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To the Director,  
 

Asthma management should address both current control and future risk (1), with 

prevention of exacerbations being a key therapeutic objective. Exacerbations impose a 

substantial clinical and healthcare resource burden (2). Numerous risk factors for asthma 

exacerbations have been described and can be broadly grouped into demographic, 

environmental exposures, comorbidities and treatment related factors. Biomarkers for 

asthma exacerbations such as low forced expiratory volume in the first second (FEV1), 

bronchodilator reversibility, elevated serum and sputum eosinophils, and increased 

fractional exhaled nitric oxide (FeNO) have been proposed (2,3). Patients with such risk 

factors may require closer monitoring to prevent treatment failure (4). 

 

Asthma is characterized by chronic airway inflammation and oxidative stress, leading to  

peroxidation of membrane lipids and the subsequent generation of volatile organic 

compounds (VOCs) detectable in exhaled breath (5) (6). These VOCs act as metabolic 

fingerprints of airway biochemical activity and have been proposed as noninvasive 

markers of inflammatory processes. Among them, propanoic and nonanoic acids have 

received increasing attention (7). Nonanoic acid reflects oxidation of aldehydes under 

high oxidative conditions, whereas propanoic acid—a short-chain fatty acid—can arise 

both from lipid peroxidation and from airway microbial metabolism (5). Prior studies 

have explored VOCs for diagnostic purposes, particularly in populations where 

conventional tools perform poorly, such as smokers (7). While specific VOC signatures 

have been associated with inflammatory phenotype (6), their potential utility for 

predicting asthma exacerbation risk remains unclear. 

 

We hypothesized that asthma patients with clinical risk factors for exacerbations would 

display a distinct exhaled VOC pattern, particularly involving lipid peroxidation–derived 

acids, which could help guide personalized monitoring and treatment strategies. 

 

 

A multicenter, cross-sectional study was conducted across five specialized asthma units 

in Madrid (Spain). Adult patients with confirmed asthma diagnosis and good adherence 
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to maintenance therapy were consecutively recruited. This protocol was approved by 

local Ethics Committees, and all participants provided written informed consent.  

 

Patients with other pulmonary diseases, recent exacerbations or infections (<1 month), 

or recent use of systemic corticosteroid or biologic therapy, active or previous 

malignancy, ischemic heart disease, or relevant endocrine disorders were excluded. 

Comorbidities were systematically recorded and managed according to current 

recommendations. Asthma diagnosis, control level, and severity were assessed 

according to the Spanish Guidelines for the Management of Asthma (GEMA) (1). Severe 

exacerbations in the previous year (requiring systemic corticosteroids ≥3 days) were 

recorded. Patients were classified as being at risk of exacerbation if they fulfilled any risk 

criteria (3): uncontrolled asthma, obesity, active smoking, persistent airway obstruction 

(FEV₁ <60% predicted), or high type 2 inflammation (FeNO >40 ppb or serum eosinophils 

>300 cells/µL). 

 

To minimize potential sources of variability, all exhaled breath samples were collected 

between 9 and 11 am to avoid the potential influence of diurnal fluctuations. 

Participants were instructed to abstain from smoking, eating, or drinking for at least one 

hour prior to sampling to avoid contamination. Three consecutive forced expirations 

were combined into one pooled Bio-VOC® (Markes International, UK) breath samplers. 

Ambient air was simultaneously sampled to exclude environmental interference.  VOCs 

were trapped on thermal desorption tubes and analyzed within 24 hours by thermal 

desorption–gas chromatography–mass spectrometry (TD–GC–MS). Calibration was 

repeated after any modification or replacement of components in the TD-GC-MS system, 

and identification was achieved by comparison with the NIST library. A qualitative 

approach was used. The analyzed VOCs were hexanal, heptanal, nonanal, propanoic 

acid, and nonanoic acid, previously validated by our group (5,8). Only compounds with 

an exhaled-to-ambient air ratio >1 were considered endogenous and included in the 

analyses (5). The analytical method followed ICH Q2(R2) validation standards (9). All 

analyses were performed by a blinded operator. 
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Multivariate approaches (e.g., PCA-based clustering and supervised classifiers such as 

PLS-DA) were initially considered, but were discarded due to the small number of VOCs 

and limited dimensionality. Because only five VOCs were analyzed and each showed 

distinct biochemical relevance, we conducted compound-by-compound analyses. 

Descriptive and inferential statistics were performed using Stata®. Regression models 

were fitted using a prespecified strategy based on established exacerbation-risk factors 

to reduce confounders and to explore associations between VOCs and clinical variables. 

A Bonferroni correction for multiple comparisons was applied.  Statistical significance 

was set at p-value < 0.05. No data-driven variable selection was applied in order to avoid 

model overfitting. The sample size was justified based on the requirements for stable 

multivariable logistic regression. Assuming a minimum of 10 outcome events per 

predictor variable, and anticipating inclusion of up to 8 covariates in the adjusted 

models, at least 80 events were required. Based on previous asthma cohorts with similar 

characteristics, we expected approximately 40–50% of patients to meet exacerbation-

risk criteria, requiring a total sample size of approximately 100–120 participants.  

 

A total of 120 patients were included. Mean age was 64.3 years (SD 18.9); 71.7% female; 

mean body mass index 27.1 kg/m² (SD 4.7). 48.3% were never smokers, and mean 

asthma control test (ACT) score was 22.7 (SD 3.2). Mean FEV₁ was 95.5% of the predicted 

value (SD 18.7), FeNO 30 ppb (SD 33.8), and blood eosinophils 281 cells/µL (SD 224). 

48.3% were non-allergen sensitized, and 35.0% had chronic rhinosinusitis. According to 

GEMA control criteria (1), 17 patients (14.2%) were poorly controlled, 69 (57.5%) were 

partially controlled, and 34 (28.3%) were well controlled. The presence of VOCs showed 

no significant association with asthma control status (1) (supplementary material, table 

1). 

 

When VOC profiles were analyzed according to Global Initiative for Asthma (GINA)-

defined exacerbation risk (3), only propanoic acid showed a significant association with 

exacerbation risk factors (odds ratio (OR) of 3.25; 95% CI 1.04–10.15; p = 0.027) (Figure 

1). Propanoic acid was present in 25% (30 patients), with a higher frequency among 

those at risk of exacerbations (86.7%) (Figure 2). In the multivariate logistic regression 

model adjusting for tobacco exposure, sex, FEV₁, FeNO, blood eosinophil counts, age, 
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asthma severity and the number of severe exacerbations in the previous year as 

covariates, only the number of severe exacerbations remained associated with the 

presence of exhaled propanoic acid (OR = 1.82; 95% CI, 1.06-2.13; p= 0.031) 

(supplementary material, table 2). However, the overall model did not reach statistical 

significance (p = 0.17), likely due to interindividual variability or limited statistical power. 

Although propanoic acid was more frequently detected in patients with a history of 

exacerbations, no significant linear trend was observed when VOCs were analyzed 

according to the number of exacerbations during the past year (Supplementary material, 

table 4).  

 

A positive bronchodilator response (increase in FEV1 of at least 12% and 200 mL from 

baseline) during follow-up was observed in 12 patients (10%), with no significant 

differences between asthma control groups (supplementary material, table 2). 

 

In this multicenter study, propanoic acid was detected more frequently in the exhaled 

breath of asthma patients presenting clinical risk factors for exacerbations. Due to the 

characteristics of the study, this association should be interpreted as exploratory and 

requires confirmation in longitudinal studies.  

 

Compared with previous VOC studies, our work provides insight into real-world 

exacerbation risk factors rather than focusing solely on inflammatory phenotypes.  

Analysis of exhaled VOCs reflects airway biochemical activity and has been proposed as 

a noninvasive complementary tool for asthma assessment (10). The field of breathomics 

must transition from the academic research setting to clinical implementation through 

standardization of the technique and reproducibility in real-world conditions, adjusting 

for confounders.  

 

Propanoic acid has been investigated in asthma for diagnostic and mechanistic purposes. 

From a biological standpoint, the association between elevated exhaled propanoic acid 

and exacerbation risk may reflect a complex interplay between airway inflammation, 

oxidative stress, and microbial activity. Compared with established exacerbation-risk 

indicators, propanoic acid may capture an additional oxidative-stress–related signal not 
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reflected by traditional biomarkers. This stress could promote persistent subclinical 

inflammation and epithelial vulnerability, which may ultimately predispose patients to 

future exacerbations, supporting its potential utility as an early biomarker of 

exacerbation-prone asthma. 

 

This study has limitations that should be taken into account. First, this study is 

exploratory in nature, and the findings should be interpreted as hypothesis-generating 

rather than confirmatory. The cross-sectional design does not allow evaluation of 

temporal relationships, and therefore the potential role of propanoic acid as a biomarker 

of future exacerbations remains speculative. Although propanoic acid showed an 

association in univariate analyses, the overall multivariable model did not reach 

statistical significance, suggesting that the observed relationships may be influenced by 

interindividual variability and limited statistical power. Strengths of the study include its 

multicenter design, standardized sampling and analysis procedures, and the inclusion of 

a well-characterized population. These features enhance the reliability of the results and 

support the potential clinical applicability of exhaled VOC profiling. 

 

In conclusion, propanoic acid was more frequently detected in the exhaled breath of 

patients with clinical risk factors for exacerbations. However, these preliminary results 

should be interpreted as hypothesis-generating. Longitudinal validation studies with 

quantitative VOC assessment are needed to clarify the biological significance and 

potential clinical utility of propanoic acid in identifying patients at increased risk of future 

exacerbations.  
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Figure 1. Association between volatile organic compounds and risk of exacerbations.  
 

 

 

Figure 2. Association between identification of propanoic acid in exhaled breath and 
presence of clinical risk factors for asthma exacerbation (OR 3.25; 95% CI, 1.04–10.17; 
p=0.027). 
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Supplementary material, table 1. Association between volatile organic compounds and 
asthma control level (n=120). 
 

Supplementary material, table 2. Multivariate logistic regression analysis of factors 
associated with elevated exhaled propanoic acid levels (n=83) 
 

Supplementary material, table 3. Association between volatile organic compounds and 
positive bronchodilator test during follow up (n=89) 
 

Supplementary material, table 4. Association between number of severe exacerbations 
during the last year and VOC detection. 
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Supplementary material, table 1. Association between volatile organic compounds and 
asthma control level (n=120) 
 

VOC Partially controlled 
OR (95% CI) 

Poorly controlled OR 
(95% CI) 

p for linear trend. 
MH test (SD) 

Hexanal 0.647 (0.267-1.568) 0.393 (0.094-1.644) 0.166 (0.893) 
Heptanal 0.382 (0.159-0.920) 0.527 (0.152-1.830) 0.127 (0.120) 
Nonanal 0.865 (0.377-1.984) 1.425 (0.443-4.584) 0.693 (0.401) 
Propanoic 0.980 (0.386-2.491) 0.595 (0.138-2.566) 0.564 (0.625) 
Nonanoic 3.000 (1.098-8.200) 1.436 (0.345-5.976) 0.316 (0.036) 

 

VOC: volatile organic compounds. CI: confidence interval. MH: Mantel-Haenszel. OR: 
odds ratio.  
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Supplementary material, table 2. Multivariate logistic regression analysis of factors 
associated with elevated exhaled propanoic acid levels (n = 83) 
 

Propanoic OR (95% CI) p value 

Tobacco exposure 1.642 (0.500–5.393) 0.414 

FEV1 (% of predicted value) 0.989 (0.959–1.020) 0.472 

FeNO (ppb) 0.999 (0.985–1.015) 0.985 

Blood eosinophils 1.003 (0.999-1.006) 0.066 

Sex 0.608 (0.166-2.220) 0.451 

Age 0.997 (0.963-1.032) 0.869 

Asthma severity 0.777 (0.342-1.770) 0.549 

Exacerbations in the last year 1.817 (1.057-3.126) 0.031 

_cons 0.575  

 

CI: confidence interval. FeNO: fraction exhaled nitric oxide. FEV1: forced vital capacity 
in the first second. OR: odds ratio. Ppb: parts per billion.   
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Supplementary material, table 3. Association between volatile organic compounds and 
positive bronchodilator test during follow up (n=89) 
 

VOC Positive BDT (n=12) Pearson 

Hexanal 0.611 (0.123-3.037) 0.534 

Heptanal 1.174 (0.321-4.289) 0.808 

Nonanal 2.317 (0.673-7.982) 0.175 

Propanoic 1.765 (0.474-6.576) 0.393 

Nonanoic 0.611 (0.123-3.036) 0.543 

 

BDT: bronchodilator test. VOC: volatile organic compounds.   
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Supplementary material, table 4. Association between number of severe exacerbations 
during the last year and VOC detection. 
 

VOC 1 exacerb. 
in the last 
year OR  
(95% CI) 
n=18 

2 exacerb. 
in the last 
year OR 
(95% CI) 
n=8 

3 exacerb. 
in the last 
year OR 
(95% CI) 
n=2 

5 exacerb. 
in the last 
year OR 
(95% CI) 
n=3 

p (linear 
trend), 
MH test 
(SD) 

Hexanal 1.44 

(0.48-4.26) 
2.870 

(0.66-12.42) 
1 1 0.817 

(0.230) 
Heptanal 0.90  

(0.59-1.37) 
2.048  
(0.73-5.78) 

1.54 

(0.34-6.91) 
1 0.617 

(0.256) 
Nonanal 1.84  

(0.66-5.11) 
1.472  
(0.35-6.27) 

1.47 

(0.09-24.31) 
0.74 

(0.06-8.42) 
0.688 
(0.673) 

Propanoic 0.61  
(0.16-2.30) 

1.015 

 (0.19-5.40) 
1 1 0.080 

(0.060) 
Nonanoic 1.28  

(0.43-3.78) 
1.536  
(0.34-6.91) 

2.56 

(0.15-42.53) 
5.12 

(0.44-59.01) 
0.110 
(0.980) 

 

 

CI: confidence interval. Exacerb: exacerbation. OR: odds ratio. VOC: volatile organic 
compounds.  
 

 


