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Qfoect of isotretinoin and omega-3 fatty acid combination on lipid metabolism in

patients with acne vulgaris: A randomized controlled trial
Abstract

Background: Qcne vulgaris (AV) is a chronic inflammatory dermatological
condition, and its underlying pathogenesis may be associated with dyslipidemia.
Omega-3 fatty acids regulate lipid metabolism and reduce inflammation. However,
their effects on blood lipids in AV have not yet been reported. This study’s objective is
to investigateQ*le serum lipid metabolomic differences between patients and healthy
individuals and explore the effects of isotretinoin combined with omega-3 fatty acids

on serum lipid metabolism in AV.

Methods: Betweer@uly 2020 and June 2021, 46 patients wittf@cne vulgaris and 20
healthy controls were recruited from the Affiliated Hospital of Southwest Medical
University.q_lntreated patients were randomly allocated to receive oral isotretinoin
combined with or without omega-3 fatty acids for 6 months. Serum lipid
metabolomics was performed using liquid chromatography-tandem mass
spectrometry (LC-MS). Statistical analysis of the lipid metabolites was conducted by
partial least squares-discriminant analysis (PLS-DA). Correlations between
differential lipid metabolites and disease severity indicators were tested by
Spearman’s correlation analysis. Metabolic pathways in the isotretinoin and omega-3
combination trcatment‘!mup were analyzed using the Kyoto Encyclopedia of Genes

and Genomes (KEGG) database.
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Results: PLS-DA showed a clear separation of serum lipid metabolites between
healthy controls and AV patients, with the combination treatment group showingq
trend towards the healthy controls. The lipid metabolite composition of the
combination treatment group showed significant changes, with 245 differential
metabolites identified before and afier treatment (P < 0.05). The Spearman’s
coefficient showed a strong correlation between the serum level of StE (20:5) (6.44+
0.33 vs.7.18£0.22, P < 0.001) and the Global Acne Grading System score (R = 0.73,
P < 0.001). The KEGG analysis identified 18 different pathways before and afier

treatment in the combination treatment group.

Conclusions: We foundZhat omega-3 fatty acid supplementation improved the
clinical responses in AV patients, correlating with improved lipid metabolism, thereby

confirming its potential as a valuable adjunct therapeutic strategy.

Trial registration: The comprehensive Qiinical trial protocol has been
retrospectively registered on the ISRCTN Registry of Clinical Trials website (NO.

ISRCTN31758284) on 2022/07/09.

Keywords: Acne vulgaris, Lipid metabolism, Isotretinoin, Omega-3 fatty acids,

Combined Modality Therapy

%ackground
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Acne vulgaris (AV) is a chronic inflammatory condition that primarily affects the
sebaceous gland units ranks the eighth most frequent cutaneous disorder with a global
morbidity of up to 9.38% [1]. Traditionally, the pathogenesis of AV is thought to
involve%ultiple factors, including androgen-mediated increased sebum secretion,
altered keratinization, inflammation, and Cutibacterium acnes colonization [2].
Several investigations have suggested that dysregulation of serum lipid metabolism
represents a contributing factor in the onset and advancement of AV condition,
including dyslipidemia, such as®levated levels of serum low-density lipoprotein
cholesterol (LDL-C), triglyceride (TG), cholesterol (TC)Qnd free fatty acids (FFA)
[3]. Despite it being a major global health issue, existing treatment options for AV are
limited by adverse reactions, making drug safety and efficacy the primary
considerations in clinical decisions. The existing traditional treatments, such as using
isotretinoin, have been confirmed to cause side effects, including cheilitis, dryness,
photosensitivity, teratogenicity, and depressive mood [4]. Additionally, research on the
utility of monitored isotretinoin intervention for AV has revealed that patients may
experience dyslipidemia, such as hypertriglyceridemia, even during treatment [5].
Therefore, safer therapies and adjuvant medications are urgently required for patients

with AV.

%mega-S (m-3) fatty acids belongs to the polyunsaturated categorﬂftcn obtained
from marine fish and certain plant oils [6]. Compelling evidence suggests that ©-3
fatty acids, owing to it’s anti-inflammatory capability, offers a promising new

therapeutic approach for inflammatory skin conditions, including psoriasis and atopic
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dermatitis [7,8]. Moreover, its q,rell-recognized efficacy against AV has been
reinforced by positive outcomes in clinical trials [9]. Concurrently, the capacity%f w
-3 fatty acids to reduce lipid levels had@ttracted widespread attention in populations
with overweight individuals or those with hyperlipidemia [10,11]. Despite
recognizing both anti-acne and lipid-modulating capabilitﬂf -3 fatty acids, whether
its lipid-regulating capacity contributes to its therapeutic efficacy in AV remains
unexplored. Previous studies had not explored the potentiaﬂf -3 fatty acids on the

serum lipid profile thoroughly, specifically in AV.

Therefore, the current randomized controlled trial (RCT) aimed to assess the
benifit and potential mechanisms of the@ombination of isotretinoin and -3 fatty
acids intervention in clinical efficacy and@erum lipid metabolites in AV patients. The
findings provided a mechanistic rationale to support -3 fatty acid supplementation

acts a novel and safe adjunctive strategy for AV management.

Methods

Q Population

Prior to the study, all participants allowed®he use of data and samples for scientific
purposes and signed written informed consent form@rom July 2020 to June 2021, 46
patients diagnosed with moderate-to-severe AV, matched along with 20 healthy

controls (the HC group) were enrolled in the study@rom the dermatology department
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of the Affiliated Hospital of Southwest Medical University. Disease@everity was
determined by the Global Acne Grading System @AGS) score, with GAGS = 19
defined as moderate to severe AV [12]. Beyond adhering to the criteria established in
prior study [13], the participants who had already received intervention of isotretinoin,
antibiotics, glllCOCOI'tiCOidS,Q:I-S fatty acids, immunosuppressive drugs, or herbal
treatments within the past 6 months, or were unwilling to sign the informed consent
form, or were known to be allergic to the intervention were all excludedmoreover,
daily lifestyle changes were recommended during the treatment, including less sweet
intake, a high-fat diet, and dairy products. The Ethics Committee had givenQpproval

for the use of human subjects in this study?io. KY2020115).

2. Clinical trial design

The patients were randomized to receive orally taken isotretinoin treatment
(Huabang Pharmaceutical Co., Ltd. Chongqing, China), either combined with (the
AVW group) 2400 mg/da;ﬁ:—S fatty acids (Nature Made, LA, USA) or monotonously
(the AVP‘!roup) for 6 months. When the medicines were administered to patients,
identifiable packaging was removed so that the patients could not know the name of
the medicine they were taking. The isotretinoin dosageq'as adjusted based on drug
tolerance and treatment efficacy. Therapeutic effects were evaluated using the GAGS
scoreﬂv hen GAGS score was between 19 and 30, the isotretinoin dose was set at 0.5
mg/ kg/day; when the score exceeded 30,%8 dose was applied to 1.0 mg/ kg/day.

Demographic data of the participants, including sex, age, body mass index (BMI), and
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disease duration were recorded at enrollment. GAGS score evaluation, skin analysis
by vital imaging system for aesthetic analysis (VISIA), and blood serum sample were
collectted®t baseline and at the end of treatment. The studyQSed the CONSORT
reporting guidelines to draft this manuscript and the CONSORT reporting checklist

for editing 94] 1

3. Efficacy evaluation criteria and VISIA

GAGS divides acne-prone areas into theq()se and chin area (1 point)ﬂorehead (2
points), left cheek (2 points), right cheek (2 points), and@hest and upper back (3
points) regions, based on the approximate area and densitﬂf the pilosebaceous units.
Different zones correspond to different weight scores,Q—IS points for mild, 19-30
points for moderate, 31-38 points for severe, and > 39 points for extremely severe.

Only moderate to severe cases were enrolled in this study.

AQ/ISIA-CRTM imaging system (Canfield Scientific, Inc., USA) was used to
evaluate the average percentage of facial red and purple areas of thegarticipams
before and after treatment. The red area index reflects the condition of capillaries in
patients with AV, whose blood vessels and hemoglobin in the dermal papilla layer of
the skin appear reddish. On the other hand, the purple area index measures porphyrins,
which are metabolites of Propionibacterium acnes at the hair follicle opening and
appear as brick-red highlights. A higher percentage of VISIA indices indicates milder

disease severity.
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4. Sample collection and detection

Serum were collected from 2 mL of venous blood at fasting in non-anticoagulant
tubes at the beginning of enrollment and the end of their 6-month treatment,‘!amples
were centrifuged after collection at 3,000 rpm for 15 min after 30 min of resting at
20-25 °C, and subsequently stored in a -80 °C refrigerator. An automated biochemical
detector (Synchron LX-20; Beckman Coulter, USA) was used to determine the blood
glucose (Glu), TC, TG,QDL-C, and high-density lipoprotein cholesterol (HDL-C)
levels.@nsulin resistance was assessed by homeostasis model assessment of insulin
resistance (HOMA-IR). Fasting insulin (INS) levels were measured by the ELISA kit

(Promega, USA).

Q serum sample processing for lipidomics analysis

For lipid extraction, 200 ul of serum samples, 80 pl of methanol (Cat: M742213,
Macklin, Shanghai, China) @d 400 pl of methyl-tert-butyl ether (MTBE, Cat:
B802533, Macklin, Shanghai, China) were mixed; the mixtures were voﬂexe&or 30
s and then ultrasonically extracted for 30 min on 40 kHz power at 5 DC.‘}he samples
were settled at -20 °C for 30 min then centrifuged (13000 rpm, 4 °C) for 15 min. Next,
supernatant was drawn out and dried in a vacuum concentrator (Cat: Y-TN-C19819,
Yuyan Machinery Co., LTD, Shanghai, China), and 100 pl of isopropanol (Cat:

1766839, Macklin, Shanghai, China):acetonitrile (1:1, v/v, Cat: A801556, Macklin,



149  Shanghai, China) solution was addedqor re-dissolution. After 30 s of vortexing, the
150  mixtures were ultrasonically extracted in ice water bath and centrifuged (13000 rpm,
151 4 °C) for 5 min then transfer 80 pl of supernatant toQJPLC-Q Exactive System

152  (Thermo, CA).
153 6. Acquisition of LC-MS/MS data
154

155 The study obtained metabolites were processed by an Ultra High Performance
156  Liquid Chromatography Tandem Fourier Transform Mass Spectrometry UPLC-Q
157  Exactive system (Thermo Scientific™ Vanquish™ UHPLC, CA). Two microliterS&f
158  the sample were separated by a BEH C18 column (0.1 cm x 0.0021 chd., 1.7 pm)
159  and then operated by mass spectrometry. Solvent A, which contained 0.1% formic
160  acid (Catalog: F809715, Macklin, Shanghai, China) dissolved in 50% acetonitrile,q{]
161 mmol/L ammonium acetate solution; solvent B, which consisted of @ mmol/L
162 ammonium and 0.02% formic acid in acetate solution mixed with isopropanol,
163  acetonitrile and water in a volumetric ratio of 10:88:2, these two distinct solvent
164  systems in which®he mobile phase was composed. The solvent gradient elution
165  protocol was established as follows: an initial composition of 65% solvent A and 35%
166  solvent B was maintained from 0 to 4 minutes, transitioning to 40% A and 60% B.
167  Subsequently, from 4 to 12 minutes, the gradient shifted from 40% A:60% B to 15%
168  A:85% B. Between 12 and 21 minutes, the composition was further adjusted from 15%
169  A:85% B to 0% A:100% B. A rapid re-equilibration step occurred from 24.0 to 24.1

170  minutes, returning the mobile phase to 65% A and 35% B. Finally, from 24.1 to 28
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minutes, the system was held isocratically at 65% solvent A and 35% solvent B to
ensure column reconditioning. Chromatographic separation was performedeith a
constant flow rate of 0.40 mL/min and a column temperature maintained at 40°C. For
mass spectrometric detection, signals were acquired in both positive and negative
ionization modes simultaneously. The operational parameters were configured under
mass&can range (m/z), 200-2000, spray voltage, 3.00 kV or both modes;@)n source

temperature, 370 °C, collision energy, 2060 V.

9 Data process and statistical analysis

The raw LC-MS data were imported into LipidSearch (Thermo Fisher Scientific)
@oftware to obtain a data matrix for subsequent analysis. Multivariate statistical
analyses were applied & om Bioconductor on the Majorbio Cloud Platform
(https://cloud.majorbio.com) utilizing the R programming environment gersion 4.1.1).
Partial least squares-discriminant analysis (PLS-DA) or orthogonal partial least
squares-discriminant analysis (OPLS-DA) was employed to provide a comprehensive
view of the metabolic dataset, facilitating the assessment of overall clustering patterns,
discernible trends, and identification of potential‘!utliers. Volcano plot analysis of
differential expression provided dual validation (P-value+ FC), emphasizing
statistical significance, magnitude of biological change, and the direction of changes
before and after treatment. The metabolites of significantly difference were selected
out on the basis oﬁ'le variable weight value (VIP) = 1, fold change (FC) > 1/ FC < 1

and P value < 0.05. The biochemical pathways and associated metabolic processes



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

were identiﬁed@‘lrough metabolic enrichment analysis and pathway mapping by the
Qyoto Encyclopedia of Genes and Genomes (KEGG) database (kegg v2021. 09. 18)
and Scipy. stats (Python package) (https://docs.scipy. org/doc/scipy/) to identify those

significantly enriched pathways.

8. Statistical analysis /] means =+ standard deviation

QII statistical analyses were conducted by the SPSS (version 25.0). Quantitative
data are presented as means + standard deviation. This study employed Q.
Mann-Whitney U test to assess the differences in the data both betweer@nd within the
two groups, the Wilcoxon test to appraise the intervention before and after within the
same group, the Spearman’s rank correlation coefficient to estimate the monotonic
correlation between variables. Statistical significance standard was@et at P < 0.05.

GraphPad Prism (version 8.0) was employed for data visualization.

Results

1. Background and efficacy of combination therapy in patients with AV

Qrree patients withdrew from the AVP group due to nosebleeds, generalized

eczema, and severely chapped lips, and three were lost to follow-up in the AVW
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group. Twenty patients were eventually included in each group for the clinical
analysis (Supplement. l).@he baseline demographic and clinical characteristics are

exhibited in Table 1. The differences in baseline data among the three groups in terms

Qf gender, BMI, HOMA-IR, INS, HDL-C, LDL-C, TG, and TC were not statistically

significant (P; >Q.05}. While there was an age difference existed in the HC group and
the patient group (P; < 0.001), all individuals enrolled in the study were within the
18 - 30 age range specified by the inclusion criteriaﬁegardlcss of the application of
-3 fatty acids, the intervention group showed varying degrees of improvement in
facial GAGS scores (P>< 0.001, P3< 0.001), sclererythrin levels @3 < 0.001, Pz <
0.001) and percentage of red areas (P> < 0.001, P;= 0.006) after treatment. More
importantly, the AVW group achieved a significantly greater improvement in GAGS
scores (Py=0.023 for AVP1 vs. AVW1) and TG levels (P;= 0.01 for AVPI vs. AVW1)

than the AVP group.

Q Effect of -3 fatty acids on lipid metabolomics composition in patients with AV

Lipid metabolism was investigated to explore the effect of -3 fatty acids on serum
lipid metabolomics composition, a total of 1021 quantifiable peaks were detected
among the 60 serum samples. Due to lipid extraction failure, a total of five samples
were excluded, two from the HC group, two from the AVP group, and one from the
AVW groupﬂnd 258 lipid metabolites were finally measured after removing all false
positives and noise data. A PLS-DA model was applied on the complete dataset to

estimat the clustering tendency from the patients before and after treatment and the
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HC group. As shown in Figure IA,‘BH: separation trend of metabolite compositions
across the HC group and the patients in both AVPO and AVWO groups was clearly
observed at baseline, especially in the cation model (Figure 1A), suggesting that the
lipid metabolite structures in AV patients differ from those in HC. Following
intervention, the lipid metabolism profiles of both AVW1 and AVP1 groups drifted
closer to that of the HC group (Figure 1C, D). However, the drift was more
pronounced in AVW1 group, rather than AVP1 group, a disparity more evident in the
cation model (Figure 1C). Further permutation tests fof@he anion and cation models
established by PLS-DA showed that the models had no overfitting problem and had

good reliability and validity (Figure 1E-H).

A clear separation between the AVW1 and AVP1 groups in both cation and anion
models was confirmed using OPLS-DA, further validating the distinct effects of the
two interventions (Supplement2. A-D). Permutation tests for the OPLS-DA models
also demonstrated @o overfitting, and indicated good reliability and validity

(Supplement2. E-H).

3. Combination therapy altered@erum lipid metabolites of the patients with AV

Volcano plots were used @, cxamine the composition of differential lipid
metabolites. This provided double validation of the previous results and emphasized
the direction of variation of the metabolites@fter ©-3 fatty acid treatment. As shown

in Figure 2A, B,Qne metabolites formed two independent clusters; 79 and 54
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upregulated metabolites and 83 and 29 downregulated metabolites were observed in
the cation and anion models, respectively. Overall, 509 and 267 metabolites showed

no significant change.

Q (otal of 245 lipid metabolites with significant differences between AVWO0 and
AVWI1 (P < 0.05) were identified. With P value <Q.05, FC>1orFC<1and VIP=1
set as the screening conditions, Table 2 delivers the top 30 lipid metabolites exhibiting
the most significant differences between groups. The Qcls of one type of
acylcarnitine (AcCa), phosphatidylcholine (PC), sphingomyelin (SM), one type of
sulfoquinovosyl (SQDG), and two types of diacylglycerol (DG) were elevated in the
AV group when compared to the HC; however, thethowed a certain degree of
decrease after ®-3 fatty acid treatment, approaching the levels of the HC (P < 0.05).
Conversely, the levels of one type of cardiolipin (CL), bis-methyl phosphatidic acid
(BisMePA), hexosyl ceramide (Hex2Cer), lysodimethylphosphatidylethanolamine
(LdMePE), lysophosphatidylcholine (LPC,) eicosapentaenoic acid ethyl ester (StE),

Qymosterol (ZyE), two types of diacylglycerol (DG) and phosphatidyl ethanolamine
(PE), three types of phosphatidylcholine (PC), and nine types of TG were decreased
in the AV groups than in the HC; the levels increased to almost that of HC after -3
fatty acid treatment (P < 0.05). Overall, the ®-3 fatty acid and isotretinoin

interventiof@ad an impact on lipid metabolism in AV patients.

Q_ Correlation analysis of differential lipid metabolites and therapeutic efficacy



277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

The heatmap shows Q gnificantly different lipid metabolites and their main
biological functions before and after the combined treatment with isotretinoin and ©-3
fatty acids (Figure 3). Correlation analysis indicated that metabolites located in the
upper region exhibited a negative association Qith the GAGS score, that
downregulation of their expression could have potential positive therapeutic effects on
patients with AV and vice versa; metabolites in the lower part were positively
correlated with the GAGS score, that upregulation of their expression could have
potential negative therapeutic effects on patients with AV. Next, Spearman’s analysis
was conducted between the metabolites listed in Table 2 and the GAGS score, which
denotes the severity of acne. Among the metabolites, strong co-expression was
observed between the serum level of StE (20:5) and the GAGS score (R = 0.73, P <
0.001) while the remaining metabolites were moderately correlated (Figure 3).
Meanwhile, the serum level of StE (20:5) in AV patients decreased compared to that
in HC (P < 0.001), suggesting that it could be a key substance for the intervention of

-3 fatty acids in lipid metabolites (Table 2).

5. KEGG pathway enrichment of metabolites altered by combination therapy

To investigate the functional characteristics associated with ®-3 fatty acid
intervention in AV patients, KEGG enrichment ogpid metabolites differentiating the
AVWO0 and AVW1 groups. Finally, ISQathways with significant differences were
identified, namely the upregulated glycerophospholipid metabolism, alpha-linolenic

acid metabolism, retrograde endocannabinoid signaling,Qnoleic acid metabolism,
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arachidonic acid (AA) metabolism, diabetic cardiomyopathy, choline metabolism in
cancer, and amoebiasis pathways; all the rest were downregulated (Figure 4). Among
them, the glycerophospholipid metabolism pathway was the most significantly

enriched, with the largest number of differentially expressed molecules (P < 0.001).

Discussion

Previous studies had confirmed the presence of lipid metabolism disorders in
patients with AV. Comparative analysis and in-vitro epidermal models have shown
that patients with AV have higher skin fatty acid levels and elevated serum TC, TG,
and LDL-C levels than healthy individuals [15]. However, the lipid metabolism
disorder may exacerbatc@hflammation [16]. Specifically, excessive unsaturated fatty
acids (UFAs) in sebum are decomposed by bacteria to produce pro-inflammatory
lipids such as leukotriene B4 (LTB4), which might lead to skin barrier damage and
subsequent thickening of the hair follicle wall and stratum corneum, resulting in

inflammation [17].

Oral isotretinoin, a classic traditional therapy for treating moderate to severe AV,
has been reported to cause dose-related adverse reactions, such as dyslipidemia,
manifesting with an increase in serum TG, stimulates the production and release®f

very low-density lipoprotein cholesterol (VLDL-C), leading to elevated levels of

ApLC and apolipoprotein B (apoB), alongside a reduction in HDL-C.[18].
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Consistent with these findings, although isotretinoin treatment alleviates disease
severity, differences still exist in serum lipidomics between healthy controls and
patients with AV after treatment. This suggests that the therapy may not fully recover
the systemic metabolic disturbances. Even after the skin lesions are alleviated,
patients might retain an altered lipid metabolic state induced by the drug itself, a
phenomenon that occurs during drug-induced persistent metabolic states and tolerance
[19]. This persistent dysregulation could partly explain disease recurrence in some
patients after treatment cessation as well as the observed metabolic side effects
associated with long-term use, such as dyslipidemia and insulin resistance [20].
However, persistent abnormalities in the lipidomic profile following systemic
treatment might provide a molecular basis for understanding the potential metabolic

risks associated with isotretinoin use.

Notably, the@ffect of w-3 fatty acids has received widespread attention, being
capable of promoting%e clearance of VLDL-C by reducing its synthesis and
secretion in the liver, thereby lowering serum TG levels and increasing HDL-C
content, which is believed to alleviate therid metabolism disorders [21]. In rat
models, the levels of blood TG, TC, and LDL-C in the ®-3 fatty acid supplementation
group were significantly decreased [22]. The absence of dramatic fluctuations in
serum lipid levels post intervention could be attributed to a potential linear
relationship between the -3 intervention duration and its metabolic effects [23]. An

Ruvious regulatory effect was observed in the subsequent lipid metabolomic analysis.

Stronger evidence suggested%at -3 fatty acids have a lipid-decreasing effect in
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other metabolic diseases. The -3 fatty acids supplementation in nonalcoholic fatty
liver disease (NAFLD) has confirmed an association with reducedgamma-glutamyl
transpeptidase (GGT) activity, decreased liver fat in weight loss individuals, and
amelioration in plasma lipid profiles; in a meta-analysis investigating the potential of
-3 fatty acids in‘Eestational diabetes treatment, w-3 fatty acid supplements were
validated to reduce TG and VLDL-C and increased@DL-C while lowering fasting
plasma glucose, levels of inflammatory factors, and reducing insulin resistance
[24,25]. Both published literature and the current study supported that ©-3 fatty acid

supplementation is beneficial for correcting lipid metabolism disorders in AV.

The current study revealed that the metabolic profiles of both intervention groups
were similar to those of healthy controls in the PLS-DA score plot, indicating that the
interventions effectively modulated the lipid metabolism in AV patients. Notably, the
metabolic profiles of the two interventions exhibited modest separation, particularly
in the anion model. Lipid metabolism is a conserved biological pathway, and
therapeutic interventions typically induce targeted modulation of certain lipid
substances rather than a drastic metabolic reprogramming [26]. Since isotretinoin was
applied in both interventions, its metabolic effects may have partially overshadowed
the modifications conferred by ®-3 fatty acids, making the PLS-DA model exhibit
limited distinction between the two groups. Despite the modest separation, a
permutation test effectively confirmed the validity of the PLS-DA model, excluding
the possibility of random separation. Subsequent OPLS-DA filtered out intragroup

unrelated variations, clearly demonstrating a significant separation between the AVP
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and AVW groups. This confirmed that thdotretinoin and ©-3 fatty acid combination

therapy indeed introduced beneficial metabolic moderation.

QOllowing ®-3 fatty acid supplementation, DG(18:1/22:6) and DG(20:5/18:2)
exhibited pronounced differences and displayed a clear trend towards normalization.
Both the DG species are long-chain molecules, with the former containing a
docosahexaenoic acid chain (DHA, 22:6) and the Ilatter containing an
eicosapentaenoic acid chain (EPA, 20:5).Q'hr0ugh which ®-3 fatty acids exert
therapeutic benefits are the main components DHA and EPA; previous study had

Qudicated that they could significantly ameliorate lipid metabolism not only by
reducing serum and hepatic TG and TC levels and inhibiting lipid accumulation via
suppression of fatty acid synthase activity, but also by promoting lipid homeostasis
and anti-inflammatory processes through modulation of the PPAR pathway and
expression of related genes such as FADS2 [27,28]. Inflammation is well known to
serve®s a significant trigger for hyperkeratinization of the pilosebaceous duct [29].
Although EPA lacks direct antimicrobial activity, its anti-inflammatory character and
ability to modulate the sebaceous microenvironment could%directly influence the
proliferation of Cutibacterium acne and its capacity to induce inflammatory responses,
thereby reducing inflammation triggered by bacterial metabolites and correcting
keratinization and the microbial environment [30]. Furthermore, as a precursor for the
synthesis of specialized pro-resolving mediators (SPMs), EPA is a potent signaling
molecule in the natural resolution of inflammation, capable of suppressing the

migration and activation of pro-inflammatory cell types, including neutrophils, while
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promoting macrophage phagocytosis and apoptotic cells and debris’ clearance [31].
EPA acts as a competitor, vying with pro-inflammatory substrates like arachidonic
acid, aw -6 fatty acids, for accessing the enzymeszclooxygenase (COX) and
lipoxygenase (LOX) [32]. This type of competition ultimately reduces
pro-inflammatory product, such as prostaglandin E2 (PGE2), LTB4, and
thromboxanes, and increases tha@f other lipid mediators, such as PGE3 and LTBS,

which exhibit significantly lower pro-inflammatory effects than PGE2 and LTB4 [33].

Notably, StE (20:5) was the only product that demonstrated a strong correlation
with the GAGS score. This compound refers to eicosapentaenoic acid ethyl ester (EPA
ethyl ester), an anti-inflammatory polyunsaturated fatty acid@onferred by its EPA
structure that can directly address critical therapeutic targets in acne management.
Large-scale clinical trials specifically investigating pharmaceutical-grade EPA ethyl
ester, an oral formulation found in prescription medications like Lovaza and Vascepa,
were previously conducted for TG reduction in AV treatment [34]. In the current study
on moderate-to-severe AV, patients receiving combined ®-3 fatty acid therapy
exhibited significantly improved trends in lipid metabolomics and demonstrated
greater improvement in severity indices compared to the isotretinoin monotherapy
group. This aligned with the findings from other studies that reported reductions in
both inflammatory and non-inflammatory diseases through fish oil supplementation or

high-fish diets [35].

The superior clinical efficacy of the combination treatment invited a deeper

interpretation of the relationship between systemic lipid metabolism and acne
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resolution. While the OPLS-DA model confirmed a distinct lipidomic signature for
the combination therapy, and metabolites such as StE (20:5) had strong correlation
with clinical severity (R =- 0.73), the serum lipid profile as a whole may not serve as
a precise, linear biomarker for an individual acne lesion. The therapeutic effect of
systemic isotretinoin intervention is rooted in the targeting of the pilosebaceous unit,
leading to a distinct reduction in sebum production and modulation of follicular
keratinization [36]. Therefore, a significant decrease in GAGS scores is a direct
reflection of the improvement in local microenvironment [12]. Shifis in the serum
lipidome represent systemic metabolic adjustments, which offer a valuable window
into the overall metabolic state and treatment-related biochemical shifts. While being
informative, they have limitations as a standalone biomarker for tracking acne
evolution during therapy. Future investigations aimed at identifying more robust
biomarkers should consider including the analysis of pilosebaceous unit lipidomics to
better capture the direct therapeutic effects on the target tissue while exploring the

metabolic pathways and mechanisms involved.

Q, addition, KEGG enrichment pathway analysis indicated that ®-3 fatty acid is
involved in lipid metabolism-related pathways. Glycerophospholipid metabolism, a
classic lipid metabolism pathway, is related to the properties of sebaceous gland cell
membranes and sebum components [37]. The stability of this metabolic pathway
contributes to the preservation of@in barrier and the normal differentiation of
keratinocytes at the hair follicle orifice; the latter is a key step in hair follicle blockage

at the onset of AV [38]. Moreover,‘glycerophospholipid metabolism may affect the
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generation of substances such as prostaglandins and leukotrienes, pro-inflammatory
mediators, thereby indirectly exerting anti-inflammatory effects that are closely
related to the pathological mechanism of AV [39]. Therefore, the intervention of ®-3
fatty acids on the glycerophospholipid metabolism pathway may become a potential
research direction for regulating sebaceous gland function and improving hair follicle

hyperkeratosis in patients with AV.

Substantial research has revealed that combining isotretinoin with other therapies
yields synergistic effects, enhances efficacy, and significantly improves safety [40].
An RCT employing a combination of desloratadine and isotretinoin demonstrated
superior clinical outcomes, lower recurrence rates, and more tolerable adverse events
compared to monotherapy with isotretinoin alone [41]. Same combination in another
comparative study showed that the benefits of a lower dose of isotretinoin (0.25
mg/kg) were equivalent to those of the standard dosage (0.25 mg/kg) [42], and
co-therapy with cyproterone could even effectively mitigate isotretinoin-induced
dyslipidemia [43]. Studies are not only limited to the optimization of drugs;
adjunctive physical treatments such as 675-nm laser therapy, when combined with
isotretinoin, can lead to faster and pronounced clinical improvement compared to that

in the laser-only group [44].

Strengths and Limitations
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The study presented the first RCT that evaluated the efficacy of B fatty acid and
isotretinoin combination therapy on the serum lipid metabolome in AV patients,
providing novel insights that contribute to the understanding of this combination
regimen's potential mechanisms of action. However, the generalizability of these
results and the evaluation of long-term effects%ay be constrained by the study's
modest sample size. Although the observed alterations in the serum lipid metabolome
reflect systemic metabolic adjustments, the changes may not precisely correspond to
the therapeutic effects within the pilosebaceous unit, which is the primary site of acne
pathology. Future investigations incorporating direct lipidomic profiling of target

tissues are warranted.

Conclusions

In conclusion, ®-3 fatty acid supplementation can positively modulate serum
lipid metabolites in patients with AV, resulting in improved therapeutic responses.
Consequently, the nutritional intervention should be integrated into management as a

promising adjunctive strategy to optimize therapeutic outcomes in patients.

List oﬂbhreviations
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AV Acne vulgaris
®-3 mega-3
HC Healthy controls

AVP Acne vulgaris patients treated with isotretinoin

AVW Acne vulgaris patients treated with isotretinoin and ®-3 fatty acids combination

VISIA VISIA Skin Analysis System Examination

GAGS Global Acne Grading System

LC-MS Liquid chromatography-tandem mass spectrometry
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EiE Fold Change
VIP Variable Importance in the Projection
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EPA Eicosapentaenoic Acid
SPMs specialized pro-resolving mediators
BMI Body mass index
GAGS Global Acne Grading System
GLU Glucose
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QomA-IR Homeostasis model assessment of insulin resistance
AcCa Acylcarnitine
BisMePA Bis-methyl phosphatidic acid
CL Cardiolipin
DG Diacylglycerol
Hex2Cer Hexosylceramide
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LPC Lysophosphatidylcholine
PC Phosphatidylcholine
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SQDG Sulphoquinovosyl Diglyceride
SM Sphingomyelin
StE Eicosapentaenoic acid ethylEster
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ZyE Zymosterol
M Metabolism
HD Human Diseases
oS Organismal Systems
Ccp Cellular Processes
EIP Environmental Information Processing
PLS-DA Bartial Least Squares-Discrimination Analysis
OPLS-DA Orthogonal Partial Least Squares-Discriminant Analysis
RCT Randomized Controlled Trial
AA Arachidonic acid




468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

Qecla rations

Ethics approval and consent to participate

This research was conducted accord with the Helsinki Guidelines. All patients and
healthy volunteers signed the informed consent form, which has obtained approvaﬂy
the Ethics Committee of the Affiliated Hospital of Southwest Medical University(NO.

KY2020115)
Consent for publication
Not applicable.
Auvailability of data and materials
Relevant data are available within the paper and supplement.
Competing interests

There is no conflict of interest with any financial organization regarding the

material discussed in the manuscript.
Funding

This work was supported by the Project of Sichuan Provincial Department of

science and technology (grant no. 2020YFS0456); Sichuan Science and Technology
Program (grant no. 2022YFS0631).
Authors' contributions

Peiyang Du and Yaxin Huang designed and executed the study and experiments;

collected and analyzed the data and drafted the original manuscript.Jie Hu assisted in



488

489

490

491

492

493

494

495
496

497
498
499

500
501
502

503
504
505

506
507
508

509
510
511

512
513
514

515
516
517
518

experiment, data collection an(ﬂnalysis; Yongqiong Deng and Xia Xiong supervised
the project, designed the research framework, obtained funding and finalized the

study.
Acknowledgements

We extend our heartfelt appreciation to all participants who contributed to this
research.

References

1. Tan JKL, Bhate K. A global perspective on the epidemiology of acne. Br J
Dermatol. 2015;172 Suppl 1:3-12. https://doi.org/10.1111/bjd.13462

2. Cong T-X, Hao D, Wen X, Li X-H, He G, Jiang X. From pathogenesis of acne
vulgaris to anti-acne agents. Arch Dermatol Res. 2019;311:337-49.
https://doi.org/10.1007/s00403-019-01908-x

3. Jiang H, Li CY, Zhou L, Lu B, Lin Y, Huang X, et al. Acne patients frequently
associated with abnormal plasma lipid profile. J Dermatol. 2015;42:296-9.
https://doi.org/10.1111/1346-8138.12761

4. Charakida A, Mouser PE, Chu AC. Safety and side effects of the acne drug, oral
isotretinoin. Expert Opin Drug Saf. 2004;3:119-29.
https://doi.org/10.1517/e0ds.3.2.119.27340

5. Emtenani S, Abdelghaffar M, Ludwig RJ, Schmidt E, Kridin K. Risk and timing of
isotretinoin-related laboratory disturbances: a population-based study. Int J Dermatol.
2024;63:1740-7. https://doi.org/10.1111/ijd.17225

6. Salem N, Eggersdorfer M. Is the world supply of omega-3 fatty acids adequate for
optimal human nutrition? Curr Opin Clin Nutr Metab Care. 2015;18:147-54.
https://doi.org/10.1097/MCO.0000000000000145

7. Niseteo T, Hojsak I, Ozani¢ Buli¢ S, PustiSek N. Effect of Omega-3
Polyunsaturated Fatty Acid Supplementation on Clinical Outcome of Atopic
Dermatitis in Children. Nutrients. 2024;16:2829. https://doi.org/10.3390/nul6172829

8. Mayser P, Mrowietz U, Arenberger P, Bartak P, Buchvald J, Christophers E, et al.
Omega-3 fatty acid-based lipid infusion in patients with chronic plaque psoriasis:
results of a double-blind, randomized, placebo-controlled, multicenter trial. J] Am
Acad Dermatol. 1998;38:539-47. https://doi.org/10.1016/s0190-9622(98)70114-8



519
520
521
522

523
524
525

526
527

528
529
530

531
532
533

534
535
536

537
538
539

540
541
542
543

544
545
546
547

548
549
550

551
552
553

554

9. Jung JY, Kwon HH, Hong JS, Yoon JY, Park MS, Jang MY, et al. Effect of dietary
supplementation with omega-3 fatty acid and gamma-linolenic acid on acne vulgaris:
a randomised, double-blind, controlled trial. Acta Derm Venereol. 2014;94:521-5.
https://doi.org/10.2340/00015555-1802

10. Skulas-Ray AC, West SG, Davidson MH, Kris-Etherton PM. Omega-3 fatty acid
concentrates in the treatment of moderate hypertriglyceridemia. Expert Opin
Pharmacother. 2008:9:1237-48. https://doi.org/10.1517/14656566.9.7.1237

11. D’ Angelo S, Motti ML, Meccariello R. ®-3 and -6 Polyunsaturated Fatty Acids,
Obesity and Cancer. Nutrients. 2020;12:2751. https://doi.org/10.3390/nu12092751

12. Doshi A, Zaheer A, Stiller MJ. A comparison of current acne grading systems and
proposal of a novel system. Int J Dermatol. 1997;36:416-8.
https://doi.org/10.1046/j.1365-4362.1997.00099.x

13. Huang Y, Liu F, Lai J, Jiang S, Tan X, Chen L, et al. The adjuvant treatment role
of ®-3 fatty acids by regulating gut microbiota positively in the acne vulgaris. J
Dermatolog Treat. 2024;35:2299107. https://doi.org/10.1080/09546634.2023.2299107

14. Hopewell S, Chan A-W, Collins GS, Hrobjartsson A, Moher D, Schulz KF, et al.
CONSORT 2025 statement: updated guideline for reporting randomised trials. BMJ.
2025;389:e081123. https://doi.org/10.1136/bm;-2024-081123

15. Zhou M, Gan Y, He C, Chen Z, Jia Y. Lipidomics reveals skin surface lipid
abnormity in acne in young men. Br J Dermatol. 2018;179:732-40.
https://doi.org/10.1111/bjd.16655

16. Martinez-Pérez LA, Gonzalez-Sanchez GD, Martinez-Esquivias F, Becerra-Ruiz
JS, Guzman-Flores JM. The Inflammatory Response in Metabolic Syndrome. Endocr
Metab Immune Disord Drug Targets. 2025;
https://doi.org/10.2174/0118715303385742250610120711

17. Miner K, Murphy R, Steiss S, Burian M, Welp H, Loperfito A, et al. Lipid
Dysregulation in Sebaceous Gland Disorders and the Impact of Sphingolipid
Metabolism on Acne Pathogenesis. Cureus. 2025:17:¢82463.
https://doi.org/10.7759/cureus.82463

18. Bauer LB, Ornelas JN, Elston DM, Alikhan A. Isotretinoin: controversies, facts,
and recommendations. Expert Rev Clin Pharmacol. 2016;9:1435-42.
https://doi.org/10.1080/17512433.2016.1213629

19. Quinonez CG, Lee JJ, Lim J, Odell M, Lawson CP, Anyogu A, et al. Fatty acid
metabolism of Mycobacterium tuberculosis: A double-edged sword. Microb Cell.
2022;9:123-5. https://doi.org/10.15698/mic2022.05.777

20. Horrobin DF. Schizophrenia: a biochemical disorder? Biomedicine. 1980;32:54-5.



555
556
557

558
559
560

561
562
563
564

565
566
567
568

569
570
571
572

573
574
575

576
577
578
579

580
581
582

583

584
585

586
587
588

589
590

21. Jacobson TA. Role of n-3 fatty acids in the treatment of hypertriglyceridemia and
cardiovascular disease. Am J Clin Nutr. 2008:87:1981S-90S.
https://doi.org/10.1093/ajcn/87.6.1981S

22. Sokota-Wysoczanska E, Czyz K, Wyrostek A. Different Sources of Omega-3 Fatty
Acid Supplementation vs. Blood Lipid Profiles-A Study on a Rat Model. Foods.
2024;13:385. https://doi.org/10.3390/foods 13030385

23. Wang Y, Wang Y, Shehzad Q, Su Y, Xu L, Yu L, et al. Does omega-3 PUFAs
supplementation improve metabolic syndrome and related cardiovascular diseases? A
systematic review and meta-analysis of randomized controlled trials. Crit Rev Food
Sci Nutr. 2024;64:9455-82. https://doi.org/10.1080/10408398.2023.2212817

24. Smid V, Dvoiak K, Sedivy P, Kosek V, Leni¢ek M, Dezortova M, et al. Effect of
Omega-3 Polyunsaturated Fatty Acids on Lipid Metabolism in Patients With
Metabolic  Syndrome and NAFLD. Hepatol Commun. 2022;6:1336-49.
https://doi.org/10.1002/hep4.1906

25. Liu W, Gao M, Yang S, Sun C, Bi Y, Li Y, et al. Effects of omega-3
supplementation on glucose and lipid metabolism in patients with gestational diabetes:
A meta-analysis of randomized controlled trials. J Diabetes Complications.
2023;37:108451. https://doi.org/10.1016/j.jdiacomp.2023.108451

26. Peregrin-Alvarez JM, Sanford C, Parkinson J. The conservation and evolutionary
modularity of metabolism. Genome Biol. 2009;10:R63.
https://doi.org/10.1186/gb-2009-10-6-r63

27. Li H, Ruan XZ, Powis SH, Fernando R, Mon WY, Wheeler DC, et al. EPA and
DHA reduce LPS-induced inflammation responses in HK-2 cells: evidence for a
PPAR-gamma-dependent mechanism. Kidney Int. 2005;67:867-74.
https://doi.org/10.1111/.1523-1755.2005.00151 .x

28. Kuang Y-L, Paulson KE, Lichtenstein AH, Lamon-Fava S. Regulation of the

expression of key genes involved in HDL metabolism by unsaturated fatty acids. Br J
Nutr. 2012;108:1351-9. https://doi.org/10.1017/S0007114511006854

29. Beylot C. [Mechanisms and causes of acne]. Rev Prat. 2002;52:828-30.

30. Simopoulos AP. Essential fatty acids in health and chronic disease. Am J Clin Nutr.
1999;70:560S-5698. https://doi.org/10.1093/ajcn/70.3.560s

31. Duvall MG, Levy BD. DHA- and EPA-derived resolvins, protectins, and maresins
in airway inflammation. Eur J Pharmacol. 2016:;785:144-55.
https://doi.org/10.1016/j.ejphar.2015.11.001

32. Khan MNA, Cho J-Y, Lee M-C, Kang J-Y, Park NG, Fujii H, et al. Isolation of
two anti-inflammatory and one pro-inflammatory polyunsaturated fatty acids from the



591
592

593
594
595

596
597

598
599
600
601

602
603
604

605
606

607
608
609

610
611
612

613
614
615

616
617
618
619

620
621
622
623

624
625
626

brown seaweed Undaria pinnatifida. J Agric Food Chem. 2007;55:6984-8.
https://doi.org/10.1021/jf071791s

33. Terano T, Salmon JA, Higgs GA, Moncada S. Eicosapentaenoic acid as a
modulator of inflammation. Effect on prostaglandin and leukotriene synthesis.
Biochem Pharmacol. 1986;35:779-85. https://doi.org/10.1016/0006-2952(86)90246-7

34. Bradberry JC, Hilleman DE. Overview of omega-3 Fatty Acid therapies. P T.
2013;38:681-91.

35. Turunen AW, Jula A, Suominen AL, Minnisto S, Marniemi J, Kiviranta H, et al.
Fish consumption, omega-3 fatty acids, and environmental contaminants in relation to
low-grade inflammation and early atherosclerosis. Environ Res. 2013;120:43-54.
https://doi.org/10.1016/j.envres.2012.09.007

36. Nelson AM, Gilliland KL, Cong Z, Thiboutot DM. 13-cis Retinoic acid induces
apoptosis and cell cycle arrest in human SEB-1 sebocytes. J Invest Dermatol.
2006;126:2178-89. https://doi.org/10.1038/sj.jid.5700289

37. Eichenfield DZ, Sprague J, Eichenfield LF. Management of Acne Vulgaris: A
Review. JAMA. 2021;326:2055-67. https://doi.org/10.1001/jama.2021.17633

38. Clayton RW, Goébel K, Niessen CM, Paus R, van Steensel M a. M, Lim X.
Homeostasis of the sebaceous gland and mechanisms of acne pathogenesis. Br J
Dermatol. 2019;181:677-90. https://doi.org/10.1111/bjd.17981

39. Farooqui AA, Horrocks LA, Farooqui T. Modulation of inflammation in brain: a
matter of fat. J Neurochem. 2007:101:577-99.
https://doi.org/10.1111/j.1471-4159.2006.04371 .x

40. Leung AK, Barankin B, Lam JM, Leong KF, Hon KL. Dermatology: how to
manage acne vulgaris. Drugs Context. 2021,10:2021-8-6.
https://doi.org/10.7573/dic.2021-8-6

41. Lee HE, Chang IK, Lee Y, Kim CD, Seo YJ, Lee JH, et al. Effect of antihistamine
as an adjuvant treatment of isotretinoin in acne: a randomized, controlled comparative
study. J Eur Acad Dermatol Venereol. 2014;28:1654-60.
https://doi.org/10.1111/jdv.12403

42. El-Ghareeb MI, Kandeel AH, Khayrullah NM. Efficacy and safety of combined
oral isotretinoin and desloratadine vs. isotretinoin alone in acne wvulgaris: a
comparative study. Arch Dermatol Res. 2025;317:689.
https://doi.org/10.1007/s00403-025-04145-7

43. Marsden JR, Laker MF, Ford GP, Shuster S. Effect of low dose cyproterone
acetate on the response of acne to isotretinoin. Br J Dermatol. 1984;110:697-702.
https://doi.org/10.1111/.1365-2133.1984.tb04707.x



627
628
629
630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

44. Haus A, Clementi A, Cannarozzo G, Guarino L, Zappia E, Gratteri M, et al.
Combining 675 nm Laser with Isotretinoin for Enhanced Acne Vulgaris Treatment
Outcomes. Healthcare (Basel). 2025;13:3068.
https://doi.org/10.3390/healthcare 13233068

Figure captions

Figure 1. PLS-DA of untargeted metabolomics data among the samples of
HC, AVP and AVW groups. (A) Score plot of cationic metabolites comparing the HC,
AVP and AVW groups before intervention. (B) Score plot of anionic metabolites
comparing the HC, AVP and AVW groups before intervention. (C) Score plot of
cationic metabolites comparing the HC, AVP and AVW groups after intervention. (D)
Score plot of anionic metabolites comparing the HC, AVP and AVW groups after
intervention. (E) Permutation test plot for the cationic PLS-DA model of HC, AVP
and AVW groups before intervention. (F) Permutation test plot for the anionic
PLS-DA model of HC, AVP and AVW groups before intervention. (G) Permutation
test plot for the cationic PLS-DA model of the HC, AVP and AVW groups after
intervention. (H) Permutation test plot for the anionic PLS-DA model of the HC, AVP
and AVW groups after intervention. R2Y (cum) and Q2 (cum) are model validation
parameters, which represent model interpretability and model predictability,
respectively. R2Y and Q2 declined with the decrease of replacement retention, and the
regression line showed an upward trend, indicating that there was no overfitting

phenomenon in the model. 0, pre-treatment group; 1, post-treatment group.

Figure 2. Volcano plots of lipid metabolites expression after w-3 fatty acids
treatment.(A) Volcano plot of cationic lipid metabolite expression (B) Volcano plot
of anionic lipid metabolite expression; Lipid metabolite expression was either
down-regulated (blue), up-regulated (red), or unchanged (grey); 0, pre-treatment

group; 1, post-treatment group; The horizontal axis denotes the FC value between two
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groups in metabolite expression (log:FC), and the vertical axis denotes the value of
the difference (-logio(P)); greater magnitude indicates a more pronounced disparity in
expression levels. The size of the point reflecting its VIP value, each data point
corresponds to a distinct metabolite. Closer to the left side, right side, or upper part

points denotes a more significant difference in expression.

Figure 3. Heatmap of AVWI1 and AVW0 in lipid metabolite expression and
GAGS score.The color indicates positive correlation (red) or negative correlation
(blue). The color intensity is the strength of correlation. The vertical axis on the right
shows 30 differentially expressed lipid metabolites, which on the left shows biological
functions related to the metabolites. The horizontal axis shows the sample numbers of

AVW. The top shows the GAGS score.

Figure 4. KEGG functional enrichment pathways on lipid metabolic before and

after m-3 fatty acids treatment. The abscissa is the enrichment significance P value,
and only the pathways with P< 0.05 are considered statistically significant and listed

in the figure. The ordinate is the name of KEGG pathway. The color of bubbles from

blue to red indicates that the P value decreases in turn. The larger the bubble, the

more metabolites are enriched in the pathway. 0: pre-treatment group; 1:

_ander{ M/F, n) 1812 18/2 16/4

post-treatment group; M: Metabolism; HD: Human Diseases; OS: Organismal
Systems; CP: Cellular Processes; EIP: Environmental Information Processing.
Tables
Q’able 1. Clinical and laboratory findings of AV patients and healthy controls.
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@roicsierolmmolL)  3.99:046  386:0.55  376:0.67  3.96:063 4108064 0818 0277 0023 0583
Triglyceride(mmol/L)  095:043 0874031  073:028  106:035 0795022 0067 0011 0198 00
LDL-Cimmoll)  230:036 2224050 2112070  246£0.62 238076 0728 0012 0032 0738
HDL-C(mmolL)  143:027 1376035  149:020 1234026 1414026 004 0005 0247  0.026
GLU(mmolL)  450:038 4824024  459:030 463028 447022 0215 0056 014 0068
INS (pmollL)  785£208 6674332 6915342 7334354 9781219 0693 097 0156 0779
HOMA-IR 1614067 144073 1445077 1514078 200:264 0003 0007 0341 0.183

674

675 Note:Q: pre-treatment group; 1: post-treatment group; P, HC vs. AVP0, AVWO; P-,

676  AVPOvs. AVPI; P;, AVWO vs. AVWI1. P; AVPI vs. AVWI.

677 Qable 2. Differentially expressed metabolites between AV patients and HC before

678 and after w-3 fatty acids treatment

Metabolite HC(11=18) Acne(n=37) Py AVWO AVWI P;
AcCa(22:0) 6.55%0.2 6.73+0.24 0.003 6774029  6.23+039 0.001
BisMePA(16:2¢/20:5) 7.57+0.45 7.23+0.37 0.011 7.1240.42 7.9940.3 <0001
CL(19:0/16:0/2054/20:4) 6.2320.37 6.09+0.36 0315 6.014025  6.45:0.41 0.003
DG(10:011 4.87+0.33 6.49+0.52 <0.001 6.47£0.5 5.68+0.92 0.016
DG(18:1/22:6) 6.79:0.37 4.782.41 <0.001 5.04+2.28 7.07+039  <0.001
DG(20:5/18:2) 6.98+0.43 6.34+0.45 <0.001 6.3240.42 7.22+0.28 <0.001
DG(9:0/11:2) 5.540.42 7.45+0.85 <0.001 7524094 6.26+1.34 0.003
Hex1Cer(t18:0/20:5) 6.2+0.27 6.15£0.36 0.72 6.08-0.31 6.5340.3 0.002
LdMePE(30:5) 6+0.44 6.09£0.25 0.451 6024022 6.57+034 <0.001
LPC(1 7.51+0.31 7.65+0.23 0.119 7.63£0.21 8.21+0.33 <0.001
PC(16:0/5:0) 4.55+1.54 523+0.77 0.014 54340.53  4.75:0.89 0.03
PC(16:1/22:6) 6.95+0.41 6.612:0.44 0.005 6.58+0.47 7.07+0.23 0.001
PC(16:1e/20:3) 6.43+0.28 6.39+0.24 0.886 63340.18  6.77+0.32 0.002
PC(18:3/2 7.1240.25 6.99+0.32 0.041 7.010.34 7.54+0.42 0.005
PE(14:1¢/22:6) 5.7+0.36 5.340.47 0.003 5264044 5794037 0.002
PE(16:1¢/20:5) 7.23+0.38 7.010.28 0.031 6.970.26 7.51+0.33 <0.001
SM(d20:1/23:4) 7.61+0.32 8.27+0.37 <0.001 £330.36 7.5740.56 0.001
SQDGAS:2/22:4) 5.36=0.49 5.5540.54 0.167 5534062 5.15£0.49 0.033
Stégh:s) 6.93+0.21 6.46+0.35 <0.001 6.44+0.33 7.18+0.22 <0.001
TG(16:0122822:6) 7.24+0.55 7.05+0.44 0.11 7.1140.38 7.78+0.44 0.001
TG(17:011%322:6) 7.09:0.48 6.56+0.52 0.001 6.5+0.51 7.36+0.2 <0.001
TG(18:0/20:4/22:6) 7.06+0.74 7.10.41 1 7.09+0.43 7.62+0.34 0.006
TG(18:1/22:6/22:6) 7.140.47 6.880.46 0.141 6.88+0.53 7.77+0.41 0.001
TG(18:2/20:4/22:6) 8.01+0.39 7.76:0.23 0.009 7.7240.24 8.30.36 <0.001
TG(18:2/22:6/22:6) 7+0.5 6.78+0.4 0.167 6.8420.39 7.66+0.47 <0.001
TG(20:5/18:2/22:6) 7.08+0.53 6.930.39 0.578 6.95+0.38 7.720.46 0.001
TG(22:5/18:2/20:4) 7.29+0.36 6.91+0.28 <0.001 6.90.32 7.41+0.34 0.001
TG(22:5/18:2/22:6) 6.73+0.42 6.78+0.4 0.53 6.77+0.4 7.3£0.3 0.001
TG(24:2/10:1/12:1) 5.94:0.45 6.24+0.58 0.026 6.3840.59  5.93:0.38 0.003
ZyE(22:5) 6.68-0.46 6.61£0.31 0.462 6.66+0.35 7.19:026 <0001

679 Note.‘a: pre-treatment group; 1: post-treatment group; P;, HC vs.AV; P2, AVW,

680 vs.AVW|gcCa, acylcarnitine; BisMePA, bis-methyl phosphatidic acid; CL,

681  cardiolipin; DG, diacylglycerol; Hex2Cer, hexosylceramide; LdMePE,

682  Lysodi-methylphosphatidylethanolamine ;LPC, lysophosphatidylcholine; PC,



683  phosphatidylcholine; PE, phosphatidylethanolamine; SQDG, Sulphoquinovosyl
684  Diglyceride; SM, sphingomyelin; StE, eicosapentaenoic acid ethyle Ester; ZyE,

685  Zymosterol



