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Abstract: Ischemic heart disease (IHD) is a global health crisis exacerbated by diagnostic and
preventive challenges. This study investigated associations between lipid profiles, inflammation
biomarkers, and exhaled volatile organic compounds (VOCs) in IHD using machine learning. Eighty
participants (31 IHD patients confirmed by computed tomography perfusion [CTP]; 49 controls)
underwent CTP, breath analysis (PTR-TOF-MS-1000), and blood testing. LASSO regression with
cross-validation analyzed links between VOCs, lipid parameters (HDL, LDL, ApoB, Lp(a), total
cholesterol), and inflammation markers (IL-6, CRP). Controls showed minimal plasma biomarker-
VOC correlations, whereas IHD patients demonstrated strong lipid-VOC relationships: HDL
positively correlated with m/z 49.995 (r=0.31), and total cholesterol inversely with m/z 94.053
(r=—0.35). Key discriminative VOCs included 2-ethyl-2,5-dihydro-4,5-dimethylthiazole, HO3PS2,
CHS8NB3P, and m/z 49,995.01251. IHD patients exhibited dynamic lipid-VOC interactions post-stress
(e.g., ApoB, LDL), absent in controls. Inflammation markers had limited direct VOC ties but unique
patterns: IL-6 inversely linked to total cholesterol in patients, contrasting with CRP/HDL correlations
in controls. These findings highlight VOC-lipidome networks as potential non-invasive biomarkers
for IHD-specific metabolic dysregulation. Integrating breathomics with machine learning may
advance early diagnosis and personalized risk stratification, addressing critical gaps in IHD
management.

Keywords: IHD; mass spectrometry; inflammasome and lipidome; CTP; breathome and machine
learning models

Introduction

Ischemic heart disease is can be described as a global health emergency due to the dramatic
increase in the number of the victims annually. This returns to the poor early diagnostic and
preventive techniques. Therefore, development an easy, rapid, cost effective, and available in the
outpatient and the inpatient department is urgent. Application of the exhaled breath analysis for
the diagnosis of ischemic heart disease (IHD) is novel sector in the cardiology. Several methods and
techniques have been used to assess the changes in the exhaled breath analysis biochemical
components including the usage of selected e-nose sensors and mass spectrometers that work on the
time of flight or requires pre-preparation for the obtained sample of the exhaled breath. Some
published papers reported that exhaled breath analysis can be used as a mirror of the heart health
including ischemia [1-4].

Volatilome is a wide term used to describe the biochemical components of the exhaled breath,
called volatile organic compounds (VOCs). The current investigation did not cover the IHD
associated exhaled breath biomarkers changes. Moreover, there no single study reported the changes
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in the lipidome and inflammasome in patients with IHD confirmed by the stressed computer
tomography myocardial perfusion (CTP) imaging. Additionally, studying if there is any correlation
between the exhaled breath biomarkers and the lipidome and inflammasome biomarkers in IHD
patients has not yet to be investigated.

Recent study demonstrated that patients with coronary artery disease experience elevation in
the acetone, ethanol, and phenol in their exhaled breath [5]. However, the study suffers from the lack
of clear inclusion and exclusion criteria (did not exclude diabetes mellitus and chronic heart failure
patient), narrow spectrum of the VOCs (only 36), small sample size, offline method of analysis, and
the absence of the bias section in the paper. More recent study performed on 80 participants, 31
patients with ischemic heart disease confirmed by positive myocardial perfusion defect on the
stressed computer tomography myocardial perfusion (CTP) with stress test using the adenosine
triphosphate (ATP) discriminated IHD patients from healthy with diagnostic accuracy of 84 % using
the exhaled breath analysis through PTR-TOF-MS-1000 [6].

The current research directed to address the changes in the breathome biomarkers and find if
there is a correlation with the cardiac lipidome and inflammasome biomarkers.

Material and Methods

Study Design

Single center and cross-sectional study with diagnostic purpose. The study follows the case-
control regime. The included participants gave a written informed consent to participate in the study
and publish any associated pictures. The study confirmed by the local ethical committee of the
University and registered at the clinicaltrials.gov (NCT06181799). The research performed in
accordance with the recommendations of the Good Clinical Practice. The full study protocol available
at the clinical trials website (https://clinicaltrials.gov/study/NCT06181799?a=1).

Data Collection

The data collected from the hospital number 1 of the Sechenov University for the period of
October 27, 2023 till June 11, 2024. The study protocol registered at the clinicaltrials.gov for better
comprehension of the data collection.

Instrumental Analysis

All the instrumental and laboratory analysis conducted with high quality standards and
according to the Helinski agreement and Good clinical Practice guidelines.

Stressed Computer Tomography Myocardial Perfusion (CTP) Imaging with ATP

Before performing the stressed computer tomography myocardial perfusion (CTP) imaging, all
the participants present results of the venous creatinine level, not older than 30 days, eGFR
(estimated glomerular filtration rate) according to the 2021 CKD-EPI creatinine > 30 ml/min/1,73 m2,
according to the recommendation for using this formula by the National kidney foundation and the
American Society of Nephrology [7-10].

The participants of both groups got catheterization in the basilar vein or the radial vein for
injection of contrast and Natrii adenosine triphosphate (10 mg/1ml) to induce pharmacological stress
test to the heart by increasing heart rate. Then using the catheter for contrast injection during the
procedure of the computer tomography.

To prepare the Natrii Adenosine Triphosphate, a 3ml of Adenosine Triphosphate dilute in 17 ml
of isotonic Sodium Chloride solution 0.9%, the injected volume of the diluted drug in milliliters is
calculated by body weight. For 1 dose, take 3 ml of adenosine triphosphate (3 ampoules of each 1 ml
(10mg)) + 17 ml of isotonic solution of sodium chloride 0.9% in one syringe, 20 ml. For one patient,
manually inject intravenously (IV) through the already inserted catheter at a rate of 300 pg/kg/2
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minutes, depending on weight: 60 kg =12 ml, 70 kg =14 ml, 80 kg =16 ml, 100 kg =20 ml of the full
dose.

Stress computed tomography myocardial perfusion (CTP) imaging (done on Canon «Aquilion
One Genesis» device with 640 slice, 0,5mm thickness) with contrast (Omnipaque, 50 ml). Firstly, make
image to evaluate the calcification level in the valves and the ascending aorta. Then, inject the contrast
and make a rest image for myocardial perfusion, then the patient continues lying on the apparat for
20 minutes and then inject in to the catheter the Natrii Adenosine Triphosphate (10 mg/1ml)
according to body weight to cause pharmacological stress test to the heart during two minutes. Then
make and image of the myocardial perfusion after stress test immediately, the image must be done
in less than 30 seconds.

Mass Spectrometry (PTR-TOF-MS-1000)

All participants, at rest, passed real time mass spectrometry (MS) within one minute using a PTR
TOF-1000 (IONICON PTR-TOEF-1000-MS - Trace VOC Analyzer, Eduard-Bodem-Gasse 3, 6020
Innsbruck, Austria (Europe). The analysis of exhaled air was carried out in the hospital at morning,
on an empty stomach, without toothbrushing. All participants abstained from food and liquids
(except water) and exercise training for 6-8 hours before breathing [11]. Participants used disposable
and sterile mouthpieces, and according to the manufacturer's instructions, additional filters were not
required. All participants breathed into the sampler for 1 minute (during this time from 12 to 16
exhalation cycles are analyzed). The ionized molecules were separated by their m/z and subsequently
detected. Full scan mass spectra were obtained in the 10-685 mass-to-charge ratio (m/z) with a scan
time of 1000 ms and primary ion H30+. The temperature of T-Drift and T-Inlet was 80 °. The cabinet
where participants exhale is calm and free from harmful air pollutants like smoking or volatile
organic compounds that could affect the accuracy of the results. When they went to the hospital from
home, they either used public transportation or their own vehicles to avoid the physical stress test,
which could affect their exhaled breath.

Blood Analysis

During the day of the study, in the morning, all participants underwent a single venous blood
sampling (bicycle ergometry, vascular stiffness test, single-channel ECG, exhaled air analysis,
followed by blood and/or myocardial perfusion, then blood sampling). Venous blood was taken from
the participants of the biochemical test tube in the volume of 10 ml. Then the blood was centrifuged
at a speed of 2000 rpm for 20 minutes. The centrifuged plasma was then distributed to the 7 tested
eppendorfs using pipettes. The Eppendorf was then marked with the participant's full name, all 7
eppendorfs were placed in one bag, and the participant's full name, date of birth, date of blood sample
collection, and the investigator's mark were signed on the back. After that, the bag was placed in a
special thermostat-refrigerator at a temperature of -82-84 ° C. At the end of collection from all
patients, we sent frozen plasma samples to the laboratory, frozen cells, baggage, for analysis for the
determination of total cholesterol, low-density lipoprotein (LDL), very low-density lipoprotein
(VLDL), high-density lipoprotein (HDL), triglycerides (TAG), C-reactive protein (CRP), lipoprotein
a, apolipoprotein B, and interleukin-6 (IL-6). Lipid profile analyses (OX, LDL, VLDL, HDL, TAG,
APO B, Lipoprotein (a)) were carried out on the Beckman Coulter AU-5800 automatic biochemical
analyzer (Beckman Coulter Inc., 250 S Kraemer Blvd, Brea CA 92821-6232, dated September 21, 2011,
No FSZ2011/10584), Vector Best reagents. The analysis of CRP and IL-6 was carried out on a Beckman
Coulter AU-5800 device (Beckman Coulter Inc., 250 S Kraemer Blvd, Brea CA 92821-6232, dated
September 21, 2011, No FSZ 2011/10584), Vector Best reagents. The following kits were used for CRP
and IL-6; SRB-ELISA-BEST highly sensitive RU No RZN 2016/3872, and Interleukin-6-ELISA-BEST
RU No RZN 2022/18690 ELISA. ELISA was used to assay inflammasomes (CRP and IL-6). At the same
time, we provided the laboratory with an Excel spreadsheet with the names of the participants and
the necessary tests in order to immediately enter the results into the table and avoid confusion and
errors in the results.
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The reference values that used in the study obtained from the laboratory were the analysis done.
(Table 1)

Table 1. Laboratory reference values for male and female.

Index Male Female
Total cholesterol
(mmol/L) <5.2 <5.2
Triglycerides (mmol/L) <1.7 <1.7
HDL (mmol/L) >1.6 >1.6
LDL (mmol/L) <3.3 <3.3
VLDL (mmol/L) 0.19-0.77 0.19-0.77
Atherogenic index 2235 2935
(calculated)
Apolipoprotein B (g/L) 0,60:1,40 0.55:1.30
Lipoprotein a (mg/L) 0,0 - 300,0 0.0 -300.0
CRP (IU/L) <5 <5
IL-6 (pg/ml) <10 <10
CVD Risk Stratification

For risk stratification, we used the SCORE2, SCORE2-OP for healthy participants and SMART
risk score for individuals with positive perfusion defect on the CTP with stress test. The following
references are used in the calculations [12,13]. (Table 2)

Table 2. Reference Value for SCORE2, SCORE2-OP 11 SMART risk score.

Index SCORE2 SCORE2-OP (70 - 90
40 - 50 years age 50-69 years age years age)
Low <2,5% <5% <75 %
Moderate 2,5-7,5 % 5-10 % 7,5-15 %
High 27,5 % >10 % >15%
Index SMART risk score (30 — 90 years age)
Low <10 %
Moderate 10-19 %
High 20-29 %
Very high 30-39 %
Extremely High >40 %
Statistical Analysis

For quantitative parameters, the nature of the distribution (using the Shapiro-Wilk test), the
mean, the standard deviation, the median, the interquartile, the minimum and maximum values were
determined. For categorical and qualitative features, the proportion and absolute number of values
were determined.

Comparative analysis for normally distributed quantitative traits was carried out on the basis of
Welch's t-test (2 groups); for abnormally distributed quantitative traits, using the Mann-Whitney U-
test (2 groups).

Comparative analysis of categorical and qualitative features was carried out using the Pearson
X-square criterion, in case of its inapplicability, using the exact Fisher test.
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Due to the number of patients in the study groups, as well as the significant number of studied
indicators, a direct criterion comparison with a low probability will show significant differences, and
therefore subsequent analysis was performed using machine learning algorithms.

Selection of Significant Predictors of Perfusion Defect and Evaluation of Model Quality

The study consisted of a number of stages:

1. Determination of exhaled air metabolites associated with the outcome, assessment of the
strength of such a relationship;

2. Assessment of the relationship between plasma lipid spectrum indicators and the fact of taking
lipid-lowering therapy, as well as inflammatory markers (CRP, IL-6) with the outcome;

3. Building associative relationships between plasma biochemical parameters at stage 2 and
selected metabolites in exhaled air in each group (with a perfusion defect and in controls)

Determination of Outcome-Associated Exhaled Air Metabolites and Cross-Validation Using Machine
Learning Models

In the study, there were three time points during which the patient exhaled into a mass
spectrometer.

e  The first point is the Point Baseline - The patient exhaled calmly before any exertion.
e  The second point - After stress - The patient exhaled immediately after the stress test.

e Third point - The patient exhaled after 3 minutes of recovery after the stress test.

The deltas are calculated as the difference between the corresponding endpoint and the starting
point, referred to the starting point. Thus, deltas reflect the relative change in the intensity of the mass
spectra.

After stress — Baseline

Delt 01 =
¢ Baseline

Three minutes after stress — load test completion
Delt 13 =

load test completion

To select metabolites, the XGBoost gradient boosting algorithm was used, which allows ranking
predictors from the most to the least important [14]. Sampling was carried out separately for both
periods: changes in the mass spectra at the time of immediate completion of the load (delt 01) and at
the time of recovery (delt 03). Due to the number of observations to build a robust model, the selection
consisted of 2000 iterations on which resampling was performed with repetitions of the full sample
(n = 80), then the data was normalized (robust normalization of RobustScaler from the scikit-learn
v1.5.2 module), and then the selection of predictors was performed at each iteration. The selection of
predictors was carried out with the determination of the importance of predictors from the gradient
boosting feature importance algorithm The obtained 2000 importance values for each predictor were
averaged over the median, then a general list of significance in descending order was compiled. From
this list, the top predictors with non-zero importance indicators for the model for the periods delt 01,
delt 13 were selected, and predictors common to both periods (common predictors) were selected.

Then, for both periods and common predictors, models (XGBoost) were built using repetitive
cross-validation (5 splits, 10 repeats) to assess the relationship between the selected predictors and
the outcome using ROC analysis, sensitivity, and specificity (the best threshold was calculated using
Youden's index).

Assessment of the Relationship Between Plasma Lipid Spectrum Indicators, the Fact of Taking Lipid-
Lowering Therapy, as well as Inflammatory Markers with the Outcome

A similar predictor selection pipeline was used to assess the relationship between plasma and
drug intake and outcome. It is important to note that the tests were taken at the time before the load.
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Among the indicators are: CRP, IL-6, total cholesterol, its fractions, APO_B, Lipoprotein A, the fact
of taking lipid-lowering therapy.

Associative Relationships Between Plasma Biochemical Parameters and Selected Metabolites in Exhaled Air.

The logic of the study implies that there may be a hypothetical relationship between plasma
parameters and inflammatory factors with metabolites in the exhaled air, while it is different in
healthy subjects and patients.

To conduct a robust assessment of this hypothesis, resampling was performed again over 2000
iterations with repetitions of the full sample and Spearman correlations were calculated for each
iteration. After that, the correlation indicators were averaged over the median across all 2000 virtual
datasets.

From the obtained indicators, associative graphs were constructed, where the edges were lined
up if the average correlation exceeded 0.3 by the built model.

Only those VOCs that were associated with lipid spectrum indicators and inflammatory markers
were used

This pipeline was run separately for both groups (main and control), as well as for 2-time stages
(immediately after physical activity, 0-1 and recovery stage, 1-3) and for common predictors. It was
expected that VOCs could be identified, the changes of which would be associated with lipid
indicators, or with markers of inflammation.

Statistical processing carried out using the R programming language v4.2, Python v.3.10 [*R],
and Statistica 12 programme. (StatSoft, Inc. (2014). STATISTICA (data analysis software system),
version 12. www.statsoft.com.). P considered statistically significant at <0.05.

Results

The primary number included in the study is 101 individuals, excluded 21 (either discontinued
in the study or excluded due to the detection an exclusion criteria). The prospective study involved
80 participants.

According to the results of the CTP, the participates divided in to two groups. The first group
participants with positive stress induced myocardial perfusion defect (n=31) and the second group
with negative stress induced myocardial perfusion defect (n=49) on the CTP.

Descriptive Statistics Results

The descriptive characteristics of the sample were shown as both groups and then each group
separately in tables for a full representation of the results. The characteristics of the continuous
variables of the sample described in the below tables. (Table 3A-B)

Table 3. A: The features (Descriptive Statistics) of the continues variables of the whole sample represented in the

table.

Variable Mean (Min ; max) Std.Dev.

Age 56.28 (40.24; 77.94)  10.601

Pulse rate at rest 70.29 (49.00; 93.00) 9.559

SBP at rest 123.16 (54.00; 159.00) 15.437

DBP at rest 80.61 (60.00; 122.00) 11.238

Body weight 77.92 (52.50; 140.00) 16.236

Height 169.95 (148.00; 190.00) 8.835

BMI 26.93 (18.49; 48.44)  4.901

eVessel age 56.50 (20.00; 80.00)  13.520

R-CAVI 8.21 (4.80; 15.10) 1.379
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L-CAVI 8.18 (4.80; 14.90) 1.299
Mean CAVI 8,194 (4,800; 15,000) 1,331
RABI 1.15 (0.86; 1.40) 0.088
LABI 1.15(0.89; 1.42) 0.084
Mean SBP B 134.38 (105.50; 169.00) 13.086
Mean DBP B 85.28 (60.50; 104.50)  8.358
BP RB (=(SBP+DBP)/2) 103.98 (75.00; 137.00) 11.547
BP LB (=(SBP+DBP)/2) 104.54 (71.00; 136.00) 10.534
Mean BP B 104.26 (73.00; 136.50) 10.772
BP RA (=(SBP+DBP)/2) 108.39 (80.00; 137.00) 12.553
BP LA (=(SBP+DBP)/2) 108.63 (81.00; 138.00) 11.519
Mean BP A 108.51 (81.50; 135.00) 11.468
Mean ABI 1.15(0.88; 1.41) 0.081
RTb 80.53 (59.00; 152.00)  13.441
LTb 77.26 (58.00; 128.00) 14.012
Mean Tb 78.89 (59.00; 132.50)  12.547
Right Tba 86.26 (23.00; 117.00)  16.232
Left Tba 86.40 (24.00; 114.00)  14.685
Mean Tba 86.33 (23.50; 115.00)  15.358
Lha (cm) 148.17 (130.33; 164.47) 7.182
haPWV (m/s) 0.91 (0.67; 1.42) 0.124
B-stiffness index from PWV 2.83 (1.21; 7.04) 0.813
Creatinine (umol/L) 82.74 (53.90; 138.00) 16.014
eGFR (2021 CKD-EPI Creatinine) 85.31 (45.40; 113.70)  14.684
Total cholesterol (mmol/l) 5.5 (2.6; 9.6) 1.47
TAG (mmol/l) 1.3 (0.5; 4.2) 0.65
LDL (mmol/l) 3.4 (14;6.1) 1.01
HDL (mmol/l) 1.4 (0.5; 2.6) 0.45
VLDL (mmol/I) 0.6 (0.2, 1.9) 0.29
Atherogenic index (calculated) 3.3 (1.1, 10.2) 1.42
APO B (g/L) 1.1 (0.6; 2.0) 0.30
Lipoproteina (mg/L) 238.0 (9.0; 841.0) 235.59
CRP 3.37 (0.33; 16.05) 3.19
IL- 6 0.87 (0.40; 5.90) 1.04
SCORE2 , SCORE2-OP, SMART Risk 11.42 (1.50; 37.00) 7 80

Score

Table 3. B: The features (Descriptive Statistics) of the categorical variables of the whole sample represented in
the table. Abbreviations: METs; metabolic equivalent. CPT; stress myocardial perfusion computer tomography

imaging.

Absolute value (relative value
%)
39 (48.75%)

Index Factor

Gender F
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M 41 (51.25%)
Normal 30 (37.50%)
) Overweight 29 (36.25%)
Obesity stage 1 degree 20 (25.00%)
3 degree 1 (1.25%)
. Yes 14 (17.50%)
Smoking No 66 (82.50%)
Yes 41 (51.25%)
Concomitant diseases No 35 (43.75%)
Missing data 4 (5.00%)
i Yes 31 (38.75%)
Atherosclerosis of the coronary artery No 49 (61.25%)
Hemodynamically significant Yes 9 (11.25%)
coronary artery atherosclerosis on the
yCTP (}>,60% stenosis) No 71 (88.75%)
Stress induced myocardial perfusion Yes 31 (38.75%)
defect on the CTP No 49 (61.25%)
Myocardial perfusion defect before Yes 26 (32.50%)
Stress ATP on the CTP No 54 (67.50%)
Yes 41 (51.25%)
Atherosclerosis in other arteries No 32 (40.00%)
Missing data 7 (8.75%)
Carotid 1 (1.25%)
Carotid.
Atherosclerotic vascular (Namely) Brachiocephalic 41 (51.25%)
bifurcation
Missing data 38 (47.50%)
Yes 39 (48.75%)
Carotid artery atherosclerosis No 34 (42.50%)
Missing data 7 (8.75%)
Yes 37 (46.25%)
Brachiocephalic artery atherosclerosis No 36 (45.00%)
Missing data 7 (8.75%)
Arterial Hypertension ;i?j ig gggg ";Z ;
I 5 (6.25%)
Stage of the arterial hypertension I 20 (25.00%)
11 16 (20.00%)
Degree 1 19 (23.75%)
Degree of hypertension Degree 2 13 (16.25%)
Degree 3 9 (11.25%)
Low 27 (33.75%)
. . . Moderate 27 (33.75%)
Risk of cardiovascular disease High 18 (22.50%)
Very high 8 (10.00%)
Yes 3 (3.75%)
SCAD from anamnesis No 29 (36.25%)
Missing data 48 (60.00%)
Normal (<8) 36 (45.00%)
CAVI degree Borderline (8-9) 22 (27.50%)
Pathological (>9) 22 (27.50%)
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Normal 76 (95.00%)
Borderline 2 (2.50%)
ABI degree Abnormal 1(1.25%)
Noncompressible 1 (1.250%)
N 1 45 (56.25%
Biological estimated vascular age }(;:;r}lla 35 243.75 Ojo ;
I 35 (43.75%)
CKD stage II 41 (51.25%)
la 4 (5.00%)
Normal 34 (42.50 %)
Total chol 1 1/1
otal cholesterol (mmol/l) High 16 (57,50 %)
Normal 66 (82.50 %)
TAG (mmol/l High 14 (17.50 %)
LDL (mmol/l) N01'rma1 22 (27.50 %)
High 58 (72.50 %)
Normal 42 (52.50 %)
HDL 1/1
(mmol/l) Low 38 (47.50%)
Normal 66 (82.50 %)
VLDL (mmol/l High 14 (17.50 %)
Low 19 (23.75%)
Atherogenic index (calculated) Moderate 32 (40.00%)
High 29 (36.25%)
Normal 61 (76.25%)
APO B (g/L
&/L) High 19 (23.75 %)
. . Normal 59 (73.75 %)
Lipoproteina (mg/L) High 21 (26.25 %)
L6 Normal 80 (100 %)
High 0 (0.00 %)
CRP No?mal 61 (76.25 %)
High 19 (23.75 %)
Groupl (SMART Risk Score) Low 21 (26.25 %)
Group 2 (SCORE2 or SCORE2-OP) Moderate 36 (45.00 %)
High 23 (28.75 %)
- . Yes 15 (18.75 %)
L 1
ipid lowering drugs No 65 (81.25 %)

The comparative characteristics of the sample represented in the below tables based on the
presence or absence of the stress induced myocardial perfusion defect of the CTP imaging with the
adenosine triphosphate. (Table 4A-B)

Table 4. A. Categorical variables presented in absolute and relative values of the study for true incidence of the
stated factor. X? and U-Manna-Whitney criterion test used as a comparative test, as needed. * Values statically
significant difference. Abbreviations: METs; metabolic equivalent. CPT; stress myocardial perfusion computer

tomography imaging. On the basis of direct criterion comparisons, there are virtually no significant differences.

Group 1 (n=31). Group 2 (n=49).

o . Negative
Positive myocardial .
Index Factor . myocardial P
perfusion defect on .
the CTP perfusion defect
on the CTP
F 17 (54.83871%) 22 (44.89796%)  0.387
Gender

M 14 (45.16129%) 27 (55.10204%)
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Normal 12 (38.70968%) 18 (36.73469%) 0'9?),836
Obesity stage Overweight 11 (35.48387%) 18 (36.73469%)
1 degree 8 (25.80645%) 12 (24.48980%)
3 degree 0 (0.0%) 1 (2.04082 %)
Smoking Yes 7 (22.5806 %) 7 (1428571 %)  0.342
No 24 (77.41935%) 42 (85.71429 %)
Yes 15 (48.38710%) 26 (53.06122 %)  0.835
Concomitant diseases No 12 (38.70968 %) 23 (46.93878 %)
Missing data 4 (12.90323 %) 0 (0.0 %)
Atherosclerosis of the Yes 16 (51.61290 %) 15 (30.61224 %)  0.061
coronary artery No 15 (48.38710 %) 34 (69.38776 %)
Hemodynamically Yes 8 (25.80645 %) 1 (2.04082 %) 0.002 *
significant coronary
artery atherosclerosis on No 23 (74.19355%) 48 (97.95918 %)
the CTP (>60% stenosis)

Stress induced Yes 31 (100 %) 0 (0.00 %) <0.001 *
mzzfcjcrtd;lgsfcu;f " No 0 (0.00 %) 49 (100.00 %)
Myocardial perfusion Yes 21 (67.74194 %) 5(10.20408 %)  <0.001*

defect Eiff}fz f’:t;ffs AP N 10 (32.25806 %) 44 (89.79592 %)
Atherosclerosis in other Yes 22 (70.96774 %) 19 (38.77551%)  0.006*
terios No 7 (22.58065 %) 25 (51.02041 %)
Missing data 2 (6.45161 %) 5 (10.20408 %)
Carotid 1 (3.22581%) 0 (0.0%) 0.347
Carotid.
Atherosclerotic vascular Brach19ceph 21 (67.74194%) 19 (38.77551%)
(Namely) alic
bifurcation
Missing data 9 (29.03226 %) 30 (61.22449 %)
Carotid artery Yes 20 (64.51613 %) 19 (38.77551 %)  0.015*
atherosclerosis No 8 (25.80645 %) 26 (53.06122 %)
Missing data 3 (9.67742 %) 4 (8.16327 %)
Brachiocephalic artery Yes 18 (58.06452 %) 19 (38.77551 %)  0.067
. No 10 (32.25806 %) 26 (53.06122 %)
atherosclerosis —
Missing data 3 (9.67742 %) 4 (8.16327 %)
Arterial Hypertension Yes 19 (61.29032 %) 21 (42.85714%)  0.109
No 12 (38.70968 %) 28 (57.14286 %)
o o 0.07975
Stage of the arterial ! 4 (13:55%) 1(2.04082%) 6
hypertension II 6 (19.35484%) 14 (28.57143%)
I 9 (29.03226%) 7 (14.28571%)
Degree 1 10 (32.25806%) 9 (18.36735%) 0'02890
Degree of hypertension =50 7 3 (9.67742%) 10 (20.40%)
Degree 3 6 (19.35484%) 3 (6.12245%)
Low 10 (32.25806%) 19 (38.77551%) 0'4‘;942
Risk of :,‘rdlo"a“mar Moderate 8 (25.80645%) 16 (34.70%)
rsease High 8 (25.80645%) 10 (20.40816%)
Very high 5 (16.12903%) 3 (6.12245%)
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Yes 4 (12.90323 %) 1(2.04082%)  <0.001*
SCAD from anamnesis No 2 (6.45161 %) 25 (51.02041%)
Missing data 25 (80.64516 %) 23 (46.93878 %)
0737
Normal (<8) 9 (29.03226 %) 27 (5510204 %) 0 73 >
Borderline
CAVI degree (39) 11 (3548387 %) 11 (22.44898 %)
Pathological
at (‘l;’)gma 11 (3548387 %) 11 (22.44898 %)
Normal 29(93.54839 %)  47(95.91837 %) 0.89381
ABI degree Borderline 1(3.22581 %) 1 (2.04082 %)
Abnormal 1(3.22581 %) 1 (2.04082 %)
Biological estimated Normal 16 (51.61290%) 29 (59.18367%)  0.507
vascular age High 15 (48.38710%) 20 (40.81633%)
2851
I 12 (38.70%) 23 (46.93877 %) ° iS 0
CKD st
stage 11 16 (51.61290%) 25 (51.02041%)
Illa 3 (9.67742%) 1 (2.04082 %)
Total cholesterol Normal 10 (32.25 %) 24 (48.97 %) 0.14
(mmol/l) High 21 (67.74 %) 25 (51.02 %)
Normal 23 (74.19 %) 43 (87.75 %) 0.11
TAG 11
(mmol/l) High 8 (25.80 %) 6 (12.24 %)
Normal 6 (19.35 %) 16 (32.65 %) 0.19
LDL 11
(mmol/h High 25 (80.64 %) 33 (67.34 %)
HDL (cmol) Normal 14 (45.16 %) 28 (57.14 %) 0.29
Low 17 (54.83 %) 21 (42.85 %)
Normal 23 (74.19 %) 43 (87.75 %) 0.11
VLDL 11
(mmol/h High 8 (25.80 %) 6 (12.24 %)

Ath o Low 5(16.12 %) 14 (28.57 %) 0.30
CTOBEMCIMALX N oderate 12 (38.70 %) 20 (40.81 %)
(calculated) -

High 14 (45.16 %) 15 (30.61 %)
Normal 21 (67.74 %) 40 (81.63 %) 0.15
APO B (g/L
(8/L) High 10 (32.25 %) 9 (18.36 %)
, , Normal 24 (77.41 %) 35 (71.42 %)
L L
ipoproteina  (mg/L) — 5} 7 (22.58 %) 14 (28.57 %)
L Normal 31 (100.00 %) 49 (100.00%)  1.00
High 0 (0.00 %) 0 (0.00 %)
CRP Normal 20 (64.51 %) 41 (83.67%)  0.04*
High 11 (35.48 % ) 8 (1632 %)
Groupl (SMART Risk  Low 11 (35.48387 %) 10 (20.40 %) 0.10
Score) Moderate 15 (48.38710 %) 21 (42.85 %)
Group 2 (SCORE2 or
SCORE2-OP) High 5 (16.12903 %) 18 (36.73 %)
N , Yes 6(19.35 %) 9 (14.75 %) 091
Lipid 1 d
ipic fowering rag® No 25 (80.64 %) 40 (65.57 %)

Table 4. B: The continuous variables of the sample presented as a mean + standard deviation (Std. div.), Student

test as independent variables used. * Values statically significant difference. Abbreviations: SBP; systolic blood

pressure, DBP; diastolic blood pressure, BMI, body mass index, HR; heart rate, METSs; metabolic equivalent, R-
CAVI right Cardio-ankle vascular index, L-CAVL left Cardio-ankle vascular index, RABI; right ankle-brachial
index, LABI; left ankle-brachial index, SBP B; systolic blood pressure brachial, DBP B; diastolic blood pressure
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brachial, BP RB; blood pressure right brachial, BP RA ; blood pressure right ankle, BP LA; blood pressure left
ankle, BP A; blood pressure ankle, ABI; ankle-brachial index, RTb; right brachial pulse, LTb; left brachial pulse,
Tb; mean brachial pulse, Tba; mean brachial-ankle pulse, Lha (cm); length heart-ankle, haPWV (m/s); heart-ankle

pulse wave velocity.

Group 1 (n=31).
Positive stress

induced myocardial ,

Group 2 (n=49).
Negative stress

nduced myocardial

Variable  perfusion defect on . t-value p
CTP. Mean + Std perfusion defect on
.. 7 CTP.Mean * Std.
div. .
div.
0132

Age 59.9307 +11.70846  53.9675 +9.23135 2.53382 0 073 8
- 0.96372

Pulse rest 70.2258 +10.74464  70.3265 +8.84446 004562 6
SBP rest 124.4839 +20.56351 122.3265 +11.22755 0.60653 0'5i592
DBP rest 82.3548 +13.16447  79.5102 £9.81521 1.10453 0'22275
. - 0.73128

Body weight  77.1290 +14.71675  78.4204 +17.25762 034465 7
. - 0.90884

Height 169.8065 +9.41424  170.0408 +8.54695 011487 5
- 0.75264

BMI 26.7076 +4.23191 27.0654 + 5.31845 031627 3
0.01195

eVessel age  61.2258 +12.42232  53.5102 +13.44762 2.57376 -
R-CAVI 8.5806 +1.03904 7.9714 +1.51891  1.95970 0'02360
L-CAVI 8.4387 +0.93868 8.0184 +1.46922  1.41852 0'12002

1.70458 0.0922

Mean CAVI  8.509677 £0.97506  7.994898 +1.48991 (i >80 OZ >
- 0.04999

RABI 1.1232 +0.10041 1.1629 +0.07697 199089 &
- 0.13613

LABI 1.1297 +0.08716 1.1584 +0.08032 150589 3
0.04911

Mean SBP B 137.9839 £15.43399  132.0918 £10.91953 1.99878 6

1
Mean DBPB  86.9194 +8.76841 84.2347 +8.00397  1.40836 0 67299
BP RB 0.13297
106.4194 +£12.85243 102.4286 +10.48411 1.51834
(<(SBP+DBP)/2) 06.4194 +12.85243  102.4286 +10.48 5183 5
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BP LB 0.08389
107. +11.51044 102.9184 +9. 1.75092
(=(SBP+DBP)/2) 07.0968 +£11.510 02.9184 +9.63898 ’
0.09872
Mean BP B 106.7581 £11.94004 102.6735 +9.75990 1.67101 3
BP RA 0.20268
110.6452 +13. 106.9592 +12.11741 1.28474
(=(SBP+DBP)/2) 0.6452 +13.09338 106.9592 + .
BP LA 0.10003
111.2 +12.7702 106. +10.43913 1.66443
(=(SBP+DBP)/2) 903 + 026 106.9388 +10.43913 9
0.12755
Mean BP A  110.9677 £12.37129 106.9490 +10.69572 1.54024 0
- 0.06697
Mean ABI 1.1265 +0.09089 1.1606 +0.07259 185781 0
- 0.08376
RTb 77.2581 +10.23708 82.5918 +14.85193 175167 1
- 0.11595
LTb 74.1613 £12.88176  79.2245 +14.46730 158966 8
- 0.07074
Mean Tb 75.7097 +10.65033 80.9082 +13.32318 18015 6
) - 0.02534
Right Tba 81.1935 +16.27968 89.4694 +15.52029 507998 1%
- 0.09980
Left Tba 83.0000 +14.73092 88.5510 +14.39048 166560 6
- 0.04916
Mean Tba 82.0968 +15.38420 89.0102 +14.87850 199834 4%
- 0.90884
Lha (cm) 148.0571 +7.65284 148.2476 +6.94782 011487 5
.01672
haPWYV (m/s) 0.9533 +0.11852 0.8860 +0.12080  2.44529 0 07*
.[a’-shffness 0.29385
index from 2.9538 +0.65907 2.7567 +0.89559  1.05682 3
PWV
Creatinine - 0.29710
3787 +15.447 4.2 +16.3414
(Lmol/L) 80.3787 15 59 84.2339 +16.34146 104969 3
eGFR (2021 082895
CKD-EPI 84.8548 +15.14628 85.5898 +14.53585
.. 0.21677 0
Creatinine)
Total
cholesterol 5.61+1.56 549 +1.43 0.36 0.71
(mmol/1)
TAG (mmol/l) 1.41+0.77 1.16 =0.54 1.73 0.08
LDL (mmol/l) 3.46 +1.08 3.27 +£0.96 0.81 0.41
HDL (mmol/l) 1.28 +0.34 1.44 + 0.50 -1.54 0.12
VLDL (mmol/l) 0.64 £0.35 0.52 £0.25 1.73 0.08
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Atherogenic
index
(calculated)

3.60+£1.75

3.06+1.14

1.69  0.09

APO B (g/L)

1.19 £ 0.35

1.08 = 0.27

1.63  0.10

Lipoprotein a

(mg/L)

213.22 £ 207.23

253.67 £252.70

-0.74 045

CRP

3.81 £2.96

3.09 +3.33

097 033

IL- 6

0.88 +0.91

0.86+1.12

0.05 0.95

Group 1
(SMART Risk
Score)

15.07 £7.72

9.11+£7.00

3.56 0.00061*

Group 2
(SCORE2 or
SCORE2-OP)

A supplementary file was attached to demonstrate all the comparative indicators in between

continuous variables as well as in between the categorical variables. (supplementary S1)

The Diagnostic Accuracy of the Bicycle Ergometry

We examined the diagnostic accuracy of a standard exercise test on a bicycle ergometer. In the
ROC analysis, where the predictor was the result of a sample with the results of the physical exertion
variable was

“Reaction_type” = "Positive', and the target

Myocardial_perfusion_defect_after_stress_ATP, the following results were obtained. (Table 5)

Table 5. The quality of the bicycle ergometry appeared quite low in our cohort.

Chars Point estimate 95%CI
AUC 0.507 [0.388; 0.625]
Sensitivity 0.484 [0.306 ; 0.657]
Specificity 0.531 [0.392; 0.673]
Negative predictive 0.619 [0.465 ; 0.758]
value
Positi —
ositive predictive 0.395 (0238 ; 0.553]

value

Lipidome and Inflammasome Changes with Breathome Changes

The results of the lipid profile and the inflammasome are evaluated on three steps to make sure
the optimal predictors are selected and increase the confidence in the obtained the results. The
following steps are done;

Step 1 - Selection of Significant Predictors of Perfusion Defect and Evaluation of Model Quality

After the selection procedures were carried out in the time interval between the baseline and the
completion of the load, the following predictors were the most associated with the outcome (based
on the results of 2000 iterations, their median feature importance in the model was as follows). (Table
6)

Table 6. The selected VOCs, which have the most important role in the baseline stage.

Factor Coeff
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144.91780 0.00938
159.07365 0.00803
56.053529 0.00718
59.057819 0.00385
72.053678 0.00223
355.06911 0.00217
71.054029 0.00212
49.995012 0.00195
43.047418 0.00184
148.046732 0.00171
94.0537307 0.00159
44.9914437 0.00138
447.104551 0.00137
63.0213147 0.00095
144.084727 0.00094
359.066780 0.00084
430.085362 0.00062
175.134685 0.00043

The quality of the model rebuilt with these features is quite high, which suggests that these
predictors are important for the outcome. (Table 7)

Table 7. The diagnostic accuracy of the built model.

Chars Point estimate 95% CI
Area Under Curve
0.968 0.931; 0.993
(AUQ) [ ]
Sensitivity 0.903 [0.786 ; 1.000]
Specificity 0.918 [0.833;0.981]
Negative predictive 0.938 (0.857 ; 1.00]
value
Positive predictive 0.875 (075 0.931]
value
For the time of recovery, the following VOCs showed the highest association with the outcome.

(Table 8)

Table 8. The selected VOCs that have an important role in the recovery period.
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Factor Coeff
51.03878 0.01694
49.99501 0.01478

132.05190 0.01418
144.91780 0.01034
87.076848 0.00865
94.053730 0.00587
87.933677 0.0047
118.07092 0.00376
110.05349 0.00205
144.08472 0.00158
44.014505 0.00153
297.08451 0.00121
119.95504 0.00009

The rebuilt model also showed a high relationship between predictors and the outcome. (Table
9)

Table 9. The diagnostic accuracy of the built model.

Chars Point estimate 95% CI
Area Under Curve
.994 981 ; 1.
(AUC) 0 [0 000]
Sensitivity 0.903 [0.788 ; 1.000]
Specificity 0.980 [0.935; 1.000]
Negative predictive 0.941 [0.873 ; 1.000]
value
Positive predictive 0.966 [0.889 ; 1.000]
value
Common to both time intervals were VOCs
'144.08472,
'144.91780',
'49.995012,
'94.053730'

The model rebuilt with them, on the whole, demonstrated moderate quality, which suggests a
significant role of these VOCs. (Table 10)

Table 10. The diagnostic accuracy of the built model.
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Chars Point estimate 95% CI
Area Under Curve
0.931 0.869 ; 0.978
(AUC) [ ]
Sensitivity 0.613 [0.435 ; 0.793]
Specificity 1.000 [1.000 ; 1.000]
Negative predictive 0.803 [0.692 ; 0.903]
value

Positive predictive

1.000 [1.000 ; 1.000]
value

Complete tables with predictors and received values based on XGBoost represented in
(supplementary 52,53).

Step 2 - Assess the Relationship Between Plasma and Outcome

When selecting plasma predictors at the first stage, the fact of taking lipid-lowering therapy was
additionally included. The resulting predictors were arranged as follows. (Table 11)

Table 11. The selected predictors arranged ascendingly according to the importunacy in the built model.

Factor Coeff.
HDL 0.110409
Lipid_lowering_drugs 0.108628
CRP 0.107933
Lipoprotien_a 0.103706
IL6 0.103494
Total_cholesterol 0.10115
APO_B 0.0975365
Triglycerides 0.0893278
LDL 0.0754772
VLDL 0.000

It is important to emphasize that the significant role of lipid-lowering therapy is due to the fact
that patients with a defect are apparently more likely to be prescribed such therapy, which confirms
the correctness of the logic of selection using boosting. Lipid-lowering therapy was excluded to assess
the quality of the model. (Table 12)

Table 12. The diagnostic accuracy of the built model.

Chars Point estimate 95% CI
Area Under Curve
0.528 0.367 ; 0.568
(AUCQ) [ ]
Sensitivity 0.290 [0.133;0.45 ]
Specificity 0.653 [0.521 ; 0.784]
Negative predictive 0.593 [0.463 ; 0.717]
value
Positi .
ositive predictive 0.346 0161052 ]

value
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The quality of the resulting model was quite low. This can be explained by the objectively low
relationship between lipid spectrum indicators, pro-inflammatory factors and the results of the
exercise test and recovery, as well as by the fact that plasma was taken only before the load.

Step 3 - Links Between Plasma Biochemistry and Sampled VOCs

Correlation matrices and graphs were built on the basis of data preprocessing and with division
into groups, as indicated in the methods section.

When visualizing, the size of the graph edges corresponds to the median correlation coefficient,
the color - its direction (red - reverse, blue - direct). The size of the nodes corresponds to their valence
by module (the valence (or order) of a graph vertex is the number of edges for which this vertex is
the end, taking into account the weight of the edge, where the weight is the correlation coefficient).

When constructing the graphs’, known associations were recorded, which confirmed the chosen
logic: in both groups, the presence of direct moderate correlations between inflammatory markers,
the presence of direct moderate to strong correlations between lipid spectrum indicators, which
corresponds to the logic of the Friedwald formula.

When analyzing the dynamics immediately after physical activity, the spectrum indicators
(TCH, HDL, LDL, apo B) were associated with VOCs in the group of patients, while the connections
were negative, and in the case of LPA - positive. In the group of healthy people, such patterns were
not recorded. (Figure 1 A-B) (Supplementary 54, S5)

Correlation Network Graph - Main group
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Correlation Network Graph - Controls

Total_cf
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Upid_loweing_drugs.
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175_1335859598551

Figure 1. A-B: Baseline time interval - load test completion.

In the pre-recovery analysis among patients, CRP and IL-6 were negatively associated with
VOCs, LPAs were positive. Whereas, in the control group, TCH, HDL negatively associated with the
VOCs, APO B were positive. (Figure 2 A-B) (Supplementary S6, 57)

Correlation Network Graph - Main group
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Correlation Network Graph - Controls

Total [cholesterol
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Figure 2. A-B: Load test completion. — Recovery.

If we consider the graphs with common VOCs, in the main group, a moderate relationship of
VOCs with the spectrum can be traced in relation to HDL (positive) and TCH (negative). In the
control group, we can visualize a positive moderate association between the VOCs trace and TAG,
VLDL, APO B. (Figure 3 A-B) (Supplementary S8, 59)

Correlation Network Graph - Main group
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Correlation Network Graph - Controls
Figure 3. A-B: Common VOCs.
Annotation of the Obtained m/z
The annotation performed on several steps;
1.  Atthe first stage, for each mass-charge ratio (m/z), all possible gross formulas were found based

on the following hypothesis space:
1. We only looked at adducts of the [M+H];
2. The molecule could include the following elemental composition:
C from 0 to 10;
H from 0 to 50;
N from 0 to 10;
O from 0 to 10;
P from 0 to 10;
S from 0 to 10;
The molecule should not include halogens: "Cl", "Br", "I", "F"
Rings and Double Bond Equivalents (RDB) from -0.5 to 20;

O ® N ol » N

10. Error in determining the weight up to 50ppm
2. At the second stage, a match search was carried out in the HMDB library for each resulting
formula (Human Metabolome Database) under the following conditions:

1. Exact Molecular Formula Match.

2. The search was carried out only for m/z less than 200, since there are too many options for
gross formulas for m/z over 200.
If there are no suitable gross formulas for the mass, only the m/z value itself is given. (Table 13)
for full variants of the possible chemical substances of the found m/z, check the supplementary file.
(Supplementary S510)

Table 13. Comparative presentation of the most significantly VOCs in the exhaled breath analysis of individuals
with ischemic heart disease and without ischemic heart disease. The presented m/z (mass/charge) ratios in our

study are close to m/z ratios published in the literature or from the chemical substances’ library provided by the
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Human Metabolome Database (HMD). In case that the m/z ratio does not have a known chemical name,
represented as a chemical formula. * Can be two or more chemical substances according to the found m/z. In

bold, these are the common m/z during the baseline time interval - load test completion and load test completion.

—recovery.
Name - of Chemica Annotat
. the . Referen
m/z in our . 1 ion mass error  Coeff Error, ppm
chemical ces
study formula Method
substance
43.0474189 0.0018
9 N/A N/A N/A N/A 4 N/A [15]
*44.014 ) 001 )
02 9 205 Cyanate CHNO HMD 0.0014148530245 0.0015 32.1451534051 [15]
989832 5334
44.9914437 .001
991 3 N/A N/A N/A N/A OOé) 3 N/A [15]
49. 1 .001
? 99150 25 N/A N/A N/A N/A 0 O;) ? N/A [15]
49. 12 .0147
? 9950 > N/A N/A N/A N/A 0 08 N/A [15]
1.0387 .01
> 03‘? 889 N/A N/A N/A N/A 00469 N/A [15]
. 2 .0071
S 7SR /N VN nva o SN N s
59.0578199 Acetamidin 0.0025544869753 0.0038 43.2540005296
5 e C2H6N2 HMD 986177 5 72744 (1]
*63.021314 0.0016116769754 0.0009 25.5735219352
76 N/A CoH2 - HMD 006555 5 10344 [15]
71.0540291 .0021
0540 ? N/A N/A N/A N/A 0 02 N/A [15]
*72.053678 Dihydrotria 0.0019446469754 0.0022 26.9888645251
79 zole C2H5NS HMD 02975 3 63752 [15]
*87.076848 0.0035929669754 0.0086 41.2620235864
47 N/A C5H100 HMD 040106 5 6307 [15]
7. 77
8 9336 8 N/A N/A N/A N/A 0.0047 N/A [15]
Methylpho - -
*
94.(')7563730 sphoramid CHSN3P HMD 0.0008703230245 0.0015 9.25346626394 [15]
e 85673 3373
Methylpho - -
*94.0537. .
? (')7563 30 sphoramid CHSN3P HMD 0.0008703230245 0.0058 9.25346626394 [15]
e 85673 3373
CH7N30O 0.0025261369754 22.9537193469
*110.05349 3 048246 or  0.0020 40023 or
23 N/A or HMD 0.0052051369754 5  47.2964270976 [13]
C4H5N4 05367 19386
*118.07092 ) .0037 ]
8 607 09 Indole C8H7N HMD 0.0058012630245 0.003 49.1337129870  [15]
9405 6043
*119.95504 C2HNOS 0.0021885369753 0.0000 18.2446431949

39 N/A 2 HMD 96005 9 9953 [15]
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) - -
132;;5190 N/A nggNS HMD 0003008630245 "0 41 5 27836048465  [15]
915356 93328
2-Ethyl-2.5-
dihydro- - -
*144.0847 7H1 .
7(;8 2 45 © 53N HMD 0.0005810630245 %% 4.03278705984  [15]
dimethylth 832726 4858
iazole
2-Ethyl-2,5-
dihydro- - -
*
144;;8472 4,5- C7I;13N HMD 0.0005810630245 °°1° 4.03278705984  [15]
dimethylth 832726 4858
iazole
144'9;78091’;0?1’1;";? HO3PS2 HMD 5.8863024577249 00°%% 040618213083  [15]
orcac 234e-05 386184
144.917809 Phosphorot - 0.0103 )
; hi(:)sifa::)ir:i) HO3PS2 HMD 5.8863024577249 0.40618213083  [15]
234¢-05 386184
1-Methyl-2-
*148.04673 nitro-1- C2H5N5 0.0017

HMD 0.0002160630245 1.45942447305 [15]

25 nitrosoguan O3

idine 6689264 88204
>*1595(;7365 N/A C62HO1?E)N HMD 0.0021776;;5::9754 0.0:(3'_)80 17.37837519;0938 [15]
175.;3468 N/A Cl?\II—I16 HMD 0.000::;1;13269754 0.0?(,)O4 4.9358642]:06710 [15]
>*297.6078451 N/A N/A N/A N/A 0.0?12 N/A N/A
*355.6(;6911 N/A N/A N/A N/A 0.0;)Zl N/A N/A
*359.06678 N/A N/A N/A N/A 0'0208 N/A N/A
*430.:(),)8536 N/A N/A N/A N/A 0.0206 N/A N/A
>*447i130455 N/A N/A N/A N/A 0.0;)13 N/A N/A

Limitations of this Study

The main limitation is the modest data set, which may lead to potential bias in the results. To
reduce the impact of such bias, resampling techniques from a significant number of iterations were
used, as well as using robust data normalization and averaging by the median (stricter logic than the
mean). At the same time, a number of the obtained results demonstrate known facts (the order of
correlations in the lipid spectrum corresponds to the logic of the Friedwald formula, correlations
between proinflammatory markers). These points allow us to increase the credibility of the obtained
results to some extent.

Discussion

In the light of the obtained results, there is no statistically significant difference in the
concentration of the lipidome biomarkers between the two groups. This probably returns to the
different types of ischemia detected through the CTP such as microvascular ischemia (syndrome X,
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Ischemia with non-obstructive coronary artery disease; INOCA) and atherosclerotic ischemia [16].
The pathophysiology of the ischemia in the two cases is different, in syndrome X, the primary
pathogenetic pathway is microvascular vasospasm resulting in mismatch between demand and
supply of the myocardiocytes. The microvascular vasospasm can be associated with the
inflammatory changes and not lipidome changes. Therefore, inflammasome biomarkers are higher
in IHD group (first group), where myocardial perfusion defect was in most of the cases without
significant coronary arteries stenosis. Therefore, considering the inflammation biomarkers more
reliable for both types of myocardiocyte ischemia, micro- and macro-vascular [17].

Whereas, the pathophysiology of the ischemia with obstructive coronary artery (IOCA) is
classically due to dyslipidemia. Therefore, the plasma of these participants has high bad lipids such
as high LDL and TAG. Additionally, inflammation biomarkers are remarkably higher in IHD
patients. Or take lipid lowering agents such as statins to reduce the levels of the bad lipids.

Interesting links were recorded between lipid spectra and inflammatory markers. However,
Inflammatory marker scores were not directly strongly associated with VOCs. In the case of the lipid
spectrum, we see numerous correlations:

1. At the time point immediately after the load:

e In the main group:
v" Negative correlations with ApoB, HDL, LDL, TCH in the study group
v' Positive correlations with LPA in the study group
v Positive correlations with several VOCs when prescribing lipid-lowering therapy in the
study group
e In the control group:
v" Significantly fewer correlations
v' Correlations between spectrum and VOCs are positive
2. 3 minutes after the second breath
¢ In the main group:
v" Important - there are positive correlations with IL6 substances with almost the same mass
spectrum
Positive correlations with CRP of 2 VOCs
of the spectrum, only HDL (multidirectional) and LPA correlate with VOCs
There is a moderate negative relationship with the prescription of lipid-lowering therapy
and some severe VOC (i.e., it is higher in those who are not prescribed therapy)
¢ In the control group:
v' Significantly fewer correlations
v Correlations between TCH and HDL with VOCs are negative, with Apo B and lipid-
lowering therapy - positive.
3. Common VOCs at both points:
¢ In the main group:
v no common VOCs (to be at both time stages)

e In the control group:
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v' Significantly fewer correlations
v In fact, only 1 VOC common to both periods, directly related to the lipid spectrum.

An important regularity was that for all 3 stages of graph construction in healthy individuals,
we observed the absence of strong correlations between VOCs and plasma parameters. At the same
time, as in patients, there is a large number of correlations between spectrum indicators and VOCs.

If we talk about inflammatory markers, in the group of healthy patients, a moderate negative
correlation between CRP and HDL was recorded, which was absent in patients. At the same time, a
moderate inverse correlation between IL-6 and TCH was recorded in patients.

An important point is the negative relationship at all points between HDL and lipid-lowering
therapy (which is logical), but only in the control group. In the study group, the relationship was
too weak, while the groups did not differ significantly in the criteria.

The findings suggested that 2-Ethyl-2,5-dihydro-4,5-dimethylthiazole, HO3PS2, CH8N3P, and
m/z 49.99501251 are the most important VOCs and related to the lipid profile and the inflammation
biomarkers. However, the origin of these molecules in the exhaled breath of the patients is
questionable and requires further investigations.

The 2-Ethyl-2,5-dihydro-4,5-dimethylthiazole is an organic compound belonging to the thiazole
family, which is a heterocyclic compound containing sulfur and nitrogen [18,19]. Thiazoles and their
derivatives are often studied for their biological activities, including potential roles in metabolism or
as biomarkers. In the context of heart disease, thiazole derivatives might be investigated for their
effects on cellular metabolism, oxidative stress, or inflammation, which are key factors in ischemic
heart disease (IHD) [20,21]. While specific studies directly linking this compound to IHD are not
readily available in the literature.

The molecular formula HO3PS2 and CH8N3P suggest that these compounds may be related to
biochemical pathways or metabolic processes that could influence heart health. However, specific
connections between these formulas and heart disease are not detailed in the literature.

HOB3PS2 contains phosphorus and sulfur, which are elements involved in various biochemical
processes [22]. Phosphorothioates are often used in biochemistry and molecular biology, such as in
oligonucleotide synthesis [23,24]. In heart disease, phosphorus-containing compounds are critical for
energy metabolism (e.g.,, ATP), and disruptions in phosphorus metabolism can contribute to
cardiovascular dysfunction [22,25].

CHS8NB3P is a small molecule containing phosphorus and nitrogen. Phosphorus-containing
compounds are essential in cellular energy transfer and signaling pathways [26]. In the context of
IHD, such compounds might be relevant in studies of mitochondrial dysfunction or energy
metabolism, which are often impaired in ischemic conditions [27,28].

The m/z 49.99501251 have a high molecular weight (m/z) suggests a large biomolecule, possibly
a protein, peptide, or complex metabolite. In mass spectrometry, such a peak could represent a
biomarker or a degradation product associated with heart disease [29,30]. In IHD, proteomics and
metabolomics studies often identify specific proteins or metabolites that are dysregulated, which
could serve as diagnostic or prognostic markers [31,32].

Future directions include validate the specificity of identified VOCs in larger cohorts.
Additionally, explore biochemical pathways linking thiazole derivatives and phosphorus-containing
compounds to IHD progression and investigate the impact of lipid-lowering therapies on VOC
profiles to refine therapeutic monitoring strategies.

Conclusions

The study reveals complex interactions between lipid profiles, inflammatory markers, and
volatile organic compounds (VOCs) in patients with ischemic heart disease (IHD), with notable
distinctions between patient and healthy control groups. The findings suggested that 2-Ethyl-2,5-
dihydro-4,5-dimethylthiazole, HO3PS2, CH8N3P, and m/z 49.99501251 are the most important VOCs
and related to the lipid profile and the inflammation biomarkers. Patients with ischemic heart disease
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have a large number of correlations between lipid spectrum indicators and VOCs, in particular; HDL
and m/z 49.995012 (r= 0.31); total cholesterol and m/z 94.053730 (r= - 0.35).
List of abbreviations

CVD; cardiovascular disease, CTP; stress computed tomography myocardial perfusion imaging,
VOCs; volatile organic compounds.
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