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ABSTRACT 
 

Wet age-related macular degeneration (wAMD) causes central vision loss and represents a major health 
problem in elderly people. Here we have used untargeted metabolomics using UHPLC-MS to profile plasma 
from 127 patients with wAMD (67 choroidal neovascularization (CNV) and 60 polypoidal choroidal vasculopathy 
(PCV)) and 50 controls. A total of 545 biochemicals were detected. Among them, 17 metabolites presented 
difference between patients with wAMD and controls. Most of them were oxidized lipids (N=6, 35.29%). 
Comparing to controls, 28 and 18 differential metabolites were identified in patients with CNV and PCV, 
respectively. Two metabolites, hyodeoxycholic acid and L-tryptophanamide, were differently distributed 
between PCV and CNV. We first investigated the genetic association with metabolites in wet AMD (CFH 
rs800292 and HTRA1 rs10490924). We identified six differential metabolites between the GG and AA genotypes 
of CFH rs800292, five differential metabolites between the GG and AA genotypes of HTRA1 rs10490924, and 
four differential metabolites between the GG and GA genotypes of rs10490924. We selected four metabolites 
(cyclamic acid, hyodeoxycholic acid, L-tryptophanamide and O-phosphorylethanolamine) for in vitro 
experiments. Among them, cyclamic acid reduced the activity, inhibited the proliferation, increased the 
apoptosis and necrosis in human retinal pigment epithelial cells (HRPECs). L-tryptophanamide affected the 
proliferation, apoptosis and necrosis in HRPECs, and promoted the tube formation and migration in primary 
human retinal endothelial cells (HRECs). Hyodeoxycholic acid and O-phosphorylethanolamine inhibited the 
tube formation and migration in HRECs. The results suggested that differential metabolites have certain effects 
on wAMD pathogenesis-related HRPECs and HRECs. 
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INTRODUCTION  
 

Age-related macular degeneration (AMD) is one of the 

leading causes of blindness worldwide. As the world 

population ages, the number of people with AMD is 

expected to increase to 288 million in 2040 [1]. AMD is 

a multiple factor disease. Age, hypertension [2, 3], 

atherosclerosis [4], diabetic retinopathy (DR) [5, 6], 

smoking [7] and heavy drinking [8, 9] all increase the 

risk of AMD. Genetic factors also greatly contribute to 

the occurrence of AMD [10]. Complement factor H 

(CFH) [11ï13] and high temperature requirement factor 

A1 (HTRA1) [14ï16] are two major susceptibility genes 

for AMD. In addition, complement factor B (CFB)  

and complement component 2 (C2) [17], complement 
component 3 (C3) [18], age-related maculopathy 

susceptibility 2 (ARMS2) [19], apolipoprotein E (APOE) 

[20, 21] and FGD6 [22] also play an important role in 

the development of AMD. 

 

There are two main types of AMD: dry (atrophic) 

AMD and wet (exudative) AMD (wAMD) . Dry AMD 

shows geographic atrophy and no blood or serum 

leakage [23]. Wet AMD occurs in approximately 10-

15% of people who develop AMD in Western 

populations and a higher proportion in Eastern 

populations. Wet AMD has the obvious symptoms 

 of leakage and neovascularization. Although 

controversial, wet AMD can be divided into choroidal 

neovascularization (CNV) and polypoidal choroidal 

vasculopathy (PCV) [24]. The pathology of wet AMD 

progresses more quickly than the pathology of the dry 

form. Wet AMD causing significant deterioration to 

central vision within a short period of time. At present, 

the pathogenesis of wAMD is not very clear.  

 

Metabolites are produced by the cumulative effect of 

the genome and its interaction with the environment. It 

is thought to be closely related to the phenotype of 

diseases, especially multifactorial diseases [25]. 

Metabolomics is a new omics approach after genomics 

and proteomics, which is mainly to conduct qualitative 

and quantitative analysis of all low molecular weight 

metabolites of a certain organism or cell in a specific 

physiological period to explore the relative relationship 

between metabolites and physiological and patho-

logical changes. Metabolomics has made important 

achievements in the study of cardiovascular diseases 

[26], breast cancer [27, 28], Parkinson's disease [29] 

and diabetes [30]. Recently, researchers have  

also discovered the potential and versatility of 

metabolomics in the study of eye diseases [31ï33]. For 

AMD, Lains et al. reported metabonomics research 

mainly based on white ethnicity and found that  

the glycerophospholipid pathway was significantly 

enriched [34ï36]. 

It is well known that microorganisms are closely related 

to human diseases. A recent study [37] showed that 

microbial characteristics may play an important role in 

the diagnosis of cancer. Rob Knight's team found 

unique microbial signals in blood and tissue samples 

from most cancer patients. They also found that using 

only plasma-derived, cell-free microbial nucleic acids 

can distinguish between healthy, cancer-free individuals 

and samples from a variety of cancer patients. 

 

In this study, we conducted plasma metabonomics 

research in Asian ethnicity-base on a Chinese population. 

The current study has three goals: (1) to characterize the 

plasma metabolomic profiles of patients with wAMD and 

to compare them with those of controls (including 

wAMD vs controls, CNV vs controls, PCV vs controls, 

CNV vs PCV); (2) to characterize the plasma differential 

metabolites of participants with different genotypes of 

major associated genes CFH rs800292 and HTRA1 
rs10490924; and (3) to identify specific metabolites of 

microorganisms in plasma of patients with wAMD. 

Finally, we aim to support the development of novel 

metabolic biomarkers for wAMD diagnosis and 

prognosis, as well as for drug development. 

 

RESULTS 
 

Study population 

 

Participants in this study included 127 wet AMD 

patients (67 CNV, 60 PCV) and 50 healthy people. The 

demographic characteristics of the three groups of 

participants are shown in Supplementary File 1. 

 

Screening of metabolites with significant differences 

 

Three-dimensional principal component analysis (PCA) 

showed the trend of metabolites partially separated 

between groups, indicating differences among them [38]. 

The PCA results showed that the difference between the 

PCV group and CNV group was relatively small among 

all the comparison group, while the difference between 

the control group and CNV group was relatively large 

among all the comparison group (Figure 1). 

 

Using the partial least squares discriminant analysis 

(PLS-DA) model, we calculated the comparison results 

between groups (Supplementary File 2). In wAMD 

compared with controls, 164 metabolites with VIP 

values >1 accounted for 30.10% of all metabolites 

detected. In CNV compared with controls, 171 

metabolites had VIP values >1 (31.38%). In PCV 

compared with controls, 159 metabolites had VIP values 

>1 (29.18%). In CNV compared with PCV conditions, 

145 metabolites had VIP values > 1 (26.61%). Then, 

according to the screening criteria for significantly 
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Figure 1. PCA result of the wAMD group, PCV group, and CNV group. (A, C, E, G) are the two-dimensional images of the PCA results 

of each group. (B, D, F, H) are the 3D images of the PCA results of each group. The X-axis represents the first principal component, the Y-axis 
represents the second, and the Z-axis represents the third. wAMD: represents the mixture of the CNV group and PCV group. 
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differential metabolites discussed in the Methods 

section, totally 24 significantly differential metabolites 

were detected between disease conditions and controls. 

These metabolites include oxidized lipids (25.00%), 

benzene and its substituted derivatives (16.67%), 

nucleotide metabolism (12.50%) and amino acid 

metabolism (12.50%) (Table 1). 

 

Metabolites with significant differences in wAMD vs 

controls 

Totally 17 significantly differential metabolites were 

identified between patients with wAMD and controls 

(Figures 2, 3 and Table 2). These metabolites included 

six oxidized lipids ((±)12-HEPE, (±)12-HETE, (±)4-

HDHA, (±)9-HETE, 14(S)-HDHA and 15-oxoETE), 

two benzene and substituted derivatives (2,4-

dihydroxybenzoic acid and 1,2,3-trihydroxybenzene), 

two organic acid and its derivatives (1-methyluric  

acid and carbamoyl phosphate), two amino  

acid metabolomics (trimethylamine N-oxide and  

L-tryptophanamide), two nucleotide metabolomics (1-

methylxanthine and UDP-glucose), 1-aminopropan-2-

ol, 2-methoxybenzoic acid and vitamin D3. Except for 

UDP-glucose and carbamoyl phosphate, which 

presented lower concentrations in wAMD, the other 

metabolites showed higher concentrations in wAMD, 

suggesting that these metabolites accumulate in plasma 

under wAMD conditions. 

 

Metabolites with significant differences in CNV vs 

control 

In total, 14 significantly differential metabolites  

were found in the CNV group compared with the 

control group; most of them are also contributed to 

wAMD (Figures 2, 3 and Table 2). These metabolites 

include (±)4-HDHA and 15-oxoETE (oxidized lipids), 

2-Methylbenzoic acid and 2,6-Di-tert-butyl-4-

methylphenol (benzene and substituted derivatives),  

1-methyluric acid and carbamoyl phosphate (organic 

acid and its derivatives), trimethylamine N-oxide  

and L-tryptophanamide (amino acid metabolomics), 

UDP-glucose and phosphocholine (nucleotide 

metabolomics), 1-aminopropan-2-ol (alcohol), 2-

methoxybenzoic acid (benzoic acid and its 

derivatives), vitamin D3 (Coothers enzyme factor and 

vitamin) and O-phosphorylethanolamine (lipids' others 

phospholipid). Except for O-phosphorylethanolamine, 

UDP-glucose and carbamoyl phosphate are down-

regulated in CNV, and the others are up-regulated in 

CNV. 

 

Metabolites with significant differences in PCV vs 

control 
In total, nine significantly differential metabolites were 

found in patients with PCV compared with the controls; 

most of them also contributed to wet AMD (Figures 2, 3 

and Table 2). The following three metabolites  

were specifically detected in patients with PCV: 1-

methylxanthine (nucleotide metabolomics), 

hydroquinone (phenols and their derivatives) and L-

alanyl-L-lysine (amino acid metabolomics). The rest 

were shared with patients with CNV, suggesting their 

close relationship at the metabolic level. 

 

Metabolites with significant differences in CNV vs PCV 
When comparing CNV to PCV, two significantly 

differential metabolites were identified: hyodeoxycholic 

acid (bile acids) and L-tryptophanamide (amino acid 

metabolomics) (Figures 2, 3 and Table 2). Both of them 

accumulate in PCV. 

 

Pathway analysis of differential metabolites 

Metabolites may interact with each other to form 

different pathways. By using KEGG annotation of the 

differential metabolites [39], metabolites were classified 

according to the type of pathway in KEGG (Figure 4 

and Table 3). These results showed that metabolic 

pathways involved in metabolites included vitamin 

digestion and absorption, pyrimidine metabolism, 

biosynthesis, metabolic pathway, glycerophospholipid 

metabolism and other pathways. 

 

Metabolites with significant differences linked to 

genotypes of AMD major associated genes CFH and 

HTRA1 

 

AMD is a multifactorial disease, and genetic 

components play an important role in the pathogenesis 

of the disease [10]. Previous studies [11, 12, 14, 15] 

have shown that HTRA1 and CFH are two major genes 

for AMD. To determine whether there are differences in 

plasma metabolites among different genotypes, we 

tested the genotypes of CFH r800292 and HTRA1 
rs10490924 (both are in the haplotype of the susceptible 

loci of CFH and HTRA1) in participants and then 

analyzed the metabolites and their differences among 

alleles. In total, 12 differential metabolites were 

identified in this analysis. 

 

Metabolites with significant differences between 

genotypes of CFH rs800282 

According to the PCA analysis results of metabolites 

detected in three genotypes of CFH rs800292 (Figure 

5A, 5B), the degree of variation between genotypes is 

small, especially between genotype AA and genotype 

AG. The OPLS-DA S-plot was used to directly display 

the proportion of metabolites with VIP values greater 

than 1 or less than 1 in each group (Figure 5C). 

According to the screening criteria of differential 
metabolites, a total of six differential metabolites (1-

methylxanthine, L-fucose, 3-hydroxybutyrate, malonic 

acid, 2,4-dihydroxybenzoic acid, (±)4-HDHA) were 
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Table 1. Types of differential metabolites. 

Class Compounds Proportion (N=24) 

Alcohol 1-Aminopropan-2-ol 4.17% 

Amino Acid metabolomics L-Tryptophan; Trimethylamine N-Oxide; L-Alanyl-L-Lysine 12.50% 

Bile Acids Hyodeoxycholic Acid 4.17% 

Benzene and substituted derivatives 2,6-Di-tert-butyl-4-methylphenol; 2-Methylbenzoic acid;  

2,4-Dihydroxybenzoic Acid; 1,2,3-Trihydroxybenzene 

16.67% 

Benzoic Acid and its derivatives 2-Methoxybenzoic Acid 4.17% 

Co Others Enzyme Factor and vitamin Vitamin D3 4.17% 

Lipids Others Phospholipid O-Phosphorylethanolamine 4.17% 

Nucleotide metabolomics UDP-glucose; Phosphocholine; 1-Methylxanthine 12.50% 

Organic Acid and its derivatives  1-Methyluric Acid; Carbamoyl phosphate 8.33% 

Oxidized lipid (±)4-HDHA; (±)12-HEPE; (±)12-HETE; 14(S)-HDHA;  

(±)9-HETE; 15-oxoETE 

25.00% 

Phenols and its derivatives Hydroquinone 4.17% 

 

identified between genotypes GG and AA (Table 4 and 

Figure 5D). There were no significant metabolites 

between genotypes GG and AG. According to  

KEGG analysis, these six differential metabolites are 

mainly involved in the synthesis and degradation of  

ketone bodies, pyrimidine metabolism, fructose and  

mannose metabolism, fatty acid metabolism, fatty acid 

biosynthesis, the cAMP signaling pathway, and the 

 

 
 

Figure 2. Venn map of the wAMD group, PCV group, and CNV group. 
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Figure 3. Relative contents of differential metabolites among wAMD group, CNV group, and PCV group. The box in the middle 
represents the quartile range, the thin black line extending from it represents the 95% confidence interval, the black horizontal line in the 
middle is the median, and the external shape represents the distribution density of the data. wAMD: Wet AMD group (CNV and PCV 
together). 
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Table 2. Differential metabolites in wAMD and subtypes. 

Group Index Compounds Class VIP P value 
Fold_ 

change 
Log2FC Type 

wAMD vs control 

(total=17, down- 

regulated=2, up- 

regulated=15) 

MEDP831 1-Aminopropan-2-ol Alcohol 1.0641  9.34×10-5 2.3339  1.2227  up 

MEDP084 Trimethylamine N-Oxide Amino acid metabolomics 1.2276  7.70×10-5 2.3760  1.2485  up 

MEDP891 L-Tryptophan amide Amino acid metabolomics 1.2183  8.39×10-4 2.2378  1.1621  up 

MEDN481 
2,4-Dihydroxybenzoic 

Acid 
Benzene and substituted derivatives 1.1529  3.80×10-5 2.1539  1.1070  up 

MEDN576 1,2,3-Trihydroxybenzene Benzene and substituted derivatives 1.1270  4.92×10-2 2.2642  1.1790  up 

MEDN090 2-Methoxybenzoic Acid Benzoic acid and its derivatives 1.9407  2.01×10-5 2.4212  1.2757  up 

MEDN241 Vitamin D3 Coothers enzyme factor and vitamin 2.0421  2.59×10-21 2.3674  1.2433  up 

MEDN139 1-Methylxanthine Nucleotide metabolomics 1.3305  1.80×10-5 3.9526  1.9828  up 

MEDN538 UDP-glucose Nucleotide metabolomics 1.4315  7.78×10-8 0.3640  -1.4581  down 

MEDN472 1-Methyluric Acid Organic acid and its derivatives 1.2168  1.24×10-5 2.8901  1.5311  up 

MEDN615 Carbamoyl phosphate Organic acid and its derivatives 1.1495  4.84×10-6 0.4812  -1.0554  down 

MEDN750 (±)12-HEPE Oxidized lipid 1.0385  2.53×10-2 3.3824  1.7581  up 

MEDN751 (±)12-HETE Oxidized lipid 1.0996  4.56×10-2 9.0656  3.1804  up 

MEDN758 (±)4-HDHA Oxidized lipid 1.4334  9.30×10-3 2.8155  1.4934  up 

MEDN763 (±)9-HETE Oxidized lipid 1.5778  1.73×10-2 2.0244  1.0175  up 

MEDN769 14(S)-HDHA Oxidized lipid 1.5465  4.22×10-2 4.3538  2.1223  up 

MEDN771 15-oxoETE Oxidized lipid 2.1349  3.93×10-8 3.3391  1.7394  up 

CNV vs control 

(total=14, down- 

regulated=3, up- 

regulated=11)  

MEDP831 1-Aminopropan-2-ol Alcohol 1.0634  8.85×10-4 2.6875  1.4263  up 

MEDP084 Trimethylamine N-Oxide Amino acid metabolomics 1.1474  9.40×10-4 2.6220  1.3906  up 

MEDP891 L-Tryptophan Amino acid metabolomics 1.6438  1.76×10-3 3.1248  1.6437  up 

MEDN553 2-Methylbenzoic acid Benzene and substituted derivatives 1.0011  4.16×10-2 4.9730  2.3141  up 

MEDP697 
2,6-Di-tert-butyl-4-

methylphenol 
Benzene and substituted derivatives 1.4278  1.20×10-4 2.0703  1.0498  up 

MEDN090 2-Methoxybenzoic Acid Benzoic acid and its derivatives 1.5343  2.22×10-3 2.7788  1.4745  up 

MEDN241 Vitamin D3 Co others enzyme factor and vitamin 1.7297  5.56×10-26 2.9489  1.5602  up 

MEDN352 
O-

Phosphorylethanolamine 
Lipidsô others phospholipid 1.3483  1.96×10-7 0.4769  -1.0681  down 

MEDN538 UDP-glucose Nucleotide metabolomics 1.3909  3.68×10-8 0.3373  -1.5679  down 

MEDP881 Phosphocholine Nucleotide metabolomics 2.4872  1.92×10-26 2.1194  1.0837  up 

MEDN472 1-Methyluric Acid Organic acid and its derivatives 1.0114  8.89×10-4 2.5362  1.3427  up 

MEDN615 Carbamoyl phosphate Organic acid and its derivatives 1.0599  2.48×10-6 0.4564  -1.1315  down 

MEDN758 (±)4-HDHA Oxidized lipid 1.2348  4.54×10-2 3.5047  1.8093  up 

MEDN771 15-oxoETE Oxidized lipid 1.5185  7.42×10-6 3.2664  1.7077  up 

PCV vs control 

(total=9, down- 

regulated=1, up- 

regulated=8)  

MEDP084 Trimethylamine N-Oxide Amino acid metabolomics 1.0250  2.13×10-2 2.1013  1.0713  up 

MEDP087 L-Alanyl-L-Lysine Amino acid metabolomics 2.7540  4.26×10-13 2.2845  1.1919  up 

MEDN090 2-Methoxybenzoic Acid Benzoic acid and its derivatives 1.8151  2.83×10-7 2.0218  1.0157  up 

MEDN139 1-Methylxanthine Nucleotide metabolomics 1.4939  8.86×10-4 4.7586  2.2505  up 

MEDN538 UDP-glucose Nucleotide metabolomics 2.4156  2.37×10-7 0.3938  -1.3446  down 

MEDN472 1-Methyluric Acid Organic acid and its derivatives 1.2840  1.45×10-3 3.2852  1.7160  up 

MEDN758 (±)4-HDHA Oxidized lipid 1.4450  2.06×10-3 2.0459  1.0327  up 

MEDN771 15-oxoETE Oxidized lipid 2.3710  3.91×10-6 3.4202  1.7741  up 

MEDN647 Hydroquinone Phenols acid and its derivatives 1.5979  7.32×10-4 2.0060  1.0043  up 

CNV vs 

PCV(total=2,  

down-regulated=2) 

MEDP891 L-Tryptophan amide Amino acid metabolomics 2.1151  6.25×10-3 0.3992  -1.3248  down 

MEDN109 Hyodeoxycholic Acid Bile Acids 1.3908  3.14×10-3 0.4805 -1.0575  down 

An index is a number set for the detected metabolites; total represents the number of screened differential metabolites; up-
regulated represents the number of differential metabolites with increased relative content; down-regulated represents the 
number of differential metabolites with decreased relative content. Note: Index refers to the index we set for each 
metabolite detected. total= total sigmetabolites; up-regulated=The number of up-regulated metabolites; down-
regulated=The number of down-regulated metabolites. 
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Figure 4. Classification and enrichment of KEGG pathways of differential metabolites in wAMD, CNV, and PCV groups. (AςC) 
are KEGG classification diagrams of differential metabolites of wAMD vs control, CNV vs control, and PCV vs control, respectively. The 
ordinate is the name of the KEGG metabolic pathway, and the abscissa is the number of metabolites from the annotation to the pathway and 
the proportion of the number of metabolites to the total number of annotated metabolites. (DςF) are the KEGG enrichment analysis graphs 
of differential metabolites wAMD vs control, PCV vs control, and CNV vs control. The rich factor is the ratio of the number of metabolites in 
the corresponding pathway to the total number of metabolites detected and annotated in the pathways. The larger the value is, the greater 
the enrichment degree is. The closer the p-value is to 0, the more significant the enrichment is. The size of the midpoint represents the 
number of significant metabolites enriched in the corresponding pathway. 
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Table 3. KEGG annotation results for differential metabolites. 

Group Index Compounds cpd_ID kEGG_map 

control vs 

wAMD 

MEDN090 2-Methoxybenzoic Acid -- -- 

MEDN139 1-Methylxanthine -- -- 

MEDN241 Vitamin D3 C05443 ko00100,ko01100,ko04977,ko05323 

MEDN472 1-Methyluric Acid C16359 ko00232 

MEDN481 2,4-Dihydroxybenzoic Acid -- -- 

MEDN538 UDP-glucose C00029 ko00040,ko00052,ko00053,ko00240,ko00500,ko00520,ko00524,ko00561,ko01100 

MEDN576 1,2,3-Trihydroxybenzene -- -- 

MEDN615 Carbamoyl phosphate C00169 ko00220,ko00230,ko00240,ko00250,ko00910,ko01100,ko01200,ko01230 

MEDN750 (±)12-HEPE -- -- 

MEDN751 (±)12-HETE -- -- 

MEDN758 (±)4-HDHA -- -- 

MEDN763 (±)9-HETE -- -- 

MEDN769 14(S)-HDHA -- -- 

MEDN771 15-oxoETE C04577 ko00590 

MEDP084 Trimethylamine N-Oxide C01104 ko01100 

MEDP831 1-Aminopropan-2-ol -- -- 

MEDP891 L-Tryptophan amide -- -- 

control vs 

CNV 

MEDN090 2-Methoxybenzoic Acid -- -- 

MEDN241 Vitamin D3 C05443 ko00100,ko01100,ko04977,ko05323 

MEDN352 O-Phosphorylethanolamine C00346 ko00564,ko00600,ko01100,ko04071 

MEDN472 1-Methyluric Acid C16359 ko00232 

MEDN538 UDP-glucose C00029 ko00040,ko00052,ko00053,ko00240,ko00500,ko00520,ko00524,ko00561,ko01100 

MEDN553 2-Methylbenzoic acid C07215 ko01100 

MEDN615 Carbamoyl phosphate C00169 ko00220,ko00230,ko00240,ko00250,ko00910,ko01100,ko01200,ko01230 

MEDN758 (±)4-HDHA -- -- 

MEDN771 15-oxoETE C04577 ko00590 

MEDP084 Trimethylamine N-Oxide C01104 ko01100 

MEDP697 
2,6-Di-tert-butyl-4-

methylphenol 
-- -- 

MEDP831 1-Aminopropan-2-ol -- -- 

MEDP881 Phosphocholine C00588 ko00564,ko01100,ko05231 

MEDP891 L-Tryptophanamide -- -- 

controlvs 

PCV 

MEDN090 2-Methoxybenzoic Acid -- -- 

MEDN139 1-Methylxanthine -- -- 

MEDN472 1-Methyluric Acid C16359 ko00232 

MEDN538 UDP-glucose C00029 ko00040,ko00052,ko00053,ko00240,ko00500,ko00520,ko00524,ko00561,ko01100 

MEDN647 Hydroquinone C00530 ko00350,ko01100 

MEDN758 (±)4-HDHA -- -- 

MEDN771 15-oxoETE C04577 ko00590 

MEDP084 Trimethylamine N-Oxide C01104 ko01100 

MEDP087 L-Alanyl-L-Lysine -- -- 

CNV vs 

PCV 

MEDN109 Hyodeoxycholic Acid -- -- 

MEDP891 L-Tryptophan amide -- -- 

Cpd_ ID is the code of the corresponding metabolite in KEGG database_ Map is the number of pathways involved in the 
corresponding metabolites in KEGG database. Note: Index refers to the Index we set for each metabolite detected; Cpd_ID 
represents the corresponding ID of each metabolite in the KEGG database; KEGG_map refers to the number of pathways in 
which each metabolite participates in the KEGG database. 
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Figure 5. Comparison of genotypes GG and AG of CFH rs800292. (A) shows the two-dimensional PCA map of the degree of variation 

between the two groups of genotypes GG and AA, and (B) is the 3D images of PCA results of them. (C) is the OPLS-DA S-plot of CFH genotypes 
GG and AA. The abscissa represents the correlation coefficient of the principal component and metabolite, and the ordinate represents the 
correlation coefficient of the principal component and metabolite. The red dots indicate that the metabolites have VIP values greater than or 
equal to 1, and the green dots indicate that the metabolites have VIP values less than 1. (D) shows Relative contents of differential 
metabolites between CFH genotypes GG and AA. (E, F) are the results of KEGG classification and enrichment of differential metabolites 
between-group genotypes GG and group AA of CFH. 


