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Abstract
Background: Exhaled acetone analysis has long been recognized as a supplementary tool for diagnosis and monitoring
diabetes, especially type 1 diabetes. It is essential, therefore to determine the relationship between exhaled acetone
concentration and glucose in blood. Usually, a direct linear correlation between this both compounds has been expected.
However, in some cases we can observe a reverse correlation. When blood glucose was increasing, breath acetone declined.
Methods: The breath analysis as a supplementary tool for diagnosing and monitoring diabetes makes sense only in case of
utilization of portable analyzers. This need has created a market for gas sensors. However, commercially available acetone gas
sensors are developed for measuring samples at several tens part per million. The exhaled acetone concentration was measured
using commercial acetone gas sensor (TGS 822, 823 Figaro, Arlington Heights, IL, USA Inc) with micropreconcentrator in
low temperature cofired ceramics. The reference analyzer–mass spectrometry (HPR-20 QIC, Hiden Analytical, Warrington,
UK) was used.
Results: Twenty-two healthy volunteers with no history of any respiratory disease participated in the research, as did 31
patients diagnosed with type 1 diabetes. Respectively, 3 healthy volunteer and 5 type 1 diabetes mellitus subjects with reverse
trend were selected. The linear fitting coefficient various from 0.1139 to 0.9573. Therefore, it is necessary to determine
the correlation between blood glucose concentrations and under different conditions, for example, insulin levels, as well as
correlate the results with clinical tests, for example, Hb1Ac.
Conclusions: It is well known that the concentration of acetone is strongly influenced by diet, insulin treatment, and so
on. Therefore, much more complex analysis with long-term measurements are required. Thus, presented results should
be regarded as tentative, and validation studies with the analysis of clinical test and in a large number of patients, including
control groups, need to be carried out.
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Breath analysis would provide a convenient and safe method
for diagnosing and monitoring several diseases, for example,
diabetes.1-6 In general, diabetes is diagnosed on the basis of
the glucose concentration in blood. A noninvasive and painless method for diagnostic, preventive, and monitoring diabetes is still expected. The detection of acetone in the human
breath is promising for noninvasive diagnosis of diabetes.
Recent, studies show that test based on breath gas acetone
alone cannot be reliable. Greiter et al7 have presents investigation results on breath samples measured from 21 patients
with insulin-treated type 2 diabetes and 26 healthy controls.
The present results showed that, if acetone alone was used to
identify diabetes, 5 false-positive and 5 false-negative test
results were obtained. The authors suggested to use at least 8

endogenous volatile organic compounds present in the exhaled
breath, such as acetone, isoprene, butanol, pyridine, dimethyl
sulfide to separate between patients and controls. Moreover,
enhanced acetone levels can be inducted by fasting8 or eating
a specific products, such as garlic or fruits, as well as by
intense exercise.9 Therefore, it has to be underlined that
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breath acetone has been mostly considered as a biomarker of
type 1 diabetes. The exhaled acetone is usually in the range
of 300-900 ppb for healthy humans and over 1800 ppb for
diabetic patients.10,11 Costello et al12 have presented a first
compendium of volatile organic compounds reported from
the healthy human body. Until today, 1840 different VOCs
have been assigned from breath. The total number of VOCs
is still unknown due to various differences, such as age, diet,
sex, height, body fat, metabolism of individuals, and so on.
Acetone and other volatiles in breath are present in nanomolar quantities. To measure such low gas concentrations in
breath the laboratory systems such as gas chromatography–
mass spectrometry,13 proton transfer reaction–mass spectrometry (PTR-MS),14 selected ion flow tube–mass
spectrometry15 are used. Repeatedly, a kind of sample preconcentration process is still necessary before the analysis
for the sensitive and accurate determination of the acetone in
exhaled breath.16-18 Recently, Kim et al19 have reviewed technical developments in breath analysis and its applications in
clinical diagnosis, including diabetes. The authors concluded
that increased concentration of acetone in the blood can be
exchanged with an alveolar air and represented the metabolic
products of diabetes. The development of small, cheap, and
real-time measurement of acetone in breath is desirable. For
the past 20 years, many types of acetone sensors have been
developed, for example, semiconductor sensors,20 opticalfiber sensors.21 However, the commercial available acetone
gas sensors have still a low gas sensitivity and selectivity.22
Therefore, the researchers around the world have tried to
fabricate a novel sensors with improved 3-S parameters (sensitivity, selectivity and stability). Wang et al23 have reported
an acetone sensor developed by using a lead foil electrode in
sodium tartrate solutions. It has a linear relationship between
response current and acetone concentration in the range from
50 to 250 ppm. Liu et al24 have reported the acetone sensor
developed by a sol-gel method. A novel sensing material,
SmFe1-xMgxO3 was applied. The highest response to 300
ppm acetone gas was reached 353 at 260°C. Recently,
Righettoni et al25 have reported a portable acetone sensor
consisting of flame-deposited and in situ annealed Si-doped
WO3 nanostructured films. The sensor response was around
1.8 to 500 ppb dry acetone at 350°C. These sensors were
applied to breath acetone monitoring of 5 different tests persons and were in agreement (>98%) to high-sensitivity
PTR-MS measurements. However, the maximum response
to acetone was at 350°C, requiring about 9 W to heat up the
substrate. These indicators are still too high to be applied to
sensors in hand-held breath analyzers. Braun et al26 have
reviewed the recent state of clinical breath analysis from perspectives to routine clinical practice. The review is a starting
point for better understanding of the 2 interest groups:
researchers and practitioners. Therefore, it is widely agreed
that clinical breath analysis needs a strong multidisciplinary
effort to realize its potential.26
In this study, the commercial available acetone gas sensors (TGS 822, TGS 823 Figaro, Arlington Heights, IL, USA

Figure 1. A schematic view of the measurement system based
on micropreconcentrator in LTCC technology with gas sensor
array based on Figaro sensors.

Inc) with micropreconcentrator made in low temperature
cofired ceramics (LTCC) technology14 filled with different
adsorbent materials such as Carboxen-1018, Carboxen-1021,
Carboxen-569 (Sigma-Aldrich, St. Louis, MO, USA) were
applied to the detection of acetone in healthy volunteer (HV)
and type 1 diabetes mellitus (T1DM) patients’ breath. Figure 1
shows a schematic view of the measurement system based on
micropreconcentrator in LTCC technology with a gas sensor
array based on Figaro sensors. Recent investigations have
usually reported a direct linear correlation between blood glucose and exhaled acetone concentration.27-30 However, some
subjects can exhibit a inversely correlation.31 Galasetti et al32
have reported investigation results on 10 healthy volunteers
during an oral glucose tolerance test. Breath acetone decreased
when blood glucose increased with an average correlation
coefficient of .70, and not lower than .41 in any subject.32

Experimental
All experiments involving human subjects were performed
according to the “Declaration of Helsinki” and in accordance
with Polish law. All patients and volunteers declared a written consent to participate in the investigation. The brief
description of breath measurements, apparatus and experimental procedure was previously reported in.26 During this
study, 5 patients diagnosed with type 1 diabetes (3 women
and 2 men with an average age of 30 and 26 years, respectively) and 3 healthy volunteers (3 men with an average age
of 29) characterized by reverse trend were asked to breath
into breath bags and measured glucose in blood using the
commercial available glucometer Accu-Chek Active (Roche
Diagnostics, Berlin, Germany). All subjects used the same
device, but own lancets. Before measurement, the bags were
heated to 40°C for at least 15 minutes.
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Figure 2. Breath acetone concentrations for healthy volunteers
characterized with reverse trend before and after consumption of
75 g of glucose with 15-min interval.

Figure 3. Relations between breath acetone concentration and
blood glucose for HV subjects with reverse trend.

Results and Discussion
Based on literature review, we expect a linear relationship
between breath acetone and blood glucose concentration for
both investigated groups: T1DM and healthy volunteers.27-30
The exhaled acetone concentration as well as glucose in blood
for HV were measured before and after, following the consumption
of 75 g of glucose with 15-minute interval (Figure 2). Figure 3
shows the correlation between exhaled acetone concentration
and blood glucose for 3 investigated HV before and after glucose consumption. Figure 4 shows the correlation between
exhaled acetone concentration and blood glucose for 5 investigated T1DM subjects. The measurements were performed at
different time of the day, however, the subjects had the same
individual diet and resisted taking any drugs, drinking alcohol,
and taking any psychoactive substances. Each measurement

Figure 4. Relations between breath acetone concentration and
blood glucose for T1DM subjects with reverse trend.

was performed at least 3 times to avoid incidental results. The
measurements were compared to that of mass spectrometry
(HPR-20 QIC, Hiden Analytical, UK).
It is well known that the concentration of acetone is
strongly influenced by diet and by how hungry the individual
is.31 It was found that after fasting, when blood glucose was
low, acetone tended to be relatively high (Figure 2). Following
the consumption of 75 g glucose, blood glucose increased,
and breath acetone declined. Therefore, it was characterized
as a reverse trend because we usually expect that when blood
glucose increased, breath acetone increased as well. However,
reverse trend was also observed for 5 T1DM patients without
taken any glucose. The coefficient of determination (R2) various from .1139 to .9573. Therefore, it is necessary to determine the correlation between blood glucose concentrations
and under different conditions, for example, insulin levels as
well as correlate the results with clinical test, for example,
Hb1Ac. Validation studies in large number of patients are
needed to be carried out. Nevertheless, acetone concentration
in the breath are not simply related to glucose levels in the
blood and additional research is necessary to make it a viable
marker compound for clinical routine.

Conclusions
In the present study the reverse correlations between blood
glucose and breath acetone concentration for healthy and
type 1 diabetic patients were presented. The breath samples
were further determined using commercial available gas sensor and micropreconcentrator structure filled with a different
adsorbent material. The effect of the concentration factor
changes for acetone samples at different experimental condition was briefly discussed in the previous work.14 Therefore,
it was crucial to investigate whether it is possible to utilize
commercial gas sensor with micropreconcentrator to analyze
exhaled acetone from diabetic and nondiabetic breath. The
author focused on patients with reverse trend as a potentially
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excluded from a noninvasive breath measurements. However,
much more complex analysis that includes suites of compounds (rather than single acetone), repeated measurements
(eg, for 1-2 years) are required. Thus, presented results
should be regarded as tentative, and validation studies with
the analysis of clinical test and in large number of patients,
including control groups, need to be carried out.
Abbreviations
HV, health volunteer; LTCC, low temperature cofired ceramics;
T1DM, type 1 diabetes mellitus.
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