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Abstract

Aims Exhaled breath acetone (EBA) has been described as a new biomarker of heart failure (HF) diagnosis. EBA concentra-
tion increases according to severity of HF and is associated with poor prognosis, especially in acute decompensated HF. How-
ever, there are no data on chronic HF patients. The aim is to evaluate the role of EBA for predicting cardiac and overall
mortality in chronic HF patients.
Methods and results In GENIUS-HF cohort, chronic patients were enrolled between August 2012 and December 2014. All
patients had left ventricular ejection fraction ≤ 50%, and the diagnosis was established according to Framingham criteria. After
consent, patients were submitted to clinical evaluation and exhaled breath collection. EBA identification and quantitative de-
termination were done by spectrophotometry. The clinical characteristics associated with acetone were identified. All partic-
ipants were followed for 18 months to assess cardiac and overall mortality. Around 700 participants were enrolled in the
current analysis. Patients were 55.4 ± 12.2 years old, 67.6% male patients, and 81% New York Heart Association I/II with left
ventricular ejection fraction of 32 ± 8.6%. EBA median concentration was 0.6 (0.3–1.2) ug/L. Acetone levels increased with the
number of symptoms of HF and were associated with right HF signs/symptoms and liver biochemical changes. EBA at highest
quartile (EBA > 1.2ug/L) was associated with a significantly worse prognosis (log rank test, P < 0.001). Cox proportional mul-
tivariable regression model revealed that EBA > 1.20ug/L was an independent predictor of cardiac (P = 0.011) and overall
(P = 0.010) mortality in our population.
Conclusions This study shows that EBA levels reflect clinical HF features, especially right HF signs/symptoms. EBA is an inde-
pendent predictor of cardiac and overall mortality in chronic HF patients.
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Introduction

The prevalence of heart failure (HF) has been rising all over
the world.1 Despite major improvements in the treatment
of HF in the last decades, HF is still one of the main causes
of hospitalization in both the United States and Brazil, and
it is associated with high mortality.2,3 In clinical practice, iden-
tifying patients at higher risk or groups of patients that may
benefit from specific interventions is of paramount impor-
tance. In this sense, it is thus of great interest to identify

new biomarkers of severity and prognosis. Natriuretic pep-
tides are the most commonly used, but, recently, new
non-invasive biomarkers have been described. However,
predicting the course of this highly variable syndrome re-
mains challenging.

Exhaled breath acetone (EBA) has been shown to be a bio-
marker of HF diagnosis and severity.4,5 It was also tested as a
biomarker of prognosis. A previous study done by our group
suggested that high levels of acetone could be associated
with high risk of 12-month mortality and heart
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transplantation. However, not only the sample size of the co-
hort was small but also most included patients had acute de-
compensated HF (ADHF) [78% New York Heart Association
(NYHA) III/IV and 66% haemodynamic profile hot/wet or
cold/wet].6

To the best of our knowledge, there are no data on the
role of exhaled acetone as a biomarker of long-term progno-
sis in patients with chronic HF with stable symptoms. There-
fore, we sought to study the role of exhaled acetone in
identifying specific patterns of clinical presentation and, most
importantly, in predicting prognosis in a prospective,
single-centre cohort of patients with chronic HF.

Methods

Patients

Patients with HF diagnosis of different aetiologies referred to
the outpatient clinic at the Heart Institute, University of Sao
Paulo were invited to participate in the GENIUS-HF cohort.
The rationale and design of this study have been previously
published.7 To be included in this study, patients should have
chronic HF with left ventricular ejection fraction ≤ 50% and
stable symptoms in the last 3 months prior to baseline evalu-
ation. The diagnosis of HF was established according to two
major or one major and two minor Framingham criteria. Pa-
tients with dementia or any other mental or psychiatric disor-
ders that would limit the collection of information were
excluded. The enrolment was carried out from August 2012
to December 2014.

During this period, 700 participants, 18 to 80 years old,
were enrolled in the study. The Institutional Ethics Commit-
tee (CAPPesq�Comissão de Ética para Análise de Projetos
de Pesquisa) approved the study (SDC 2368/03/162). After
enrolment, five patients withdrew the informed consent
and were excluded. Once written informed consent was ob-
tained, patients were submitted to a cardiologist appoint-
ment, blood and exhaled breath collection, and followed for
18 months. During cardiologist appointment, demographic
data and clinical information, including HF symptoms and
signs, were obtained.

Breath collection and acetone analysis

Breath collection was performed using a portable
non-invasive device previously described.4,8 Patients received
a standard meal, composed of coffee and milk, bread and
cheese, and a fruit, at least 45–60 min before sampling in or-
der to avoid fasting-induced ketone body increase. Each vol-
unteer blew 7.6 L of breath by non-forced exhalations
through a wet scrubber, which contained 5.0 mL of icy dis-
tilled water and was immersed in an ice water bath. The

generation of small bubbles in cold water by a diffuser in-
creased gas–water contact and enhanced the efficiency of
soluble compounds extraction. Breath samples were stored
in a freezer at �80°C until acetone analysis could be done.
The defrosted aqueous extracts were analysed by spectro-
photometry after reaction with salicyladehyde. The quantifi-
cation of acetone was made using a calibration curve built
with liquid standard mixtures. This method has been previ-
ously reported.9,10 All chemical analyses were performed at
the Institute of Chemistry, University of Sao Paulo.

Outcomes

The follow-up was assessed for 18 months by telephone con-
tact and review of medical records every 6months to retrieve
information about the vital status of patients. Cardiac and
all-cause mortality were the main outcomes analysed in this
study. We also analysed hospitalizations for HF.

Statistical analysis

Categorical variables are expressed as absolute (n) and rela-
tive frequency (%). Continuous variables are expressed by
mean ± standard deviation or median (interquartile range,
p25th–p75th) according to its normality distribution (Kolmo-
gorov–Smirnov test). Baseline characteristics were compared
using one-way ANOVA followed by ANOVA post-hoc test
Dunnet for continuous variables and chi-square test for cate-
gorical variables. Univariable survival curves (Kaplan–Meier)
were computed to assess the influence of acetone quartiles
in the survival rate. We also used univariable and multivari-
able Cox proportional regression model to predict mortality
in 18 months. The SPSS version 20.0 (Software Statistical
Package for the Social Science) was used for statistical
analysis.

Sample size

In a previous study6 that included patients with chronic and
ADHF, 4 deaths out of 30 chronic HF patients with stable
symptoms (NYHA I/II and haemodynamic profile A) were ob-
served in 12 months. Three of them occurred in patients with
EBA higher than the median concentration of acetone in that
population of chronic HF patients (1.22 ug/L) and one with
EBA lower than that. Using these data as prior, a study of
at least 334 chronic HF patients to test the hypothesis that
EBA could be a predictor of mortality, would have 95%power
at a significance level of 5%.
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Results

Baseline characteristics

Between August 2012 and December 2014, 695 patients
were enrolled in the study. Table 1 depicts the baseline char-
acteristics of the sample of the study. Most patients were
male patients (67%), with hypertensive or ischaemic
aetiology (48%), NYHA class I/II (81%) with mean left ventric-
ular ejection fraction of 32.0 ± 8.6%, and median (interquar-
tile range) B-type natriuretic peptide (BNP) levels of 149
(54–355) pg/mL. The great majority was taking
guideline-directed medical therapy: betablockers, 96.8%; an-
giotensin converter enzyme inhibitor or angiotensin receptor
blocker, 91.4%; and spironolactone, 66.4% of patients.
Twenty percent of patients were taking oral hypoglycemic
drugs, but none of them were taking sodium-glucose
cotransporter 2 inhibitors (SGLT-2i). (Table 1).

The median concentration of EBA was 0.6(0.3–1.2) ug/dL.
There was no difference between acetone levels in patients
with [0.7 (0.4–1.2)] ug/L and without diabetes [0.6 (0.3–
1.2)] ug/L. Patients were analysed according to the EBA quar-
tile. Baseline characteristics of the sample in each EBA quar-
tile are depicted in Table 2. Patients (n = 164) in the upper
EBA quartile (EBA > 1.2ug/L) tend to be older; to have lower
weight and body mass index; lower left ventricular ejection
fraction and systolic blood pressure; and higher heart rate
when compared with inferior quartiles. The incidence of
Chagas aetiology in the upper quartile was higher than in in-
ferior ones.

Breath acetone and heart failure clinical
characteristics

Concentration of EBA was analysed according to the number
of symptoms/signs HF patients presented at their first evalu-
ation. In this analysis, we included all typical symptoms and
signs of HF syndrome: dyspnoea, orthopnoea, paroxysmal
nocturnal dyspnoea, jugular venous distension, pulmonary
rales, peripheral oedema, third heart sound, hepatojugular
reflux, capillary filling time higher than 3 seconds, ascites,
and hepatomegaly. Figure 1, panel A, shows that acetone
levels go up as the number of HF symptoms/signs increase.
The relation between acetone and left or right HF
symptoms/signs is depicted in Figure 1, panels B and C, re-
spectively. Acetone levels rise significantly when patients
have three or more left or right HF symptoms/signs.

By logistic regression, we analysed which clinical variables
could predict EBA concentration, and we found that presence
of a third heart sound [HR = 5.09(2.66–9.76), P < 0.001],
hepatojugular reflux [HR = 3.38(1.78–6.39), P < 0.001], and
jugular venous distension [HR = 1.99(1.23–2.95), P = 0.004]

Table 1 Baseline characteristics of heart failure patients

Variable Total (n = 695)

Age (years) 55.4 ± 12.2
Gender (Male) n (%) 470 (67.6)
Race n (%)
Asian 7 (1.0)
Black 107 (15.4)
Mixed 345 (49.6)
White 236 (34.0)

Hypertension n (%) 448 (64.5)
Diabetes n (%) 205 (29.5)
Dyslipidemia n (%) 462 (66.5)
Smoking n (%) 64 (9.2)
Chronic renal failure n (%) 188 (27.0)
Dialytic renal failure n (%) 8 (1.2)

Heart failure class n (%)
NYHA I 130 (18.7)
NYHA II 433 (62.3)
NYHA III 127 (18.3)
NYHA IV 5 (0.7)

Left ventricular ejection fraction (%) 32.0 ± 8.6
Left ventricular diastolic diameter (mm) 64.1 ± 8.3
RV dysfunction (%) 221 (31.8)
Mild 112 (16.1)
Moderate/severe 109 (15.7)

Heart failure aetiology n (%)
Hypertensive 181 (26.0)
Ischaemic 152 (21.9)
Chagasic 118 (17.0)
Idiopathic 108 (19.6)
Other 136 (8.6)

Weight (kg) 75.8 ± 19.1
Body mass index (BMI) 27.9 ± 6.0
Respiratory rate (irm) 17.1 ± 1.5
Heart rate (bpm) 71.2 ± 14.3
Systolic blood pressure (mmHg) 123.5 ± 23.8
Diastolic blood pressure (mmHg) 76.2 ± 14.6
Dyspnoea n (%) 599 (86.2)
Orthopnoea n (%) 263 (37.8)
Paroxysmal nocturnal dyspnoea n (%) 150 (21.6)
Jugular venous distension n (%) 250 (36.0)
Pulmonary rales n (%) 52 (7.5)
Peripheral oedema n (%) 127 (18.3)
Third heart sound n (%) 50 (7.2)
Hepatojugular reflux n (%) 71 (10.2)
Capillary filling time (3–5 s) n (%) 19 (2.7)
Ascites n (%) 18 (2.6)
Hepatomegaly n (%) 79 (11.4)
Creatinine (mg/dL) 1.27 ± 0.77
Blood urea nitrogen (mg/dL) 49.3 ± 23.7
Glomerular filtration rate (mL/min) 68.2 ± 22.7
Sodium (mg/dL) 139.3 ± 2.72
Potassium (mg/dL) 4.8 ± 0.6
Haemoglobin (mg/dL) 13.9 ± 1.7
Haematocrit (%) 43.0 ± 5.2
Blood glucose fasting (mg/dL) 113.6 ± 51.2
Glycated haemoglobin 6.3 ± 0.7
High sensitive I troponin (ng/dL) 0.040 ± 0.062
Serum albumin (g/dL) 4.0 ± 0.4
Alanine aminotransferase (mg/dL) 32.3 ± 16.8
Aspartate aminotransferase (mg/dL) 28.5 ± 14.6
Gamma glutamyl transpeptidase (mg/dL) 110.2 ± 187.1
Alkaline phosphatase (mg/dL) 95.4 ± 57.4
Total Bilirubin (mg/dL) 0.64 ± 0.44
Exhaled breath acetone (ug/dL) 0.6 (0.3–1.2)
Brain natriuretic peptide (pg/mL) 149 (54–355)
Medication in use
Betablocker n (%) 673 (96.8)

(Continues)
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are independent predictors of EBA concentration. These find-
ings are in Supporting Information Table S1.

Patients in the upper EBA quartile (EBA > 1.2ug/L) tend to
have higher levels of liver biochemical tests, which suggests
that acetone levels increase in patients with liver congestion.
It reinforces the idea that acetone reflects clinical characteris-
tics of HF, especially right HF. Table 3 depicts liver biochemi-
cal tests according to EBA quartile.

Breath acetone and outcomes

The median follow-up time was 12.4 months, and no patient
was lost to follow-up. During this period, 47 (6.7%) patients
died. Thirty-nine (5.6%) died from cardiac cause, being 61%
from HF and eight patients from non-cardiovascular cause
(five with infection and three unknown cause). Survival
curves for acetone stratified according to EBA quartile against
cardiac and all-cause mortality are shown in Figure 2. Concen-
trations of EBA above 1.2 ug/dL (upper quartile) in patients
with chronic HF were associated with a progressively worse
prognosis in 18-month follow-up (log rank test, P < 0.001
for both outcomes). There was no interaction between ace-
tone and the presence of diabetes (P = 0.90 for interaction)
or renal failure (P = 0.99 for interaction) to predict mortality.
The comparison between baseline characteristics and medi-
cation in use of patients in EBA upper quartile (quartile 4)
and inferior quartiles (quartiles 1–3) is depicted in Supporting
Information Tables S2 and S3, respectively.

Variables considered potential predictors of mortality in HF
patients (age, gender, left ventricular ejection fraction, NYHA
class, body mass index, presence of diabetes, serum creati-
nine, sodium, haemoglobin, BNP, high-risk aetiology, chagasic

and ischaemic disease, and EBA) were included in univariable
Cox regression model.

EBA levels higher than 1.2 ug/L increased the risk of car-
diac death in 3.74 times [HR = 3.74 (1.95–7.20), P < 0.001].
After multivariable Cox regression analysis, the independent
predictors of cardiac mortality were EBA upper quartile
[HR = 2.52 (1.24–5.13), P < 0.001)], BNP [HR = 1.005
(1.002–1.009), P = 0.002)] and high-risk HF aetiology
[HR = 3.07 (1.52–6.19), P = 0.002)]. Table 4 depicts the
univariable and multivariable Cox proportional regression
analysis for cardiac mortality. EBA upper quartile was also
an independent predictor of all-cause mortality as well as
BNP and high-risk aetiology: EBA upper quartile [HR = 2.27
(1.22–4.20), P = 0.010)]; BNP [HR = 1.003 (1.001–1.006),
P = 0.016)]; high-risk HF aetiology [HR = 2.31 (1.24–4.31),
P = 0.009)] (Supporting information, Table S4).

During the period of study, 123 hospitalizations for HF
were registered. EBA levels higher than 1.2 ug/L were associ-
ated with hospitalizations for HF [HR = 1.9 (1.3–2.7),
P = 0.001], but after adjustment for other potential predic-
tors, EBA was not an independent predictor of hospitaliza-
tion. In multivariate Cox regression model, age [HR = 1.03
(1.02–1.05), P < 0.001], BNP [HR = 1.005 (1.002–1.008),
P = 0.001], and NYHA class III [HR = 2.70 (1.35–5.39),
P = 0.005] and NYHA IV [HR = 2.06 (2.01–2.12), P = 0.011]
were the independent predictors of hospitalization for HF.

Discussion

There are two relevant findings in this study. First of all, it
shows that EBA levels reflect clinical changes of HF in patients
with chronic stable disease. In particular, we were able to dis-
close a significant correlation between breath acetone and
right HF symptoms. Second, it shows EBA as an independent
predictor of cardiac and overall mortality in chronic stable HF
patients. Interestingly, the capacity of breath acetone to pre-
dict outcomes in patients with HF was not influenced by the
presence of diabetes.

Breath acetone has already been described as a biomarker
of HF. However, previous studies involved patients with
ADHF.4,11,12 Also, most of the studies excluded patients with
diabetes and/or renal failure.4,11 Kupari et al. showed that
ADHF patients (n = 31) presented significantly higher levels
of breath acetone than patients with heart disease with no
HF and healthy individuals.11 Our group, in a previous study,
showed that not only HF patients (n = 89) have higher breath
acetone concentration when compared with healthy people
but also that acetone levels increase according to NYHA class,
which suggests an association between acetone levels and
the severity of the disease.4 A group of researchers from
the Cleveland Clinic also observed higher levels of breath ac-
etone in 35 patients with ADHF when compared with healthy

Table 1 (continued)

Variable Total (n = 695)

ACEI n (%) 427 (61.4)
ARB n (%) 207 (30.0)
ACEI or ARB n (%) 633 (91.1)
Spironolactone n (%) 448 (66.4)
Diuretic n (%) 631 (90.8)
Loop diuretic n (%) 504 (72.5)
Thiazide diuretic n (%) 135 (19.4)
Hydralazine n (%) 116 (16.7)
Nitrate n (%) 98 (14.1)
Digoxin n (%) 165 (23.7)
Lipid lowering drugs n (%) 332 (47.8)
Oral anticoagulants n (%) 141 (20.3)
Oral hypoglycaemic drugs n (%) 139 (20.0)
Insulin n (%) 55 (7.9)

ACEI, angiotensin converter enzyme inhibitor; ARB, angiotensin re-
ceptor blocker; NYHA, New York Heart Association; RV, right
ventricle.
Continuous variables are expressed as mean ± SD or median and
interquartile range [median (IQR)] and categorical variables as ab-
solute number and percentage [n (%)].
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ones.12 More recently, Yokokawa et al. showed a positive cor-
relation between breath acetone and pulmonary capillary
wedge pressure in patients with non-ischaemic HF, suggest-
ing breath acetone could be a marker of haemodynamic se-
verity. They included patients with stable symptoms (NYHA
II/III) but excluded patients with diabetes or severe renal
dysfunction.13 Considering all these findings, it is possible to
say that the role of acetone as a biomarker of ADHF is well

established. However, this is the first time EBA is unveiled
as a biomarker of chronic HF, even considering patients with
different comorbidities.

It is also important to highlight the association between
breath acetone and clinical/laboratorial signs of right ventric-
ular dysfunction such as hepatojugular reflux, jugular venous
distension, and liver biochemical tests. This relation has been
previously suggested,4 but in the current study, this

Table 2 Baseline characteristics according to exhaled breath acetone quartile

Variable Quartile 1 (n = 178) Quartile 2 (n = 168) Quartile 3 (n = 169) Quartile 4 (164) P

Age (years) 53.2 ± 11.6 55.5 ± 11.8 56.7 ± 12.4* 56.3 ± 12.8* 0.033
Gender (male) n (%) 115 (64.6) 107 (63.7) 115 (68.0) 123 (75.0) 0.110
Ethnicity n (%) 0.225

Asian 3 (1.7) 3 (1.8) 1 (0.6) 0 (0)
Black 23 (12.9) 20 (11.9) 33 (19.5) 30 (18.3)
Mixed 88 (49.4) 87 (51.9) 87 (51.5) 73 (44.5)
White 64 (36.0) 58 (34.5) 48 (28.4) 61 (9.0)

Hypertension n (%) 124 (69.7) 101 (60.1) 121 (71.6) 90 (54.9)* 0.003
Diabetes n (%) 42 (23.6) 53 (31.5) 58 (34.3) 46 (28.0) 0.146
Dyslipidemia n (%) 120 (67.4) 133 (79.2)* 103 (60.9) 94 (57.3)* < 0.001
Smoking n (%) 22 (12.4) 7 (4.2) 19 (11.2) 16 (9.8) 0.048
Chronic renal failure n (%) 33 (18.5)* 48 (28.6)* 45 (26.6) 58 (35.4)* 0.006
HF class n (%) 0.107

NYHA I 39 (21.9) 33 (19.6) 30 (17.8) 22 (13.4)
NYHA II 110 (61.8) 104 (61.9) 114 (67.5) 101 (61.6)
NYHA III 28 (15.7) 31 (18.5) 25 (14.8) 38 (23.2)
NYHA IV 1 (0.6) 0 (0) 0 (0) 3 (0.4)

Ejection fraction (%) 33.3 ± 8.9 32.7 ± 8.2 31.8 ± 8.8 30.4 ± 8.6* 0.015
LVDD (mm) 63.6 ± 7.7 64.7 ± 7.9 63.8 ± 8.0 64.5 ± 9.5 0.521
Mod/Severe RV dysfunction n(%) 20 (11.2) 22 (13.1) 22 (13.0) 43 (26.2)* <0.001
Heart failure aetiology n (%) 0.001

Hypertensive 65 (36.5)* 29 (17.3)* 50 (29.6) 32 (19.5)*

Ischaemic 32 (18.0) 38 (22.6) 41 (24.3) 37 (22.6)
Chagasic 28 (15.7) 23 (13.7) 28 (16.6) 37 (22.6)*

Idiopathic 24 (13.5) 39 (23.2)* 19 (11.2) 23 (14.0)
Other 29 (16.3) 39 (23.2) 31 (18.3) 35 (21.3)

Weight (kg) 78.7 ± 17.7 77.9 ± 17.9 75.6 ± 21.9 70.9 ± 17.5* 0.001
Body mass index (BMI) 28.9 ± 5.6 28.8 ± 5.6 27.8 ± 6.8 26.0 ± 5.5* <0.001
Respiratory rate (irm) 17.3 ± 1.4 17.3 ± 1.8 17.0 ± 1.3 16.7 ± 1.5* <0.001
Heart rate (bpm) 68.9 ± 12.7 69.5 ± 12.8 71.5 ± 14.2 74.9 ± 16.5* <0.001
Systolic BP (mmHg) 128.9 ± 24.7 122.3 ± 22.3* 124.4 ± 23.6 118.1 ± 23.6* <0.001
Diastolic BP (mmHg) 78.1 ± 14.6 74.7 ± 13.7 76.3 ± 14.4 75.6 ± 15.6 0.172
Dyspnoea n (%) 153 (86.0) 148 (88.1) 143 (84.6) 144 (87.8) 0.761
Orthopnoea n (%) 63 (35.4) 69 (41.1) 55 (32.5) 68 (41.5) 0.249
Paroxysmal nocturnal dyspnoea n (%) 36 (20.2) 24 (14.3)* 37 (21.9) 47 (28.7)* 0.015
Jugular venous distension n (%) 43 (24.2)* 51 (30.4) 55 (32.5) 96 (58.5)* < 0.001
Pulmonary rales n (%) 10 (5.6) 10 (6.0) 11 (6.5) 20 (12.2) 0.074
Peripheral oedema n (%) 29 (16.3) 23 (13.7) 29 (17.2) 44 (26.8)* 0.012
Third heart sound n (%) 3 (1.7)* 4 (2.4)* 12 (7.1) 30 (18.3)* <0.001
Hepatojugular reflux n (%) 8 (4.5)* 7 (4.2)* 12 (7.1) 44 (26.8)* < 0.001
Capillary filling time (3–5 s) n (%) 3 (1.7) 3 (1.8) 1 (0.6)* 12 (7.3)* 0.001
Ascites n (%) 3 (1.7) 1 (0.6) 1 (0.6) 13 (7.9) < 0.001
Hepatomegaly n (%) 14 (7.9) 7 (4.2) 15 (8.9) 43 (26.2) <0.001
Creatinine (mg/dL) 1.16 ± 0.52 1.30 ± 0.85 1.30 ± 0.99 1.31 ± 0.66 0.180
Blood urea nitrogen (mg/dL) 43.5 ± 18.7 50.2 ± 22.5* 49.3 ± 24.9 54.6 ± 27.1* <0.001
Glomerular filtration rate (mL/min) 67.5 ± 24.2 68.2 ± 21.7 67.4 ± 22.2 69.6 ± 23.5 0.811
Sodium (mg/dL) 139.8 ± 2.7 140.2 ± 2.6 139.4 ± 2.5 140.0 ± 3.1 0.056
Haemoglobin (mg/dL) 14.0 ± 1.6 13.9 ± 1.9 13.9 ± 1.7 13.9 ± 1.7 0.917
Blood glucose fasting (mg/dL) 109.5 ± 35.8 116.6 ± 55.2 117.5 ± 55.6 110.9 ± 56.2 0.366
Glycated haemoglobin (n = 269) 6.2 ± 1.2 6.5 ± 1.7 6.7 ± 1.8 6.5 ± 1.6 0.111
BNP (pg/mL) 70.5 (28.8–179.5) 107.5 (40.5–249.0) 165.0 (67.0–359.5) 350.5 (127.5–980.3)* <0.001

BNP, B-type natriuretic peptide; BP, blood pressure; HF, heart failure; LVDD, left ventricular diastolic diameter; NYHA, New York Heart As-
sociation; RV, right ventricle.
ANOVA post-hoc test Dunnet lowest quartile as reference.
*Variables with P < 0.05.
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association has been confirmed because these signs are pre-
dictors of high levels of breath acetone. We hypothesize that
hepatic congestion is involved in the mechanism of produc-
tion of acetone.

Regarding the role of acetone as a biomarker of progno-
sis of HF, our group has previously suggested the ability of
acetone to predict outcomes. In a cohort of 89 HF with re-
duced ejection fraction patients, we showed that EBA was
associated with a worse prognosis. Levels of acetone higher
than 3.7 ug/L increased the risk of death or heart

transplantation about three times within 12 months. How-
ever, the study included mainly patients with ADHF, the
number of patients with chronic HF disease (n = 30) was
small, and all patients with diabetes were excluded.6 The
current study confirmed that EBA, collected at enrolment,
is a predictor of outcomes in a broader population because
it included greater number of patients who had had stable
symptoms (81% NYHA I/II) during the previous 3 months
and no hospitalization during this period. Also, diabetic pa-
tients were not excluded.

Figure 1 Exhaled breath acetone concentration according to number of heart failure symptoms. Panel A: Exhaled breath acetone (EBA) levels accord-
ing to the number of heart failure symptoms. Panel B: EBA levels according to the number of left heart failure symptoms. Panel C: EBA levels according
to the number of right heart failure symptoms.

Table 3 Liver biochemical test according to exhaled breath acetone concentration

Variable Quartile 1 (n = 178) Quartile 2 (n = 168) Quartile 3 (n = 169) Quartile 4 (164) P

Serum albumin (g/dL) 4.1 ± 0.4 4.1 ± 0.3 4.0 ± 0.4 4.0 ± 0.4* 0.039
Alanine aminotransferase (mg/dL) 33.7 ± 19.0 29.2 ± 13.3* 32.0 ± 16.7 34.4 ± 17.2 0.022
Aspartate aminotransferase (mg/dL) 27.5 ± 12.6 26.2 ± 12.3 27.9 ± 13.7 32.8 ± 18.3* <0.001
GGT (mg/dL) 77.6 ± 86.6 76.4 ± 96.5 114.1 ± 278.4 176.3 ± 203.3* <0.001
Alkaline phosphatase (mg/dL) 87.4 ± 59.7 89.6 ± 40.3 95.8 ± 65.2 109.6 ± 59.2* 0.002
Total bilirubin (mg/dL) 0.55 ± 0.41 0.57 ± 0.37 0.62 ± 0.34 0.85 ± 0.57* <0.001

GGT, gamma glutamyl transpeptidase
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Heart metabolism in HF has been the focus of several stud-
ies in the last decades. Indeed, the human healthy heart re-
quires enormous amounts of energy to sustain contractile
function. It is known that ATP production in myocardium is
based on mitochondrial oxidative phosphorylation, which
means that energy source comes mainly from fatty acids
(about 95%), while glucose is responsible for the other
5%.14,15 However, the myocardial fuel utilization changes in
the failing heart. There is a shift from free fatty acids (FFA)

to glucose as a source of energy in advanced HF, increasing
the reliance on glycolysis.16,17

Two recent articles18,19 analysed different metabolites,
proteins, and gene transcripts in the failing heart muscle
and concluded that enzymes regulating glucose and fatty acid
metabolism are down-regulated while those regulating ke-
tone body metabolism are up-regulated. One of these studies
showed that mouse models of heart failing use ketone bodies
as a fuel instead of fatty acids. They proposed that this

Figure 2 Kaplan–Meier curves for cardiac and all-cause death according to exhaled breath acetone quartile. EBA, exhaled breath acetone.

Table 4 Univariable and Cox proportional multivariable regression for 18-month cardiac mortality

Univariable regression model for 18-month cardiac mortality

Variable HR 95% CI P

EBA upper quartile 3.74 1.95–7.20 <0.001
High-risk HF aetiologya 3.38 1.70–6.69 <0.001
BNP (for each 10 units increase) 1.007 1.004–1.010 <0.001
Serum creatinine 1.32 1.02–1.70 0.033
Left ventricular ejection fraction 0.95 0.91–0.99 0.011
Age 1.024 0.996–1.052 0.092
Gender 1.64 0.76–3.52 0.206
Haemoglobin 0.85 0.71–1.02 0.087
Sodium 0.96 0.85–1.08 0.505
Body mass index 0.95 0.89–1.01 0.114
Diabetes 0.70 0.33–1.51 0.368
NYHA 3 1.83 0.70–4.81 0.219
NYHA 4 11.71 1.68–81.88 0.013
Cox proportional multivariable regression model for 18-month cardiac mortality
Variable HR 95% CI P
EBA upper quartile 2.52 1.24 – 5.13 0.011
High-risk HF aetiologya 3.07 1.52–6.19 0.002
BNP (for each 10 units increase) 1.005 1.002–1.009 0.002
Serum creatinine 1.32 0.97–1.81 0.082
Left ventricular ejection fraction 0.97 0.92–1.01 0.115
NYHA 4 2.59 0.28–23.95 0.401

BNP, B-type natriuretic peptide; EBA, exhaled breath acetone; HF, heart failure; NYHA, New York Heart Association.
aChagasic and ischaemic aetiology.
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metabolic shift is triggered by reduced capacity for fatty acids
oxidation.18 The second study analysed non-diabetic patients
with advanced dilated non-ischaemic cardiomyopathy and
showed an increase in FFA serum concentration and a signif-
icant increase in the serum concentration of β-
hydroxybutyrate (βOHB) at the time of heart transplantation.
The high circulating levels of FFA and βOHB drive hepatic ke-
togenesis to synthesize ketones. Despite this increase in se-
rum βOHB, they observed a decrease in myocardial βOHB,
which suggests augmented utilization of ketone body in the
myocardium of patients with end-stage HF disease.19

These studies18,19 reinforce the hypothesis that adrenergic
stimulation induces lipolysis, increases FFA concentration and
ketone bodies production in advanced HF patients,20,21 which
can be measured in the blood22 or in the breath.4,11 But also
add the concept that ketone bodies could be used as a source
of energy for the myocardium in end-stage HF. In fact,
changes in ketone body metabolism are clearly present in fail-
ing heart but if it is the cause or consequence of HF is still to
be determined.

Some limitations should be acknowledged. First of all, we
evaluated patients from a specialized cardiology centre of a
tertiary university hospital. Second, exhaled acetone mea-
sures were taken once, at inclusion in the study, and changes
in acetone levels after enrolment were not analysed. Finally,
it is a prospective observational single-centre study. There-
fore, our results might not be generalized to other HF
populations.

Conclusions

The present study shows that breath acetone is a
non-invasive HF biomarker, whose levels reflect clinical fea-
tures of chronic HF, especially right HF symptoms. Moreover,
breath acetone proved to be an independent predictor of car-
diac and overall mortality in chronic HF patients. In this way,
studies designed to test the use of this biomarker as a guide
to HF treatment should be of great interest.

Clinical implications

The findings of this study reveal a biomarker of HF, which re-
flects metabolic changes of this syndrome and is related to

worse prognosis. Our data suggest that the increase in breath
acetone in HF patients indicates a need for improvement in
the treatment of such patients.
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