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Purpose: Psoriasis is a complex inflammatory skin disorder that is closely associated with metabolic syndrome (MetS). Limited 
information is available on skin metabolic changes in psoriasis; the effect of concurrent MetS on psoriatic skin metabolite levels is 
unknown. We aimed to expand this information through skin metabolomic analysis.
Patients and Methods: Untargeted metabolomics was conducted using skin samples from 38 patients with psoriasis vulgaris with 
MetS (PVMS), 23 patients with psoriasis vulgaris without MetS (PVNMS), and 10 healthy controls (HC). Data analyses, including 
multivariate statistical analysis, KEGG pathway enrichment analysis, correlation analysis, and receiver operating characteristic curve 
analysis, were performed.
Results: Significant discrepancies were found between skin metabolites in the HC and PVNMS groups, particularly those involved in 
nucleotide and glycerophospholipid metabolism. Fifteen of these metabolites were positively correlated with psoriasis severity. 
Furthermore, MetS was found to affect the metabolic profiles of patients with psoriasis. There were some metabolites with consistent 
alterations in both the PVNMS/HC and PVMS/PVNMS comparisons.
Conclusion: This study may provide new insights into the link between skin metabolism and psoriatic inflammation and the 
mechanism underlying the interaction between psoriasis and MetS.
Keywords: psoriasis, metabolic syndrome, metabolomics, nucleotide metabolism, glycerophospholipid metabolism

Introduction
Psoriasis manifests as a complex systemic inflammatory skin disorder.1 Millions of people worldwide are afflicted with 
this disease.2 Psoriasis vulgaris is the most frequent type of psoriasis, with classic presentation of chronic well-defined 
scaly plaque.3 There are close associations between psoriasis and metabolic and cardiovascular comorbidities, specifi-
cally metabolic syndrome (MetS).4,5 Given that high recurrence rates of psoriasis,6 in addition to the aggravated 
inflammation and a reduced efficacy response in psoriasis with concomitant MetS,7,8 a deeper understanding of 
pathophysiology of psoriasis and psoriasis with concomitant MetS is warranted.

Metabolites, which are involved in endogenous metabolism, also reflect exogenous exposures, thus representing the 
interactions between gene and protein function and environmental factors.9 Therefore, metabolomics, the systemic 
collection of metabolites,10 is an effective tool for exploring the molecular basis and pathophysiology that drive disease. 
A series of studies investigated metabolic signature within blood sample from patients with psoriasis;11 however, it has 
been reported that skin metabolites are more reliable than blood metabolites in reflecting core metabolic alterations in 
psoriasis.12 At present, there is limited research regarding the metabolomic analysis of skin samples from patients with 
psoriasis, with most of the studies having a sample size not exceeding ten participants.13–15 Both psoriasis and MetS are 
closely related to systemic inflammation,1,16 in which metabolic disturbances involving various pathways, such as amino- 
acid, carbohydrate, and lipid metabolisms, were recognized, respectively.11,17 Moreover, significant alterations in serum 
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levels of lipids were found between psoriatic patients with and without metabolic disorders.18 To the best of our 
knowledge, metabolomics has not been applied for detecting skin metabolic changes in psoriasis complicated with 
MetS to date.

In this study, we used an untargeted metabolomic method based on liquid chromatography–tandem mass spectrometry 
(LC–MS/MS) to characterize the metabolic signatures of skin lesions from patients with psoriasis vulgaris, with or 
without MetS, to provide insights into the pathogenesis of psoriasis and the interaction between psoriasis and MetS.

Material and Methods
Study Population and Sample Collection
In total, 38 patients with psoriasis vulgaris with MetS (PVMS), 23 patients with psoriasis vulgaris without MetS 
(PVNMS), and 10 healthy controls (HC) were consecutively recruited from the First Medical Center of Chinese PLA 
General Hospital. The inclusion criteria for recruiting participants with psoriasis vulgaris were adulthood, no topical 
therapy within 2 weeks and systemic therapy within 4 weeks prior to skin sample collection, and meeting at least three 
(PVMS) or none (PVNMS) of the diagnostic criteria for MetS.19 Patients with pregnancy, liver or kidney dysfunction, or 
cancer were excluded from the study. Informed consent was obtained from all participants. This study was approved by 
the Hospital Ethics Committee.

Skin samples from typical lesional skin of patients with psoriasis vulgaris and normal skin of HC were collected 
under local anesthesia. After washing with saline, skin tissues were placed in cryogenic vials and stored in liquid nitrogen 
until analysis. The baseline characteristics of all subjects were presented in our previous work.20

Untargeted Metabolomics
Sample Preparation and LC–MS/MS Analysis
Metabolomic sample preparation and LC–MS/MS analysis were performed referring to previously described methods.21 

The skin specimens were thawed on ice, chopped and homogenized. Subsequently, 400 μL 70% methanol was added and 
200 μL of supernatant was collected after centrifugation (12000 rpm, 10 min, 4°C) for analysis. A mixture of equal 
amounts of the supernatant obtained from each skin tissue was prepared as the quality control (QC) sample. One QC 
sample was injected after running 10 samples to monitor the repeatability of the analytical process.

LC–MS/MS analysis was performed using a Nexera UHPLC LC-30A (Shimadzu Corporation, Kyoto, Japan) system 
equipped with an ACQUITY Premier HSS T3 Column (1.8 µm, 2.1 mm × 100 mm) (Waters, Milford, MA, USA) plus 
a TripleTOF 6600 mass spectrometer (SCIEX, Foster City, CA, USA). The chromatographic conditions included 40°C, 
0.1% aqueous formic acid (mobile phase A) and acetonitrile containing 0.1% formic acid (mobile phase B), 0.4 mL/min 
(flow rate), and 4 μL (injection volume). The elution gradients proceeded as follows: 0–2 min, 95% A; 2–5 min, 80% 
solvent A; 5–6 min, 40% solvent A; 6–7.5 min, 1% A; 7.5–10 min, 95% A. MS was performed with the following 
parameter: electrospray ionization source; spray voltage set at 5000 V (positive mode) or −4000 V (negative mode); 
sheath gas, 50 psi; auxiliary gas, 60 psi; curtain gas, 35 psi; collision energy spread, 15V; MS1 TOF masses, 50~1000 
Da; MS2 TOF masses, 25~1000 Da; MS1 accumulation time 0.2 s; MS2 accumulation time, 0.04 s.

Data Processing and Analysis
ProteoWizard and R software (version 4.2.2) were used for data processing including format conversion, peak extraction, 
peak alignment, retention time correction, peak area correction, missing value filling, normalization, data merging in 
positive and negative ion modes, and metabolite identification. Subsequently, the datasets were imported into SIMCA 
software (version 14.1, Umetrics, Umea, Sweden) for multivariate statistical analyses, including principal component 
analysis (PCA) and orthogonal partial least squares discrimination analysis (OPLS-DA). Differential metabolites were 
screened based on the P-value (< 0.05, Student’s t-test) and variable importance in the projection (VIP > 1). KEGG 
pathway enrichment analysis and receiver operating characteristic curve (ROC) analysis were performed; heatmaps and 
volcano plots were generated using R software. The Spearman rank correlation test was used for the correlation analysis 
between the psoriasis area and severity index (PASI) and significant differential metabolites.
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Results
The Overview of Total Metabolites and the PCA
A total of 3224 metabolites (1628 and 1596 metabolites in the positive and negative ion modes, respectively) were 
identified in all skin samples. The metabolites were categorized into 12 classes (Figure 1A). PCA revealed separation 
tendencies among the HC, PVNMS, and PVMS groups (Figure 1B).

Skin Metabolic Profile Analysis of Psoriasis Vulgaris
The OPLS-DA model revealed a distinct separation between skin metabolites in the PVNMS and HC groups 
(Figure 2A), which was validated using a permutation test (Supplementary Figure S1A). Based on the VIP and 
P-value, 1113 differential metabolites were screened. For higher accuracy, fold-change (FC, ≥ 2 or ≤ 0.5) was added 
to the screening criteria. We identified 428 upregulated and 270 downregulated metabolites (Figure 2B). These 
metabolites were enriched for certain pathways, including nucleotide metabolism (purine metabolism and pyrimidine 
metabolism), autophagy, glycerophospholipid metabolism, α-linolenic metabolism, and linoleic acid metabolism, which 
might be relevant to the pathogenesis of psoriasis (Figure 2C).

Figure 2D shows the 30 most significantly altered skin metabolites in the PVNMS/HC comparison, consisting of 5 
nucleotide metabolites, 17 glycerophospholipids, 3 fatty acyls, 2 sphingolipids, dehydroascorbic acid, N-acetyl-DL- 
methionine, and N-methyl-L-glutamic acid.

We further analyzed nucleotide and glycerophospholipid metabolites in psoriatic skin lesions. The heatmap describing 
the levels of important nucleotide metabolites showed that most of important nucleotide metabolites were upregulated in 
the skin lesions of patients with PVNMS compared to HC (Figure 3A). The levels of many key metabolites involved in 
purine and pyrimidine metabolism, such as uridine, UMP, UDP, CMP, thymine, adenosine, AMP, inosine, hypoxanthine, 
and dGMP, were significantly higher in the PVNMS group (Figure 3B). These results revealed enhanced nucleotide 
metabolism in skin lesions of psoriasis vulgaris. Moreover, the levels of seven nucleotide metabolites, including 
orotidine, 3’-deoxyguanosine, 8-hydroxyguanosine, 3’-UMP, 2’,3’-cyclic CMP, flavin mononucleotide, and 2-hydroxy- 
dAMP, were positively correlated with PASI in the PVNMS group (Figure 3C).

The differential glycerophospholipids in the PVNMS/HC comparison included lysophosphatidic acid (LPA), lysopho-
sphatidylcholine (LPC), lysophosphatidylethanolamine (LPE), phosphatidic acid (PA), phosphatidylcholine (PC), phos-
phatidylethanolamine (PE), phosphatidylglycerol (PG), and phosphatidylserine (PS). The levels of LPA (18:3) were 
upregulated in the PVNMS group (Figure 3D), and positively correlated with PASI (Figure 3C). The expression levels of 
LPE and PG were elevated and accompanied by the downregulation of PS. Six of the eight LPCs, including LPC(20:4), 

Figure 1 Component composition of metabolites and PCA 3D plot of the entire metabolomics data set. (A) Classification and proportion of the identified metabolites 
from all skin samples. (B) PCA score scatter 3D plot comparing the HC, PVNMS, and PVMS groups (R2Y, 0.617; Q2Y, 0.349).
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Figure 2 The Metabolic profile of the PVNMS group compared with the HC group. (A) OPLS-DA score scatter plot of the two groups (R2Y, 0.99; Q2Y, 0.857). (B) Volcano plot illustrating differential metabolites in the PVNMS/HC 
comparison. (C) KEGG pathway analysis plot. (D) The 30 most significantly altered skin metabolites. FC, fold change.
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Figure 3 Disturbances in the nucleotide and glycerophospholipid metabolism and correlation analysis of differential metabolites levels and PASI in the PVNMS group. (A) Heatmap of important nucleotide metabolites. (B) Schematic 
diagram of nucleotide metabolism pathway changes. (C) Levels of 15 differential metabolites positively correlated to PASI. (D) A lollipop plot showing dysregulation of glycerophospholipid metabolites.
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LPC(22:6), LPC(18:1), LPC(22:5), LPC(20:3), and LPC(20:5), were upregulated, whereas the majority of PAs were 
downregulated. In addition, abundant metabolites in the PC and PE classes were significantly altered (Figure 3D).

In addition to the levels of seven nucleotide metabolites and LPA (18:3), the levels of five fatty acyls (linoleic acid, 
methyl 15-cyanopentadecanoate, mead acid, cis-8,11,14,17-eicosatetraenoic acid, and 2-hydroxyhexadecanoic acid), 
D-fructose 6-phosphate-disodium salt, and 5-methoxytryptophan, were positively correlated with PASI (Figure 3C).

MetS Affects the Skin Metabolic Profile of Psoriasis Vulgaris
In the OPLS-DA, a clear separation was observed between the PVNMS and PVMS groups (Figure 4A and 
Supplementary Figure S1B). A total of 676 differential metabolites were screened for the PVMS/PVNMS comparison. 
Taking FC (≥ 2 or ≤ 0.5) into consideration, we further identified 95 upregulated and 31 downregulated differential 

Figure 4 The metabolic profile of the PVMS group compared with the PVNMS group. (A) OPLS-DA score scatter plot of the two groups (R2Y, 0.967; Q2Y, 0.74). (B) 
Volcano plot elucidating differential metabolites in the PVMS/PVNMS comparison. (C) KEGG pathway analysis plot. (D) The top 30 skin metabolites with the greatest fold 
change (FC) variation. (E) A lollipop plot displaying changes of differential glycerophospholipids.

https://doi.org/10.2147/JIR.S493338                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 510

Yan et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=493338.docx


metabolites (Figure 4B). These metabolites were involved in glycerophospholipid metabolism, glycerolipid metabolism, 
autophagy, α-linolenic metabolism, linoleic acid metabolism, arachidonic acid metabolism, etc. (Figure 4C), indicating 
dysregulated lipid metabolism in the skin lesions of patients with PVMS. As shown in Figure 4D, the 30 skin metabolites 
with the greatest FC variation were glycerophospholipids, followed by glycerolipids, sphingolipids, fatty acyls, inosine, 
and coenzyme Q8. In terms of glycerophospholipid metabolites, the PVMS group exhibited higher levels of 8 PEs, 10 
PCs, 4 PAs, PS(18:0/20:0), and PG(16:0/20:4), in addition to lower levels of 4 PEs, 3 PCs, and 2 PAs than the PVNMS 
group (Figure 4E).

Metabolites Showing Consistent Alterations in Both the PVNMS/HC and PVMS/ 
PVNMS Comparisons
We compared the differential metabolites (based on VIP and P-value) in the PVNMS/HC and PVMS/PVNMS compar-
isons and found 44 metabolites with consistent alterations. Notably, a higher abundance of 11 nucleotide metabolites was 
observed in the PVMS group than in the PVNMS group. Disturbances in the levels of 15 lipids, including 6 glyceropho-
spholipids, 6 fatty acyls, and 3 triglycerides (TGs), were enhanced in patients with PVMS compared with those with 
PVNMS (Figure 5A).

Univariate ROC analysis of these 44 metabolites was performed to assess biomarker performance for distinguishing 
psoriatic skin lesions from normal skin and psoriatic skin lesions in patients with MetS from those in patients without 
MetS. The area under the curve (AUC) values of six metabolites, including 7α-hydroxycholesterol, calcitriol, oleoy-
lethanolamide-d4, PA(20:0/i-20:0), TG(14:1/22:5/18:4), and TG(15:0/18:1/15:0), in both the PVNMS/HC and PVMS/ 
PVNMS distinguishment were higher than 0.8, suggesting that these metabolites could be considered shared potential 
biomarkers and might play important roles in linking MetS with psoriasis.

Discussion
Metabolic regulation plays a pivotal role in the functions of keratinocytes and immune cells in psoriasis.22,23 Skin 
metabolomic analysis provides a snapshot of the metabolic perturbations in psoriatic lesions. To date, limited information 
is available on this issue. Considering that psoriasis and MetS have been identified as a risk factor of each other,24,25 there 
may be shared metabolic pathways and molecular networks involved in both diseases. It has been reported that comorbid 
metabolic disorders are complicated by dysregulated serum lipid metabolism in psoriasis.18 However, the impact of Mets 
on the metabolism of psoriatic skin remains unknown.

In this study, we analyzed the metabolic profile of the psoriatic skin and explored its implications. Numerous 
differential metabolites were observed in the PVNMS group compared with normal skin, particularly elevated levels 
of multiple nucleotide metabolites and eight dysregulated types of glycerophospholipids. Fifteen of these metabolites 
positively correlated with psoriasis severity. Various differential metabolites were found between the PVMS and PVNMS 
groups, most of which were involved in lipid metabolism. Moreover, disturbances in the levels of nucleotide metabolites 
and lipids were enhanced in the PVMS group compared with those in the PVNMS group. Six metabolites were screened 
for good discriminative abilities in both patient groups and in the PVNMS and HC groups.

Nucleotide Metabolism
Our results showed enhanced nucleotide metabolism in psoriatic skin tissues. Xiong et al also reported increased levels of 
inosine in psoriatic lesional skin compared to those in non-lesional skin and observed a positive correlation between inosine 
levels and PASI.26 In addition, plasma metabolomic analysis showed elevations in 5′-ADP, xanthosine, and 5.6-dihy-
drothymine in psoriatic plasma in comparison to HC plasma.14 Furthermore, higher levels of inosine monophosphate (IMP) 
in the urine were found in patients with psoriasis than in HC, which was reduced after treatment.27 Nucleotide metabolism, 
providing necessary substrates for many biological processes, is vital for cell growth and proliferation.28 Its enhancement 
can meet the demand of excessive proliferation of keratinocytes in psoriasis. Moreover, purinergic signaling is involved in 
the pathophysiology of psoriasis via inflammasome and immune cell activation.29–31 Elevated purine nucleotide levels can 
induce the expression of MHC class I related chain A and subsequently affect the function of immune cells expressing its 
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receptor,32 such as γδ17 cells and group 3 innate lymphoid cells, which play roles in psoriasis.33,34 Additionally, recent 
research has shown that pyrimidine metabolism may have a non-proliferative role.35 Notably, in the PVMS/PVNMS 
comparison, the levels of 11 nucleotide metabolites were significantly higher. Few studies have investigated the implication 
of MetS and its components on nucleotide metabolism. Dai et al reported that obesity-related factors indirectly enhanced 
pyrimidine metabolism in endometrial cancer.36 Furthermore, the levels of three nucleotide metabolites in the urine were 
found to be increased in hyperlipidemic rats.37

Figure 5 The overlaps of metabolites and potential biomarkers in the PVNMS/HC and PVMS/PVNMS comparisons. (A) Heatmap of 44 metabolites with consistent 
alterations. (B) ROC curve plots of six metabolites with high AUC values (≥ 0.8) in both the PVNMS/HC and PVMS/PVNMS distinguishment.
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Glycerophospholipid Metabolism
Recent research has noted that lipid metabolism, especially glycerophospholipid metabolism, is significantly altered in 
psoriatic blood, and its dysregulation can be improved after treatment.18,38–40 Our findings highlight the obvious 
dysregulation of glycerophospholipid metabolism in psoriatic skin. Significant changes in glycerophospholipid profiles, 
notably LPA, LPC, PC, PE, and PA, were found in psoriatic skin compared with normal skin. Pohla et al reported 
elevated levels of LPC and PC in psoriatic lesional skin compared to those in non-lesional and healthy skin.41 Consistent 
with the skin profiles in this study, upregulated LPA and LPC38,39 and dysregulated PC and PE18 were observed in blood 
samples from patients with psoriasis. However, downregulation of two types of PA in psoriatic blood were reported in 
prior research,38 whereas the levels of most PAs were found to be decreased in psoriatic skin in our study.

LPC, generated from the cleavage of PC, is a ligand for the G-protein coupled receptors, G2A and GPR4, and is 
regarded as an inflammatory bioactive lipid.42 LPC promoted psoriasiform inflammation by inducing the production of 
inflammatory mediators in keratinocytes and facilitating Th1 and Th17 differentiation.43 LPA originates from the 
hydrolysis of LPC and PA.44 Recent studies have indicated that LPA activates keratinocytes and macrophages by 
engaging its receptors, contributing to the pathogenesis of psoriasis.45–47 PC and PE are two primary components of 
membrane phospholipids. PC also serves as an essential substrates of LPA, PA, diacylglycerol, and arachidonic acid, the 
latter two of which participate in the cellular signal transduction and prostaglandin pathways, respectively.48 Our results 
showed that some types of PC were upregulated, while others were downregulated, in psoriatic skin. This may be 
attributed to the hyperproliferation of keratinocytes and the different functions of different PC isoforms.48 PE, 
a multifunctional phospholipid, participates in autophagosome formation and navigation to ferroptosis.49,50 The compli-
cated roles of autophagy and ferroptosis in the pathological processes of psoriasis51,52 might partly explain the 
dysregulated PE in psoriatic skin. As a lipid secondary messenger, PA performs diverse functions.53 Dysregulated PA 
signaling might be associated with cancer, inflammation, and neurodegenerative diseases.54

Previous studies have revealed the associations between PC, PE, and PC/PE and MetS-related features.55 

Diacylglycerol kinase, which is responsible for the balance of diacylglycerol and PA, is intimately related to metabolic 
diseases.56 Our findings add new evidence that glycerophospholipids are altered in the skin of patients with psoriasis and 
that concurrent MetS intensified glycerophospholipid metabolic disturbances in psoriatic skin.

Other Metabolites
Positive correlations were observed between several fatty acyls and PASI in our study. Methyl 15-cyanopentadecanoate 
and 2-hydroxyhexadecanoic acid are the derivatives of pentadecanoic acid and palmitic acid, respectively. Pentadecanoic 
acid was identified as a protective odd-chain fatty acid against coronary heart disease, insulin resistance, and diabetes,57 

while methyl 15-cyanopentadecanoate positively correlated with psoriasis severity in our study. Exogenous palmitic acid 
amplified the expression of inflammatory mediators and indirectly promoted Th1/Th17-immune responses.58,59 Linoleic 
acid and eicosatetraenoic acid belong to the ω-6 family of polyunsaturated fatty acids. Eicosatetraenoic acid, which is 
synthesized from linoleic acid, is a major precursor of eicosanoids, including prostaglandins and leukotrienes. These 
eicosanoids play a key role in the inflammation of psoriasis.60 A scaly and hyperproliferative dermatosis was induced in 
mice by applying mead acid;61 however, recent reports have indicated that mead acid inhibits the production of 
leukotrienes and thereby curbs the infiltration and directional migration of neutrophils.62

Our previous study demonstrated that increased glycolysis levels are associated with psoriasis.20 Fructose 6-phos-
phate, an intermediate of glycolysis, might be implicated in the elevated level of D-fructose 6-phosphate-disodium salt 
fructose.

5-Methoxytryptophan is regarded as an anti-inflammatory molecule with an inhibitory function on cyclooxygenase-2 
and macrophage activation.63 Its positive correlation with PASI in this study raises the possibility that it is involved in the 
negative regulation of psoriatic inflammation.

Some differential metabolites in the PVNMS/HC and PVMS/PVNMS comparisons were both enriched in α-linolenic 
metabolism. α-linolenic acid, as an essential ω-3 polyunsaturated fatty acid, were found to be anti-inflammatory and 
antioxidative.64,65 It improved the hyperproliferation and abnormal differentiation of keratinocytes and inhibited the 
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secretion of inflammatory mediators in the psoriatic skin model.66 A diet enriched in marine ω-3 polyunsaturated fatty 
acids was associated with low rates of psoriasis.67 A meta-analysis suggested that ω-3 supplementation improved skin 
lesions in psoriatic patients.68

High levels of total TGs in the blood are one of defining features in MetS. Elevated total TGs levels are associated 
with a higher risk of psoriasis.69,70 However, recent research has highlighted the heterogeneity of individual TG species 
and indicated that specific individual TG molecules are more relevant to obesity and insulin resistance.71,72 Furthermore, 
TGs containing different fatty acid chains have different variation trends in skin tissues from weight-controlled mice and 
human hepatocellular carcinoma.73,74 Here, we screened out two types of TGs that distinguished the PVNMS group from 
controls and the PVMS group from the PVNMS group, while one TG was upregulated and another downregulated in 
both the PVNMS/HC and PVMS/PVNMS. Therefore, the physiological functions of individual TG molecules in 
psoriasis and MetS require further investigation.

7α-hydroxycholesterol, one of the cholesterol oxides, induces secretion of chemokines in monocytic cells and triggers 
the migration of Th1 lymphocytes in atherosclerosis.75,76 However, we observed downregulated 7α-hydroxycholesterol 
in psoriatic skin lesions. Calcitriol, a form of active vitamin D, exerts a variety of immunomodulatory effects; its low 
level is implicated in the onset of psoriasis.77 Topical application of calcitriol has been reported to improve psoriatic 
lesions.78 Here, we found decreased levels of calcitriol in psoriatic lesions and lower levels in the PVMS group relative 
to the PVNMS group, which underlines vitamin D management in patients with psoriasis, particularly those with MetS.

Oleoylethanolamide, an endogenous peroxisome proliferator-activated receptor (PPAR)-alpha agonist, is considered 
an anti-inflammatory mediator and protective lipid metabolism regulator.79 In the present study, low level of oleoyletha-
nolamide was a good discriminator in the PVNMS/HC and PVMS/PVNMS comparisons. Mehta et al also reported 
significantly decreased PPAR-α gene expression in psoriatic lesions and PPAR-α activation product in psoriatic serum.80

This study indicates distinct metabolic profiles in psoriasis and the condition complicated by MetS. Our findings will 
help develop useful biomarkers and establish strategies for personalized interventions in psoriasis and comorbidities.

This study has some limitations. First, the results were not verified in an independent cohort or animal experiments. 
Future studies with a larger sample size are needed to confirm these findings and screen critical metabolic changes among 
them. Second, other factors related to skin metabolites, such as hydration level, physical activity, dietary habits, prior 
treatment, and pharmaco-genomics, were not considered in this study. Third, more studies should be conducted to 
explore the roles of the observed changes in psoriasis with or without MetS and the underlying mechanisms. Fourth, the 
integration of the metabolomics results with other omics studies will benefit bench-to-bedside translation into diagnostic 
and therapeutic strategies for psoriasis and psoriasis with MetS.

Conclusion
Metabolomics revealed new clues regarding the pathophysiology of psoriasis and the implications of comorbidities. This 
study described the skin metabolic signatures of psoriasis and psoriasis complicated by MetS. Our findings may 
contribute to a deeper exploration of the link between skin metabolism and psoriatic inflammation and provide new 
insights into the interaction between psoriasis and MetS from the perspective of skin metabolites.

Abbreviations
MetS, metabolic syndrome; PVMS, psoriasis vulgaris with MetS; PVNMS, psoriasis vulgaris without MetS; HC, healthy 
controls; LC–MS/MS, liquid chromatography–tandem mass spectrometry; QC, quality control; PCA, principal compo-
nent analysis; OPLS-DA, orthogonal partial least squares discrimination analysis; VIP, variable importance in the 
projection; ROC, receiver operating characteristic curve; PASI, the psoriasis area and severity index; FC, fold-change; 
LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; PA, phosphatidic acid; 
PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PS, phosphatidylserine; TG, trigly-
ceride; AUC, the area under the curve; IMP, inosine monophosphate.
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