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ABSTRACT

The clinical presentation of chronic obstructive pulmonary disease (COPD) is highly heterogeneous.
Attempts have been made to define subpopulations of patients who share clinical characteristics
(phenotypes and treatable traits) and/or biological characteristics (endotypes), in order to offer more
personalized care. Assigning a patient to any of these groups requires the identification of both clinical
and biological markers. Ideally, biological markers should be easily obtained from blood or urine, but
these may lack specificity. Biomarkers can be identified initially using conventional or more sophisti-
cated techniques. However, the more sophisticated techniques should be simplified in the future if they
are to have clinical utility. The -omics approach offers a methodology that can assist in the investigation
and identification of useful markers in both targeted and blind searches. Specifically, metabolomics is
the science that studies biological processes involving metabolites, which can be intermediate or final
products. The metabolites associated with COPD and their specific phenotypic and endotypic features
have been studied using various techniques. Several compounds of particular interest have emerged,
namely, several types of lipids and derivatives (mainly phospholipids, but also ceramides, fatty acids and
eicosanoids), amino acids, coagulation factors, and nucleic acid components, likely to be involved in their
function, protein catabolism, energy production, oxidative stress, immune-inflammatory response and
coagulation disorders. However, clear metabolomic profiles of the disease and its various manifestations
that may already be applicable in clinical practice still need to be defined.

© 2023 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.

Introduction

Chronic obstructive pulmonary disease (COPD) s a highly preva-
lent disorder that carries a heavy social and economic burden.!-
Diagnosis is based on a pertinent clinical history and the pres-
ence of chronic airway obstruction. Although some of the signs
and symptoms of COPD are shared among all patients, its clinical
presentation is highly heterogeneous and manifestations can be
both pulmonary and extrapulmonary. Pulmonary expressions can
range from emphysema to chronic bronchitis, presenting in dif-
ferent proportions in each patient. Progression also varies widely
- some patients remain stable throughout their lifetimes, while
others deteriorate rapidly. An important feature of COPD is the
presence of intercurrent periods of worsening symptoms, known
as exacerbations, that can be severe or very frequent. Attempts
have been made in recent years to group different patient pop-
ulations according to their clinical characteristics. These groups
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are called phenotypes or, when the emphasis is slightly more on
therapy, treatable traits. Phenotypes are probably associated with
distinct pathophysiological elements and comprise both the factors
involved in the etiology and progress of the disease and specific bio-
logical mechanisms (endotypes). These concepts are already used
in current COPD clinical guidelines,!? although, to date, they have
not been sufficiently refined to be able to offer truly personal-
ized medicine with highly precise management options for each
patient.? This knowledge gap contrasts with the emergence of new
therapies, such as biological response modulators (known colloqui-
ally as ‘biologics’) aimed at modifying the mechanisms of disease
presentation and/or progress.*

Although common elements clearly exist (e.g., inflammation
or oxidative stress), it is easy to infer that the various mecha-
nisms present in each patient and their interrelationship over time
must be specific to some extent. This would have a significant
impact on clinical practice, and would require the differentiation
of therapeutic targets. It is therefore essential to determine the
pathophysiological mechanisms present in each patient or group
of patients. The use of both clinical (e.g., the presence and num-
ber of exacerbations, imaging or functional profiles) and biological
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Table 1
Techniques most commonly used in metabolomic studies.

Analyte separation Identification - quantification

Gas chromatography (GC)
Liquid chromatography (LC)
- High pressure LC (HPLC)
* Ultra-high performance HPLC
(UHPLC)
Capillary electrophoresis (CE)
Mass spectrometry (MS)

Mass spectrometry (MS)

- Electrospray ionization MS (ESI-MS)

- Quadrupole time of flight MS (QTOF-MS)
Magnetic resonance spectrometry (NMR-MS)

markers seems to be the most appropriate way of identifying these
mechanisms and assigning the COPD patient to a more specific
subgroup. One such biomarker that has already helped person-
alize treatment to a somewhat greater extent is the number of
eosinophils in peripheral blood.!? However, new elements remain
to be incorporated into even more restrictive definitions of phe-
notypes/treatable traits and/or endotypes. The search for new
biomarkers can be either targeted based on a specific hypothesis
or ‘blind’, using massive screening processes without a pre-defined
hypothesis. In addition to more traditional methods, scientific
applications known as ‘-omics’ or ‘high-throughput’ have been
widely used in the last decade. These methods select either both
likely and or entirely unexpected molecules and metabolic path-
ways that may be potentially useful as clinical biomarkers and
target molecules for new treatments.’

Metabolomics

The various -omics are named after the substrate under
study, for example, genomics, proteomics, or metabolomics.
Metabolomics may be defined as the study of metabolites and the
ramifications of the processes that generate them. A metabolite is
an intermediate or final product of a biological process that serves
as a clue to the most recent metabolic events. The metabolome
is the collection of metabolites that exist in an organism, tissue, or
organic fluid. Metabolites are generally molecules that weigh about
1500 daltons and comprise amino acids and peptides, components
of nucleic acids, glucides, lipids and inorganic substances. Given
that diseases such as COPD involve metabolic changes in the organ-
ism, derived mainly from the persistent inflammatory and catabolic
state, it is reasonable to assume that these processes are reflected
in the corresponding metabolites. Therefore, a metabolomic study
could be useful both in the diagnosis of the disease and in differ-
entiating its different phenotypes, and would lead to more precise
and personalized management.®

The elements that would be appropriate for a metabolomic
study in COPD could be both local (such as lung tissue and air-
way secretions) and systemic (blood and urine). Systemic samples
may be less organ-specific but they are much easier to obtain, so
understandably most of the work has been done with these prod-
ucts. The techniques used in metabolomic analysis are primarily
those that separate and subsequently identify and quantify ‘ana-
lytes’ (‘signals’) and their corresponding metabolites (Table 1). Gas
chromatography (GC)is the technique most widely used to separate
volatile compounds and other substances after derivatization.” In
contrast, hydrophilic orlarge ‘polar’ metabolites should be explored
with other techniques such as high-pressure liquid chromatogra-
phy (HPLC), which has a wider spectrum than GC.2 One version of
HPLC is ultra-high performance liquid chromatography (UHPLC),
which has many advantages, including smaller sample require-
ments, greater speed, and better resolution. Another technique is
capillary electrophoresis (CE), characterized by its high metabo-
lite discriminatory capacity.? After the metabolites are separated
using these techniques, mass spectrometry (MS) is used to iden-
tify and quantify them according to their analytes.” MS can also
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be used as a single technique for separation, identification, and
quantification. One type is electrospray ionization MS (ESI-MS),
in which a very useful aerosol is generated for the detection of
ions from macromolecules. HPLC, mentioned above, can also be
linked to a quadrupole time of flight MS (QTOF MS). A more recent
development is nuclear magnetic resonance (NMR) spectroscopy,
which identifies metabolites without the need for prior separa-
tion, although relatively high proportions are needed.' The results
obtained with these techniques are usually expressed in relative
terms, facilitating comparison with other samples in the same study
but hindering direct comparisons with external results.

Metabolomics and COPD

This review article discusses the most relevant findings in the
literature on the metabolome of COPD patients. It is important to
remember that the design of the studies, including the types of
samples and the techniques employed, varies widely, so only an
integrated overview can give an overall picture of the findings of
this research.

Initial stages of exposure

The exposome includes all external and internal exposures of an
individual from conception to death. Its relationship with genetic
background may determine diseases, including COPD. In COPD, the
influence of smoking and other pollutants is obvious, but other life
habits and their time of onset, the environment, the development
of both the immune system and the microbiota, and the various
processes that occur in the body also play their part. The health
impact of these factors changes dynamically over the life of an
individual, and will be reflected in the metabolites generated at
any given moment.!! This changing temporal relationship between
COPD patients and their environment may also explain in part the
different trajectories observed in this disease.!?

Numerous studies have been published on the profound effects
of smoking on metabolism. In an interesting study on blood drawn
from smokers, Masthej et al. found that a network of 13 proteins
and other metabolites (particularly amino acids and phospholipids)
was inversely related to lung function.'® These results have been
confirmed in other studies.'*!° Fibrinogen has also been associated
with an increased risk of developing COPD among smokers.!®

There are no specific metabolomic studies of the changes
induced by wood or coal smoke, although reports are available
on the effects of exposures to these particles. Nassan et al. found
that exposure to particles smaller than 2.5 pm (PM2.5), and in
particular ultrafine particles, induces changes in phospholipid and
glutathione metabolism that probably affect the inflammatory-
immune response, oxidative stress, and the damage and repair of
nucleic acids.!” Metabolomic studies of environmental pollution
have been linked to oxidative stress, inflammation, and steroid
metabolism in exposed individuals.'’-'7-21 It is also interesting to
note that the metabolite profiles associated with environmental
exposure appear to be different for each sex.?2 In the case of COPD,
these substances could possibly already be detectable both in the
phases prior to the development of the disease and in its earliest
stages.

Established lung disease: general aspects

Numerous metabolomic changes have been detected in COPD
in both targeted and untargeted studies, but the results are still
inconclusive. Most of these studies have been carried out on plasma
or serum samples, not only because they are easy to obtain, but also
because COPD is a disease with numerous systemic manifestations.
Others have focused on samples from the respiratory system. In
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Table 2
Most relevant associations of metabolites in COPD.

AMINO ACIDS and derivatives!6:2426.28.33.3641-43,48,56,58,60,61,63,64,66,67.70-72
Alanine (b)”"7? (or 1)73
Arginine (b 1)386364
Asparagine (b |)7°
Citrulline (b 1)°°
Cysteine (BAL)*® (b ALT)”172
Glycine (b })60,62 (BAL |)28 - dimethylglycine (b |)2666
Glutamine (b 1)26626670 (EBC |)*! - Glutamate (b 1-{)°%
Histidine - methylhistidine (b - )?6:60.626671.72 (or )73
Homocysteine (BAL | )*¢
Isoleucine (b | m)26:56
Leucine (b | m)?6:61.66
Lysine (b NR)**->7 (EBCJ,)*
Methionine (b NR)”!.72
Ornithine (b 1-)%
Phenylalanine (b 4)?6:2862.66
Proline (b | m) 26-61.66 (EBC |)*
Proline (b |)% (BAL{)*®
Proline (b | )° (EBC 1)**
Serine (EBC 1)*3
Tryptophan (sp)*®
Tyrosine (b 1)%7 - Thyronine (EBC 1)*

Acetylpyridine [tryptophan] (E-nose | )*

Carnitines and acylcarnitines [derived from lysine-methionine] (b 4)?4°658.67
Carnosine (ur 1)”?

Creatine [glycine and arginine] (b |)°° and creatinine (b 1)'¢ (ur |)”*
Cysteinsulphonic acid [cysteine oxidation] (b 1)'®

Glutathione (sp 1)*°

Histamine [amine derived from histidine] (b 1)%°

Hydroxyphenyl lactate [tyrosine derivative] (b 1)%7

Methylisobutyric acid - methylisobutarate [leucine] (E-nose 1)*3

PROTEINS, PEPTIDES and derivatives'63132346567
Cyclooxygenase-2 (sp 1)**
CYTOCHROME P450 (BAL, NR)*!
Fibrinogen Peptide B [mFPB] (b 1p)'®
Glycoprotein GlycA (b 1)%
HDL lipoproteins (b 1)%
Lipooxygenase -5 [5-LOX] (b })*!
Methylurate (b 1)%7
Myeloperoxidase [MPO] (sp 1)*?
Superoxide dismutase [OD] (sp 1)*?

NICOTINAMIDE and NICOTINIC ACID Metabolism?*®
Nicotinamide (ur )”?
p-Cresol (BAL | )*®

LIPIDS and derivatives24262829,31,32,34,37,41,42.43,44,53-59,62,65-67,70

Fﬂtt_y aCidS ﬂnd related acid524,3],34,37,42744,53,54.56 and 58,67
Arachidonic acid [AA, »-6] (sp 1)**
Eicosatetranoic acid [ETA, w3] (b })?!
Eicosapentanoic acid [EPA, 3] (sp J)**
Docosapentanoic acid [DPA, w3] (sp 1)**
Docosahexaenoic acid [DHA, »3] (b {)% (sp |)**
Hydroxy-heptadecatrienoic acid [HHTrE] (b | )*!
Lauric acid (b 1)%/

Linoleic acid [LA, »-6] (BAL 1)*! (sp {)**
Linoleic acid [ALA and GLA, w-3] (sp{)**

Diglycerides and triglycerides®*>36-5%

Diverse diglycerides, not specified (b 1-)°6-%8
Various triglycerides, not specified (b 1)24%35758

Glycerophospholipids!6.2426.28.3241,53,5456-59
Cardiolipin [a phosphatidylglycerol] (BAL | )*®
Glycerophosphocholine (b 1)25
Glycerophosphoinositol (b 1)'®
Lysophosphocholine (b 1)°® and lysophosphatidylcholine (b 1)°®
Phosphatidylcholines (BAL NR)?3 (sp)>457
Phosphatidylethanolamines (BAL NR)*¢
Phosphatidylserines (BAL NR)*®
Phosphocholines (b 4-)2426:53.5457-59
Phosphorylcholine (EBCY)*!

Sphingulipidszx,zq53—56,59
Sphingosine-1-phosphate (It 1)>°
Sphyingomyelin (b |) °*-5° (BAL|)*®
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Table 2 (Continued)

Ceramides?®>3-°%
Ceramides, not specified (b )36 (It 1)%°

Other eicosanoids>*>1:37:53.54
Prostaglandin D2 [PGD2] (sp 1) - derivative tetranor-PGDM (sp | )’
Prostaglandin tetranor derivative E1 [PGE1] [PGEM] (spJ)*’
Prostaglandin E2 [PGE2] (sp 1) - derivative tetranor-PGEM] (spJ )*’
Prostaglandin-like E2 [8-iso-PGE2] (sp 1)’
Prostaglandin-like F2a [8-iso-PGF2a] (sp 1)*237
Leukotriene D4 [LTD4] (sp 1)*’
Leukotriene E4 [LTE4] (spt)®’
Thromboxane D2 [11-dehydro-TBX2] (sp 1) 7

Modified steroids and derivatives®”
Androsterone sulfate (b 1)%7
Cholestenoate (b 1)%7

Ketone or related bodies?6436:48.62.65.66
Acetate — Acetone (EBC1)* (ur 1)*¢
Acetoacetate — acetic acid (b 1)%
Cyclopentanone (E-nose 1)
Hexanone (EBC)*® (E-nose 1)*¢
Ketoglutarate (ur 1)%°
Ketone bodies, not specified (b 1)26:6266 (EBC4)#>46 (ur 4)%673
Phenylacetyglycine (ur 1)2°

GLUCIDES and derivatives'®
Myo-inositol [Vit B8] (b 1)'®
Sialic acid (sp 1)**

NITROGENOUS BASES and related*>°7
Adenine (sp 1)*
Hypoxanthine and xanthine (1b)®” (sp 1)**

NUCLEOSIDES and related**-”
Adenosine - Methylthioadenosine (sp 1)*?
Pseudouridine (b )%’

ACIDS and SALTS, Citric Acid Cycle (Krebs)'641-43.68.69
Acetolactic acid - Acetolactate — Acetoin (EBC NR)*?
Fumaric acid-fumarate (b 1p)'®
Lactic acid - lactate (b 1p)5859 (EBC4)*243
Maleic acid - Maleate (b 1p)®®
Pyruvic acid - Pyruvate (b 4)%-59 (EBC{)*! (ur 1)*°
Propionic acid - Propionate (EBC%)*243
Succinic acid - Succinate (b 1p)®® (EBCJ)*!

ALDEHYDES AND ALCOHOLS*#24548.67
Acetaldehyde [derived from ethanol] (E-nose 1)*
Ethanol (NR EBC)*

Glycerol (b 1)%7 - Glycerate (b )%’
Propanol(EBC| )*% (E-nose 1)*
Various aldehydes, not specified (EBCt)**

HYDROCARBONS*>-48
Benzene (EBC|)* (EBC 1)*
Decanes (EBC 1)*
Hepatriene (EBC 1)*’
Hexane (EBC |)* and Cyclohexane — Hexanone (EBC1)*® (E-nose 1)*8
Indol (EBC |)*’
Limonin (EBCJ)*
Octane (E-nose 1)*8
Pentene (EBC{)** — Cyclopentanone (E-nose 1)*¢
Tetradecane (E-nose| )*®
Toluene - Hydroxytoluene (EBC 1)*’

MISCELLANEOUSzS,BBBS,Al,45.47,48,67,70
Choline (EBC })*!
Dodecalactone (E-nose | )*®
Hydroxy-indolacetic acid [HIAA] (sp |)*¢
Seratonin (b 1)%7
Trimethylamine (b 1)%2 (EBC | )*!
Vinyl acetate [VAM, xenobiotic] (EBC 1)*’
Vinylpirazine (E-nose | )*®

The arrows indicate a higher (1) or lower (| ) concentration in COPD patients com-
pared to healthy subjects. In case of conflicting results, the larger arrow in the
direction reported by more authors is shown. Bibliographic references are given
for each particular molecule or group of molecules.

Abbreviations: b, blood (plasma or serum); BAL, bronchoalveolar lavage; EBC,
exhaled breath condensate; E-nose, exhaled air detected by electronic nose; It, lung
tissue; NR, direction of changes not reported by the authors; p, predictor of poor
prognosis; sp, sputum; ur, urine.
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Table 3
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Most relevant associations of blood metabolites with the most accepted phenotypes described for the disease.

(a) EMPHYSEMA !355:58,60,62.66,78,79

AMINO ACIDS, PEPTIDES and derivatives Arginine, Alanine, Asparagine, Citrulline, Phenylalanine, Glycine, Glutamine, Histidine, Lisine, Proline, Serine, Thyrosine,

Triptophan and Valine

Aminoadipic acid and Aminoadipate (synthesis of lysine), Betaine, Carnitine, Creatine, Pyroglutamate and Sarcosine

LIPIDS and derivatives
- Fatty acids: Myristoleic acid
- Diglycerides: Palmitoyl-linoleoyl-glycerol

- Glycerophospholipids and derivatives: Stearoyl-linoleoyl-glycosylphosphatidylinositol, Stearoyl-arachidonyl-glycosylphosphatidylinositol,
Palmitoyl-docosahexanoyl-glycosylphosphatidylethanolamine and Palmitoyl-linoleoyl-glycosylphosphatidylinositol

- Sphingomyelins
- Ketone bodies: Hydroxybutyrate
GLUCIDES: Glucose

NITROGENOUS BASES and derivatives: Adenine, aminoisobutyric acid (BAIBA, thiamine derivative)

NUCLEOSIDES: Ribosyl-Imidazolacetate
(b) LOW WEIGHT and CACHEXIA®?

AMINO ACIDS, PEPTIDES, PROTEINS and derivatives Glutamine, Glycine, Isoleucine, Methionine and Valine

Aminoisobutyrate (Thiamine and Valine catabolism)

HDL lipoproteins

LIPIDS and Ketone Bodies: Acetate, hydroxybutyrate

GLUCIDES: Glucose

ACIDS and SALTS, citric acid cycle and/or lipid (3-oxidation: Pyruvate
MISCELLANEOUS: Ascorbic acid and nicotinic acid

(c) FREQUENT EXACERBATOR PHENOTYPE 4155583

AMINO ACIDS, PEPTIDES and derivatives: Alanine, Arginine, Leucine, Isoleucine, Proline, Serine, Threonine, Tryptophan and Valine

Betaine and aminoacyl-tRNA

(D) EOSINOPHILIC PHENOTYPE AND ASTHMA-COPD OVERLAP SYNDROME (ACOS)%9%2
AMINO ACIDS, PEPTIDES, PROTEINS and derivatives Glutamine-glutamate, Serine, Threonine and Valine

Betaine, IL-1p, IL-5, IL-6, IFN-y, TGF-8 and TNFx

LIPIDS

- Fatty acids: Stearic acid (octodecanoic) and linoleic acid
- Triglycerides: Palmitoylglycerol

- Eicosanoids: Various

- Modified steroids and derivatives: Cholesterol
GLUCIDES: D-mannose, glucose

ACIDS and SALTS, citric acid cycle: Citric acid-Citrate, Lactic acid-Lactate, and Succinic acid-Succinate

ALCOHOLS/AMINES: Ethanolamine

some of these publications, the degree of dilution is not known
with certainty, compromising comparisons with other studies.?>
Finally, some isolated studies in urine?*-26 or even feces?’ have
been published.

The most relevant findings obtained in the various metabolomic
studies carried out in COPD patients are discussed in this paper
and the various phenotypes and other circumstances associated
with the disease are detailed below. The results are summarized in
Tables 2 and 3, and Fig. 1 has been provided for better understand-
ing.

Samples of pulmonary origin

Studies conducted on samples from the respiratory system itself
best reflect events occurring in the lung and the airways.?8

Lung tissue. Berdyshev et al., using liquid chromatography
(LC)-MS, found that patients with mild-to-moderate COPD showed
higher lung tissue levels of ceramides than control subjects, which
was interpreted as an expression of tissue destruction.?? In con-
trast, patients with severe disease showed higher levels of a
sphingolipid but lower levels of the above-mentioned ceramides.??

Bronchoalveolar lavage (BAL). Associations between lung func-
tion and some lipids (fatty acids, glycerophospholipids and
sphingolipids), as well as various amino acids and some xenobiotics
have been reported in the BAL of COPD patients by Halper-
Stromberg et al.?® Other authors studying BAL have reported
increases in various peptides that were also associated with
functional impairment.>° Balgoma et al. found that lipids associ-
ated with linoleic acid and some derivatives of cytochrome P450
(involved in the synthesis of hormones, cholesterol, and vitamins)
were closely related to lung function and the abundance of calici-
form cells. In addition, a panel of 9 lipids differentiated between

women smokers with or without COPD, although the comparisons
were not useful in men.3!

Induced sputum. Zhu et al. found reduced levels of several
glycerophospholipid-related metabolites in the sputum of criti-
cally ill patients that probably impacted their level of oxidative
stress, since these findings were also inversely related to levels
of superoxide dismutase (SOD) and myeloperoxidase (MPO). SOD
and MPO emerged from a total of more than 500 metabolites as
being differentially expressed in moderate and severe COPD.>?
Esther et al. found increases in sialic acid, glutathione (essential
in redox balance), nitrogenous bases and nucleosides in the spu-
tum of COPD patients.>® Also of interest is the study by Van der
Does et al. who observed reduced levels of fatty acids and their
derivatives in the sputum of patients with stable COPD, along with
increases in arachidonic acid and mediators of cyclooxygenase-
2.4 In the case of arachidonic acid, higher levels also appear to
depend on sphingolipid-related pathways,?> with consequences
for eicosanoid synthesis. In another interesting study, Yan et al.
observed changes in tryptophan metabolism in sputum from COPD
patients, due to a reduction in hydroxy-indolacetic acid (sero-
tonin metabolism).36 Other molecules, such as some eicosanoids
(prostaglandins, leukotrienes, and thromboxanes), have shown sig-
nificantly higher levels in the sputum of COPD patients compared
to controls.?”

Exhaled breath condensate. Exhaled breath condensate has great
potential value in the study of the ‘deep lung’. However, this sam-
ple is still rather difficult to obtain and analyze. Advances are
needed to resolve problems in determining the real concentrations
of each compound, whether volatile (gaseous at room tempera-
ture) or non-volatile (both organic and inorganic molecules).38-40
In one of the first published studies, de Laurentiis et al. found that
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Fig. 1. Outline of the most relevant pathways, molecules, phenotypes, and other components associated with COPD detected in metabolomic studies (details in Tables 2 and 3).

patients, in contrast to healthy individuals, showed reduced lev-
els or absence of some molecules involved in the citric acid cycle,
amino acids, such as glutamine (synthesis of proteins and glu-
tathione, and acid buffer), glycerophospholipid components, and
choline.*! The authors reported years later that patients and con-
trols also differed with respect to other markers associated with
the citric acid cycle, fatty acids, and amino acids.*? These results
were largely confirmed and even expanded by Bertini et al.*> and
Bregy et al.**Cazzola et al. analyzed various volatile compounds
and reported differences between patients with COPD and controls
for some hydocarbons, including many aromatic types, and some
isolated xenobiotic compounds.*> These results are very similar to
those reported by Westhoff et al.*® and Gaida et al.*”

Electronic nose (eNOSE) exhaled breath analysis. This technology
identifies compounds mainly linked to odors. Rodriguez-Aguilar
et al., for example, reported that, compared to healthy con-
trols, COPD patients have different levels of certain alcohols and
their acetaldehyde derivatives, various hydrocarbons, amino acid
derivatives, and ketone bodies.*8

Systemic samples

Blood. Samples for analysis include serum or plasma, differen-
tiated mainly by the presence of coagulation factors in the latter
plasma. Numerous studies have been carried out using these sam-
ples, including some from very large multicenter projects such as
ECLIPSE, COPDGene, and SPIROMICS,**->2 and other smaller inves-
tigations.

Chen et al. conducted a very interesting study comparing non-
COPD smokers with COPD smokers, showing differences in 23
metabolites among the latter. This helped generate a highly predic-
tive model that included glucides, glycerophospholipids, various
peptides, including fibrinogen peptide B or modified fibrinogen
peptide B, and amino acid oxidation products.'®

More specifically, significant changes have been observed in
several blood lipids. Some authors have described reduced serum
or plasma sphingolipids in COPD patients, and lower levels of the
previously mentioned ceramides among persistent smokers.”3>°
Similarly, Gillenwater et al. revealed a strong association of disease
with the network in which these 2 metabolites were found,’ and
also reported that both diglyceride and some glycerophospholipid
levels are reduced in patients.”S Reduced levels of phosphatidyl-
cholines in patients were also confirmed in other studies.”*>’
In contrast, other glycerophospholipids and associated molecules
(such as phosphocholine, a precursor to phosphatidylcholine)
and triglycerides appear to be increased.>4263.545758 Ljy et al.,
using ESI-MS, also demonstrated changes in various phospholipids,
which in some cases were higher and in other cases were lower in
patients compared to controls.>®

Polyunsaturated fatty acids (PUFA) are also reduced in COPD,
although monounsaturated fatty acids appear to be elevated, and
changes in eicosanoids are also observed.24°35* Balgoma et al.
observed that, compared to controls, COPD patients showed higher
serum levels of CYP oxidase derivatives and some platelet acids
derived from arachidonic acids, along with a decrease in lipooxy-
genase that transforms fatty acids into leukotrienes.>!
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The COPDGene and SPIROMICS cohorts reported that COPD
patients showed changes in acylcarnitines (transport of fatty acids
to the mitochondria for oxidation).”® Kim et al. and Callejon-Leblic
et al. also reported similar findings in smaller patient cohorts.24°8

Protein metabolism changes have been reported in various
amino acids and derivatives,>426:°658.60-66 with reduced levels
mainly of branched-chain amino acids266! (more pronounced in
severe patients),266266 and others such as histidine and creatine
(the latter derived from glycine and arginine). However, other
amino acids (e.g., arginine and phenylalanine) or their derivatives
(e.g., histamine, derived from histidine) show higher levels than in
healthy controls,26:58.60.62.64.66 particularly during exacerbations.5>
Some of these changes also correlate with levels of systemic inflam-
mation markers.%056 In parallel, several authors have shown higher
levels of some HDL lipoproteins, GlycA glycoprotein (derived from
acute phase proteins) and/or ketone bodies in COPD patients.52.65.66
Finally, changes have also been observed in modified fibrinogen
peptide B that were directly related to the functional involvement
of patients,'® possibly explaining some of their thromboembolic
complications. If all the above is summarized in the protein
metabolism pathways most closely associated with COPD, the
specific amino acids cited and their oxidative processes seem to
play a particular role, suggesting increased protein catabolism.?3»7
Finally, in a large study conducted by Yu et al., up to 17 metabolites
were found to be associated with COPD, including amino acids and
their derivatives (e.g., ornithine, homocitrulline, and carnitines),
various steroid lipids (e.g., androsterone and cholesterol-derived
cholestenoate), serotonin, puric bases, and nucleosides.%” Xue et al.
found elevated serum levels of maleate, pyruvate, and lactate in
their patients, which also suggests oxidative metabolism problems
in the Krebs cycle, with predominantly anaerobic glycolysis impact-
ing on energy production,®® a concept also suggested by the results
of Naz et al.%°

Recently, Godbole et al. performed a study based on find-
ings common to various studies conducted in the SPIROMICS and
COPDGene cohorts in an attempt to generate a predictive model for
functional impairment in COPD. Using a total of 132 metabolites,
particularly amino acid and lipid-related ones, they were able to
explain up to 65% of the variability of FEV;. However, this promis-
ing initial percentage was halved in the validation cohort.”® Huang
et al. and Carpenter et al. also analyzed metabolomic results associ-
ated with environmental exposures, and confirmed that the disease
is strongly related with alterations in the metabolism of amino acids
and nucleosides.”!"72

Urine. In one of the studies examining urine samples taken from
smokers, some of whom were COPD patients, McClay et al. used
NMR to determine that mainly trigonelline (a plant alkaloid), but
also hippurate and formate, were associated with FEV{.2> All 3
metabolites are related to diet, but the latter 2 may also come from
the intestinal microbiota.”> Wang et al. reported elevated urinary
levels of ketone bodies and pyruvate, as well as carnosine dipeptide
(antioxidant) and some amino acids, along with reduced levels of
methylnicotinamide and creatinine.26

Animal models

Multiple experimental COPD models have also contributed to
the identification of metabolites possibly involved in this disease.”*
This is the case of some fatty acids or prostaglandin PGE2,”> which
were subsequently confirmed in patients with the disease. In addi-
tion, up to 70 characteristic metabolites have been identified in
animal models of exacerbation.”® Animal models have also shown
that some metabolites derived from smoking persist in blood for up
to 2 months after stopping exposure.”” However, a detailed exam-
ination of the findings in COPD models goes beyond the scope of
this review.
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Severity of functional involvement

Some  associations between functional involvement
and the metabolic profile of patients have already been
mentioned.'31>16.25.28 It should be added that several studies
carried out on blood samples have reported that various sugars,
amino acids and derivatives (e.g., y-glutamylamino acids and
aminoacyl-tRNA), diglycerides and phospholipids, nucleosides
and trigonelline (derived from Vit B3) are associated directly or
inversely with different pulmonary function variables.2>60.67.69
Indeed, pulmonary function generally correlates well with the
pathways related to these substances, and with pathways of
nitrogen metabolism, ATP-binding cassette (ABC) transporter and
absorption of certain minerals.!#'>67 More recently, advanced
machine learning methods (in particular, an approach called kernel
machine regression) have been used to reinforce associations of
this type, mainly with those of the aforementioned ABC trans-
porters, the metabolism of certain amino acids, and those of the
ligand-neuroactive receptor interaction.”?

Phenotypes and COPD
Classic phenotypes: emphysema and bronchitis

A classic phenotype is emphysema patient. Several authors
have observed the direct association of this structural alteration
with various blood metabolites (Table 3), including citrate, var-
ious amino acids and associated molecules (such as betaine,
protector of osmotic cellular stress), diglycerides, glycerophos-
pholipids, and various sphingomyelins, ketone bodies, and
some ribonucleosides.!328>>60627879 In contrast, other amino
acids, sphingomyelins, ceramides, some peptides (e.g. sarcosine)
or nitrogenous base derivatives ((3-aminoisobutyric acid), and
metabolites linked to protein acetylation have shown an inverse
association with emphysema.6266.78 It should also be noted that
some metabolites show conflicting results, depending on the study.
In another study, this time with BAL samples, Halper-Stromberg
et al. found a high number of metabolites associated with emphy-
sema, including those linked to amino acids, fatty acids and various
phospholipids.%®

Other pathways reported to be closely associated with emphy-
sema include the Krebs cycle and oxidative phosphorylation,'*1>
and perhaps with overproduction of free radicals. Three modules
formed respectively by amino acids-phospholipids-bile acids-acyl
cholines, amino acids-Krebs cycle-xenobiotics, and various steroids
were found to be involved in the networks obtained by Gillenwater
et al. from the COPDGene cohort.”® Unfortunately, the subsequent
validation attempt in the SPIROMICS cohort did not fully con-
firm this data. In their machine learning analysis, Carpenter et al.
obtained strong associations between the degree of emphysema
and the ABC transporter networks, the metabolism of various
amino acids, and the neuroactive ligand-receptor interaction.”?
Most recently, Godbole et al. constructed a predictive model of
emphysema and its intensity using the results of the SPIROMICS
and COPDGene and 129 of the metabolites. This initially accounted
for up to 60% of the variability, but this percentage fell to 17% in the
validation cohort.”°

Weight loss and muscle mass are common in COPD, especially
in the emphysema phenotype and in advanced cases. In a separate
investigation of this issue, Ubhi et al. reported a direct association
between nutritional status and ascorbic acid (Vit C), a nicotinic acid
ester (Vit. B3, in turn a precursor of adenine-nicotinamide dinu-
cleotide or NAD), and HDL lipoproteins, and a negative association
with glutamine. Extreme nutritional deficit or cachexia, mean-
while, were associated with decreases in branched-chain amino
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acids, ascorbate, pyruvate and glucose, and with increases in other
amino acids and ketone bodies.5?

The metabolic associations of the other classic phenotype,
chronic bronchitis, have also been investigated in another study.
Esther et al. reported elevated sialic acid levels in the sputum of
these patients.>> However, other authors have not obtained such
clear results when studying this metabolite in plasma,'* probably
because this is a phenotype with more local respiratory sys-
tem involvement. Callejon-Leblic et al. found differences between
phenotypes classified as more pure emphysema versus chronic
bronchitis: glucose serum levels were higher in emphysema phe-
notypes than in chronic bronchitis phenotypes, while myristoleic
acid (w-5) levels were lower; and in patients with emphysema cer-
tain amino acids and their metabolites were higher and others were
lower.”® Tan et al. published an interesting study of the differences
between emphysema patients who showed computed tomogra-
phy findings of associated structural changes in the bronchial wall
(a ‘mixed’ emphysema-bronchitis phenotype) compared to those
without (more pure emphysema), noting that the mixed pheno-
type the former have lower levels of the amino acids glutamine
and alanine than the latter pure emphysema phenotype.3°

Muscle dysfunction

Muscle dysfunction, associated or not with weight loss and/or
muscle mass, is another common manifestation in many patients
with COPD.8! A study using NMR to investigate the plasma
metabolomic profile of patients with muscle dysfunction reported
reductions in alanine, isoleucine, and valine.8?

Frequent exacerbators

Frequent exacerbators also present distinct metabolic ele-
ments, as do subjects with particularly severe acute episodes.
Increased levels of sialic acid, amino acids and derivatives
(including glutathione) and nitrogenous bases were found in
the sputum of frequent exacerbators included in the SPIROMICS
cohort.33> Moreover, some of these biomarkers helped predict
future exacerbations.>> Bowler et al. found that the systemic dys-
regulation of phospholipid metabolism observed in the plasma of
COPD patients was mainly associated with glycosphingolipids in
frequent exacerbators.>>

In the SPIROMICS cohort, NMR analysis of blood samples showed
that subjects with any exacerbation in the previous year present
reductions in a large number of metabolites compared to other
patients, primarily branched-chain amino acids and tryptophan.®?
Cruickshank et al., in the COPDGene cohort, reported that subjects
with frequent or severe exacerbations showed changes in various
amino acids and derivatives (including aminoacyl-tRNA), sugars,
and carnitines. The most disrupted pathways in these frequent
exacerbators again involved these substances and those related
to the metabolism of purines, ABC carriers, and absorption of cer-
tain minerals.!” In this same cohort of patients, Gillenwater et al.
found that the amino acid derivative trimethyl-alanylproline and
the already cited betaine were strongly associated with the number
of exacerbations.'*

Poor short-term prognosis

A relatively rapid unfavorable course can also be consid-
ered a patient-specific profile. In this respect, compared to COPD
patients with longer survival, those with reduced survival (LC-MS,
LC-MS-MS and GC-MS) have shown a more marked reduction
in branched-chain amino acids; higher levels of fructose and
molecules linked to the citric acid cycle, whether standard (e.g., suc-
cinate, fumarate, malate and lactate) or variant forms (metabolism
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of glyoxylate and dicarboxylate); and well-defined alterations in
the pentose-phosphate and glycerolipid pathways. These findings
all imply particularly important problems in energy production,*
as also suggested by the networks created by Gillenwater and
Naz.°669 Patients with poor survival have shown elevated levels
of a vasodilator bradykinin metabolite®* and of polypeptides asso-
ciated with the cleavage of coagulation factor XII and fibrinogen,
two components related with spontaneous clot formation.®> As
already mentioned, a significant number of metabolites are associ-
ated with lung function and may be useful for biological monitoring
that would help define different outcomes.

Another interesting topic is that of metabolic profiles in the ear-
lier stages of the disease versus other more advanced stages, which
may or may not always coincide with patient age. Indeed, age
itself can shape different expressions of the disease. In the above-
mentioned publication by Xue et al., it was observed that changes
in the Krebs cycle inferred from the study results were much more
evident in older patients than in young people with COPD.58

Eosinophilic COPD and asthma-COPD overlap syndrome

One of the most clearly defined phenotypes or treatable traits
in COPD is the eosinophilic phenotype, commonly characterized by
eosinophil levels greater than 300 cells/p.l. This group accounts for
approximately 15-30% of patients.?%37 The various metabolomic
studies conducted to date have often indistictly combined this phe-
notype with the asthma-COPD overlap syndrome (ACOS), so both
are included in this section.

Some authors have specifically studied ACOS-related alterations
in the metabolome, revealing interesting relationships between
lung function in these patients and blood levels of glycids (glu-
cose and mannose), amino acids (e.g. glutamine, serine or valine),
lipids (cholesterol), and citric acid cycle components (citrate and
succinate),®889 urinary levels of histidine,?° and levels of certain
amino acids (valine), fatty acids, ketone bodies, alcohols and lac-
tic acid in exhaled air condensate.’! Furthermore, some serum
metabolites, including those mentioned above, and various sug-
ars, succinic acid and ethanolamine®? clearly differentiate patients
with ACOS from the other COPD or asthma phenotypes.8? ACOS
patients also appear to have greater dysregulation of various
cytokines®® and eicosanoids.?? In line with this, it is generally
accepted that patients with ACOS are characterized by a more acti-
vated metabolic state and greater energy consumption®>?* than
patients with only asthma or COPD, which could partially explain
a worse outcome.>99°

An interesting and related topic is the difference between the
more pure forms of COPD and bronchial asthma phenotypes. Liang
et al., using LC-MS, observed that the pure COPD phenotypes
showed higher plasma levels of some amino acids (the 3 branched-
chain amino acids and phenylalanine), fatty acids and derivatives
(arachidonic acid, pyroglutamic acid, and indoxyl sulfate), certain
xanthines and Krebs cycle components (succinate), and lower lev-
els of other lipids (e.g. palmitic acid, acomponent of cell membranes
and lung surfactant) and xanthines, nucleosides (such as inosine),
and bilirubin.?® De Laurentiis et al., in a study of exhaled breath
concentrate, found that COPD patients showed higher levels of
some alcohols (ethanol and methanol) than asthma patients, and
lower levels of acetone.?’ These results are very similar to those
more recently reported by Maniscalco et al.”® Urine samples could
also be useful for the same purpose, as suggested by the work
of Adamko et al. who used NMR to determine that, compared to
COPD patients, asthma patients showed higher levels of glutamine,
succinate (again), the nitrogenous base uracil (enzyme synthesis
and carbohydrate metabolism), and pantothenic acid (formation of
coenzyme A [CoA], involved in cellular respiration and synthesis of
immediate principles). They also showed lower levels of arginine,
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dimethylamine (synthesis of NO), hydroxyisovalerate (metabolism
of CoA), betaine, choline, and methylnicotinamide (synthesis of
steroid hormones).”?

The reverse process: clustering by endotypes

Similarly to searches for metabolic biomarkers for the different
disease phenotypes, attempts have been made to directly gener-
ate endotypes that in turn reclassify the phenotypes. The recent
report from Gillenwater et al. is interesting in this regard: 2 new
endotypes were generated from various metabolites related to
sphingomyelins.'%0

Influence of sex

As mentioned previously, both very large studies (SPIROMICS
and COPDGene cohorts) and more modest ones have found lower
serum carnitine levels in female patients than in both men with
COPD and healthy women.”%69 These serum findings are consis-
tent with BAL findings from Balgoma et al., in which a panel of
lipid mediators (specifically, various fatty acids or thromboxane
B2 [TX2]) seemed to differentiate between female smokers with
or without COPD, although this was not the case in men.?! In
addition, nitric oxide and arginine pathways have shown more
changes in the serum of women with COPD than in men, which
may be related to the presence of higher levels of nitrosative
stress in women.®® In contrast, the predominantly altered path-
ways in men are those related to various lipids (fatty acids,
ceramides, and sphingolipids).”® In the networks obtained by
Gillenwater et al. from the metabolites mentioned in previous sec-
tions, the modules formed by amino acids-lysophospholipids-bile
acids-acetylcholines and amino acids-Krebs cycle-xenobiotics also
appear more relevant in men with COPD, whereas a steroid network
is more relevant in female patients.”® These and other differences
in both metabolic markers and the clinical presentation of respira-
tory diseases between male and females have been related both to
hormonal issues and to exposure to noxious substances related to
the cultural environment.'01.102

COPD exacerbations

Very few studies have addressed the appearance and pre-
dictability of metabolic changes at the specific time of exacer-
bations. Mention has already been made of the article published
by Esther et al., which made it possible to establish predictions
about upcoming acute episodes.?> Regarding the exacerbations
themselves, Zhou et al. reported slightly lower levels of the amino
acid taurine and the dipeptide glutamyl-phenylalanine (indica-
tive of probable catabolic protein activity) during these episodes
compared with periods of stability, although no clear predictive
values could be defined.”’ Gulcev et al., using NMR, also observed
reductions in tryptophan levels during the first few days of an exac-
erbation, which is likely to be the result of a parallel increase in
a dioxygenase.'9® Finally, Van der Does et al. reported increases
in arachidonic acids and DPA, and cyclooxygenase-2 mediators
in the sputum of patients experiencing exacerbations.>* In terms
of exacerbation severity, the catabolic pathways appear to be
the most affected in severe cases, implicating both sugars and
amino acids (notably arginine and proline), fatty acids and sph-
ingolipids, as well as nucleosides, all of which very likely impact
energy generation, use and storage.'>>° Fortis et al. showed that
patients requiring admission and non-invasive mechanical ventila-
tion showed reduced levels of glycine and formate.!%* Patients with
COPD and pneumonia show decreased levels of citrate and some
amino acids and derivatives (histidine, glutamine, proline, and
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phosphocreatinine).'* However, despite all these studies, there
is no precise metabolic marker of either exacerbation or severe
exacerbation.

COPD and the microbiota

The main component of the human microbiota is the intesti-
nal flora, which is composed of a wide variety of microorganisms.
Evidence is gradually emerging to suggest that the microbiota
plays a fundamental role in the development and maturation of
the immune system, with potential effects on organs such as
the lung.'%> Bearing this and the probable interactions between
the intestinal and pulmonary microbiota in mind, the ‘gut-lung
axis’ has been mooted.'® An important issue to keep in mind is
that an individual’s microbiota is subject to variations over their
lifetime, depending on internal and environmental changes (infec-
tions, drugs, diet).!07-110

Fecal sample studies have identified several metabolites that are
differentially expressed between COPD patients and healthy con-
trols. This is the case with various catabolites from the three imme-
diate principles.?” The metabolic effects of the flora that makes up
the microbiome can also be studied indirectly in other biological
samples. McClay et al. found some metabolites suggestive of intesti-
nal origin (e.g., hypurate and formate) that were expressed in the
urine of COPD patients but not in controls.2> The microbiota also
seems able to influence the heterogeneous clinical characteristics
of COPD. Some authors, such as Kotlyarov et al. have suggested that
oscillations in the levels of short-chain fatty acids derived from the
metabolism of intestinal microorganisms would influence the dif-
ferential expression of the disease.!!! Similarly, other authors have
reported differences in the intestinal microbiota of patients with
mild or moderate disease versus those with more severe disease.
In more severe patients, fusobacteria and aerococci are more abun-
dant, and specific findings are also observed for the eosinophilic
phenotype, namely abundant intestinal bacteroides.!’?> Some dif-
ferences are also observed in the respiratory microbiome, in which
the most severe patients present an increase of pseudomonas,!!?
while eosinophilic patients show more diverse genera, with greater
abundance of thermophilic streptococci and fewer gram-negative
bacillus Ochrobactrum than non-eosinophilic phenotypes.!13.114
The composition of the respiratory microbiota has also been
associated with functional performance, bronchial hyperreactiv-
ity, and clinical expression, particularly with regard to the genera
Streptococcus, Staphylococcus and Pseudomonas,''> which are also
associated with changes in the levels of various phospholipids,
polyamines and xanthines in BAL.!''S Furthermore, an impover-
ished respiratory microbiome in which Haemophilus dominates has
been associated with an increased risk of death in COPD.!'” With
regard to the relationship between exacerbations and the respi-
ratory microbiome, viral and bacterial burdens clearly increase the
probability of exacerbations. This phenomenon has been attributed
not only to their obvious infective capacity but also to their poten-
tial to damage the bronchial epithelium, stimulating the secretion
of mucins and releasing of proinflammatory cytokines and reac-
tive oxygen species.!'®119 In addition, frequent exacerbators show
reduced bacterial diversity,'2? with increased populations of Pseu-
domonas ssp.'!3

Questions to be clarified

As various reviews of the topic have recently pointed out,
the greatest knowledge gaps in metabolomics applied to COPD
currently pertain to factors such as age and sex, disease at
different ages, severity over time, severity, progression, and
exacerbations.?®12! Other significant issues are that the control
populations are often very younger than patients, and that mul-
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tiple publications have been generated from a few cohorts that,
though large, include patients and controls with very specific pro-
files. Moreover, validation studies of the initially generated models
have so far been less than encouraging, so the clinical applicability
of metabolomics in COPD still requires further advances and refine-
ments. However, its potential is enormous both for diagnosis and
for better definition of disease endotypes and phenotypes.

In summary, multiple studies of the metabolome of COPD
patients have been conducted using diverse techniques and both
respiratory and systemic samples. Although there are still lacunae,
the findings on the metabolism of amino acids, lipids (mainly phos-
pholipids and eicosanoids), and nucleic acids are of exceptional
value. These results reveal different aspects of the pathophysiology
and heterogeneity of the disease, such as the effects of inflam-
mation, oxidative stress, protein catabolism, energy production
deficits, and potential coagulation disorders.

Funding

Funded in part by: SEPAR 2019 (project grant) and 2021 (travel
grant), SOCAP 2021 (travel grant) and ISCIII (FIS PI21/00785 and
M-BAE BA22/00009).

Cesar J. Enriquez-Rodriguez has received predoctoral assistance
from ISCIII (PFIS ref. FI22/00003) cofunded by the EU.

Conflict of interests

The authors state that they have no conflict of interests.

Acknowledgements

We thank Prof. Eyal Gottlieb of the Rappaport Medical Research
Institute of the Technion Institute, Haifa (Israel), for his help.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.arbres.2022.12.018.

References

1. Miravitlles M, Calle M, Molina ], Almagro P, GémezJT, Trigueros JA, et al. Spanish
COPD guidelines (GesEPOC)2021 Updated pharmacological treatment of stable
COPD. Arch Bronconeumol. 2022;58:69-81.

2. Global Iniciative for Chronic Obstructive Pulmonary Disease. 2022 GOLD
report. Available from: https://goldcopd.org/2022-gold-reports-2/ [accessed
October 2022].

3. CelliBR, Singh D, Vogelmeier C, Agusti A. New perspectives on chronic obstruc-
tive pulmonary disease. Int ] Chron Obstruct Pulmon Dis. 2022;17:2127-36.

4. Gea]. COPD therapy: beyond conventional pharmacology. Arch Bronconeumol
(Engl Ed). 2020;56:343-4,

5. Gea], Pascual S, Castro-Acosta A, Hernandez-Carcereny C, Castelo R, Marquez-
Martin E, et al. The BIOMEPOC Project: personalized biomarkers and clinical
profiles in chronic obstructive pulmonary disease. Arch Bronconeumol (Engl
Ed). 2019;55:93-9.

6. Wang C, Jiang S, Zhang S, Ouyang Z, Wang G, Wang F. Research progress of
metabolomics in asthma. Metabolites. 2021;11:567.

7. Schauer N, Steinhauser D, Strelkov S, Schomburg D, Allison G, Moritz T, et al.
GC-MS libraries for the rapid identification of metabolites in complex biolog-
ical samples. FEBS Lett. 2005;579:1332-7.

8. Gika HG, Theodoridis GA, Wingate JE, Wilson ID. Within-day reproducibility
of an LC-MS-based method for metabolomic analysis: application to human
urine. ] Proteome Res. 2007;6:3291-303.

9. Soga T, Ohashi Y, Ueno Y. Quantitative metabolome analysis using capillary

electrophoresis mass spectrometry. ] Proteome Res. 2003;2:488-94.

Beckonert O, Keun HC, Ebbels TM, Bundy J, Holmes E, Lindon JC, et al. Metabolic

profiling, metabolomic and metabonomic procedures for NMR spectroscopy of

urine, plasma, serum and tissue extracts. Nat Protoc. 2007;2:2692-703.

Gruzieva O, Jeong A, He S, Yu Z, de Bont ], Pinho MGM, et al. Air pollu-

tion, metabolites and respiratory health across the life-course. Eur Respir Rev.

2022;31:220038.

10.

11.

319

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Archivos de Bronconeumologia 59 (2023) 311-321

Lange P, Celli B, Agusti A, Jensen GB, Divo M, Faner R, et al. Lung-function
trajectories leading to chronic obstructive pulmonary disease. N Engl ] Med.
2015;373:111-22.

Mastej E, Gillenwater L, Zhuang Y, Pratte KA, Bowler RP, Kechris K. Identifying
protein-metabolite networks associated with COPD phenotypes. Metabolites.
2020;10:124.

Gillenwater LA, Pratte KA, Hobbs BD, Cho MH, Zhuang Y, Halperg-Stromberg E,
et al. Plasma metabolomic signatures of chronic obstructive pulmonary disease
and the impact of genetic variants on phenotype-driven modules. Netw Syst
Med. 2020;3:159-81.

Cruickshank-Quinn CI, Jacobson S, Hughes G, Powell RL, Petrache I, Kechris K,
et al. Metabolomics and transcriptomics pathway approach reveals outcome-
specific perturbations in COPD. Sci Rep. 2018;8:17132.

Chen Q, Deeb RS, Ma Y, Staudt MR, Crystal RG, Gross SS. Serum metabolite
biomarkers discriminate healthy smokers from COPD smokers. PLOS ONE.
2015;10:e0143937.

Nassan FL, Wang C, Kelly RS, Lasky-Su JA, Vokonas PS, Koutrakis P, et al.
Ambient PM2.5 species and ultrafine particle exposure and their differential
metabolomic signatures. Environ Int. 2021;151:106447.

Jin L, Godri Pollitt K], Liew Z, Rosen Vollmar AK, Vasiliou V, Johnson CH, et al.
Use of untargeted metabolomics to explore the air pollution-related disease
continuum. Curr Environ Health Rep. 2021;8:7-22.

Nassan FL, Kelly RS, Koutrakis P, Vokonas PS, Lasky-Su ], Schwartz ]D.
Metabolomic signatures of the short-term exposure to air pollution and tem-
perature. Environ Res. 2021;201:111553.

Gaskins AJ, Tang Z, Hood RB, Ford ], Schwartz D, Jones DP, et al. Periconception
air pollution, metabolomic biomarkers, and fertility among women undergoing
assisted reproduction. Environ Int. 2021;155:106666.

Du X, Zhang Q, Jiang Y, Li H, Zhu X, Zhang Y, et al. Dynamic molecular chore-
ography induced by traffic exposure: a randomized, crossover trial using
multi-omics profiling. ] Hazard Mater. 2021;424:127359.

Zhang Y, Chu M, Zhang J, Duan ], Hu D, Zhang W, et al. Urine metabolites asso-
ciated with cardiovascular effects from exposure of size-fractioned particulate
matter in a subway environment: a randomized crossover study. Environ Int.
2019;130:104920.

Godbole S, Bowler RP. Metabolome features of COPD: a scoping review.
Metabolites. 2022 5;12:621.

Kim D], Oh]Y, Rhee CK, Park SJ, Shim JJ, Cho JY. Metabolic fingerprinting uncov-
ers the distinction between the phenotypes of tuberculosis associated COPD
and smoking-induced COPD. Front Med. 2021;8:619077.

McClay JL, Adkins DE, Isern NG, O’Connell TM, Wooten JB, Zedler BK, et al. (1)H
nuclear magnetic resonance metabolomics analysis identifies novel urinary
biomarkers for lung function. ] Proteome Res. 2010;9:3083-90.

Wang L, Tang Y, Liu S, Mao S, Ling Y, Liu D, et al. Metabonomic profiling of
serum and urine by 1H NMR-based spectroscopy discriminates patients with
chronic obstructive pulmonary disease and healthy individuals. PLoS ONE.
2013;8:e65675.

Bowerman KL, Rehman SF, Vaughan A, Lachner N, Budden KF, Kim RY, et al.
Disease-associated gut microbiome and metabolome changes in patients with
chronic obstructive pulmonary disease. Nat Commun. 2020;11:5886.
Halper-Stromberg E, Gillenwater L, Cruickshank-Quinn C, O’'Neal WK, Reis-
dorph N, Petrache I, et al. Bronchoalveolar lavage fluid from COPD patients
reveals more compounds associated with disease than matched plasma.
Metabolites. 2019;9:157.

Berdyshev EV, Serban KA, Schweitzer KS, Bronova IA, Mikosz A, Petra-
che I. Ceramide and sphingosine-1 phosphate in COPD lungs. Thorax.
2021;76:821-5.

Wendt CH, Nelsestuen G, Harvey S, Gulcev M, Stone M, Reilly C. Peptides in
bronchoalveolar lavage in chronic obstructive pulmonary disease. PLOS ONE.
2016;11:e0155724.

Balgoma D, Yang M, Sjodin M, Snowden S, Karimi R, Levdnen B, et al. Linoleic
acid-derived lipid mediators increase in a female-dominated subphenotype of
COPD. Eur Respir J. 2016;47:1645-56.

ZhuT,LiS,Wang], LiuC, Gao L, Zeng Y, et al. Induced sputum metabolomic pro-
files and oxidative stress are associated with chronic obstructive pulmonary
disease (COPD) severity: potential use for predictive, preventive, and person-
alized medicine. EPMA J. 2020;11:645-59.

Esther CR, O'Neal WK, Anderson WH, Kesimer M, Ceppe A, Doerschuk CM, et al.
Identification of sputum biomarkers predictive of pulmonary exacerbations in
COPD. Chest. 2022;161:1239-49.

van der Does AM, Heijink M, Mayboroda OA, Persson L], Aanerud M, Bakke P,
et al. Dynamic differences in dietary polyunsaturated fatty acid metabolism
in sputum of COPD patients and controls. Biochim Biophys Acta Mol Cell Biol
Lipids. 2019;1864:224-33.

Azimzadeh S, Mirzaie M, Jafari M, Mehrani H, Shariati P, Khodabandeh M. Sig-
naling network of lipids as a comprehensive scaffold for omics data integration
in sputum of COPD patients. Biochim Biophys Acta. 2015;1851:1383-93.
YanZ, Chen B, Yang Y, Yi X, Wei M, Ecklu-Mensah G, et al. Multi-omics analyses
of airway host-microbe interactions in chronic obstructive pulmonary disease
identify potential therapeutic interventions. Nat Microbiol. 2022;7:1361-75.
Celejewska-Wojcik N, Kania A, Gérka K, Nastatek P, Wdjcik K, Gielicz A, et al.
Eicosanoids and eosinophilic inflammation of airways in stable COPD. Int ]
Chronic Obs Pulm Dis. 2021;16:1415-24.

Peel AM, Wilkinson M, Sinha A, Loke YK, Fowler SJ, Wilson AM. Volatile organic
compounds associated with diagnosis and disease characteristics in asthma -
a systematic review. Respir Med. 2020;169:105984.


http://dx.doi.org/10.1016/j.arbres.2022.12.018
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0610
https://goldcopd.org/2022-gold-reports-2/
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0620
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0625
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0630
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0635
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0640
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0645
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0650
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0655
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0660
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0665
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0670
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0675
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0680
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0685
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0690
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0695
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0700
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0705
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0710
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0715
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0720
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0725
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0730
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0735
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0740
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0745
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0750
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0755
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0760
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0765
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0770
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0775
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0780
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0785
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0790
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0795

J. Gea, CJ. Enriquez-Rodriguez and S. Pascual-Guardia

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Paris D, Palomba L, Tramice A, Motta L, Fuschillo S, Maniscalco M, et al. Identi-
fication of biomarkers in COPD by metabolomics of exhaled breath condensate
and serum/plasma. Minerva Med. 2022;113:424-43.

Horvath I, Barnes PJ, Loukides S, Sterk PJ, Hogman M, Olin AC, et al. A European
Respiratory Society technical standard: exhaled biomarkers in lung disease.
Eur Respir J. 2017;49:1600965.

De Laurentiis G, Paris D, Melck D, Maniscalco M, Marsico S, Corso G, et al.
Metabonomic analysis of exhaled breath condensate in adults by nuclear mag-
netic resonance spectroscopy. Eur Respir J. 2008;32:1175-83.

Motta A, Paris D, Melck D, de Laurentiis G, Maniscalco M, Sofia M, et al.
Nuclear magnetic resonance-based metabolomics of exhaled breath conden-
sate: methodological aspects. Eur Respir J. 2012;39:498-500.

Bertini I, Luchinat C, Miniati M, Monti S, Tenori L. Phenotyping COPD
by H-1 NMR metabolomics of exhaled breath condensate. Metabolomics.
2014;10:302-11.

Bregy L, Nussbaumer-Ochsner Y, Sinues P, Garcia-Gémez D, Suter Y, Gaisl T,
et al. Real-time mass spectrometric identification of metabolites character-
istic of chronic obstructive pulmonary disease in exhaled breath. Clin Mass
Spectrom. 2018;7:29-35.

Cazzola M, Segreti A, Capuano R, Bergamini A, Martinelli E, Calzetta L, etal. Anal-
ysis of exhaled breath fingerprints and volatile organic compounds in COPD.
COPD Res Pract. 2015;1:277.

Westhoff M, Litterst P, Maddula S, Bodeker B, Rahmann S, Davies AN, et al. Dif-
ferentiation of chronic obstructive pulmonary disease (COPD) including lung
cancer from healthy control group by breath analysis using ion mobility spec-
trometry. Int ] lon Mobil Spectrom. 2010;13:131-9.

Gaida A, Holz O, Nell C, Schuchardt S, Lavae-Mokhtari B, Kruse L, et al. A dual
center study to compare breath volatile organic compounds from smokers and
non-smokers with and without COPD. ] Breath Res. 2016;10:026006.
Rodriguez-Aguilar M, Ramirez-Garcia S, Ilizaliturri-Herndndez C, Gémez-
Goémez A, Van-Brussel E, Diaz-Barriga F, et al. Ultrafast gas chromatography
coupled to electronic nose to identify volatile biomarkers in exhaled breath
from chronic obstructive pulmonary disease patients: a pilot study. Biomed
Chromatogr. 2019;33:e4684.

Regan EA, Hokanson JE, Murphy JR, Make B, Lynch DA, Beaty TH, et al. Genetic
epidemiology of COPD (COPDGene) study design. COPD. 2010;7:32-43.
Couper D, LaVange LM, Han M, Barr RG, Bleecker E, Hoffman EA, et al. Design of
the subpopulations and intermediate outcomes in COPD study (SPIROMICS).
Thorax. 2014;69:492-5.

Vestbo ], Anderson W, Coxson HO, Crim C, Dawer F, Edwards L, et al. Evaluation
of COPD longitudinally to identify predictive surrogate end-points (ECLIPSE).
Eur Respir J. 2008;31:869-73.

Kohler M, Sandberg A, Kjellqvist S, Thomas A, Karimi R, Nyren S, et al.
Gender differences in the bronchoalveolar lavage cell proteome of patients
with chronic obstructive pulmonary disease. ] Allergy Clin Immunol.
2013;131:743-51.

Titz B, Luettich K, Leroy P, Boue S, Vuillaume G, Vihervaara T, et al. Alter-
ations in serum polyunsaturated fatty acids and eicosanoids in patients with
mild to moderate chronic obstructive pulmonary disease (COPD). Int ] Mol Sci.
2016;17:1583.

Kilk K, Aug A, Ottas A, Soomets U, Altraja S, Altraja A. Phenotyping of chronic
obstructive pulmonary disease based on the integration of metabolomes and
clinical characteristics. Int ] Mol Sci. 2018;19:666.

Bowler RP, Jacobson S, Cruickshank C, Hughes GJ, Siska C, Ory DS, et al. Plasma
sphingolipids associated with chronic obstructive pulmonary disease pheno-
types. Am ] Respir Crit Care Med. 2015;191:275-84.

Gillenwater LA, Kechris K], Pratte KA, Reisdorph N, Petrache I, Labaki
WW, et al. Metabolomic profiling reveals sex specific associations with
chronic obstructive pulmonary disease and emphysema. Metabolites. 2021;11:
161.

Zhou ], Li Q, Liu C, Pang R, Yin Y. Plasma metabolomics and lipidomics reveal
perturbed metabolites in different disease stages of chronic obstructive pul-
monary disease. Int ] Chronic Obstr Pulm Dis. 2020;15:553-65.
Callejon-Leblic B, Pereira-Vega A, Vazquez-Gandullo E, Sanchez-Ramos ],
Goémez-Ariza ], Garcia-Barrera T. Study of the metabolomic relationship
between lung cancer and chronic obstructive pulmonary disease based on
direct infusion mass spectrometry. Biochimie. 2019;157:111-22.

Liu D, Meister M, Zhang S, Vong CI, Wang S, Fang R, et al. Identification of lipid
biomarker from serum in patients with chronic obstructive pulmonary disease.
Respir Res. 2020;21:242.

Diao W, Labaki WW, Han MK, Yeomans L, Sun Y, Smiley Z, et al. Disruption of
histidine and energy homeostasis in chronic obstructive pulmonary disease.
Int ] Chronic Obstr Pulm Dis. 2019;14:2015-25.

Zheng H, Hu 'Y, Dong L, Shu Q, Zhu M, Li Y, et al. Predictive diagnosis of chronic
obstructive pulmonary disease using serum metabolic biomarkers and least-
squares support vector machine. J Clin Lab Anal. 2021;35:e23641.

Ubhi BK, Riley JH, Shaw PA, Lomas DA, Tal-Singer R, MacNee W, et al. Metabolic
profiling detects biomarkers of protein degradation in COPD patients. Eur
Respir J. 2012;40:345-55.

Ruzsics I, Nagy L, Keki S, Sarosi V, Illes B, Illes Z, et al. L-Arginine pathway
in COPD patients with acute exacerbation: a new potential biomarker. COPD.
2016;13:139-45.

Scott JA, Duongh M, Young AW, Subbarao P, Gauvreau GM, Grasemann
H. Asymmetric dimethylarginine in chronic obstructive pulmonary disease
(ADMA in COPD). Int ] Mol Sci. 2014;15:6062-71.

320

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Archivos de Bronconeumologia 59 (2023) 311-321

Prokic I, Lahousse L, De Vries M, Liu ], Kalaoja M, Vonk JM, et al. A cross-omics
integrative study of metabolic signatures of chronic obstructive pulmonary
disease. BMC Pulm Med. 2020;20:193.

Celli BR, Locantore N, Yates ], Tal-Singer R, Miller BE, Bakke P, et al. Inflamma-
tory biomarkers improve clinical prediction of mortality in chronic obstructive
pulmonary disease. Am ] Respir Crit Care Med. 2012;185:1065-72.

Yu B, Flexeder C, McGarrah RW, Wyss A, Morrison AC, North KE, Boerwinkle E,
et al. Metabolomics identifies novel blood biomarkers of pulmonary function
and COPD in the general population. Metabolites. 2019;9:61.

Xue M, Zeng Y, Lin R, Qu HQ, Zhang T, Zhang XD, et al. Metabolomic profiling
of anaerobic and aerobic energy metabolic pathways in chronic obstructive
pulmonary disease. Exp Biol Med. 2021;246:1586-96.

Naz S, Kolmert ], Yang M, Reinke SN, Kamleh MA, Snowden S, et al.
Metabolomics analysis identifies sex-associated metabotypes of oxidative
stress and the autotaxin-lysoPA axis in COPD. Eur Respir J. 2017;49:1602322.
Godbole S, Labaki WW, Pratte KA, Hill A, Moll M, Hastie AT, et al. A
metabolomic severity score for airflow obstruction and emphysema. Metabo-
lites. 2022;12:368.

Huang Q, Hu D, Wang X, Chen Y, Wu Y, Pan L, et al. The modification of indoor
PM, 5 exposure to chronic obstructive pulmonary disease in Chinese elderly
people: a meet-in-metabolite analysis. Environ Int. 2018;121:1243-52.
Carpenter CM, Zhang W, Gillenwater L, Severn C, Ghosh T, Bowler R, et al.
PalRKAT: a pathway integrated regression-based kernel association test with
applications to metabolomics and COPD phenotypes. PLoS Comput Biol.
2021;17:e1008986.

Pallister T, Jackson MA, Martin TC, Zierer ], Jennings A, Mohney RP, et al. Hip-
purate as a metabolomic marker of gut microbiome diversity: modulation by
diet and relationship to metabolic syndrome. Sci Rep. 2017;7:13670.

Ghorani V, Boskabady MH, Khazdair MR, Kianmeher M. Experimental animal
models for COPD: a methodological review. Tob Induc Dis. 2017;15:25.

LiJ, Yang L, LiY, TianY, Li S, Jiang S, et al. Metabolomics study on model rats of
chronic obstructive pulmonary disease treated with Bu-Fei Jian-Pi. Mol Med
Rep. 2015;11:1324-33.

Kim HY, Lee HS, Kim IH, Kim Y, Ji M, Oh S, et al. Comprehensive targeted
metabolomic study in the lung, plasma, and urine of PPE/LPS-induced COPD
mice model. Int ] Mol Sci. 2022;23:2748.

Cruickshank-Quinn CI, Mahaffey S, Justice MJ, Hughes G, Armstrong M,
Bowler RP, et al. Transient and persistent metabolomic changes in plasma
following chronic cigarette smoke exposure in a mouse model. PLoS ONE.
2014;9:e101855.

Ubhi BK, Cheng KK, Dong ], Janowitz T, Jodrell D, Tal-Singer R, et al. Tar-
geted metabolomics identifies perturbations in amino acid metabolism that
sub-classify patients with COPD. Mol BioSyst. 2012;8:3125-33.

Gu F, Derkach A, Freedman ND, Landi MT, Albanes D, Weinstein SJ, et al.
Cigarette smoking behaviour and blood metabolomics. Int ] Epidemiol.
2016;45:1421-32.

Tan LC, Yang WJ, Fu WP, Su P, Shu JK, Dai LM. THNMR-based metabolic pro-
filing of healthy individuals and high-resolution CT-classified phenotypes of
COPD with treatment of tiotropium bromide. Int ] Chron Obstruct Pulmon Dis.
2018;13:2985-97.

Gea]J, Sancho-Muiioz A, Chalela R. Nutritional status and muscle dysfunction in
chronic respiratory diseases: stable phase versus acute exacerbations. ] Thorac
Dis. 2018;10 Suppl. 12:51332-54.

Rodriguez DA, Alcarraz-Vizan G, Diaz-Moralli S, Reed M, Gomez FP, Falciani
F, et al. Plasma metabolic profile in COPD patients: effects of exercise and
endurance training. Metabolomics. 2012;8:508-16.

Llabaki WW, Gu T, Murray S, Curtis JL, Yeomans L, Bowler RP, et al. Serum
amino acid concentrations and clinical outcomes in smokers: SPIROMICS
metabolomics study. Sci Rep. 2019;9:11367.

Pinto-Plata V, Casanova C, Divo M, Tesfaigzi Y, Calhoun V, Sui ], et al. Plasma
metabolomics and clinical predictors of survival differences in COPD patients.
Respir Res. 2019;20:219.

Greenberg CS, Miraglia CC, Rickles FR, Shuman MA. Cleavage of blood coagula-
tion factor XIII and fibrinogen by thrombin during in vitro clotting. J Clin Invest.
1985;75:1463-70.

Miravitlles M, Monteagudo M, Solntseva I, Alcdzar B. Blood eosinophil counts
and their variability and risk of exacerbations in COPD: a population-based
study. Arch Bronconeumol. 2021;57:13-20.

Miravitlles M, Soler-Cataluifia JJ, Soriano JB, Garcia-Rio F, de Lucas P, Alfageme
I, et al. Determinants of blood eosinophil levels in the general population and
patients with COPD: a population-based, epidemiological study. Respir Res.
2022;23:49.

Ghosh N, Choudhury P, Subramani E, Saha D, Sengupta S, Joshi M, et al.
Metabolomic signatures of asthma-COPD overlap (ACO) are different from
asthma and COPD. Metabolomics. 2019;15:87.

Ghosh N, Choudhury P, Kaushik SR, Arya R, Nanda R, Bhattacharyya P, et al.
Metabolomic fingerprinting and systemic inflammatory profiling of asthma
COPD overlap (ACO). Respir Res. 2020;21:126.

Oh JY, Lee YS, Min KH, Hur GY, Lee SY, Kang KH, et al. Increased urinary L-
histidine in patients with asthma COPD overlap: a pilot study. Int J Chron
Obstruct Pulmon Dis. 2018;13:1809-18.

Ghosh N, Choudhury P, Joshi M, Bhattacharyya P, Roychowdhuri S, Banerjee
R, et al. Global metabolome profiling of exhaled breath condensates in male
smokers with asthma COPD overlap and prediction of the disease. Sci Rep.
2021;11:16664.


http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0800
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0805
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0810
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0815
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0820
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0825
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0830
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0835
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0840
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0845
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0850
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0855
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0860
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0865
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0870
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0875
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0880
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0885
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0890
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0895
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0900
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0905
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0910
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0915
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0920
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0925
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0930
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0935
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0940
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0945
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0950
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0955
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0960
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0965
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0970
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0975
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0980
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0985
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0990
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref0995
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1000
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1005
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1010
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1015
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1020
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1025
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1030
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1035
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1040
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1045
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1050
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1055
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1060

J. Gea, CJ. Enriquez-Rodriguez and S. Pascual-Guardia

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Cai C, Bian X, Xue M, Liu X, Hu H, Wang], et al. Eicosanoids metabolized through
LOX distinguish asthma-COPD overlap from COPD by metabolomics study. Int
J Chron Obstruct Pulmon Dis. 2019;14:1769-78.

Papaiwannou A, Zarogoulidis P, Porpodis K, Spyratos D, Kioumis I, Pitsiou
G, et al. Asthma-chronic obstructive pulmonary disease overlap syndrome
(ACOS): current literature review. ] Thorac Dis. 2014;6 Suppl. 1:5146-51.
Sorino C, Scichilone N, D’Amato M, Patella V, Marco DIF. Asthma-COPD overlap
syndrome: recent advances in diagnostic criteria and prognostic significance.
Minerva Med. 2017;108 Suppl. 1:1-5.

Menezes AMB, Montes de Oca M, Pérez-Padilla R, Nadeau G, Wehrmeister FC,
Lopez-Varela MV, et al. Increased risk of exacerbation and hospitalization in
subjects with an overlap phenotype: COPD-asthma. Chest. 2014;145:297-304.
Liang Y, Gai XY, Chang C, Zhang X, Wang ], Li TT. Metabolomic profiling differ-
ences among asthma COPD, and healthy subjects: a LC-MS-based metabolomic
analysis. Biomed Environ Sci. 2019;32:659-72.

De Laurentiis G, Paris D, Melck D, Montuschi P, Maniscalco M, Bianco A,
et al. Separating smoking-related diseases using NMR-based metabolomics of
exhaled breath condensate. ] Proteome Res. 2013;12:1502-11.

Maniscalco M, Paris D, Melck DJ, Molino A, Carone M, Ruggeri P, et al. Dif-
ferential diagnosis between newly diagnosed asthma and COPD using exhaled
breath condensate metabolomics: a pilot study. Eur Respir ].2018;51:1701825.
Adamko DJ, Nair P, Mayers I, Tsuyuki RT, Regush S, Rowe BH. Metabolomic
profiling of asthma and chronic obstructive pulmonary disease: a pilot study
differentiating diseases. ] Allergy Clin Immunol. 2015;136:571-80.
Gillenwater LA, Helmi S, Stene E, Pratte KA, Zhuang Y, Schuyler RP, et al. Multi-
omics subtyping pipeline for chronic obstructive pulmonary disease. PLOS ONE.
2021;16:e0255337.

Almqvist C, Worm M, Leynaert B. Impact of gender on asthma in childhood and
adolescence: a GA2LEN review. Allergy. 2007;63:47-57.

Ausin P, Martinez-Llorens J, Sabaté-Bresco M, Casadevall C, Barreiro E, Gea ].
Sex differences in function and structure of the quadriceps muscle in chronic
obstructive pulmonary disease patients. Chron Respir Dis. 2017;14:127-39.
Gulcev M, Reilly C, Griffin TJ, Broeckling CD, Sandri B], Witthuhn BA, et al.
Tryptofan catabolism in acute exacerbations of chronic obstructive pulmonary
disease. Int ] Chron Obstruct Pulmon Dis. 2016;11:2435-46.

Fortis S, Lusczek ER, Weinert CR, Beilman GJ. Metabolomics in COPD acute res-
piratory failure requiring noninvasive positive pressure ventilation. Can Respir
J. 2017;2017:9480346.

Chunxi L, Haiyue L, Yanxia L, Jianbing P, Jin S. The gut microbiota and respiratory
diseases: new evidence. ] Immunol Res. 2020;2340670.

He Y, Wen Q, Yao F, Xu D, Huang Y, Wang ]. Gut-lung axis: the microbial
contributions and clinical implications. Crit Rev Microbiol. 2017;43:81-95.
Kozik AJ, Holguin F, Segal LN, Chatila TA, Dixon AE, Gern JE, et al. Microbiome,
metabolism, and immunoregulation of asthma: an American Thoracic Society
and National Institute of Allergy and Infectious Diseases workshop report. Am
] Respir Cell Mol Biol. 2022;67:155-63.

Cuello-Garcia CA, Brozek JL, Fiocchi A, Pawankar R, Yepes-Nuiiez ], Terrac-
ciano L, et al. Probiotics for the prevention of allergy: a systematic review

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

321

Archivos de Bronconeumologia 59 (2023) 311-321

and meta-analysis of randomized controlled trials. ] Allergy Clin Immunol.
2015;136:952-61.

Li L, Fang Z, Lee Y-K, Zhao ], Zhang H, Lu W, et al. Prophylactic effects of oral
administration of Lactobacillus casei on house dust mite-induced asthma in
mice. Food Funct. 2020;11:9272-84.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein D], Pot B, et al. Expert consensus
document: the International Scientific Association for probiotics and prebiotics
consensus statement on the scope and appropriate use of the term probiotic.
Nat Rev Gastroenterol Hepatol. 2014;11:506-14.

Kotlyarov S. Role of short-chain fatty acids produced by gut microbiota in
innate lung immunity and pathogenesis of the heterogeneous course of chronic
obstructive pulmonary disease. Int ] Mol Sci. 2022;23:4768.

Chiu YC, Lee SW, Liu CW, Lin RC, Huang YC, Lan TY, et al. Comprehensive pro-
filing of the gut microbiota in patients with chronic obstructive pulmonary
disease of varying severity. PLOS ONE. 2021;16:e0249944.

Millares L, Pascual S, Montén C, Garcia-Nuaifiez M, Lalmolda C, Faner R, et al.
Relationship between the respiratory microbiome and the severity of air-
flow limitation, history of exacerbations and circulating eosinophils in COPD
patients. BMC Pulm Med. 2019;19:112.

Yang R, Zhang Q, Ren Z, Li H, Ma Q. Different airway inflammatory phenotypes
correlate with specific fungal and bacterial microbiota in asthma and chronic
obstructive pulmonary disease. ] Immunol Res. 2022;2022:2177884.

OpronK, Begley LA, Erb-Downward JR, Freeman C, Madapoosi S, Alexis NE, et al.
Lung microbiota associations with clinical features of COPD in the SPIROMICS
cohort. NPJ Biofilms Microbiomes. 2021;7:14.

Madapoosi SS, Cruickshank-Quinn C, Opron K, Erb-Downward JR, Begley LA,
Li G, et al. Lung microbiota and metabolites collectively associate with clinical
outcomes in milder stage chronic obstructive pulmonary disease. Am ] Respir
Crit Care Med. 2022;206:427-39.

Dicker AJ, Huang JTJ, Lonergan M, Keir HR, Fong CJ, Tan B, et al. The spu-
tum microbiome, airway inflammation, and mortality in chronic obstructive
pulmonary disease. J Allergy Clin Immunol. 2021;147:158-67.

Heinrich A, Heyl KA, Klaile E, Miiller MM, Klassert TE, Wiessner A, et al.
Moraxella catarrhalis induces CEACAM3-Syk-CARD9-dependent activation of
human granulocytes. Cell Microbiol. 2016;18:1570-82.

Zahlten J, Kim Y-J, Doehn J-M, Pribyl T, Hocke AC, Garcia P, et al. Strepto-
coccus pneumoniae-induced oxidative stress in lung epithelial cells depends
on pneumococcal autolysis and is reversible by resveratrol. J Infect Dis.
2015;211:1822-30.

Yang CY, Li SW, Chin CY, Hsu CW, Lee CC, Yeh YM, et al. Association of exacerba-
tion phenotype with the sputum microbiome in chronic obstructive pulmonary
disease patients during the clinically stable state. ] Transl Med. 2021;19:121.
Fuschillo S, Paris D, Tramice A, Ambrosino P, Palomba L, Maniscalco M, et al.
Metabolomic profiling of exhaled breath condensate and plasma/serum in
chronic obstructive pulmonary disease. Curr Med Chem. 2022;29:2385-98.


http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1065
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1070
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1075
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1080
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1085
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1090
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1095
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1100
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1105
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1110
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1115
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1120
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1125
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1130
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1135
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1140
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1145
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1150
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1155
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1160
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1165
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1170
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1175
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1180
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1185
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1190
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1195
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1200
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1205
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210
http://refhub.elsevier.com/S0300-2896(23)00013-3/sbref1210

	Metabolomics in COPD
	Introduction
	Metabolomics
	Metabolomics and COPD
	Initial stages of exposure
	Established lung disease: general aspects
	Samples of pulmonary origin
	Systemic samples

	Animal models

	Severity of functional involvement
	Phenotypes and COPD
	Classic phenotypes: emphysema and bronchitis
	Muscle dysfunction
	Frequent exacerbators
	Poor short-term prognosis
	Eosinophilic COPD and asthma-COPD overlap syndrome

	The reverse process: clustering by endotypes
	Influence of sex
	COPD exacerbations
	COPD and the microbiota
	Questions to be clarified
	Funding
	Conflict of interests
	Acknowledgements
	Appendix A Supplementary data
	References


