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ABSTRACT
Objectives: Childhood obesity affects multiple organs in the body and is associated with 
both significant morbidity and ultimately premature mortality. Childhood obesity, especially 
dyslipidemia, can lead to early atherosclerosis and premature cardiovascular disease (CVD) 
in adulthood. The detection of exhaled volatile organic compounds (VOCs) in the breath offers 
the opportunity for the discovery of novel disease-specific biomarkers. This study aimed to 
identify VOCs that correlate with childhood obesity accompanied by dyslipidemia. Methods: 
A total of 82 overweight or obese children between the ages of 8 and 12 years were recruited 
from the exercise on obesity adolescents in Peking (EXCITING) study (NCT04984005). The 
breath VOCs of the participants were measured by gas chromatography-mass spectrometry 
(GC-MS). The classification was performed using principal component analysis (PCA) of the 
relative abundance of VOCs. The difference between the obese and overweight groups with or 
without dyslipidemia was analyzed. Results: Among the 82 children, 25 were overweight, of 
whom 10 had dyslipidemia. The other 57 children were obese, and 17 of them had dyslipidemia. 
Obese children with dyslipidemia had higher triglycerides and elevated non–high-density 
lipoprotein-cholesterol compared to overweight children without dyslipidemia. We confirmed 
13 compounds based on database well matches (average score > 80) for mass spectra and 
refractive index. These 13 VOCs were grouped into three chemical functional groups: saturated 
hydrocarbons, aromatic hydrocarbons and unsaturated aldehydes. For obese children with 
dyslipidemia, the PCA scatter plot of the three chemical groups was obviously separated from 
the other groups. Some of the candidates, including heptadecane, naphthalene, and cis-6-
nonnenol, were significantly higher in obese children with dyslipidemia than in overweight 
groups with or without dyslipidemia. Conclusion: A suite of VOCs from three chemical 
function groups, saturated hydrocarbons, aromatic hydrocarbons, and unsaturated aldehydes, 
were separated in the obese children with dyslipidemia. Heptadecane, naphthalene, and 
cis-6-nonenol were significantly elevated in obese children with dyslipidemia. Our findings 
underscore the potential value of the candidate VOCs for future risk categorization.
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INTRODUCTION

Obesity is becoming increasingly prevalent in pediatric 
populations worldwide. Among children and adolescents 
aged 5–19 years, the prevalence of  obesity has increased 
even more dramatically: obesity increased from less than 
1% in 1975 to 6% in girls and 8% in boys in 2016. This 
percentage is equivalent to more than 124 million obese 
children and adolescents worldwide.[1] Childhood obesity 
affects multiple organs in the body and is associated 
with both significant morbidity and ultimately premature 
mortality.[2] Mendelian randomization in adolescents 
and young adults indicated that increased adiposity with 
multiple cardiometabolic risk markers adversely influences 
the metabolite profile, implying that identifying key 
metabolic markers of  adiposity during early life could 
help to facilitate the early monitoring and prevention of  
cardiovascular diseases in later life.[3]

The analysis of  volatile organic compounds (VOCs) in the 
breath for noninvasive disease detection and monitoring is 
an emergent research field that has the potential to reshape 
current clinical practice.[4,5] The detection of  exhaled VOCs in 
the breath offers the opportunity for the discovery of  novel 
disease-specific biomarkers.[6] Patterns of  VOCs, as detected 
by an electronic nose, can distinguish patients with chronic 
obstructive pulmonary disease from those with asthma.[7]

Breath testing is a simple and safe alternative to more invasive 
investigations in children. Breath VOCs could be useful for 
childhood obesity screening and phenotyping, identifying 
children who could benefit from personalized therapeutic 
strategies.[8] One study demonstrated that a panel of  four 
VOCs could identify the presence of  overweight/obesity 
with excellent accuracy. Further analysis revealed that breath 
isoprene, 1-decene, 1-octene, ammonia, and hydrogen sulfide 
were significantly higher in the obese group than in the lean 
group.[9] To date, the significance of  VOCs in childhood 
obesity with dyslipidemia remains elusive.

Therefore, this study aimed to assess (1) the feasibility of  
breath VOC testing using untargeted gas chromatography-
mass spectroscopy (GC-MS) to distinguish obese children 
with dyslipidemia and (2) the ability to identify VOCs 
that correlate with childhood obesity accompanied by 
dyslipidemia. The different categories of  VOCs observed 
could help to provide insights into the pathophysiological 
processes and pathways leading to the development of  
childhood obesity with dyslipidemia.

METHODS

This study was designed and performed in accordance 
with the Declaration of  Helsinki and after obtaining 

approval from the institutional review board of  Peking 
University Third Hospital (Approval No. LM2021316). 
Written informed consent was obtained from participants 
and parents. A schematic diagram of  the study design and 
procedures is shown in Figure 1.

Participant recruitment
A total of  87 overweight or obese children between the 
ages of  8 and 12 years were recruited from the exercise 
on obesity adolescents in Peking (EXCITING) study 
(NCT04984005), and five of  them were excluded because 
of  abnormal liver function or routine blood examination 
results. Demographic data were obtained, and clinical 
variables were recorded, including standard procedures for 
height and weight. The body mass index (BMI) was also 
calculated for each child.

Overweight was defined by a BMI ≥ 85th percentile, and 
obesity was defined by a BMI ≥ 95th percentile adjusted 
for age and gender.[10] Dyslipidemia in this pilot study 
was defined as having one or more of  the following 
three criteria for childhood metabolism syndrome: (1) 
low high-density lipoprotein (HDL)-cholesterol, defined 
as concentrations < 1.03 mmol/L (40 mg/dL); (2) 
elevated non-HDL-cholesterol (non-HDL-C), defined 
as concentrations ≥ 3.76 mmol/L (145 mg/dL); and (3) 
hypertriglyceridemia, defined as triglyceride (TG) 
level ≥ 1.47 mmol/L (130 mg/dL).[11]

Children with the following conditions were excluded from 
the study: (1) subjects with liver, kidney, pulmonary, or 
heart dysfunction; (2) subjects with any known hereditary 
diseases or malignant tumors; (3) subjects with allergic 
diseases or with any recent drug history within 2 weeks 
before admission; (4) subjects with acute and/or chronic 
infections; (5) subjects intolerant to exercise training; and 
(6) subjects with any evidence of  a psychiatric disorder.

Exhaled breath collection
All the study subjects fasted overnight without breakfast 
before the collection of  the breath sample to reduce 
contamination by food. Given that all the participants were 
children, we simplified the gas collection process to ensure 
feasibility. After 5 min of  tidal breathing, the participants 
inhaled maximally, and the expiratory port was connected 
to a 2-L disposable Teflon® FEP bag, which was capped, 
transferred, and analyzed within 6 h. All the standardized 
gas collection processes were under the supervision of  one 
of  the experimenters. To standardize the conditions, the 
indoor air was also collected for background elimination.

Untargeted GC–MS and raw data processing
The exhaled breath samples were analyzed using a Q Exactive 
GC Orbitrap mass spectrometer (Thermo Scientific, 
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Figure 1: The schematic flowchart of the study design and procedures of the present study. GC-MS: gas chromatography-mass spectroscopy.

USA) at Peking University Analytical Instrumentation 
Center. All exhaled breath samples were processed with 
solid-phase microextraction (SPME). A 50/30 μm DVB/
CARBOXEN/PDMS-coated 24 G needle was introduced 
by first piercing the SPME fiber sheath into the sampling 
bags, and then the breath sample was exposed and placed 
in a 37℃ incubator for 30 min before the fiber was retracted 
and secured in the SPME fiber sheath.

The SPME needle was withdrawn and immediately 
introduced into the GC injection port, and the fiber was 
exposed to the 200℃ inlets for 30 s to release the absorbed 
compounds. The GC oven temperature gradient was 
programmed as follows: begin at 40℃, hold at 40℃ for 1 
min, ramp to 180℃ at a rate of  5℃/min, and hold at 180℃ 
for 2 min, with a total run time of  31 min. The MS transfer 
line temperature was 250℃, the ion source temperature was 
200℃, the electron energy was 70 eV, and a mass-to-charge 
ratio (m/z) range of  30–550 was scanned.

TraceFinder software, version 5.0 (Thermo Fisher 
Scientific, Waltham, MA, USA) was used to process the 
data automatically. All potential VOCs were cataloged 

in a “breath matrix” and sorted by retention index, mass 
spectra, and subsequent deconvolution, peak area, and 
relative abundance. The original data were the GC-MS 
peak intensity with the background signal removed. The 
breath matrix was refined by iterations of  validation and 
data processing to remove VOCs present in environmental 
air; the identities of  coeluting components and aligned 
data were verified to correct for “between-run” shifts in 
retention behavior.

Statistical analysis
Statistical analysis was performed with GraphPad Prism 
software, version 8 (GraphPad Software Inc., La Jolla, 
CA, USA) or IBM SPSS statistics software (version 23.0; 
IBM Corp., Armonk, NY, USA). Two-way analysis of  
variance (ANOVA) and post hoc analysis were performed 
to compare the obese versus overweight groups with or 
without dyslipidemia. Pearson’s chi-square test was used 
for categorical factors. A normal distribution was found 
for all continuous variables. Data are presented as the 
mean ± standard error. P < 0.05 was considered statistically 
significant. The classification was performed using principal 
component analysis (PCA) of  the mass scanning peaks, 
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namely, the relative abundance of  VOCs, by the online free 
tutools platform (http://www.cloudtutu.com).

RESULTS

Participants’ characteristics
A total of  82 overweight or obese adolescents were 
ultimately included. The demographic features and 
laboratory examination results are listed in Table 1. 
Among the subjects, 25 were overweight with BMI ≥ 85th 
percentile, and 10 of  them had dyslipidemia. The other 
57 were obese children with BMI ≥ 95th percentile, and 
17 of  them had dyslipidemia. There was no significant 
difference in routine blood examinations, liver function 
(aspartate aminotransferase), or kidney function (creatine) 
among obese individuals with dyslipidemia, obese 
individuals without dyslipidemia, overweight individuals 
with dyslipidemia, and overweight individuals without 
dyslipidemia. Obese children with dyslipidemia had higher 
TGs and elevated non-HDL-c than overweight children 
without dyslipidemia. Interestingly, children with obesity 
with dyslipidemia had a slightly elevated leukocyte amount 
compared with those who were overweight without 
dyslipidemia.

Categorization of metabolomic breathprint in 
obesity with dyslipidemia
Stepwise variable selection was performed using the 
mass scanning ion peak data. A total of  138 VOCs were 
obtained after data pretreatment, such as deconvolution, 
background subtraction, and peak alignment. To exclude 
exogenous compounds, Human Metabolome Database 
(HMDB) annotations were used to select the putative 
metabolites, and 56 VOCs met the criteria. We confirmed 
13 compounds based on database well matches (average 
score > 80) for mass spectra and refractive index. For 
these 13 VOCs, PCA scatter plots showed separation 
among obese and overweight participants with or without 
dyslipidemia (Figure 2). According to the chemical 
characteristics, VOCs were grouped into three chemical 
functional groups: saturated hydrocarbons, aromatic 
hydrocarbons, and unsaturated aldehydes. For obesity 
with dyslipidemia participants, the PCA scatter plot of  the 
three previously mentioned chemical groups was obviously 
separated from the other groups. The results revealed that 
this group had some potential characteristics compared 
with the others.

VOC changes in children with obesity with 
dyslipidemia
The relative abundances of  some saturated hydrocarbons, 
such as heptadecane, undecane, and dodecane, showed 
increasing trends in obese children with dyslipidemia (Figure 

3A). Heptadecane, one of  the candidates of  the saturated 
hydrocarbons, was statistically significantly higher in obese 
children with dyslipidemia than in overweight children with 
ortholiposis (P < 0.01). At the same time, Figure 3B shows 
that four aromatic hydrocarbon VOCs—naphthalene, 
methylnaphthalene, benzene, 1,2,3,4-tetramenthyl, and 
phenol—were present at higher levels in the obese children 
with dyslipidemia. Naphthalene, one of  the selected 
aromatic hydrocarbons, was significantly higher in obese 
children with dyslipidemia than in overweight children 
with or without dyslipidemia (all P < 0.05). As shown in 
Figure 3C, a suite of  unsaturated aldehydes, such as cis-6-
nonenol, 2-ocetenal, and d-limonene, were also elevated in 
obese children with dyslipidemia. Furthermore, the relative 
abundance of  cis-6-nonenol was significantly higher in 
obese children with dyslipidemia than in the overweight 
children with ortholiposis (P < 0.05).

Figure 4 shows a comparison of  the selected extraction 
chromatography of  the breath from an obese child and 
an overweight child with or without dyslipidemia for these 
three category compounds.

DISCUSSION

The principal findings of  this study are as follows: (1) 
obese children with dyslipidemia have a unique pattern 
of  VOCs compared with overweight children without 
dyslipidemia and (2) a suite of  saturated hydrocarbons, 
aromatic hydrocarbons, and unsaturated aldehydes are 
elevated in obese children with dyslipidemia. These findings 
could provide a potential strategy to classify the high risk 
of  childhood obesity with dyslipidemia.

Over the last few decades, obesity has become an increasing 
public health problem worldwide.[12] Obesity is associated 
with hypertension, angina, hypertension, diabetes, and 
arthritis, and it leads to a wide variety of  other illnesses.[13–15] 
The increasing prevalence of  obesity in childhood and 
adolescence poses an ever-increasing problem since a large 
proportion of  overweight children tend to become obese 
adults.[16,17] Obesity, especially dyslipidemia, begins at an 
early age and significantly increases cardiovascular risk 
later in life.[18] As previous studies have revealed,[19] our 
data also showed that obese children with dyslipidemia 
had both higher TG and non-HDL-c levels. However, 
our study demonstrated that obese children might not 
always have dyslipidemia and vice versa. This different 
phenotype of  dyslipidemia or obesity could arise from 
different internal mechanisms and incur future risks.[20] 
The method of  differentiating various types of  obesity 
with or without dyslipidemia will benefit the understanding 
and treatment of  certain complications. Traditional 
methods, including laboratory examinations, have shown 
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limitations in diagnostic efficiency. The innovative method 
of  noninvasive detection of  breath VOCs could offer the 
opportunity to dive in greater depth.

Human breath offers several benefits for diagnostic 
applications in children, including simple access and 
noninvasive collection. Breath is a rich source of  clinically 
relevant biological information. The assessment of  VOCs 
for disease diagnosis or prognosis is a growing area of  
research.[4] Some researchers have demonstrated that 
breath tests could dramatically improve the early detection 
of  conditions such as lung cancer or noncommunicable 
chronic disease.[21] A panel of  VOCs, including ethylbenzene, 
2-octenal, and octadecyne, was found to differentiate 
asthmatic children from healthy children.[22] Moreover, 
exhaled VOCs from chronic obstructive pulmonary 
disease patients, such as nitric oxide, have the ability to 
distinguish unstable patients from stable patients. Exhaled 
VOCs or their relative concentrations might provide 
childhood obesity clues or risk classification. A previous 
study found that a panel of  VOCs, including isoprene, 
1-decene, 1-octene, ammonia, and hydrogen sulfide, could 
identify the presence of  overweight/obesity with excellent 
accuracy.[9]

In the present study, we screened three categories of  

different VOCs, including saturated hydrocarbons, 
aromatic hydrocarbons, and unsaturated aldehydes, which 
were discrepant between obese children with and without 
dyslipidemia. Some of  the compounds are components 
of  microorganisms or are metabolized by the microbiome 
in the human body,[23,24] and they have been found to 
possess biological functions. Phenol is involved in sulfur 
metabolism and has been reported to be a uremic toxin 
that is elevated in chronic kidney disease patients.[25,26] Some 
saturated hydrocarbons, such as heptadecane and dodecane, 
have shown anti-inflammatory and antiallergic effects 
in rats.[27,28] Many studies have reported that d-limonene 
effectively plays a valuable role in the prevention of  several 
neoplastic and degenerative diseases.[29,30] Recently, it has been 
reported that volatile hydrocarbons and aldehydes in body 
fluids and breath are attributed to oxidative stress.[31] Some 
studies have demonstrated that a source of  hydrocarbons 
and aldehydes in exhaled breath is the peroxidation of  
lipids.[32,33] The process can be mediated by enzymes, such 
as lipoxygenase, cyclooxygenases, or cytochrome P450 
(CYP450),[34] or nonenzymatic peroxidation through 
oxygen radical oxidative routes.[35] To some extent, exhaled 
hydrocarbons and aldehydes in this study might represent 
a state of  inflammation in obesity with dyslipidemia. 
Coincidentally, our study showed that obese children with 
dyslipidemia had slightly higher leukocytes than overweight 

Table 1: Participants’ characteristics and related parameters
Characteristics Control (n = 55) Dyslipidemia (n = 27)

Overweight (n = 15) Obesity (n = 40) Overweight (n = 10) Obesity (n = 17)

Age, yr 10 ± 1 10 ± 1 10 ± 1 10 ± 1

Male, n 3 20 4 9

Height, cm 148.2 ± 7.7 148.4 ± 7.6 148.7 ± 6.1 147.6 ± 6.4

Weight, kg 46.4 ± 5.6 56.9 ± 9.5* 47.9 ± 5.6 56.6 ± 10.0

BMI, kg/m2 21.0 ± 0.9 25.7 ± 2.7**** 21.6 ± 0.9 25.8 ± 3.1#

Glucose, mmol/L 5.2 ± 0.3 5.0 ± 0.3 5.0 ± 0.2 5.1 ± 0.4

HbA1c, % 5.3 ± 0.2 5.4 ± 0.2 5.3 ± 0.1 5.5 ± 0.3

Non-HDL-C, mmol/L 2.82 ± 0.59 2.74 ± 0.46 4.66 ± 0.51**** 3.57 ± 0.74##$$$$

TG, mmol/L 0.75 ± 0.23 0.83 ± 0.24 0.87 ± 0.26 1.52 ± 0.65##$$$$

HDL-C, mmol/L 1.46 ± 0.19 1.38 ± 0.19 1.40 ± 0.23 1.23 ± 0.30

ApoA1, g/L 1.33 ± 0.19 1.35 ± 0.17 1.36 ± 0.24 1.32 ± 0.24

ApoB, g/L 0.62 ± 0.10 0.64 ± 0.10 0.97 ± 0.14**** 0.81 ± 0.14#$$$$

AIP 1.97 ± 0.54 2.03 ± 0.48 3.44 ± 0.79**** 2.96 ± 0.62$$$$

WBC, ×109/L 6.93 ± 1.20 7.10 ± 1.09 7.14 ± 1.88 7.72 ± 1.17*

HGB, g/L 134 ± 8 138 ± 8 136 ± 6 137 ± 7

Platelet, ×109/L 329 ± 59 336 ± 54 370 ± 65 341 ± 57

AST, U/L 23 ± 5 26 ± 8 27 ± 4 30 ± 20

Cr, μmol/L 55 ± 5 55 ± 7 52 ± 5 56 ± 4

25-OH vitamin D, ng/mL 17 ± 6 18 ± 5 17 ± 3 18 ± 4

Data are presented as mean ± SD. *P < 0.05 versus overweight control, ****P < 0.0001 versus overweight control, #P < 0.05 versus overweight dyslipidemia, 
##P < 0.01 versus overweight dyslipidemia; $$$$P < 0.0001 versus overweight control. AST: aspartate transaminase; AIP: atherogenic index of plasma; BMI: 
body mass index; Cr: creatinine; Hb1Ac: glycated hemoglobin; HDL-c: high-density lipoprotein-cholesterol; HGB: hemoglobin; non-HDL-c: non–high-density 
lipoprotein-cholesterol; TG: triglyceride; WBC: white blood cell. 
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children without dyslipidemia. Since inflammation is a key 
mediator of  several metabolic diseases,[36] the elevation of  
certain VOCs in obese children with dyslipidemia could 
contribute to the transitional status of  diseases such as 

atherosclerosis, diabetes mellitus, and nonalcoholic fatty 
liver disease and progression from obesity with dyslipidemia 
to adult cardiovascular diseases. Exhaled VOCs might play 
an important role in the dynamic monitoring of  obese 
children with dyslipidemia with the potential ability to 
predict the prevalence of  adult illnesses.

Our study has several limitations, including that only 
overweight or obese individuals were enrolled in the 
study. This fact is partially due to the EXCITING study 
focusing on this group of  children, and the primary aim 
was to evaluate the effects of  exercise training on these 
children This study was cross sectional, and the VOCs 
were determined at a single time point. Performing serial 
breath testing on children in both healthy and obese states 
could help us to better understand the effects of  changes in 
VOCs on different biological processes and their potential 
impacts on obesity development and progression. Second, 
the results in the present study will need to be verified 
in a validation cohort since the preliminary findings 
were obtained in an 82-subject cohort. In addition, 
the breath VOCs were collected with bags, which are 
convenient, inexpensive, and disposable for protection 
from potentially infectious samples. However, there are 
also potential drawbacks, including compound degradation 
and compound interactions within the bag. Therefore, 
sorbent tubes or electronic noses have been introduced in 
some other studies. Finally, the VOCs lacked quantitative 
analysis, and exogenous VOCs were eliminated from the 
database, which might have affected the interpretation of  
VOCs from a fuller perspective.

This work provides a strategy to dive into the potential 
VOCs to classify risk in childhood, revealing promising 
new clues for future studies to investigate obese children 
with dyslipidemia.

CONCLUSION

In the present study, a suite of  VOCs from three chemical 
function groups, saturated hydrocarbons, aromatic 
hydrocarbons, and unsaturated aldehydes, were separated 
in obese children with dyslipidemia. Heptadecane, 
naphthalene, and cis-6-nonenol were significantly elevated 
in obese children with dyslipidemia. Our findings could 
reveal the potential value of  the candidate VOCs for future 
risk categories.

Availability of Data and Materials
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available from the corresponding author on reasonable 
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Figure 2: Principal component analysis of certain categories of VOCs and a 
scatter plot showing separation among obesity and overweight participants with 
or without dyslipidemia. (A) Saturated hydrocarbons, (B) aromatic hydrocarbons, 
and (C) unsaturated aldehydes. VOCs: volatile organic compounds; PCA: principal 
component analysis.
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Figure 3: Relative levels of specific VOCs in obese and overweight children with or without dyslipidemia. (A) Saturated hydrocarbons, including heptadecane, 
undecane, dodecane, tridecane, tetradecane, and pentadecane. (B) Aromatic hydrocarbons, including naphthalene, methylnaphthalene, benzene, 
1,2,3,4-tetramenthyl, and phenol. (C) Unsaturated aldehydes, including cis-6-nonenol, 2-octenal, and d-limonene. *P < 0.05; **P < 0.01. VOCs: volatile organic 
compounds.
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