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Abstract
BACKGROUND 
The relationship between metabolic syndrome (MetS) and gastric cancer (GC), 
which is a common metabolic disease, has attracted much attention. However, the 
specific metabolic characteristics of MetS in elderly patients with GC remain 
unclear.

AIM 
To investigate the differentially abundant metabolites and metabolic pathways 
between preoperative frailty and MetS in elderly patients with GC based on non-
targeted metabolomics techniques.

METHODS 
In this study, 125 patients with nonfrail nonmeal GC were selected as the control 
group, and 50 patients with GC in the frail group were selected as the frail group. 
Sixty-five patients with GC combined with MetS alone were included in the MetS 
group, and 50 patients with GC combined with MetS were included in the MetS 
group. Nontargeted metabolomics techniques were used to measure plasma meta-
bolite levels by ultrahigh-performance liquid chromatography-mass spectrom-
etry. Multivariate statistical analysis was performed by principal component 
analysis, orthogonal partial least squares, pattern recognition analysis, cluster 
analysis, and metabolic pathway annotation.

RESULTS 
A total of 125 different metabolites, including amino acids, glycerophospholipids, 

https://www.f6publishing.com
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sphingolipids, fatty acids, sugars, nucleosides and nucleotides, and acidic compounds, were identified via 
nontargeted metabolomics techniques. Compared with those in the control group, there were 41, 32, and 52 
different metabolites in the MetS group, the debilitated group, and the combined group, respectively. Lipid 
metabolites were significantly increased in the MetS group. In the weak group, amino acids and most glycerol 
phospholipid metabolites decreased significantly, and fatty acids and sphingosine increased significantly. The 
combined group was characterized by significantly increased levels of nucleotide metabolites and acidic com-
pounds. The alanine, aspartic acid, and glutamate metabolic pathways were obviously enriched in the asthenic 
group, and the glycerol and phospholipid metabolic pathways were obviously enriched in the combined group.

CONCLUSION 
Elderly GC patients with simple frailty, simple combined MetS, and frailty combined with MetS have different 
metabolic characteristics, among which amino acid and glycerophospholipid metabolite levels are significantly 
lower in frail elderly GC patients, and comprehensive supplementation of fat and protein should be considered. 
Many kinds of metabolites, such as amino acids, lipids, nucleotides, and acidic compounds, are abnormally 
abundant in patients with MetS combined with fthenia, which may be related to tumor-related metabolic disorders.

Key Words: Nervous breakdown; Metabolic syndrome; Elderly individuals; Gastric cancer; Nontargeted metabolomics

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Nontargeted metabolomics techniques were used to systematically analyze the metabolic characteristics of 
metabolic syndrome (MetS) in elderly patients with gastric cancer (GC). By comparing metabolomic data, we explored the 
unique metabolic characteristics of MetS in patients with GC and identified potential biomarkers and metabolic pathways. 
This study combined metabolomics technology with the study of MetS in elderly patients with GC, providing a new 
perspective and theoretical support for the diagnosis and treatment of elderly patients with GC.

Citation: Zhang H, Shen WB, Chen L. Analysis of metabolic characteristics of metabolic syndrome in elderly patients with gastric 
cancer by non-targeted metabolomics. World J Gastrointest Oncol 2024; 16(6): 2419-2428
URL: https://www.wjgnet.com/1948-5204/full/v16/i6/2419.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i6.2419

INTRODUCTION
Frailty and metabolic syndrome (MetS) are common health problems in elderly individuals and can contribute to poor 
prognosis in cancer patients as a result of disease burden[1]. Previous studies have shown that the two may be closely 
related at the level of pathogenesis, but the mechanism of stage decline is still unclear[2-4]. Research shows that the 
pathogenesis of frailty may involve the pathogenesis of endocrine disorders, inflammatory reaction enhancement, 
immune dysfunction, metabolic imbalance, oxidative stress damage, and other systems, and each system is interrelated[5,
6]. In addition, because cancer itself is a metabolic disease, tumor cells can change metabolic pathways, resulting in 
metabolic reprogramming, a unique metabolic state, and the formation of cells different from those of normal cells and 
the surrounding tissue microenvironment[7]. In this setting, the associations between Deicht’s sign and diabetes and 
between elderly MetS patients with gastric cancer (GC) are unclear[8]. Metabolomics can be used to conduct a compre-
hensive analysis of the body’s small-molecule metabolites to determine the final results of interactions between the 
genome and the environment at the individual level and has important value in the health management of cancer patients
[9-11].

Therefore, this study analyzed the metabolic characteristics of individuals with frailty and MetS, as well as potential 
pathways of action, based on nontargeted metabolomics detection techniques and elucidated their significance in 
monitoring preoperative nutritional metabolism, determining intervention targets, and formulating precise frailty 
management programs.

MATERIALS AND METHODS
Clinical data analysis
A total of 290 elderly patients with GC admitted to the Department of General Surgery of our hospital from August 2022 
to August 2023 were selected as the study subjects. Inclusion criteria: (1) Aged 65-80 years old, GC was diagnosed by 
gastroscopy and computed tomography; (2) Radical gastrectomy was performed for the first time; and (3) Clear mind, 
able to carry out simple written and verbal communication. Exclusion criteria: (1) Unable to complete the study due to a 
serious physical illness, cognitive impairment, or mental illness; (2) Suffering from serious infectious diseases; (3) 

https://www.wjgnet.com/1948-5204/full/v16/i6/2419.htm
https://dx.doi.org/10.4251/wjgo.v16.i6.2419
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Combined with other sites of tumor; (4) Serious cardiovascular and cerebrovascular diseases: Liver, kidney, and lung 
insufficiency; (5) Metal medical devices are installed in the body; (6) Taking drugs that affect the measurement of body 
composition; and (7) Received neoadjuvant therapy before the operation.

According to the diagnosis, 125 patients with nonfrail and non-MetS GC were selected as the control group, and 50 
patients with frailty alone were selected as the frailty group. Sixty-five patients with GC combined with MetS alone were 
included in the MetS group, and 50 patients with GC combined with MetS were included in the combined group. The 
Fried Frailty Phenotype Scale was used to measure frailty, and the Chinese Guidelines for the Prevention and Treatment 
of Type 2 Diabetes (2023 Edition) were used as the diagnostic criteria for MetS. All the subjects volunteered to participate 
in this study and signed informed consent forms. The Ethics Review Committee of Shanghai Sixth People’s Hospital 
reviewed and approved this study (No: GYZL-048).

Instrument and test agent
The main instruments used included a high-resolution mass spectrometer (QExactiveHFX), an ultrahigh-pressure liquid 
chromatograph (Vanquish, Thermo Fisher Scientific), a centrifuge (Heraeus Fresco17, Thermo Fisher Scientific), a balance 
(BSA124S-CW, Sartorius), and an ultrasonic instrument (PS-60AL, Red Bang, Shenzhen). The main reagents included 
methanol, acetonitrile, ammonium acetate, ammonia water, and ultrapure water.

Data collection
Age, sex, body mass index (BMI), comorbidities, number of drugs taken (multiple drug use was defined as taking ≥ 4 
drugs at the same time), risk screening table 2002 (NRS2002), smoking history, alcohol consumption history, and tumor-
node-metastasis tumor data were collected, as were stage, waist circumference, and other clinical data.

Sample collection and pretreatment
After fasting for 12 h, the patient was asked to collect 5 mL of peripheral blood from the median cubit vein in the early 
morning on an empty stomach. The blood and the anticoagulant EDTA were placed in the collection vessel, the blood and 
the anticoagulant were mixed, the serum was centrifuged at 4 °C at 1300 × g for 10 min to separate the serum, and the 
specimens were frozen at -80 °C. During the test, 100 μL of each specimen was frozen at room temperature, and the 
sample was transferred to an EP tube. Then, 400 μL of extraction liquid [methanol:acetonitrile = 1:1 (v/v), containing an 
internal standard mixture of isotope labels] was added, and the sample was centrifuged at 4 °C (12000 r/min, 15 min). 
The supernatant was transferred to a sample bottle for testing by a machine. The same amount of supernatant was mixed 
into the QC samples for testing.

Conditions for the analysis of plasma samples
The target compounds were separated by ultrahigh-performance liquid chromatography using a Waters ACQUITY 
UPLC BEH Amide (2.1 mm × 100 mm, 1.7 μm) liquid chromatographic column. The liquid phase color spectrum phase A 
was the water phase, containing 25 mmol/L ammonium acetate and 25 mmol/L ammonia water; phase B was ace-
tonitrile. The sample plate temperature was 4 °C, and the injection volume was 2 μL. The high-resolution mass spec-
trometer can be controlled by the control software (Xcalibur, Thermo) for first- and second-stage mass spectrum data 
acquisition. The detailed parameters are as follows: Sheath gas flow rate of 30 Arb, auxiliary air flow rate of 25 Arb, 
capillary temperature of 350 °C, total ms resolution rate of 120000, ms/ms resolution rate of 7500, impact energy NCE 
mode of 10/30/60, and spray voltage of 3.6 kV (+) or -3.2 kV (-).

Principal component analysis
Principal component analysis (PCA) and orthogonal partial least squares pattern recognition analysis (OPLS-DA) were 
performed using SIMCA software (version 16.0.2, Sartorius Ste-Dim Data Analysis Company, Sweden). A projected 
importance of variables (VIP) > 1.0 and P < 0.05 were used as criteria to screen for differentially abundant metabolites, 
and the pathways where the differentially abundant metabolites were located were comprehensively analyzed to further 
identify the key pathways with the highest correlation with the metabolites.

Statistical management and analysis
SPSS 26.0 statistical software was used for data processing and analysis. Normally distributed data are expressed as mean 
± SD, and ANOVA was used for comparisons among groups. Count data are expressed as frequencies or percentages, 
and the χ2 test was used for comparisons between groups. A difference for which P < 0.05 was considered statistically 
significant. After the original test data were converted into mzXML format by Pro-teoWizard software, the R program 
package (whose kernel is XCMS) was used for peak identification, peak extraction, peak alignment, and integration. 
Then, the data were matched with the BiotreeDB (V2.1) self-built two-stage mass spectrometry data library for material 
annotation, and the original data were preprocessed by deviation filtering, missing value filtering, missing value filling, 
and data standardization.

RESULTS
Comparison of baseline data in each group
The age of the frail group was significantly greater than that of the control group (P < 0.05). The BMI and incidence of 
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comorbidities in the MetS group and comorbidity group were significantly greater than those in the control group (P < 
0.05). There was no significant difference in other baseline data among all groups (P > 0.05) (Table 1).

Results of multivariate statistical analysis
The results of PCA showed that the interpretative values (R2X) of x variation in the MetS group and control group, the 
Fadroit group and control group, and the combined group and control group were 0.501, 0.526, and 0.520, respectively, 
indicating that the prediction rate of each group could reach 50.1%, 52.6%, and 52.0%, respectively. In addition, the 
number of principal components among the three groups was 6, and there were significant differences in biological 
metabolism among all groups, as shown in Figure 1. On this basis, OPLS-DA was performed, and the results showed that 
the separation between the two samples in the three groups was good, and there were obvious differences in metabolite 
profiles, as shown in Figure 2. The fit (R2Y) and prediction (Q2) of the MetS group and control group, the Faddy group 
and control group, and the combined group and control group were 0.953 and 0.109, 0.922 and 0.193, 0.891 and 0.185, 
respectively.

Intergroup differentially abundant metabolite screening
In this study, the card value criterion was P < 0.05 for the T test and VIP > 1.0 for the first principal component of the 
OPLS-DA model. We chose the compounds based on the secondary mass spectrum fragment information of the 
metabolites and then looked for the total differential heterometabolites in both the positive and negative dissociative 
submodes. Compared with those in the control group, a total of 41 metabolites with significant differences were detected 
in the MetS group, mainly involving amino acids (n = 7), lipids (9 glycerolipids, 1 sphingolipid, 6 fatty acids), and sugars (
n = 6). Most lipid metabolites were significantly upregulated, while most other metabolites were significantly downreg-
ulated.

A total of 32 metabolites with significant differences were detected in the asthenic group, mainly involving amino acids 
(n = 5) and lipids (10 glycerophospholipids, 1 sphingolipid, and 6 fatty acids). Among them, sphingolipid metabolites 
such as sphingosine and arachidonic acid, succinic semialdehyde, myristic acid, α-linoleic acid, 10E, 12Z-linoleic acid, and 
five fatty acid metabolites were significantly upregulated. There was a large decrease in five amino acids, namely, 
arginine, n-acetylvaline, D-citrulline, L-valine, L-aspartamide, and most phospholipid metabolites.

A total of 52 metabolites with significant differences were detected in the combined group, including amino acids (n = 
9), lipids (5 glycerolipids, 3 sphingolipids, and 5 fatty acids), nucleosides and nucleotides (n = 7), sugars (n = 2), and acidic 
compounds (n = 6). Among these metabolites, 5 nucleotides, such as pseudouridine, n-acetylcytosine nucleoside, orioside, 
and 4 acidic compounds, such as dopamine-3-o-sulfate, were significantly upregulated. Sphingosine was a common 
feature in both the weak group and the combined group. According to the VIP values, the top 10 metabolites in each 
group are shown in Tables 2-4.

Analysis of metabolic pathways for differentially abundant metabolites
The chosen different metabolites were put into the Kyoto Encyclopedia of Genes and Genomes metabolic pathway 
database so that metabolic pathway enrichment analysis could be performed. With an impact > 0.1 and P < 0.05 as the 
criteria, three groups of differentially abundant metabolites were selected. Compared with those in the control group, 
there were no obvious metabolic pathways in the MetS group, and the differentially abundant metabolites in the fthenic 
group were mainly related to the alanine, aspartate, and glutamate metabolic pathways, while the differentially abundant 
metabolites in the combined group were mainly related to glycerophospholipid metabolic pathways, as shown in Table 5.

DISCUSSION
In this study, we investigated the differentially abundant metabolites and metabolic pathways in the debilitated, MetS, 
and combined groups based on nontargeted ultrahigh-performance liquid chromatography and mass spectrometry in 
nondebilitated, non-MetS patients[12]. Compared with those in the control group, the levels of lipid metabolites such as 
glycerophospholipids were significantly greater in the MetS group. In the weak group, amino acid metabolites such as D-
citrullinic acid, L-valine, L-asparagine, and most glycerol phospholipids decreased significantly, and fatty acids such as 
myristic acid, α-linolenic acid, and phytosphingosine increased significantly[13-15]. In the combined group, the levels of 
pseudouridine, n-acetylcytidine, whoridin, and other nucleotide metabolites and acidic compounds were significantly 
increased. The alanine, aspartic acid, and glutamate metabolic pathways were obviously enriched in the asthenic group, 
and the glycerol phospholipid pathway was obviously enriched in the combined group[16].

Amino acid metabolism is the central component of protein decomposition and plays an important role in the 
activation and function of immune cells in the tumor microenvironment[17]. Compared with those in the control group, 
the five amino acids arginylalanine, n-acetylvaline, D-citrulline, L-valic acid, and L-aspartamide in the frail group 
decreased significantly, which was related to the decrease in muscle mass or strength during the frailty process[18-20]. 
Based on the MetaboFrail project in Europe, 37 kinds of amino acids were measured in patients with asthenic diabetes 
and in the asthenic control population, and the specific amino acid metabolism characteristics of elderly patients with 
asthenic diabetes were revealed[21]. Amino acids such as glutamine, glutathione, n-acetyl-l-alonic acid, n-valeric acid, 
and (S)-β-aminoisobutyric acid, which produced significant metabolic changes in the combined group, have been found 
to be related to tumor initiation, development, treatment, and predensitization[22]. Previous studies have focused on 
tumor-related metabolic differences in patients with frailty and MetS to reveal their amino acid metabolic patterns[23-
25]. Reprogramming lipid metabolism is one of the important characteristics of tumor metabolism. Tumor cells can 
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Table 1 Comparison of baseline data among groups, mean ± SD or n (%)

Group Control group Frailty group MetS group Merging group
N 125 50 65 50

Age (yr) 66.76 ± 5.16 73.30 ± 5.94a 67.08 ± 4.89 68.90 ± 6.33

BMI (kg/m2) 22.88 ± 2.10 22.48 ± 2.00 25.15 ± 3.15a 26.33 ± 3.33a

Female 7 (28.0) 4 (40.0) 4 (30.8) 5 (50.0)

Complication 10 (40.0) 7 (70.0) 13 (100.0)a 9 (90.0)a

Polypharmacy 1 (4.0) 0 (0.0) 3 (23.1) 1 (10.0)

NRS2002 ≥ 3 7 (28.0) 2 (20.0) 3 (23.1) 2 (20.0)

TNM III 9 (36.0) 5 (50.0) 4 (30.8) 7 (70.0)

aP < 0.05.
MetS: Metabolic syndrome; BMI: Body mass index; TNM: Tumor-node-metastasis.

Table 2 Differentially abundant metabolite information between metabolic syndrome group and control group

MS2 MS2 Ingredient VIP Difference multiple P value

Ribothymidine 0.977184462 5-liter urine test 2.875235598 0.853099352 0.001

LysoPC[20:3(5Z,8Z,11Z)] 0.431478462 Glycerophospholipids 2.617379975 1.316226543 0.003

Sucrose 0.587560154 Sucrose 2.505082856 0.294077555 0.009

2-methylglutaric acid 0.868639769 2-methylglutaric acid 2.492929728 0.880090096 0.007

PC 22:5(4Z,7Z,10Z,13Z,16Z) 0.761099923 Glycerophospholipids 2.430802959 1.197463285 0.010

PC 22:2(13Z,16Z)/16:1(9Z) 0.814371846 Glycerophospholipids 2.419402577 1.372234468 0.003

Β-alanine 1.000000000 β monoalanine 2.387846925 1.191057245 0.011

Orotidine 0.755108923 Orotidine 2.385776400 1.285397754 0.004

PC[P-18.1(11Z)/14:0] 0.724108077 Glycerophospholipids 2.37334905 0.672678582 0.009

2-benzylbutanediaic acid 0.671941538 A-benzylsuccinic acid 2.309647568 0.601709013 0.021

VIP: Projected importance of variables.

increase the intake and oxidation of fatty acids to produce energy and lipid accumulation, and abnormal fatty acid 
metabolism can affect tumor occurrence and development[26]. Most glycerol phospholipid metabolites were significantly 
downregulated in the asthenic group, but sphingosine, a sphingolipid metabolite, was significantly increased[27]. This 
was also true for the combined group and the asthenic group. The results of animal experiments showed that sphingosine 
was positively correlated with aging in rats, suggesting a metabolic correlation between the weak group and the 
combined group at the aging level. The results of the Dixie pathway analysis showed that the Dixie pathway in the Hehe 
group was obviously enriched[28]. Although the Dixie pathway in the Hehe group had the characteristics of weakness 
and MetS at the same time as the clinical diagnosis or evaluation index level, its fat metabolism characteristics were 
different from those in the other two groups[29]. Researchers need to note the status of lipid depletion in this population 
to confirm the prognosis based on prospective studies.

Nucleotide metabolism is considered to be the most critical link between tumorigenesis and tumor cell replication. 
Studies have shown that the polymerase activity of DNA and RNA synthesis in tumor tissues is greater than that in 
normal tissue, nucleotide synthesis is increased, and decomposition is reduced[30-32]. As a result, nucleotide metabolites 
are upregulated in the cancer state to meet the uncontrolled and rapid self-growth needs of tumor cells. The changes in 
nucleotide metabolites in the combined group in which pseudouridine and n-acetyl cytoridinucleate were upregulated 
and 5-methylcytosine was downregulated have been found to be closely related to cancer diagnosis, tumor invasion and 
metastasis, treatment, and prognosis[33]. This finding indicates that the metabolic abnormalities in the combination 
group are often more affected by the tumor cells themselves, and further attention should be given to tumor-related 
clinical indicators and treatment prognosis[34]. In addition, an imbalance in the acid-base balance in the body is also an 
important factor causing metabolic differences. For example, an acidic environment enhances the pantothenic acid-
mediated albumin degradation pathway, weakens the signaling pathway related to muscle biosynthesis, and eventually 
leads to an increase in muscle protein dissociation[35]. Acidosis is one of the basic characteristics of the tumor tissue 
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Table 3 Differentially abundant metabolite information between the frail group and the control group

MS2 MS2 Ingredient VIP Difference multiple P value

Phytosphingosine 0.454496692 Phytosphingosine 3.657534241 1.294323976 4.96942 × 10-5

Ethylbenzene 0.999986538 Ethyl benzene 2.933313807 0.779138228 3.49882 × 10-5

Arginyl-Aanin 0.538666308 Arginine monoalanine 2.637262363 0.670807534 9.32837 × 10-5

Beta-D-glucosamine 0.479228462 3-D-glucosamine 2.523529662 1.706788545 0.040552211

2.3-dimethy1-2-cydohexen-1 0.583867615 Ketones 2.426992074 0.745005971 0.003652162

N-Acetylvaline 0.523245077 N-acetyl-DL-valine 2.425756767 0.548096577 6.01189 × 10-5

Alpha-dimorphecolic acid 0.979338000 Fatty acids 2.422824991 0.591828042 0.01624548

Arachidonic acid 0.626860308 Arachidonic acid 2.41783857 1.448871331 0.006223154

D-citrulline 0.996183538 D-citrulline 2.354091235 0.738050459 0.014028588

Succinic acid semialdehyde 0.973268385 Succinic acid 2.310730757 1.414979613 0.045517081

VIP: Projected importance of variables.

Table 4 Differentially abundant metabolite information between the merged group and the control group

MS2 MS2 Ingredient VIP Difference multiple P value

2-aminoacetophenone 1.000000000 Aromatic compounds 2.961804513 2.196907422 0.015884556

Alpha-N-phenylacetyl 0.999461308 A-N-phenylacetyl 2.922737465 2.928594266 0.015713599

Arginyl-alaninr 0.538666308 Argininylalanine 2.870719541 0.577806767 0.000093284

Pseudouridine 0.761171308 pseudouridine 2.654758398 1.209468419 0.010376873

N-methylnicotinamide 0.695534769 N-methylnicotinamide 2.596565350 0.436187388 0.023415222

Dopamine 3-O 0.583639154 Dopamine 3-O-monosulfate 2.508348482 1.474559460 0.045180328

Choline 1.000000000 Choline 2.485758030 0.874659513 0.004134701

N4-acetylcytidine 0.990193846 N-acetylcytosine nucleoside 2.485751726 1.458921122 0.001565543

N-acetyl-L-alanine 0.907531231 N-acetyl-L-alanine 2.462896266 1.145011518 0.020139388

Bliverdin 0.981282462 Biliverdin 2.445197302 0.489904504 0.003203639

VIP: Projected importance of variables.

degradation environment and is manifested by acidic, alkaline intracellular and extracellular microenvironments. One 
metabolic trait that differed between the combined group and the other groups was a significant increase in several acidic 
compounds[36]. This may be because the tumors in the combined group were in a later stage. An acidic extracellular 
environment can increase the expression of cholesterol synthase, which is conducive to the growth of tumor cells and 
reduces the survival rate of tumor patients. Therefore, improving the prognosis of patients with tumors by regulating the 
tumor microenvironment is also an important way to regulate metabolism.

The results of this study showed that, compared with those in the control group, the alanine, aspartate, and glutamate 
metabolic pathways were significantly enriched in the asthenic group, and the glycerophosphoripid depletion pathway in 
the combined group was significantly enriched. Liu et al[37] performed a secondary analysis using MAPT research data. 
They found differences between age-related frailty and disease-related frailty in terms of clinical features. They then 
suggested that different strategies for preventing and managing frailty should be used based on these differences. This 
suggests that although the existing assessment tools can clearly distinguish between asthenia and nonasthenia, they can 
only identify the clinical manifestations that have occurred and cannot reflect the pathological and biological processes 
related to weak decay, and the same phenotype corresponds to different etiologies and disease development mechanisms. 
Even if the same intervention is given, the results will vary. In the future, it will be possible to explore the age-related 
decline in amino acids or fatty dioxins. For the development of disease-related debilitation populations, specific metabolic 
regulation measures should be formulated.
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Table 5 Key metabolic pathways and metabolites in each group

Group Route Hits Impact P value

Fructose and mannose metabolism Sorbitol, mannitol 0.00887 0.0076735

Galactose metabolism Sorbitol 0.000.00 0.113450.0

Metabolism of glyoxylates and dicarboxylates Glycollic acid 0.00686 0.1368100

MetS group

Arachidonic acid metabolism Arachidonic acid 0.21669 0.1671500

Metabolism of alanine, aspartic acid, and glutamic 
acid

L-aspartic acid and succinic acid semialdehyde 0.10256 0.0069520

Vitamin B metabolism Pyridomide, succinic acid semialdehyde 0.00000 0.0121920

Biotin metabolism Biotin 0.20325 0.0579490

Metabolism of methyl butyrate Succinic acid semialdehyde 0.03343 0.1962000

Frailty group

Arachidonic acid metabolic pathway Succinic acid semialdehyde 0.21669 0.2883000

Glycerophospholipid metabolism Choline, ethanolamine phosphate, glycerophos-
phatidylcholine

0.10234 0.0037066

Sphingolipid metabolism Plant sphingosine and ethanolamine phosphate 0.01288 0.0175530

Glutathione metabolism Glutathione 0.23743 0.2735200

Starch and sucrose metabolism Trehalose 0.00944 0.3439500

Merging 
group

Porphyrin and chlorophyll metabolism Biliverdin 0.01844 0.5880900

MetS: Metabolic syndrome.

Figure 1 Principal component analysis graph analysis. A: Metabolic test sample-1; B: Metabolic test sample-2; C: Metabolic test sample-3.
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Figure 2 Orthogonal partial least squares pattern recognition analysis score scatter plot. A: Metabolic test sample-1; B: Metabolic test sample-2; C: 
Metabolic test sample-3.

CONCLUSION
Elderly patients with weakened GC have significantly upregulated fatty acid metabolites and significantly downreg-
ulated amino acid and glycerophospholipid metabolites, whereas elderly patients with MetS have significantly 
upregulated lipid metabolites. Many metabolites, such as amino acids, lipids, nucleotides, and acidic compounds, are 
abnormal in patients with fthenia complicated with MetS, which may be related to tumor-related metabolic disorders. 
Those who do not come to study need to note the different etiologies and disease development mechanisms corres-
ponding to the same weak phenotype and provide targeted and targeted debilitating interventions. However, the sample 
included in this study was small, the data were not predictive enough, and the generalizability of the findings was 
limited. In the future, it will still be necessary to verify the results of this study based on large samples of blood test data.
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