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Background: Chronic obstructive pulmonary disease (COPD) has higher mortality when developing to acute exacerbation
(AECOPD); hence, the early intervention of COPD is critical for preventing AECOPD. Exploring the serum metabolites associated
with acute exacerbation in patients with COPD will contribute to the early intervention of COPD.

Methods: In the study, a non-targeted metabolomics strategy combined with multivariate statistical methods was performed to
explore the metabolic profiling of COPD developing acute exacerbation, to screen the potential metabolites associated with AECOPD
and to analyze the potential value of these metabolites in predicting the development of COPD.

Results: Serum lysine, glutamine, 3-hydroxybutyrate, pyruvate and glutamate levels were significantly higher, while 1-methylhisti-
dine, isoleucine, choline, valine, alanine, histidine and leucine levels were significantly lower in AECOPD patients, compared with
stable COPD patients after normalization based on the healthy controls. Moreover, eight metabolic pathways were significantly altered
(P<0.05) in the serum of AECOPD patients compared with the stable COPD population, including purine metabolism, glutamine and
glutamate metabolism, arginine biosynthesis, butyrate metabolism, ketone body synthesis and degradation, and linoleic acid metabo-
lism. In addition, the correlation analysis between metabolites and AECOPD patients demonstrated that an M-score based on
a weighted sum of concentrations of four metabolites including pyruvate, isoleucine, 1-methylhistidine and glutamine were signifi-
cantly associated with the acute exacerbation of pulmonary ventilation function in COPD patients.

Conclusion: Altogether, the metabolite score based on a weighted sum of concentrations of four serum metabolites was associated
with an increased risk of COPD developing acute exacerbation, which will provide a new insight for the understanding of COPD
development.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic airway inflammatory disease, which seriously affect the
patient’s exercise tolerance and quality of life;'? meanwhile has a heavy economic burden to the society.> According to
the data from the World Health Organization, COPD is the third leading cause of death and the fifth disease burden
globally in 2020.* In China, an overall morbidity of COPD is about 8.2%, suggesting an emergent need for prevention
and treatment.’

COPD is characterized by persistent respiratory symptoms and airflow, usually as a result of high exposure to
harmful particles or gases.®’ The acute exacerbation of COPD (AECOPD) often leads to clinical death and the
aggravation of economic burden in these patients.®* Hence, early diagnosis and intervention are crucial for
preventing AECOPD.'® Previously, FEV1/FVC and FEV1 were used as predicted values to assess the degree of
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airflow limitation in AECOPD.'"'? However, in real world, patients with AECOPD can often not complete the
pulmonary function test or even though they are reluctant to complete the test, the results are not credible.'® Given
the fact, it is particularly urgent to explore the serum biological indicators to evaluate the development of COPD.

In recent years, the development of omics technologies has revolutionized biomedical research, particularly the
metabolomics provides a powerful tool for discovering the novel biomarkers in various clinical fields.'*'> A variety of
metabolite panels have been used in screening, assessing and monitoring the disease development and therapeutic

1617 and metabolomics-based panels make different studies more comparable and available.'®'® At present, the

efficacy
application of metabolomics in the field of COPD has made great progress in these years. Recently, a study based on
a targeted metabolomics suggested dysregulated amino acid metabolism in community-acquired pneumonia and some
metabolites such as asparagine/threonine may be recognized as biomarker candidates for the infection-triggered COPD
exacerbation.’’ Moreover, abnormalities in lipid metabolism may underlie AECOPD as -early-diagnostic
biomarkers.?"*? In addition, a comparative study reported numerous plasma metabolites may be considered as
candidate biomarkers for diagnosis or prognosis of COPD.** Nevertheless, metabolites indicating the acute exacerba-
tion of COPD are still to be more clarified; meanwhile an available evaluation approach based on these candidate
metabolites should be explored. In the study, we performed a non-targeted metabolomics strategy combined with
multivariate statistical methods to screen potential serum metabolites associated with AECOPD and identified the
metabolism profiling of AECOPD, the associated metabolic pathways and a novel metabolite score (M-score) based on
a weighted sum of concentrations of four serum metabolites which was associated with the increased risk of COPD
developing acute exacerbation. The findings which will provide a new insight for the understanding of COPD

development.

Methods and Materials

Study Population

This study intends to select patients who were diagnosed as COPD during July 2020 to December 2021 in the Department of
Respiratory Medicine, Guangming Hospital of Traditional Chinese Medicine, Shanghai. A total of 60 cases with COPD were
included in the study, among who included 30 cases with stable COPD and 30 cases with acute exacerbation of COPD
(AECOPD), defined as the phenomenon of sudden worsening in airway function and respiratory symptoms in patients with
COPD; meanwhile, additional 30 matched normal volunteers were also collected as a healthy control group. All subjects
signed informed consent. The diagnostic and staging criteria of COPD referred to the Guidelines (version 2021) from the
Chronic Obstructive Pulmonary Disease Group of the Respiratory Disease Branch of the Chinese Medical Association. The
period of acute worsening, including continue aggravation of cough, expectoration and dyspnea accompanied by fever or
aggravated inflammation, is known as exacerbation. Moreover, gender, age, disease duration, smoking status (including
current smokers and former smokers), BMI and pulmonary function parameters including forced expiratory volume in
first second (FEV), percentage of FEVI in predicted value LL (FEVI1%pred), forced expiratory volume in first second
occupied forced vital capacity ratio (FEVI/FVC%) of patients were collected. In particular, for patients with AECOPD, the
individual medical history records were collected to analysis and assess the development from stable stage to acute
exacerbation of COPD. Exclusion criteria included patients with bronchial asthma, bronchiectasis, pulmonary fibrosis,
lung tumors, tuberculosis, and other respiratory diseases that caused chronic cough or airflow limitation and those with
severe heart disease, endocrine disease, autoimmune or other chronic wasting disease. In addition, those with comorbidities
associated with liver, kidney, hematopoietic system and other serious primary diseases or mental illness or pregnant or
lactating women or losing follow-up were excluded. According to the requirements of clinical design and multi-dimensional
statistics, the population was divided into groups: 30 patients with AECOPD as the case group, 30 patients with stable
chronic obstructive pulmonary disease as the case—control group, normal patients 30 cases were used as normal control
group. The gender and age among the three groups were comparable.
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Metabolomics-Based Sample Analysis and Data Processing

In strict accordance with the relevant regulations on the collection of clinical biological samples, the research subjects
were required to stop taking drugs 2 days before collecting these samples, fasted after 8 pm on the last day; then 10 mL
serum per patient was collected. After centrifuged for 10 min, the supernatant was separated and stored at —80°C in
freezers. Serum per patient was divided with a duplicate copy and one was shipped to Applied Protein Technology Co.,
Ltd. (Shanghai) on dry ice for the metabolomics analysis by using a UHPLC (1290 Infinity LC, Agilent Technologies)
coupled to a quadrupole time-of-flight mass spectrometer (AB Sciex TEIPLE TOF 6600).

For centrifuged x9000g at 4°C for 10 min, samples were injected directly ontoa 2.1 x 100 mm ACQUITY UPLC BEH 1.7 ym
column (Waters, Ireland). The column was eluted isocratically at a flow rate of 250 1L/min with the mobile phase A (25 mM
ammonium acetate and 25 mM ammonium hydroxide in water) for 0.5 min, followed by B (acetonitrile with 0.1% formic acid) for
10 min. A 5 min re-equilibration period was employed. Mass spectrometry analyses were performed by using AB Sciex TEIPLE
TOF 6600, set for acquisition over an m/z range of 60—1000 Da, for accumulation at 0.20 s/spectrum. The parameters were set as
follows: collision energy (CE) fixed at 35 V with +15 eV; declustering potential (DP), 60 V (+) and —60 V (-); exclusion of
isotopes within 4 Da; candidate ions monitored per cycle, 10. The raw MS data was processed using XCMS software. Metabolites
were identified using authentic reference standards. The metabolites with a VIP>1.0 and P-values <0.05 were considered
statistically significant.

Quantitative Analysis of Metabolites and ldentification of Markers

Firstly, the unsupervised principal component analysis method-PCA was used to analyze the serum metabolic profiles of
different groups, respectively, to provide the general trend of all samples, to find clusters and singularities, and to observe the
natural distribution and group distribution of the samples. In order to further distinguish the differences between different
groups, the supervised analysis methods such as Partial Least Squares Discriminant Analysis (PLS-DA) and Orthogonal Partial
Least Squares (OPLS) modeling were used to find the main difference variables that cause sample aggregation and dispersion.
Through analyzing quantitatively the significantly differential metabolites, metabolites were identified to be associated with
AECOPD. Pearson analysis was used to calculate the correlation between clinical parameters and significant metabolites, and
t-test was used to verify the significance of the correlation. Finally, the differential metabolites were queried against the online
Kyoto Encyclopedia of Genes and Genomes (KEGG, http://www.kegg.jp/) and mapped to KEGG pathways (Figure 1).

Statistical Analysis

SPSS 25.0 software was used for statistical analysis and normalization of data. The normal distribution of general clinical
measurement data was expressed as mean =+ standard deviation (£s), independent sample ¢-test was used for comparison
between two groups, and one-way analysis of variance was used for comparison between multiple groups. In the
AECOPD cohort, a logistic regression analysis to estimate hazard ratios (HR) and their 95% confidence intervals
(CIs) for predicting the development of COPD, from stable stage to acute exacerbation; in the model, the variants
included age, BMI, smoking history, C reactive protein (CRP), white blood cell count (WBC), peripheral eosinophil
count (PEC), peripheral neutrophil count (PNC) and comorbidity (such as CVD, diabetes). Similarly, a logistic regression
model was also used to clarify the acute exacerbation-associated metabolites; in the model, independent variables
included differential metabolites and outcome variable was disease acute exacerbation. Inverse normal transformation
was applied to raw values of metabolites and a weighted sum of concentrations of four metabolites including pyruvate,
isoleucine, 1-methylhistidine and glutamine was used to build the M-score. The correlation analysis between M-score
and COPD grades was performed by using a Pearson correlation coefficient. P<0.05 was considered a statistically
significant difference, and the data are presented as the median + standard errors of at least three independent replicates.

Results

Characteristics of Participants
The study included 30 patients with stable COPD and 30 patients with acute exacerbation of chronic obstructive
pulmonary disease (AECOPD), as well as 30 age-matched normal subjects. As shown in Table 1, for all COPD patients,
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Figure | Metabolomics-based serum metabolite screening workflow.

50% (30/60) suffered from CVD, but no particular CVD was associated with an increased percent of AECOPD.
Moreover, compared to the healthy controls, patients with COPD presented a relatively increased risk of CVD and

were more likely to smoke (all P<0.05). The number of WBC and the CRP indicator of inflammation were significantly

increased in the AECOPD patients whose airway function was worse, reflected by the significant decreases of FVC(L),

Table | Clinical Characteristics of Patients with COPD and Control Population in the Study

COPD AECOPD P value Health Control P value

Age (ys) 72 (54-88) 70 (58-86) 0.95 69 (49-89) 0.87

Male, n (%) 30 (100%) 30 (100%) 30 (100%)

BMI 21.5 (14.5-28.2) 20.9 (13.2-28.8) 0.18 21.4 (18.5-22.6) 0.25
Smoking 80% (24/30) 87% (26/30) 0.38 17% (5/30) <0.05*
FVC(L) 1.79 (0.88-3.40) 1.39 (0.48-3.31) 0.008* 3.16 (0.88-3.40) <0.05*
FVC% pred 49.4 (27.2-103.7) 33.2 (20.2-83.7) <0.05* 92 (88.2-107.9) <0.05*
FEVI(L) 1.33 (0.56-2.36) 1.10 (0.36-2.06) <0.05* 2.42 (2.06-3.16) <0.05*
FEV1% pred 51.8 (19.8-92.1) 39.8 (16.8-72.1) <0.05* 90.8 (82.9-99.1) <0.05*
FEVI/FVC% 50.29 (41.07-69.49) | 50.36 (40.14-66.98) | 0.65 83.29 (80.23-90.43) | <0.05*
CRP (mg/L) 7.8 (2.8-12.2) 9.1 (5.5-13.7) <0.05* 3.2 (1.3-6.3) <0.05*
WBC count (x1049/L) 8.1 (7.6-8.7) 9.3 (8.6-9.9) <0.05* 5.1 3.5-9.5) <0.05*
PNC (x1049/L) 5.2 (5.0-5.7) 6.3 (6.1-6.7) <0.05% 2.2 (1.8-5.9) <0.05%
PEC (x1079/L) 0.02 (0.01-0.08) 0.02 (0.01-0.09) 0.84 0.00 (0.00-0.10) 0.50
Comorbidity 43% (13/30) 46% (14/30) 0.39 — —

(Continued)
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Table | (Continued).

COPD AECOPD P value Health Control P value
Therapy history | ICS 2 | 0.93 — —_—
LAMA 7 10 0.48 e e
LAMA combination 12 21 0.32 — o
Others 4 3 0.67 e

Note: *Indicates statistical significance with P<0.05.

Abbreviations: BMI, body mass index; FEV, forced expiratory volume in first second; FEVI%pred, percentage of FEVI in predicted value LL; FEVI/FVC%, forced expiratory
volume in first second occupied forced vital capacity ratio; WBC, white blood cell; PEC, Peripheral eosinophil count; PNC, peripheral neutrophil count; ICS, inhaled
corticosteroids; LAMA, long-acting muscarine anticholinergic.

FVC%pred, FEVI(L), PEV1%pred and PEV1/FVC%, when compared with stable COPD patients which displayed
a significant increase, compared to the healthy controls (all P<0.05), however no differences in the BMI were observed
between the three groups (all P>0.05). Notably, PNC was also significantly increased in AECOPD patients when
compared with the stable COPD patients (P<0.05). In addition, the result from a logistic regression analysis showed
that CRP, WBC count and PNC were the independent factors for predicting the acute exacerbation of COPD (Table 2),
suggesting a higher risk of COPD exacerbation among patients with elevated airway inflammation.

Metabolism Profiling and Identification of AECOPD-Associated Metabolites

Based on the characteristic ions from UHPLC-QTOF/MS detection, a total of 127 metabolites were identified by IHNMR
metabolomic analysis combined with the NMR database (HMDB (http://www.hmdb.ca/) and BMRB (http://bmrb.wisc.edu/)
to match the metabolites in the serum NMR maps of the three populations, mainly including lipids, basal acids, sugars and

other substances (Figure 2A). Among these metabolites, there are 40 differential metabolites between control and COPD, in
which 22 upregulated and 18 downregulated metabolites in COPD compared to control as well as 16 upregulated and 18
downregulated metabolites in AECOPD compared to COPD (Figure 2B). Of note, it showed that COPD patients had
a dysregulated TCA cycle and nucleotide metabolism compared to the healthy controls; while the relative high level of
TCA cycle and low level of nucleotide metabolism after the standardization of all metabolites was observed in AECOPD
patients than that in stable COPD patients (Figure 2A). Among these different metabolites, COPD patients hold higher serum
levels of isoleucine, valine, alanine and leucine but lower levels of lactate and AMP, FAD, uric acid compared to the healthy
controls. Moreover, serum lysine, glutamine, 3-hydroxybutyrate, pyruvate and glutamate levels were significantly higher,
while 1-methylhistidine, isoleucine, choline, valine, alanine, histidine, leucine and AMP levels were significantly lower in
AECOPD patients compared with stable COPD patients after normalization based on the healthy controls, indicating that
ACOPD patients have severe disorders of energy and nucleotide metabolism.

To investigate the metabolic pathways involved in the differential metabolites in serum from COPD patients, the
various differential metabolites screened were imported into the MetPA database, and the metabolic pathways involved in
the differentials were analyzed. The metabolic pathways with an effect factor >0.10 and P<0.05 were selected as the
significant metabolic pathways. As shown in Figure 2C, compared with healthy controls, 12 metabolic pathways were

Table 2 A Multivariable Logistic Regression Analysis
on the Acute Exacerbation of COPD

Variants P value OR 95% CI

CRP 0.028* 2.081 1.243~3.891
WBC 0.004* 1.720 1.260~2.872
PNC 0.026* 1.982 1.093~3.702

Note: *Indicates statistical significance with P<0.05.
Abbreviations: CRP, C reactive protein; WBC, white blood cell
count; PNC, peripheral neutrophil count.

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 https: 789
Dove:


http://www.hmdb.ca/
http://bmrb.wisc.edu/
https://www.dovepress.com
https://www.dovepress.com

Peng et al Dove

A B C D

AECOPD vs COPD
€OPDvs Control

i : orepulated meabotes
| et meabltes P

TeA eyele

o  Pathway

- o0 s Cont
- downreguiaed metaaltes

0000 Pathway
2

3
o
AECOPD vs COPD °
downregulated metaboites @

0 .‘ 07 0 '8
RichRatio

nuceotide metabolism

AgcoPD copD Control

Nucleotide metabolism

Energy metabolism Aminoacyl-tRNA biosynthesis fold change

Glycine, serine and threonirie metabolism
-
Biosyhthesis of cofactors

u|“| ‘ | “ H ‘ ” ‘ - “[7 l H ‘ H } H " ‘ ‘ ‘ M TS olate biosynifesis emsymhes.so:ammaac»ds

- One carbon pool by folate

Alanine, aspartate and glutamate metabolism
.

Ranked st metric

Butanoate metabolism. Terpanoid backbone biosynthesis

Figure 2 (A) Heatmap of metabolite levels in COPD patients including AECOPD and COPD compared to control population. (B) Different metabolites among AECOPD,
COPD and controls. (C) Compared with healthy controls, 12 metabolic pathways were significantly altered in COPD patients. (D) Compared with the stable COPD, 8
metabolic pathways were significantly altered in AECOPD patients. (E and F) Enrichment analysis on these differential metabolites showed they can also be expectedly
enriched in energy metabolism and nucleotide metabolism. (G) The metabolite-pathway network was constructed using Gephi software.

significantly altered in COPD patients (P<0.05), including pyruvate metabolism, alanine, aspartate and glutamate
metabolism, glycolysis or gluconeogenesis pathway, central carbon metabolism, riboflavin metabolism and so on.
Eight metabolic pathways were significantly altered (P < 0.05) in the serum of AECOPD patients compared with the
stable COPD population, including purine metabolism, glutamine and glutamate metabolism, arginine biosynthesis,
butyrate metabolism, ketone body synthesis and degradation, and linoleic acid metabolism (Figure 2D). In addition,
further enrichment analysis on these differential metabolites showed they can also be expectedly enriched in energy
metabolism and nucleotide metabolism (Figure 2E and F). The metabolite-pathway network was constructed using Gephi
software, and the results are shown in Figure 2G, with high centrality and intermediary centrality of tRNA biosynthesis,
biosynthesis of alanine, glutamate and aspartate etc.

Correlation Analysis

A multivariate logistic regression model was established to estimate the COPD exacerbation probability of COPD patients.
The results show that lysine, glutamine, 3-hydroxybutyrate, pyruvate, glutamate and 1-methylhistidine, isoleucine, choline,
valine, alanine, histidine and leucine show non-normal distribution and the magnitude difference is large, so it needs to be
normalized, and Matlab is used to perform Box-Cox transformation. Regression coefficients (beta-coefficients), odds ratios
(95% confidence intervals) and standard errors (SE) were used for covariate logistic regression model probabilities. We
compared quantitively the levels of pyruvate, isoleucine, 1-methylhistidine and glutamine between AECOPD and COPD
and found that significant difference existed (Figure 3A-D). Subsequently, the related level index among the four
metabolites were calculated and a metabolite score based on the related level index was constructed through applying
a weighted sum of concentrations of 4 metabolites (Figure 3E). Moreover, a person correlation analysis demonstrated the
different values of M-score including pyruvate, isoleucine, 1-methylhistidine and glutamine were significantly correlated
with GOLD grade in COPD patients (r=0.4229; 95% CI.:0.1893—-0.6112; Figure 3F) (Table 3), suggesting a prognostic value
in predicting the risk of COPD exacerbation.

Discussion

As an important part of systems biology, metabolomics expresses the functional changes brought about by exogenous
disturbances in real time through the changes of metabolites. Metabolomics technology has been widely used in many
disease fields such as circulatory system, digestive system, respiratory system, etc., especially in the research of TCM
syndromes, some progress has been made.’**> Metabolomics exploration has already been carried out in the
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Figure 3 (A-D) The levels of pyruvate, isoleucine, |-methylhistidine and glutamine between AECOPD and COPD were quantitatively compared. (E) The related level index among
the four metabolites were calculated and a metabolite score based on the related level index was constructed through applying a weighted sum of concentrations of 4 metabolites. (F)
The correlation between stable COPD and AECOPD patients with pulmonary ventilation function and symptoms was analyzed by using a Pearson correlation coefficient.

diagnosis, molecular mechanism, syndrome diagnosis and pharmacodynamic mechanism of COPD; however, the
associated metabolomics characteristics and clinical application need still to be improved in the future.?®*’ At
present, some researches based on a targeted or untargeted metabolomics have suggested that dysregulated

Table 3 Analysis for the Association Between M-Score and Characteristics of Patients with COPD

Characteristics M-Score P value
I (n=11) 2 (n=18) 3 (n=23) 4 (n=8)
Age (ys) 68 (55-82) 70 (61-86) 69 (49-89) 68 (53-81) 0.92
BMI 21.2+2.39 22.0+2.66 20.8+2.13 22.1£3.12 0.66
Smoking 83% 75% 89% 66% 0.37
FVC(L) 1.69 2.42 2.83 2.98 0.063
FVC% pred 52.6 61.2 82.1 90.8 <0.05*
FEVI(L) 1.32 1.6l 1.42 2.51 <0.05*
FEV1% pred 52.6 63.2 88.6 93.6 <0.05*
FEVI/IFVC% 50.3 534 57.3 56.8 0.62
CRP (mg/L) 5.2 5.8 5.4 6.2 0.25
WABC count (x1019/L) 8.0 83 8.9 9.6 0.087
PNC (x1079/L) 5.1 5.6 6.8 5.8 0.092
PEC (x1019/L) 0.02 0.02 0.02 0.01 0.88
Comorbidity (CVD) 56% 48% 68% 73% <0.05*

Note: *Indicates statistical significance with P<0.05.

Abbreviations: BMI, body mass index; FEV, forced expiratory volume in first second; FEVI%pred, percentage of FEVI in predicted value
LL; FEVI/FVC%, forced expiratory volume in first second occupied forced vital capacity ratio; WBC, white blood cell; PEC, Peripheral
eosinophil count; PNC, peripheral neutrophil count.
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metabolism including amino acid, lipid and glycerophospholipid may be recognized as biomarker candidates for the
acute exacerbation of COPD,?*>* but the early diagnosis of COPD based on the serum or plasma metabolites or
panels is also still insufficient. With the help of metabolomics, relying on a high-throughput and high-sensitivity
metabolic analysis platform, the endogenous small molecule metabolites in COPD patients can be qualitatively or
quantitatively analyzed, and specific biomarkers can be found.”' In researches to discover and identify potential
biomarkers in body fluids, once compounds have been identified as potential biomarkers, further studies should be
conducted to develop well-validated analytical procedures to confirm that these analytes are indeed accurate.®
Among these procedures, mathematical models are promising, which will be available and feasible for clinical
evaluation for predicting the development of COPD in real world. In view of the above problems, in this study, we
performed a non-targeted metabolomics strategy combined with multivariate statistical methods to screen potential
serum metabolites associated with COPD and identified the metabolism characteristics of the acute exacerbation of
COPD, the associated metabolic pathways and constructed a novel metabolite score based on a weighted sum of
concentrations of four serum metabolites including pyruvate, isoleucine, 1-methylhistidine and glutamine signifi-
cantly associated with the acute exacerbation of COPD. The findings which will provide a new insight for the
understanding of COPD development.

It is well known that a portion of COPD patients can progress into acute exacerbations due to viral or bacterial
infections, specific environment exposures, or other predisposing factors.”’ The finding from our study showed that,
during the acute exacerbation period, the relative high level of TCA cycle and low level of anaerobic glycolysis after the
standardization of all metabolites were observed in AECOPD patients than that in stable COPD patients. However, this
does not mean that energy consumption increases in patients with acute pulmonary exacerbations. Furthermore, it was
found that COPD patients hold higher serum levels of isoleucine, valine, alanine and leucine but lower levels of lactate
and uric acid compared to the healthy controls. It has been reported that serum amino acids and lipoproteins are
decreased and choline glycerate is increased in COPD patients compared to normal subjects by NMR analysis; creatinine
and lactate levels are decreased and alpha-ketoglutarate, ketone bodies, and pyruvate levels are increased in urine.>* Our
study and these studies suggest the value of metabolomics in exploring the disease process and potential mechanisms of
COPD. In addition, in the study, for COPD patients, serum lysine, glutamine, 3-hydroxybutyrate, pyruvate and glutamate
levels were significantly higher, while 1-methylhistidine, isoleucine, choline, valine, alanine, histidine and leucine levels
were significantly lower in AECOPD patients compared with stable COPD patients after normalization based on the
3132 and indicated that ACOPD patients have severe
disorders of energy and protein metabolism. Following that, we identified AECOPD-associated metabolite pathways

healthy controls. The finding is consistent with a previous report

including pyruvate metabolism, alanine, aspartate and glutamate metabolism, glycolysis or gluconeogenesis pathway,
central carbon metabolism, riboflavin metabolism and so on. As mentioned above, an increase in the nucleotide
metabolic pathway of COPD patients in the acute phase can be reflected in the accumulation of nucleotide synthesis,
suggesting a high energy consumption state.**>* In addition, we constructed a metabolite score based on the related level
index through applying a weighted sum of concentrations of 4 metabolites including pyruvate, isoleucine, 1-methylhis-
tidine and glutamine and confirmed its potential by demonstrating the association between it and pulmonary ventilation
function and symptoms and GOLD grade in COPD patients. The result suggested a prognostic value of the M-score in
predicting the risk of COPD exacerbation.

There are several limitations in our current study. The observation could be limited by sample size. Moreover, we
did not track the data in the clinically stable patients following hospital-based treatment, nor in the patients who had
been stable for an indicated period and, therefore, we were unable to do a longitudinal level analysis. In addition,
inflammation in lung and radiograph-based pneumonia status have been recognized as important influencing factors of
metabolomics in patients with COPD.?* Although some inflammation factors were analyzed in the recurrent study, the
association between metabolomics and imaging-based evidence needs to be explored in the future. Nevertheless, based
on our studies, we believe that metabolomics can provide accurate disease assessment, early intervention, accelerated
target drug development, and real-time monitoring of treatment effects. Furthermore, the eventual application of
metabolic biomarkers may help to determine the pathogenesis of COPD diversity, and researchers should pay more
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attention to COPD to provide more meaningful information to guide clinical diagnosis and treatment based on previous
studies.

Conclusion

Altogether, the metabolite score based on a weighted sum of concentrations of four serum metabolites was associated
with an increased risk of COPD developing acute exacerbation, which will provide a new insight for the understanding of
COPD development.
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