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Abstract

Analysis of volatile organic compounds in the breath for disease
detection and monitoring has gained momentum and clinical
significance due to its rapid test results and non-invasiveness,
especially for diabetes mellitus (DM). Studies have suggested that
breath gases, including acetone, may be related to simultaneous
blood glucose (BG) and blood ketone levels in adults with types
2 and 1 diabetes. Detecting altered concentrations of ketones in
the breath, blood and urine may be crucial for the diagnosis and
monitoring of diabetes mellitus. This study assesses the efficacy
of a simple breath test as a non-invasive means of diabetes
monitoring in adults with type 2 diabetes mellitus. Human
breath samples were collected in Tedlar™ bags and analyzed by
headspace solid-phase microextraction and gas chromatography-
mass spectrometry (HS-SPME/GC-MS). The measurements
were compared with capillary BG and blood ketone levels
(B-hydroxybutyrate and acetoacetate) taken at the same time on
a single visit to a routine hospital clinic in 30 subjects with type
2 diabetes and 28 control volunteers. Ketone bodies of diabetic
subjects showed a significant increase when compared to the

control subjects; however, the ketone levels were was controlled
in both diabetic and non-diabetic volunteers. Worthy of note, a
statistically significant relationship was found between breath
acetone and blood acetoacetate (R = 0.89) and between breath
acetone and B-hydroxybutyrate (R = 0.82).

Human biological samples such as breath, blood and urine
contain several volatile organic compounds (VOCs). These VOCs
are associated with specific metabolic pathways, and are useful
as biomarkers reflecting the disease and physiological state of
a human that cause changes in their metabolism. Particularly,
analysis of breath has been receiving more attention because of
its potential as a non-invasive method for disease diagnosis and
metabolic status monitoring. Among thousands of VOCs, acetone
is the second to highest in abundance in normal human breath
gases, which has been extensively studied as a breath biomarker of
diabetes or as a high abundant breath VOC in various physiological
cases since the 1950s. The studies which showed a strong link
between breath acetone and plasma glucose are mostly for type 1
diabetes, but no such observation has been obtained so far from
adequately controlled type 2 diabetes mellitus patients. In addition,
breath acetone concentration (BrAce) is also well understood
to be a non-invasivemeasure of ketosis. Ketosis is a metabolic
state characterized by the elevation of ketone bodies in the blood.
Healthy individuals on standard mixed diets (i.e., moderate to high
carbohydrate content) have basal ketosis, while individuals with
uncontrolled diabetes have extremely elevated ketosis, which
could lead to ketoacidosis. In all cases, ketosis describes the
quantity of circulating ketone bodies.
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