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The main aim of this thesis was to describe the potential of volatile organic 

compounds (VOCs) analysis to gain insight into different aspects of Gastrointestinal 

(GI) health and disease. Work collated in this thesis was presented during many 

scientific conferences and documented in scientific publications and with that, had a 

chance to become a source of inspiration, new insights and lessons learned to other 

research teams around the world. The work presented in Chapter 5 on Volatile 

Organic Compounds in breath as marker for Irritable Bowel Syndrome was rewarded 

with Joop Roels Impact Award 2013 for Breakthrough Character and Impact on 

Innovation Potential of the Industry. Sharing methodological and analytical approach 

to studying breath, and headspace air samples with other likeminded scientist 

enables knowledge share and increases a collective chance for the Breath 

Community to succeed. Breath analysis, due to its non- invasive nature, has 

tremendous potential for clinical diagnosis and monitoring, and research presented 

in this thesis elaborated and confirmed validity of that even further.  

Public awareness of GI Health, its importance to our general wellbeing, its relation 

to diet and microbiome, had grown substantially since the work in this thesis was 

carried out. That substantial growth is not only visible in scientific literature but also 

in multitudes of internationally recognised bestsellers published between 2016 and 

2021, such as, both funny and informative ‘GUT’ of Giulia Enders or a nutritional 

therapy in a book - ‘Be Good to Your Gut’ by Eve Kalinik, to name couple. This 

proves how relevant the subject is to the public and how much people’s life is being 

affected by gut discomfort. As a society we have opened to subject that not long ago 

was still considered taboo and not only that we have started taking gut health in our 

own hands. This is guided by the need of patients that are often dissatisfied with the 

help received by the doctors ultimately leading to experimentation with over-the-

counter supplementation and/or dietary change all in a hope of symptom release and 

improved quality of life. This thesis mainly focuses on Irritable Bowel Syndrome (IBS) 

and Inflammatory Bowel Disease (IBD). IBS is a heterogeneous disorder with a 

multifactorial, though not completely understood pathophysiology, including 

alterations in e.g., intestinal motility, visceral perception, intestinal microbiota, barrier 

function, low-grade immune activation, and psychosocial factors. IBD is a collective 

name for Crohn’s disease (CD) and ulcerative colitis (UC) that are both chronic 
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relapsing inflammatory diseases of the gastrointestinal tract. IBD is generally 

considered to be result of dysregulated mucosal immune response to gut microbes 

in genetically susceptible individuals. Both IBS and IBD are prevalent and associated 

with impaired quality of life and relatively high healthcare costs. Bringing tools to aid 

diagnosis but also monitor effectiveness of different treatments would be of great 

benefit to society. High prevalence of GI complains and growing interest in GI Health 

among the general population accelerated further the pace of research and 

development. Looking at Fortune Business Insight, the global digestive health 

market size in USD was 37.93 billons in 2019 with the projection of the growth of up 

to 71.9 billion in 2027. Accordingly, to International Foundation for Gastrointestinal 

Disorders the cost to society in terms of direct medical expenses and indirectly by 

the loss of productivity at work may go above 21 billion per year when only assessing 

situation in US. 

The need for better diagnosis, better, more effective treatments, reduction in 

healthcare cost burden are subjects of interest of many market players looking to 

invest in R&D for the development of novel biomarkers and interventional products. 

With that in mind the work presented in the thesis can be relevant not only to patients, 

scientists, and healthcare providers, but also potential investors and private 

companies including pharmaceutical sector, functional food and beverages, vitamins 

and dietary supplements segments as specified in Digestive Heath Market Share 

Product types by Fortune Business Insights and visualised in Figure 1.  

Today breath analysis is already used in clinical practice to detect for example small 

intestinal bacterial overgrowth (SIBO) by measuring hydrogen and methane 

produced by intestinal bacteria, food intolerances caused by lactulose and/or 

fructose and for the detection of Helicobacter pylori infection. To explore the potential 

of breath further and broaden range of clinically relevant tests by using non-targeted 

exploration of new relevant biomarkers, lots need still to be done.   
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Figure 1. Target groups, areas of influence and potential impact. 

One of the problems with using volatilomics as base for diagnosing disease is the 

heterogeneity in results and the many external factors that can influence the ultimate 

breath measurement. In Chapter 2 we used a large cohort of 1417 healthy persons 

to grasp the variations in the human population and to investigate which 

characteristics influence a single breath measurement the most. Unsurprisingly, 

results confirmed how significantly smoking affects VOCs in breath and how it is 

necessary to account for this when designing breath studies. Although age, gender 

and BMI shown lesser impact on breath composition, they also need to be 

considered as potential confounding factors.  The application of that knowledge was 

documented also in Chapter 5, where the correlation to cofounding factors was 

checked to exclude its interference to the separating ability of the VOCs profile for 

diagnosis of IBS. Both Chapter 3 and Chapter 4 show impact of dietary changes on 

breath analyses and although the exact origin of the discriminating compounds was 
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not confirmed, the findings do show the potential of VOC analyses in fields of 

nutrition and metabolism for example to aid monitoring of dietary compliance or to 

discover different digestion or absorption patterns. 

In Chapter 5 a set of 16 VOCs correctly predicted 89.4% of the IBS patients and 

73.3% of the healthy controls (AUC=0.83). To our knowledge, this was the first time 

that a set of VOCs in exhaled air was able to predict the presence of a prevalent 

functional GI disorder, which could be considered an important first step forward in 

the design and development of reliable non-invasive biomarkers for IBS. 

Furthermore, in this work we have also investigated the correlation between VOC 

marker and severity of GI symptoms. Moderate but significant correlations was 

shown to both symptoms in  IBS cohort and in general population, showing promising 

potential of VOCs analysis in evaluation of treatments effect in IBS. Before bringing 

this further to the clinic we should gain better understanding on the origin of the 

discriminatory VOCs, confirm their identity, and investigate the potential link to the 

underlying causes of IBS. Furthermore, to move from the reported potential closer 

to clinical applications, the results should be validated in an external cohort. This 

would further allow development of new point of care devices resulting not only in 

non-invasive diagnosis but also one that is quick, accurate and accessible to 

clinician.  

In Chapter 6, we investigated the diagnostic value of breath VOCs to monitor 

mucosal inflammation in inflammatory bowel disease (IBD) and concluded that 

VOCs can be used to discriminate Crohn's disease (CD) patients from healthy 

controls and between active CD and CD in remission in a real-life cohort. When 

discriminatory VOCs were combined into single disease activity score, they enabled 

classifying patients that could not be classified with a combination of faecal and 

serological markers. Although also here further validation is required, specifically a 

new multicenter cohort with endoscopic assessment of inflammation as gold 

standard, the scientific impact of the study is providing feasibility and significant step 

towards future development of point-of-care devices for assessing disease activity. 
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Chapter 7 provides a way to gain insight into what happens with VOCs on cellular 

level and how can we learn more about VOCs production in vitro to better understand 

it in vivo. The system for headspace analysis allows the investigation of the influence 

of certain exposures, treatments, and co-incubations on cell metabolism. The system 

was validated and the repeatability between subsequent collections was established. 

The potency of the system was demonstrated by an experiment in which we exposed 

Caco-2 cells to H2O2, a well-known oxidative stressor and observed significant 

changes to 10 VOCs. This work shown promising results and systematic approach 

to studying VOCs in vitro however, at the time no chemical standards were used for 

compounds identification and that would substantially increase the impact of the 

results.  

Although the time has passed since the last work in this thesis was published, 

knowledge shared is as applicable today, as it was at the time. Lack of external 

validation, proven reproducibility of the results within different cohorts and in 

between studies, uncertainty with compounds identification and its relation to 

biological interpretation are still some of the same challenges we are facing today.  

However, effort of scientific community in bringing in improvement and 

standardisation is visible, and the field is keep progressing with constantly growing 

number of new publications. Introduction of more reproducible sample collection 

e.g., ReCIVA sampler, changes to samples storing conditions, routine application of 

internal standards are some of the advancements that further increased chances for 

finding clinically relevant breath biomarkers for disease diagnosis and monitoring.  

Work presented is a steppingstone in finding a solution to a current and truly relevant 

sphere of everyone’s health. 

 

 

 

 


