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Abstract
The present study was performed to determine the variations of breath acetone concentrations
with age, gender and body-mass index (BMI). Previous investigations were based on a
relatively small cohort of subjects (see Turner et al 2006 Physiol. Meas. 27 321–37). Since
exhaled breath analysis is affected by considerable variation, larger studies are needed to get
reliable information about the correlation of concentrations of volatiles in breath when
compared with age, gender and BMI. Mixed expiratory exhaled breath was sampled using
Tedlar bags. The concentrations of a mass-to-charge ratio (m/z) of 59, attributed to acetone,
were then determined using proton transfer reaction-mass spectrometry. Our cohort,
consisting of 243 adult volunteers not suffering from diabetes, was divided into two groups:
one that fasted overnight prior to sampling (215 volunteers) and the other without a dietary
control (28 volunteers). In addition, we considered a group of 44 healthy children (5–11 years
old).The fasted subjects’ concentrations of acetone ranged from 177 ppb to 2441 ppb, with an
overall geometric mean (GM) of 628 ppb; in the group without a dietary control, the subjects’
concentrations ranged from 281 ppb to 1246 ppb with an overall GM of 544 ppb. We found no
statistically significant shift between the distributions of acetone levels in the breath of males
and females in the fasted group (the Wilcoxon-Mann–Whitney test yielded p = 0.0923, the
medians being 652 ppb and 587 ppb). Similarly, there did not seem to be a difference between
the acetone levels of males and females in the group without a dietary control. Aging was
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associated with a slight increase of acetone in the fasted females; in males the increase was not
statistically significant. Compared with the adults (a merged group), our group of children
(5–11 years old) showed lower concentrations of acetone (p < 0.001), with a median of
263 ppb. No correlation was found between the acetone levels and BMI in adults. Our results
extend those of Turner et al’s (2006 Physiol. Meas. 27 321–37), who analyzed the breath of
30 volunteers (without a dietary control) by selected ion flow tube-mass spectrometry. They
reported a positive correlation with age (but without statistical significance in their cohort, with
p = 0.82 for males and p = 0.45 for females), and, unlike us, arrived at a p-value of 0.02 for the
separation of males and females with respect to acetone concentrations. Our median acetone
concentration for children (5–11 years) coincides with the median acetone concentration of
young adults (17–19 years) reported by Spanel et al (2007 J. Breath Res. 1 026001).

Abbreviations

BMI body-mass index
GM geometric mean
GSD geometric standard deviation
m/z mass-to-charge ratio
PTR-MS proton transfer reaction mass spectrometry
ppb parts per billion
VOC volatile organic compound

1. Introduction

In the last 10 years, the progress in trace gas analytical
techniques has been enormous. The sensitivity has
been increased dramatically while the size and weight of
instruments have been reduced. This progress has been
advantageous for medical applications, such as for biomarker
analysis in exhaled breath and exhaled breath condensate
[1–4].

The main techniques for exhaled breath analysis are gas
chromatography with mass spectrometric detection (GC-MS)
[5–10], proton transfer reaction-mass spectrometry (PTR-MS)
[11–16], selected ion flow tube-mass spectrometry (SIFT-
MS) [17, 18], laser spectrometry [19–21], ion mobility
spectrometry [22–24], photoacoustic spectrometry and sensor
techniques [25, 26].

GC-MS is the gold standard, resulting in compound
identification and quantification. Purely mass spectrometric
techniques allow on-line quantification of exhaled breath
(e.g., during a full night), are easier to handle than GC-
MS and do not need elaborate sample preparation. In the
present investigation we used PTR-MS, which is a very
sensitive technique, measuring accurately even below the ppb
concentration level (with a dwell time of 0.5 s).

To introduce analytical achievements into clinical
settings, it is important to consider age- and gender-related
peculiarities as well as biochemical origins of the breath
volatile organic compounds (VOCs), which are considered as
biomarkers for diagnosis and monitoring of human diseases.

The typical compounds observed in exhaled breath are
acetone, ammonia, isoprene, isopropanol, aldehydes such as
formaldehyde and acetaldehyde, aromatics such as benzene or
toluene, furanes (in smokers), ethane and pentane as markers

of lipid peroxidation and small inorganic molecular species
such as nitric oxide, carbon monoxide and COS.

Acetone (2-propanone) is the major ketone contained in
exhaled human breath being normally detected in exhaled air
at levels ranging from a few hundred ppb to several ppm.
Acetone is a product of the conversion of acetoacetate by
elimination of CO2 [27, 28]:

CH3COCH2COO− + H+ = CH3COCH2COOH

= CH3COCH3 + CO2.

This conversion is either a result of the non-enzymatic
decarboxylation of acetoacetate or is catalyzed by acetoacetate
decarboxylase. The acetoacetate decarboxylase is induced by
starvation and inhibited by acetone itself. High concentrations
of blood acetoacetate trigger the acetoacetate decarboxylase,
thus draining H+, while acetone, acting as a competitive
inhibitor, helps prevent early acetoacetate decarboxylation
of acetoacetate. Acetoacetate is the product of beta-
hydroxybutyric acid (=HMG-CoA, an intermediate of the
mevalonate pathway) and can be converted either to acetone
(see the above reaction) or to D-beta-hydroxybutyrate.
Kalapos [28] further reported that a small amount of acetone
is converted from isopropanol by class I isoenzymes of the
hepatic alcohol dehydrogenase family.

Acetone can be metabolized to lactate, pyruvate and acetyl
coenzyme A and subsequently recycled into amino acids, fatty
acids and cholesterol [29].

Two C3 pathways have been described, and one of
them involves the production of methylglyoxal [29, 30].
Methylglyoxal is further converted to D-lactate by a reversible
conjugation with glutathione. Kalapos et al [30] investigated
the influence of methylglyoxal on metabolism and showed that
it inhibits glucose formation at concentrations above 1 mM.
Kalapos et al also described that the maximum amount of
ATP was produced when acetone was metabolized through the
L-1,2-propanediol-L-lactate pathway (C3 pathway), yielding
16 ATP for every metabolized acetone molecule [27, 28].
Kalapos [27] also recognized that in a special situation as
for example diabetes mellitus, when ketone body production
exceeds the degrading capacity, acetone helps to maintain the
pH buffering capacity.

We do not expect to see any of the metabolites of acetone
in exhaled breath. In principle, methylglyoxal could be a
candidate but its Henry constant has a relatively high value
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Table 1. Study cohort of adult volunteers.

Number of Age

subjects Min. Max. Mean ± SD

Fasted subjects Males 83 23 84 52.4 ± 17
Females 132 19 89 51.4 ± 19

Subjects without a dietary control Males 12 27 70 51.4 ± 14
Females 16 23 69 47.3 ± 15

SD = standard deviation.

Table 2. Investigated group of children.

Age 5 6 8 9 10 11
F M F M F M F M F M F M

Number of children 1 0 5 8 6 7 0 2 8 6 0 1

F = female, M = male.

of ∼3.2 × 104 M atm−1 [31]. The Henry constant of 1,2-
propanediol is even higher with ∼3 × 105 M atm−1 [32].
Acetone, in comparison, has a comparatively low Henry
constant ∼30 M atm−1 [33] and will therefore appear in
exhaled breath.

Mork et al [34] showed that acetone can be exchanged
not only between the air in the alveolae and arterial blood,
but also between the air in the bronchioles and the mucosa
and between the mucosa and arterial blood. In addition, the
transfer rate between the bronchial mucosa and bronchial air
increases during physical exercise.

The relationships between the concentrations of exhaled
acetone, age, gender and body-mass index (BMI) have been
investigated by Turner et al [35] with SIFT-MS using a cohort
of 30 test persons. We increased the study population to a
cohort of 243 adult volunteers and 44 children, using PTR-MS
instead of SIFT-MS. We did not focus exclusively on acetone,
but also analyzed methylglyoxal, which may be formed from
acetone and also from acetoacetate (which is the usual source
of acetone).

The present study was performed to investigate the
variations of breath acetone concentrations with age, gender
and BMI in adults.

2. Methods

2.1. Subjects

The investigated cohort consisted of a group of 215 adults,
83 males and 132 females, undergoing a general health check-
up after overnight fasting, and of a group of 28 adults, 12 males
and 16 females, without a dietary control. The subjects did not
suffer from diabetes (which is known to influence the acetone
concentrations in breath). The age distribution is shown in
table 1. In addition, we investigated the acetone levels in
44 children, 20 girls and 24 boys, aged between 5 and 11;
see table 2. Our studies were approved by the local Ethics
Committee of Innsbruck Medical University.

2.2. PTR-MS instrument used

A high-sensitivity proton transfer reaction mass spectrometer
(three turbopumps, Ionicon, Innsbruck, Austria) with Teflon
rings (instead of Viton rings) was used for our measurements.
The count rate of primary ions (H3O+) was around 107 counts
per second. The dwell time was 0.5 s for each mass-to-charge
ratio (m/z) measured (21–230 m/z). The typical compounds
used for the determination of transmission coefficients
were acetonitrile, acetaldehyde, acetone, DMS, 2-butanone,
benzene, toluene, p-xylene, benzaldehyde, chlorobenzene, 1,2
dichlorobenzene, 1,2,4 trichlorobenzene. These compounds
do not show any fragmentation of their respective protonated
form. Concentrations of these compounds were chosen in
a range leading to ∼10% reduction of primary counts, with
subsequent observation of the recovery of primary ion counts
(measuring at m/z = 21 and the specific mass-to-charge ratio
of the respective non-fragmenting compound). The length of
the drift tube of our PTR-MS is 9.3 cm, with an applied voltage
of 600 V. The usual pressure in the drift tube was ∼2.3 mbar
(with slight variations). We computed the concentrations of
acetone by considering both H3O+ and the first water cluster
H2O · H3O+ as primary ions.

2.3. Sample collection and mass-spectrometric analysis

Samples of mixed breath gas were collected in Tedlar bags
(SKC Inc, Eighty Four, PA) with parallel collection of
ambient air (also in Tedlar bags). Breath gas samples were
obtained after an ∼5 min sitting of a volunteer by use of a
straw (Polypropylen; Art.-Nr. 12718, PAPSTAR 53925 Kall,
Germany). All samples were processed within 12 h.

The ‘age effect’ of volatile compounds in exhaled breath
samples during storage of Tedlar bags is negligible (apart from
water, which quickly diffuses through the walls of Tedlar bags).
Acetonitrile seems to diffuse the quickest through bag walls,
with an exponential decay constant τ ∼ 31 h [42]. Acetone
diffuses slower through the bag walls and its concentration
remains almost constant for 12 h.

The acetone concentrations were determined on m/z 59
using PTR-MS. PTR-MS allows on-line monitoring of VOCs
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with volume mixing ratios as low as a few parts per trillion
(ppt). In our study, an exhaled breath sample was measured
at least thrice in the range of m/z ratios from 21 to 230.
The concentrations of acetone were determined based on a
calibration series (see section 3), leading to a kinetic rate
constant of 3.4 × 10−9 cm3 s−1 which is very near the Su–
Chesnavich collisional rate constant [36].

Methoxyglyoxal can be observed in PTR-MS measure-
ments at m/z 73, with other compounds such as 2-butanone
and tetrahydrofuran appearing at the same mass-to-charge
ratio. In GCMS measurements, we sometimes observed 2-
butanone (=methylethylketone) but never tetrahydrofuran in
exhaled breath. Butanal, on the other hand, whose protonated
form has a molecular weight of 73 D, primarily appears at m/z

55 (after loss of water) and a calibration of butanal showed that
at m/z 73 only about 7% of m/z 55 appear. Hence, the main
compound expected at m/z 73 in PTR-MS is 2-butanone (and
possibly the water cluster H3O · (H2O)3

+, but at rather low
concentration).

2.4. Data pre-processing and statistical analysis

The calibrated concentrations of acetone obtained (ppb),
measured repeatedly in each exhaled sample, were log-
transformed (log10) before any further analyses. We excluded
two samples with outlying standard deviations (after log-
transformation), namely the respective geometric standard
deviations (GSDs)13 were 6.39 and 5.89, while the GSD
determined from the pooled within-sample variance based
on the remaining (adult) samples was 1.012. Without
the log-transformation, the standard deviation determined
from the repeated measurements in a sample increases with
the mean of these measurements. The log-transformation
alleviates this dependence, so that the standard deviation
determined from the log-transformed values is comparable
across the samples and its unusual value may be used as
an indicator of a possible instability during the measurement
process. In addition, applying the log-transformation leads to
a more symmetric distribution of the subjects’ concentrations
(obtained as described below). However, in the fasted group
the Lilliefors test [37] on the subjects’ concentrations in a log-
scale rejected the hypothesis of a normal distribution (at a 5%
significance level). Separated for gender, the hypothesis was
rejected for the log-transformed data of women, whereas it
was not rejected in the case of men.

In the fasted group, we excluded a subject (male, aged 59)
with an extremely high acetone concentration of 25 480 ppb
in the only sample he had given. The value is extreme not
only in our study, but with respect to other reported data as
well.

We also excluded an exhaled breath sample for which
the corresponding ambient air sample showed much higher
acetone concentration (209 ppb) than all the other ambient air
samples (10 ppb–79 ppb) in order to guard against a possible
distortion of the exhaled acetone level in the affected sample.

13 The GSD is determined as 10SD where SD is the usual standard deviation
computed from the log-transformed data. Note that GM/GSD, GM*GSD
correspond to Mean-SD, Mean+SD computed in the logarithmic scale.

Figure 1. Concentration of ions with m/z = 60 against the
concentration of ions with m/z = 59 in exhaled breath samples. The
squared correlation coefficient is computed as R2 = 0.9948.

The remaining 289 samples from 243 (215 fasted before
sampling, 28 without dietary control) adult subjects were
processed as follows. The acetone concentration of each
sample (in log-scale) was determined as the median value
of all the repeatedly obtained (log-transformed) acetone
concentrations within the sample. If a subject gave more
than one sample, we considered the respective representative
median concentration (i.e. the median of all the sample
concentrations of the subject): 202 subjects gave just one
sample, 20 gave two samples immediately one after another, 3
gave two samples within an hour and 18 gave several samples
(within a time gap of days and months). Note that the medians
in both cases (sample concentration, subject concentration)
were taken from the log-transformed data, so that the inverse
transformation 10median is done when reporting the values in
ppb. The same procedure was applied to the 88 samples
obtained from the group of 44 children (each child gave two
samples within a day).

Throughout the paper, we report acetone concentrations
rounded to the nearest integer; however, the number of digits
shown does not imply anything about the accuracy of the PTR-
MS measurement. To assess the magnitude of the uncertainty
connected with a single PTR-MS measurement of acetone
concentration in breath, we describe here the values of the
coefficients of variation (CoV) computed from the repeated
measurements of the acetone concentration for each exhaled
breath sample. The mean CoV in all adult exhaled breath
samples was 1%; the maximum CoV observed was 5%.

3. Results

3.1. Identification of acetone

Figure 1 plots the concentration of ions with m/z = 60 against
the concentration of ions with m/z = 59 for all 377 exhaled
breath samples (289 for adults + 88 for children). The squared
correlation coefficient is computed as R2 = 0.9948 and the
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Figure 2. Histograms of the subjects’ acetone concentrations for males and females in the fasted group. The dashed lines depict the
medians (n denotes the total number of male and female subjects in the study).

Table 3. Fragmentation pattern of acetone for PTR-MS
measurements. (For details, see section 3.)

Slope of
calibration

m/z line Remarks

59 0.8386
60 0.0288 Presents the 13C-isotopes from m/z 59
Sum 0.8674

slope of the fitted line is 0.035 (in this case, the concentrations
in ppb were used for fitting). If m/z = 59 were only due
to acetone (with three carbon atoms) and if m/z = 60 only
referred to 13C-isotopes of m/z = 59, one would expect
a straight line with a slope of 0.033 (due to 3.3% of 13C-
isotopes).

3.2. Calibration for acetone

The calibration results for the PTR-MS measurements of
acetone are presented in table 3. The underlying calibration
series used acetone (in nitrogen 6.0, i.e. purity 99.9999%)
concentrations of 1.2 ppb, 2.4 ppb, 12.1 ppb, 24.2 ppb,
60.6 ppb, 121.2 ppb and 242.3 ppb. Concentrations of
acetone related to m/z 59 have been calculated based on an
approximate proton-transfer reaction rate constant of k = 3.9 ×
10−9 cm3 s−1 and on a calibration experiment which resulted
in a slope of 0.8386 for the calibration line. We therefore
corrected all acetone concentrations by multiplying with a
factor of 1/0.8386 = 1.1925. Considering the 13C-isotope of
acetone at m/z 60, our calibration corresponds to a reaction
rate constant of 3.4 × 10−9 cm3 s−1, which is approximately
equal to the Su–Chesnavich rate constant.

3.3. Acetone concentrations in exhaled breath of adult
volunteers

The acetone concentrations of the adult subjects who had
undergone an overnight fasting ranged from 177 ppb to

Figure 3. Subjects’ acetone concentrations of males and females
observed in the group without a dietary control.

2441 ppb, with the median of 609 ppb, the overall GM being
628 ppb and the overall geometric standard deviation (GSD)
being 1.56. The acetone concentrations of the individual
samples ranged from 177 ppb to 3490 ppb.

In the group without a dietary control, the subjects’
concentrations ranged from 281 ppb to 1246 ppb, with the
median of 559 ppb, the overall GM of 544 ppb and the overall
GSD of 1.46. The individual sample concentrations ranged
from 280 ppb to 1269 ppb.

The within-sample GSD calculated from the pooled
within-sample variance of all exhaled breath samples collected
from adult subjects was 1.012.

The acetone concentrations in ambient air samples
(medians of the repeated measurements of each sample) ranged
from 10 ppb to 52 ppb in the fasted group, and from 31 ppb
to 79 ppb in the group without a dietary control. They were
always at least four times lower than the corresponding exhaled
breath concentrations.
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Figure 4. Concentrations of acetone in the breath of fasted male and female volunteers (ppb) as dependent on age. The fitted regression
lines are shown together with their 95% confidence bands.

Figure 5. Concentrations of acetone in the breath of male and female volunteers (ppb) under no dietary control as dependent on age. The
fitted regression lines are shown together with their 95% confidence bands.

Table 4. Estimated slopes of the regression lines describing the dependence of the log-transformed acetone concentrations on age, for
males and females, together with the p-values obtained when testing that the slope is zero.

Males Females

Estimated slope (p-value) Fasted subjects 0.0018 (p = 0.1554) 0.0027 (p = 0.0032)
Subjects under no dietary control −0.0039 (p = 0.1790) 0.0006 (p = 0.8701)

3.4. Acetone concentrations in exhaled breath of children

In the group of 44 children aged between 5 and 11, the acetone
concentrations of the subjects ranged from 120 ppb to 728 ppb
with the median of 263 ppb and the overall GM of 275 ppb.
The ambient air acetone concentration (ranging from 14
ppb to 77 ppb) was always at least 1.9 times lower
than the corresponding concentration of acetone in exhaled
air.

3.5. Relationship of the breath acetone concentration with
age and gender in adult volunteers

The age profile of the subjects (in both adult groups) is shown
in table 1, the acetone concentrations observed for males
and females in the fasted group are shown in figure 2 and
those for the subjects under no dietary control are shown in
figure 3.

In the fasted group, the GM and the median for males
were 661 ppb and 652, respectively; for females, the GM
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Figure 6. Acetone concentrations plotted against the BMI for subjects from the fasted group. No significant correlation was found between
the two quantities.

Figure 7. Acetone concentrations plotted against the BMI for subjects under no dietary control. No significant correlation was found
between the two quantities.

was 608 ppb and the median was 587 ppb. The Wilcoxon-
Mann–Whitney test did not find a significant (at a 5% level)
shift between the distributions of the acetone concentrations
of males and females (p-value = 0.0923).

Similarly, we found no significant difference between the
mean (log-transformed) acetone levels of males and females in
the group of subjects without a dietary control, the GM being
575 ppb and 523 ppb, respectively.

The dependence of the acetone concentrations on age
was examined by means of linear regression (for the log-
transformed concentrations); see figures 4 and 5. In the fasted
group, the estimated slope was not significantly different from
zero in the case of males; in the case of females, the increase
of acetone concentration with aging was found significant at
a 5% level (p-value = 0.0032), see table 4. However, the
estimated slope was only 0.0027 in the logarithmic scale,
which corresponds to a change by a factor 100.0027 = 1.006

per year or 100.0027×10 = 1.064 per 10 years. Considering
the apparently large variation of acetone concentrations (see
figure 4), such a relationship between acetone and age would
be too weak to be relevant for practical purposes.

In the group without a dietary control, acetone was not
found to depend on age.

3.6. Breath acetone and BMI in adult volunteers

In the fasted group, the BMI was measured only for 83 subjects,
32 males and 51 females. For males the BMI ranged from 19.8
to 32.6, with the mean of 24.9 and the standard deviation of
2.81. For females the range was 16.8–38.9, with the mean
of 23.2 and the standard deviation of 4.14. Neither for males
nor for females, were the acetone concentrations found to be
correlated with the BMI; see figure 6.

7



J. Breath Res. 3 (2009) 027003 K Schwarz et al

No significant (at a 5% level) correlation between acetone
and the BMI was found in the group without a dietary control
either, see figure 7. There, the BMI for males ranged from
18.9 to 29.3, with the mean of 24 and the standard deviation
of 2.77; for females, the range was 18.4–36.8, and the mean
and the standard deviation were 24.9 and 6.53, respectively.

4. Discussion

We used a comparatively large cohort of 215 fasted
adult volunteers to determine the variability of acetone
concentrations in exhaled breath. Turner et al [35] observed
a significant difference between the acetone concentrations
of males and females, with males having higher mean
concentration of acetone. They hypothesized that the
difference may be related to the greater average energy
consumption of males and called for a larger cohort under
a dietary control to further investigate the issue. In our data,
we did not observe a significant difference between the acetone
concentrations of fasted males and females.

We found a very slight rise of acetone concentrations with
age for fasted female volunteers (p = 0.0032), but the estimated
slope was very small compared to the large variation in the data
and thus practically irrelevant (see figure 4). However, it may
give rise to differences when comparing the acetone levels in
distant age groups. The BMI did not influence the acetone
concentration at all.

Overall, for the variables sex, age and BMI, the influence
on the breath concentration of acetone in adults is almost
negligible. However, note that our adult group did not include
many subjects aged 18–25 and it is probably in this age group
where the shift from children to adult levels occurs. Children
show lower acetone concentration in breath than adults, their
median acetone concentrations being about half of the adults’
concentrations. Spanel et al [38] investigated 26 young
adults (17 and 19 years) and found a median concentration of
263 ppb. This median concentration coincides with our median
concentration for children (5–11 years).

The acetone metabolism is rather complex, with different
mechanisms of production and metabolization, as well as
regulatory feedback mechanisms such that, e.g., acetoacetate
decarboxylase is induced by starvation and inhibited by
acetone itself [27–30, 39–41]. It would be ideal if some of
the metabolites of acetone—such as methylglyoxal or 1,2-
propanediol—could be observed, but these compounds are
rather hydrophilic and therefore not expected to be observed
in exhaled breath. The median concentrations of m/z 73
(methylglyoxal and butanone appear at this mass-to-charge
ratio) were almost identical in inspiratory and expiratory air,
namely 3.5 and 3.6 ppb, respectively, in the group of adults.
Also, the correlation between (log-transformed) the adult
subjects’ concentrations at m/z 59 and m/z 73 in exhaled air
was low, R2 = 0.0262. We therefore conclude that we could
not observe methylglyoxal in exhaled breath of our cohort.
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