysis is being researched for a couple 
of decades there are still many unanswered 
questions. Human breath contains volatile 
organic compounds which are emitted from 
inside the body. Some of these compounds can 
be assigned to specific sources, such as 
inflammation or cancer, but also to non-health 
related origins. This paper gives an overview 
of breath analysis for the purpose of disease 
diagnosis and health monitoring. Therefore, 
literature regarding breath analysis in the 
medical field has been analyzed, from its early 
stages to the present. As a result, this paper 
gives an outline of the topic of breath analysis. 
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1 Originating from inside the body 
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1 Introduction 
During the past decades there has been a 
growing interest in using breath analysis in the 
medical field. This can be clearly seen when 
searching in the PubMed database for the 
terms ‘breath analysis’ and ‘disease’ as shown 
in Figure 1. Breath analysis as a diagnostic tool 
provides several advantages over other 
procedures like blood testing or biopsy. Breath 
analysis is noninvasive, painless, real-time 
capable and basically can be performed as 
often as required. Human breath contains
several volatile organic compounds (VOCs) 
which are of versatile origin either 
endogenous1 or exogenous2 [14]. For the 
purpose of medical diagnosis only the VOCs 
of endogenous origin are of relevance. The 
range of different VOCs contained in human 
breath is wide. Costello et al. state over 800 
VOCs related to human breath, from which 
around 200 are clearly identified [9]. Aside 
from human breath, VOCs are also emitted by
other sources like skin, urine, blood, saliva, 
human-breast milk and feces [9]. Some of the 
VOCs emitted in human breath can be 
assigned to specific exogenous behavior such 

2 Environmental/external influences on the 
body 
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as smoking. Other VOC concentrations are 
influenced in case of diseases, some VOCs 
even only exist in human breath of unhealthy 
patients [1]. One major problem of breath 
analysis is making it comparable. The 
proportion of different VOCs in human breath 
differs even when compared between healthy 
patients [13]. 
Aside from analyzing breath with technical 
instruments it is also possible to conclude a 
diagnose by simply using the olfactory3 sense. 
Many diseases come with a characteristic 
smell. Hayden proposed an overview with 
unusual breath odors which can be associated 
to diseases or ingestions. A sweet smell can be 
an indicator for ketoacidosis4 which is related 
to diabetes mellitus, for example [4].

 
Figure 1: Publications listed on PubMed 
since 1980 till today for the terms 'breath 
analysis’ and ‘disease’. The growing 
interest can be clearly seen. 

1.1 Approach and methodology 
This work is based on a literature research 
using the terms ‘breath analysis’, ‘disease 
detection’, ‘Electronic nose’, and ‘volatile 
organic compounds’. There were early works 
published in the mid of the 1960s [18] to some 
recent works published just recently in 2020 
[6]. 

1.2 Structure of work 
This paper is structured into some basics on 
breath analysis in Chapter 2 followed by some 

 
3 Sense of smell 

insights into the technical part of VOC 
measurement in Chapter 3. Medical 
application of breath analysis is discussed in 
Chapter 4, which shows the diagnosis of 
patient diseases. Finally, Chapter 5 concludes 
on the state of the art of breath analysis and 
closes with an outlook for future 
developments. 

2 Breath Analysis 
Unlike diagnostic procedures as blood test or 
biopsy, breath analysis strikes to be simple and 
breath itself is easy to acquire. But still, breath 
sampling needs attention, as there are 
differences in the acquisition of breath, which 
can significantly influence the results. 
Basically, there are two different ways breath 
sampling is performed [10]: 

 Mixed expiratory sampling 

 Alveolar sampling 
The two principles are shown in Figure 2. A 
rise in CO2 in the breath means that the air 
comes from inside the lung. Phase I in the 
Figure refers to air which is called dead space 
gas. Dead space gas does not take part in the 
gas exchange inside the lungs and mostly stays 
in the upper airways. Therefore, this 
proportion of the exhaled breath does usually 
not contain endogenous VOCs. The breath in 
phase II is a mix of dead space gas and gas 
originating from the alveolar cells of the lung. 
Phase 3 should contain only gas from the 
alveolar cells and therefore has the highest 
concentration of endogenous VOCs. When 
phase III ended and the alveolar cells are 
empty, another inspiratory phase (IV) begins. 
For mixed sampling the gas from phase I-III is 
sampled. For alveolar sampling only the gas 
originating from the alveolar cells in phase III 
is sampled [10]. When taking a mixed 
expiratory sample, the dead space gas and the 
environmental influence on the sample has to 
be considered. Hence, the sample can be 
corrected, for example, by subtracting a 
sample of the environmental gas. Another way 

4 Complication caused by absolute insulin 
deficiency 
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to eliminate environmental influence, is to let 
the patient breath pure air for a few minutes 
before the sample process for breath analysis 
is carried out [16]. Also, condensation of water 
vapor from exhaled breath has to be taken into 
account while taking a sample. If condensation 
occurs, exogenous compounds may be 
attracted, leading to an erroneous 
measurement [7]. 

 
Figure 2: The diagram shows a capnogram 
which measures CO2 concentration in 
breath gas. As CO2 rises after lung gas 
exchange, it is good to distinguish between 
dead space gas which did not take part in 
lung gas exchange and alveolar gas. Phase I 
is dead space gas which does not contain 
CO2 and no endogenous VOCs. Phase II 
represents a mix of dead space gas and 
alveolar gas. Phase III contains only gas 
from alveolar cells and therefore the highest 
concentration of endogenous VOCs. Phase 
IV shows the next inspiratory cycle. Phase 
I-III is used for mixed breath sampling. 
Phase III is used for alveolar sampling [10]. 
The main indicators for medical diagnosis by 
breath analysis are the VOCs mentioned 
above. Some of the endogenous VOCs can 
serve as biomarkers which indicate specific 
diseases. Acetone, for example, can be an 
indicator for diabetes. The arterial blood 
contains acetone which is diffused by the 
lungs, therefore it can be measured by breath 
analysis [18]. 
Another metabolism which can be measured is 
muscle exertion. The hydrocarbon  

 
5 Parts per billion 

2-methyl-1,3-butadiene, also known as 
Isoprene, can be measured in exhaled breath. 
Isoprene is thought to be stored in body tissue 
as muscles [1, 7]. Due to muscle exertion, a 
proportion of Isoprene is released from 
muscles and gets into the blood circulation. 
After some time, the Isoprene saturated blood 
reaches the lungs where the gas exchange 
through the alveolar cells is carried out. The 
Isoprene evaporates into the exhaled gas and 
thus can be measured by breath sampling. The 
whole process is shown in Figure 3. 
When performing breath analysis studies, the 
variability of breath composition must be 
taken into account. For example, some VOC 
biomarkers are age- or gender dependent. In 
cross-sectional studies, in which a healthy 
control group is compared with a diseased 
group, the quantitative difference of the 
measured biomarkers should be large enough 
to differentiate. This problem is smaller when 
longitudinal studies are conducted in which, 
for example, a disease or medication is 
monitored for single- or a group of patients 
[10]. 

3 Measurement of volatile 
organic compounds in breath 
After a breath sample is collected it needs to 
be analyzed. In contrast to other diagnostic
tools which need to be analyzed inside a 
laboratory, breath can be analyzed in real-time
[1]. This is one major advantage of breath 
analysis, because the medical staff can apply 
breath analysis on demand in an instant 
manner and as often as necessary. Mostly the 
breath sample can’t be analyzed directly. This 
is because most substances contained in
human breath only exist in concentrations
between ppb5 and ppt6. To bypass this 
problem, the sample is pre-concentrated before 
being processed any further. The process of 
pre-concentration is not described in detail 
here, because of its own complexity in the field 
of chemistry and physics. For further 
information the paper published by Mochalski 
et al. is recommended [11]. In a nutshell pre-

6 Parts per trillion 
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concentration of breath samples helps to 
highlight traces of compounds which 
otherwise may be lost in the original sample 
[11].  
After pre-concentration is finished, the now 
concentrated sample can be analyzed. This can 
be accomplished by various analytical 
techniques, of which gas chromatography-
mass spectrometry (GC-MS) is the historically 
most used technique. In principle it splits up 
the gas in its single components which then 
can be measured [10]. More recent analytical 
techniques based on spectrometry developed 
in the past 30 years are: 

 Proton-transfer-reaction mass 
spectrometry (PTR-MS) [21] 

 Selected ion flow tube mass 
spectrometry (SIFT-MS) [20] 

 Ion mobility spectrometry (IMS) 
[19] 

 Laser spectrometry [17] 
All of the four mentioned analytical techniques 
are able to do real-time measurements [1]. 

 
7 https://www.enose.nl/products/aeonose/ 

Aside from spectrometry there are other 
possibilities for measurement, for example, the 
field of conductometry. Electronic parts are 
used to measure gas which comes in contact 
with the sensor. Depending on the gas 
composition the measured conductivity 
changes [3]. One device that makes use of gas 
sensors is the Aeonose7. This device 
implements three metal oxide sensors for 
breath gas analysis. Van de Goor et al. showed 
in a study that it is possible to differentiate 
between patients with and without lung cancer 
[23]. 

4 Breath analysis for medical 
applications 
As mentioned before, breath analysis offers a 
set of advantages towards classic diagnostical 
procedures. It is easy to acquire, painless, non-
invasive and real-time capable. Breath analysis 
can even be applied during surgery or sleep 
[1]. Accordingly, breath analysis is expected to 
be introduced into clinical care to help 
diagnose diseases and monitor patients health 
or pharmacological effects [10]. 

Last accessed on 26.04.2020 

Figure 3: Metabolism of isoprene contained in muscle tissue. During muscle exertion the 
muscle perfusion is increased and therefore a higher concentration of isoprene is taken 
up by the blood. The blood reaches the lungs after some time, where the gas exchange 
through the alveolar cells is carried out. Finally, the isoprene as VOC is measurable in 
the breath. A short time after the muscle exertion started, the isoprene concentration 
decreases again as there is no endless reservoir.  
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Breath analysis can be used for medical 
diagnosis as shown by many researchers. The 
bacteria Helicobacter pylori which infects the 
stomach of patients and is known to cause 
gastric diseases like gastric cancer can be 
diagnosed using breath analysis. The patient 
needs to ingest special labeled urea. This 
means, that the urea is labelled with an 
uncommon isotope. After a short waiting 
period of around 10 minutes a breath sample is 
taken and compared with a beforehand 
sampled measurement. If these labeled 
compounds are present in the sample, the 
patient is infected with the bacteria. This 
works due to the fact, that only the bacteria are 
able to split the urea and therefore labelled 
CO2 is exhaled. As a result, if the bacteria is 
present for a patient, the clinical staff knows 
that there is an increased chance of gastric 
disease [15]. 
In 2019, Kort et al. proposed methods to 
improve lung cancer diagnosis by combining 
the data acquired by breath analysis, with 
clinical parameters from each patient. The 
breath samples were taken with the before 
mentioned Aeonose device in Chapter 3. As a 
result, they recommended adding clinical 
information to the classification value 
calculated by the Aeonose. With their 
proposed model they were able to achieve a 
sensitivity of 95.7%. This model can be used 
to conduct some early lung cancer screenings 
and in combination with the common 
computer tomography for diagnosis to reduce 
false-positive cases which occasionally occur 
[8]. 
With regard to the current situation of the 
COVID-19 pandemic, Khoubnasabjafari et al. 
just proposed a method for early diagnosis [6]. 
They propose to analyze the exhaled breath 
condensate (EBC), which is a condensed form 
of lung lining fluid contained in human breath. 
This approach is not relying on VOCs, but 
EBC still contains traces of bacteria and 
viruses [6, 24].  

 
8https://www.vogas.eu 
Last accessed on 26.04.2020 

The EU Project VOGAS8 strives to achieve 
gastric cancer screening based on breath 
sampling. In a project related publication, 
Jaeschke et al. propose a modular system 
based on several analogue and digital metal 
oxide sensors. The device is designed to 
capture the alveolar part of the exhaled breath. 
They tested the device with low concentrations 
of VOCs like isopropanol, isoprene, n-pentane 
and acetone. After applying principal 
component analysis, the VOCs could be 
clearly differentiated [5]. The device proposed 
for breath sampling in the VOGAS project is 
shown in Figure 4. There is a mouth piece on 
the left side through which the patient exhales, 
a sampling tube and the three sensor modules 
containing the different gas sensors [5]. 

  

In other studies a wide spread of diseases are 
diagnosed through breath analysis like chronic 
obstructive pulmonary disease (COPD) [22], 
asthma [12], allograft9 rejection [12], liver 
disease [2] and others. 

5 Conclusion & Outlook 
This work shows, that there is intense research 
ongoing in the field of breath analysis. Breath 
analysis offers many advantages to clinical 
staff as well as to the patient in care. It can be 
easily applied, even during sleep. Also, it is 
often cheaper to apply than other diagnostic 
procedures. Despite the intense research since 

9 A transplant from a genetically not identical 
donor 

Figure 4: Modular breath sampling device 
proposed due to the VOGAS project. On 
the left side is the mouthpiece through 
which the patient breathes. The gas is lead 
through the sampling tube and analyzed 
by the sensor modules [5]. 
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a few decades and many benefits, not many 
applications have found their way into clinical 
use. This may be owed to many technical 
variables which need to be controlled and 
standardized. Also, breath analysis seems not 
to be reliable enough in some applications to 
serve as stand-alone procedure for diagnosis. 
Still, it may be combined easily with other 
diagnostic tools to increase the certainty of a 
diagnosis given. It is to expect that the research 
in human breath analysis is conducted further 
on and more applications are brought to 
market. Devices as the Aeonose or the breath 
sampler from the VOGAS project let assume, 
that these devices are also able to perform 
measurements for the purpose of several 
different disease diagnostics. The diagnostic 
tool of breath analysis will gain more and more 
of importance through its whole set of benefits 
towards already applied procedures as biopsy. 
The success of many disease treatments 
depends on early recognition of these, 
especially for cancer in any form. A futuristic 
vision could be some kind of screening device, 
which samples human breath for a few seconds 
and outputs directly the status for a list of 
common widespread diseases. To achieve 
visions as the mentioned, still a lot of 
challenges need to be solved. A lot of these 
challenges are related to neural networks, 
signal processing, algorithms as well as 
improved understanding of VOC origins. 
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