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Lipid metabolomics-based biomarker analysis of neonatal

sepsis in serum and cerebrospinal fluid
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Abstract: Neonatal sepsis remains a leading cause of morbidity and mortality among newborns
worldwide. Despite advances in neonatal care, early diagnosis of sepsis remains challenging due
to the lack of sensitive and specific biomarkers. While serum-based indicators have been widely
studied, lipid metabolism in cerebrospinal fluid (CSF) remains relatively underexplored, limiting
our understanding of central nervous system involvement (CNS) in the early stages of neonatal
sepsis. This study aimed to systematically investigate lipid metabolic alterations in both serum and

CSF samples from neonates with confirmed sepsis and to identify potential lipid biomarkers for early
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diagnosis. Seventeen neonates with blood culture-positive sepsis and seventeen controls with negative
blood culture results were enrolled from the Neonatal Intensive Care Unit of Guangdong Women
and Children Hospital (Women and Children’ s Hospital, Southern University of Science and
Technology) between February 2020 and August 2023. Paired serum and CSF samples were collected
and analyzed using targeted lipidomics based on liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Univariate analyses, including Student’s ¢-tests and Mann-Whitney U tests, were
applied to identify statistically significant differences in lipid levels between groups. Multivariate
analyses, including principal component analysis (PCA) and orthogonal partial least squares dis-
criminant analysis (OPLS-DA), were employed to further evaluate group separation and identify
discriminatory lipid species. Pathway enrichment analysis was performed using the Kyoto Ency-
clopedia of Genes and Genomes (KEGG) database, and candidate biomarkers were selected using
the Boruta feature selection algorithm and evaluated for diagnostic performance using receiver
operating characteristic (ROC) curve analysis. A total of 322 lipid metabolites were identified in
serum, with cholesteryl esters (CE), triacylglycerols (TAG), and phosphatidylcholines (PC) being
the most abundant lipid classes. In the sepsis group, levels of nearly all lipid subclasses were
significantly decreased compared to controls (P<0.05), except for TAG and diacylglycerols (DAG) ,
which were not significantly altered. In CSF, 300 lipid species were detected, dominated by CE,
PC, and phosphatidylethanolamines (PE). Significantly reduced levels of PE, ceramides (Cer), and
lyso phosphatidylethanolamines (LPE) were observed in septic neonates (P<0.05). PCA plots
demonstrated tight clustering of quality control (QC) samples, indicating high analytical repro-
ducibility and stable instrument performance. In serum, PCA accounted for 66.1% of total variance,
showing preliminary group separation that was further confirmed by OPLS-DA (R?Y=0.601, Q*Y=
0.271) , which identified 107 significantly downregulated lipid metabolites. Similarly, CSF PCA
explained 75.7% of the variance, and OPLS-DA (R?Y=0.579, @*Y=0.368) revealed 34 significantly
downregulated lipid metabolites. Pathway enrichment analysis (FDR-P<0.05, pathway impact>0.10)
showed that glycerophospholipid metabolism was the most significantly enriched pathway in both
serum and CSF, followed by ether lipid and sphingolipid metabolism in serum. Key shared me-
tabolites included PE(42:9), PC(38:0), LPC(22:6), and LPE(22:6), while PS(40:6) and PI(40:
4) were specific to serum. Notably, thirteen differential lipid species were consistently identified
in both serum and CSF, among which LPE(18:2), ePE(36:4), and Cer(d18:1/25:0) exhibited
significant positive correlations between the two fluids (Pearson =0.369-0.382, P<0.05), suggesting
potential trans-barrier lipid communication or shared regulatory mechanisms. Boruta-based machine
learning analysis identified LPC(28:1), LPE(18:2) and ePE(36:4) in serum as candidate biomarkers.
These exhibited excellent diagnostic performance, with area under the curve (AUC) values of 0.96,
0.94, and 0.94, respectively, sensitivities ranging from 82.4% to 88.2%, and specificities from 94.1%
to 100%. In CSF, Cer(d18:1/26:0), Cer(d18:1/25:0), and Cer(d18:1/24:1) were identified as high-
importance variables. These demonstrated diagnostic AUCs of 0.89, 0.91, and 0.80, with sensitivities
between 88.2% and 100% and specificities ranging from 64.7% to 70.6%. In summary, this study
provides the first integrated lipidomic profiling of serum and CSF in neonatal sepsis, highlighting
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a consistent disruption in lipid metabolism, particularly within the glycerophospholipid pathway.

Serum lipid biomarkers show promise as non-invasive early screening tools, while CSF lipid alterations

offer valuable insights into CNS involvement and potential early neuroinflammatory responses. These

findings support the potential of lipid-based biomarkers in improving the precision and timeliness

of neonatal sepsis diagnosis. Nevertheless, the relatively small sample size and single-center design

may limit the generalizability of the results. Future multicenter studies with larger cohorts are

warranted to validate these findings and support clinical translation into neonatal care.
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1.1 U5 HA

ACQUITY UPLC-Xevo TQ-S LC-MS/MS % 4;
(Waters, 3¢ [# ) , Allegra X-15R & .0> #l (Beckman
Coulter, € [ ) ,MSC-100 & HE IR =) #5 (U ¥ %H
BRA L, D).

Jo il 2L B LS TR LA R e i R e E I
Thermo-Fisher Scientific( 3¢ & )., 24 H# 47K B
Millipore Reference ##4li/K R4t (FF) il & . [
N As d7-8% 5 BE AH % (phosphatidylcholine , PC,
15:0/18: 1) .d7-# JIf Bt £ B¥ )iz (phosphatidyletha-
nolamine,PE, 15:0/18:1) .d7-f 5 Mt 22 & /2 (phos-
phatidylserine, PS, 15: 0/18: 1) . d7- # JI§ Bt JL fix
(phosphatidylinositol,PI, 15:0/18:1) .d7-LPC(18:
1) . d7-i Il %% IR It £ B B% (lyso phosphatidyletha-
nolamine, LPE, 18: 1) . d7- il [& [ fi§ (cholesteryl
ester, CE, 18: 1) . d7- H il — [is (diacylglycerol,
DAG, 15:0/18: 1) . d7- H i = g (triacylglycerol,
TAG 15:0/18:1/15:0) .d9-SM (d18:1/16:0) 5 d7-
Cer (d18: 1/16: 0) ¥J J H Avanti Polar Lipids
(EH).

1.2 AEHERM

A BEFE X R B TR A4 O B (R
B4 K 24 B8 13 £ )L B8 B B ) B A L E W PR
B, T 2020 4F 2 A & 2023 4E 8 AMEI A . Bk
LML It A 32 W AR 6 O 2 LW I E 32 W B3R 97 &
FALPL(2019 4F R ) ), AL HE - (1) & AR F I
PRIE RO Xk VS A R Ry S R R 5 (2) il 35 5%
BHPE 5 (3) S50 % 48 br 5 5, 40 1 48 i 35 rb PRk 248
F+ & CRP Fh & i/ H sk 20 5 (4) %l B K 2 2 7 R



#5034

SABRE S T I 5 I VRN S 2 2 A A L LA AR b i A - 289 -

PeEHE (A /SR L CSF ket ). PIZLBFFE At 4
PIHEBR DL RIS 00 (1) H #%>28 K5 (2) & I i 4%
(G145 CSF 4 BT+ & B 1 e i 2 0 N B DR
PRI M % 5% B s R 2 R IR 32 B 5 (3)
AR B U™ EE 5 (4) 388 % A 5™ 5 K
T s (ST BB AN 4. B RN AL EG FR BT RS
I i B 4 1) B AE LW s 4510 17 481 5 ]9 A B
B % PR G I E 12 W 00 8 A2 L 17 B4 S X R
P48 L CSF R4S RN IAPE . AR r & E
ARAR T IR A8 1A B Ok B 40 2 A 23 B 2t o (It
%5 :No. 202001102) .
1.3 HAREEHMKE

B JLEEAR Y &l L 5 BE N 5L TR
JEAE B TR A R R R AR O RS AR E
WA N B IS [A) B o IR A pl A T 2 o
25 SR LA R AR FR K UL, 7E 3 000 r/min 5514 F & L»
A3 B ARAF NI T 5 SR 43 B . CSF 38 i I A
FRIRAET %R 3 LWL, 40 T F
FUR A ARk AT A AN Bl 85 5% . r B FEARTE RS
P A 0 5 A 7 BV 3K S0 06 = AT R T, R A R A 42
53 B R AR AE-80 CUKAE I, 8 Hl TR e oe . A
F 58 BT FHRE A 187 5 5T i DR R A b 3 2k 149 1l
WA CSF, A& B & A1 A G #7E o B AR L B AR
FE G AR E G AR AR Y ) DL AR
W L B 12 W R R e g e A A i DR R, 24 ik
[ [ HL T30 17 2R e B B, 0 R 5l e 4 S5 v i v
1.4 HEARLE

3% 5% CSF #EALE VK 5511 T ik VR )5, HL 10
pL FERIIAZ 96 fLARH, A 300 wL & R 5
mmol/L Z PR % (1) H B W, 7843 I HE IR A 20 min.
Bifi J5 LA 4 000 r/min & 0> 20 min, B 20 wL 3%
M 2= 96 LA, IMA 80 wL 7% S mmol/L Z iR
BT R AT, TR R & 10 min J5 FHFERESHT

A B 58 R R G FF A AR 2 it i 4% i (quality
control, QC) #7iti , LA A A 45 £ % 1 5 $h g — 4
PE o TEREASHT A B2 1, 230 DA 9] 1M AT CSF A
AR 10 wL, 5 2 1.5 mL B.08 T, iR iR
%) 10 min DL #1175 CSF IR & REA M, 1 A
MRS QC FEA KR . BlJS , QC M A< Hi ]
WA — B iR AT AL B . AR AR AR A AT
IF R, QC REAS T g L YA I Y A B RN 4 R A A
A VR, A BF BRI 17 A SERRFEARSRA 1 IR . &
2 FE MG 5 CSF 43 M 72 b 43 51 E QC A

33 %,
1.5 SEH

4 1% 73 B % | ACQUITY UPLC BEH CI18 #+
(100 mmx2.1 mm, 1.7 um) , i 40 C, & 545 B
i 10 To Wsht A S L JiF-7/K (60:40, % 5
mmol/L H g % 1 0.1% H iR ) ,B AR NE-LF
(90:10, % 5 mmol/L HI R &% H1 0.19% IR ) , A6 & Uk
Jii 7 ¥ : 0~0.5 min, 60%B;0.5~3 min, 60%B~80%B ;
3~7 min, 80%B~100%B; 7~9 min, 100%B; 9~9.5
min, 100%B~60%B; 9.5~11 min, 60%B. i # 0.30
mL/min, JEREARFR 2.0 wL. i3 K EST IE & 14
XL BMEHRIE 3.0 kV, B T IR 150 C, B
I EE 550 °C, JBi i 7 LU 1 000 L/, Al i 3 8
0.13 L/ho ikt A0 U 3 B8 B A DR 38 U oy o 119 12
2 NP REA BEAT BE AL BERE A3 BT o AR SR R, g
HERAEA ST BT 5 18 R A BT RE A, LU I 43
BT 2ok 2 v 9 B A0 BT S A Y D 4 AR AR S
% Al MassLynx ¥ 14 (V4.1, Waters, USA) ¥ 47 %]
A4 B, R 22 TMBQ %% 4 (V1.0, Metabo-
Profile, [ ) X} $& 2§ €4 315 06 #F 47 45 HL R 43
FE T ARBEFE ARG I 3 B 375 s BT AC A A s
CE.TAG. PC, PE., LPC., DAG. SM, Cer, PI. PS.
LPE | #f 25 it & 8% /R £ % F% (ethanolamine phos-
phoryl ceramide, CerPE) . i i§ 2 (phosphatidic
acid, PA) | fiik % 5 Ik 2, 1% % (ether phosphatidyl-
ethanolamine, ePE) 5 Bt #% 5 it 2 & R (ether
phosphatidylserine, ePS) 25 . 4% 2% i i /¢ 15 4 15
WAl G 45 1 R AR AT i B 26 1) 3 28, SR T 45 4 AR
LAY [R5 28 P b, 38 2k 1 0 42 55 P b 1 06 T AR LE (B
SR AE HE AT o
1.6 HEHH

X BIF 5 N B 1) 56 A e iR RN S 09 = 4R A AT Al
WYEGE b A7 B o0 A 1Y 3% 22728 1 DA A B+
F5 VE 22 (standard deviation, SD) 3 7 , 21 6] kb 48 %
FHIRSTREA ¢ K50 ANAF A IE2S 50 A1 1 28 & DL L
By 80) F#on L, F H Mann-Whitney U 6 5 .
=R D T G ST ol = N2 W 11 I B A
Pearson 7 #; 56 5 Fisher % ) £ 5 .

JIE Jot 20 “7 B A 22 % BORE e e AT O & gy
BT, BLHE ¢ 4556 1 22 55 4% % (fold change, FC) 43T,
Bt 5 g5 W0 3E of ) & B R (false discovery rate,
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1t 5, >R F B 4 4 #1 (principal component
analysis, PCA) Fl 1E 52 fii f5 /Iy — 3 1 51l 53 #7 (or-
thogonal partial least squares discriminant analy-
sis, OPLS-DA) #7278 B A, JF 1 H A8 it 45 5
i (variable importance in projection, VIP) { Lk
VA A A R RN BE Jy o 22 S AR R T R Ak
TR 5 28 15 BT, bR i llog, FCI>1 FDR-P
<0.05 H VIP>1. QI o A 56 70 1 Ao o =35

S il i KEGG Bl R R 47 & 4 2 B 5 58
B S, Al P A TR R R T R AR . W E AR
Wy b 2 W0 1 B 8 SR ) T Bl AL AR AR GE 1R 1) Boruta
FROEZE PR 55, 456 55 TR LGRS 40 2K ae )
R B BRI o R, N P 32 A AR RRAE ith
2% (receiver operating characteristic curve, ROC)
PEAL A2 Wk Be L OF 1F 5 il 4T I X (area under
the curve, AUC) PV #i 155 2 F I R BE o b ik 43 By i
id MetaboAnalyst *f- 4 (https://www.metaboana-
lyst.ca/) X R F 4.2.2 AT o

2 HR5TR

21 WRITERH—MER

TR ERHAEIILMNEAM I ESRK S
AR 2R AR T X IR 46 (39.50 vs. 49.00 cm, P=
0.004;33.49 vs. 36.85 J& , P=0.015) , i it JL¥E 5 . H

I A R R A 3 25 R (P>0.05) . SLER =
f8 b5 71, PCT .CRP ., (1 41 Jiii (WBC) . 4 k7 41 ity
(NEUT) 5 ¥ b 210 B & 43 Lt (NEUT% ) 7€ P 41 [1]
B0 W3 2 5% (P>0.05) . AR5 H, KRN
K 5 22 19 SO (6 Bk, 33.3%) , Hivk Ay il 48 78 i
AR (3 B, 16.7%) 55 4 0 €07 2 BR AT (2 Bk, 11.1%) .
HAO G2 ER T DR A BR B 0 FLAE BR B I8 22 2F
T T LV IR A BR B L 3 ECR IR AT B i ik 2R
BEBREA , & 1 Bk Hob 1 B L R R 2
BRTA 5 IR 5 AT, B IR A BN A
2.2 MmiES CSF lERR B o H4FiE

TE 1L 75 FE A 38 55 5 322 BT AR .
WK 1a i~ ,CE.TAG f1 PC h & & F Rl 3 2%
JIG BT, e %k BECEH a3 5 EE 70.3%.20.2% F3.2%,
7 95 B 21 43 R 61.8%.26.9% F1 4.3%. Bk
TAG F1 DAG 4, 3 151 20 v JH: Al Big J52 F 25 1) 7K F- 1
i 5 IE T X B 41 (P<0.05) . 7F CSF FEA A JL kG
300 Fli AR . anEl 1b Bfs ,CE \PC il PE 4
BT CSF JR 0T 1 3 243, A6 0T B4 op 23 0l o 1
62.0% . 14.4% F1 15.3%, 765 151 241 H 00 43 51 R 67.9%
18.8% 1 4.7%. 5% BEALHH L , 75 #9141 CSF ' PE,
Cer 5 LPE /K-F 12 # FE L (P<0.05) . A#F5E45 R
FWY OB AR L il A A7 7E WY 00 B AR 2R L L R
BN IMLTE A1 CSF b Z2 R I Bt i 70 35 K 4, 4 IR

F1 PRABERAFLESHFRERHER

Table 1 Baseline characteristics and pathogen detection of the study population

Characteristics Case (n=17) Control (n=17) P-value
Male infant 13 (76.5%) 10 (58.8%) 0.271
Age/day 12.24+10.50 10.00+7.86 0.501
Birth weight/kg 1.65 (1.10-2.97) 2.75 (1.93-3.36) 0.079
Birth length/cm 39.50 (36.5-41.75) 49.00 (44.50-50.25) 0.004"
Gestational age/week 33.49+4.37 36.85+3.06 0.015"
PCT/(ng/mL) 0.35 (0.18-1.47) 0.56 (0.30-1.45) 0.527
CRP/(mg/L) 2.32 (0.52-7.45) 4.34 (0.91-34.50) 0.433
WBC/(10°/L) 13.04 (8.22-16.55) 11.05 (8.04-12.96) 0.260
NEUT/(10°/L) 7.30 (4.17-13.83) 5.27 (3.42-7.84) 0.217
NEUT%/% 60.90 (41.03-78.03) 58.00 (38.35-64.95) 0.204
Types of infectious agents
Escherichia coli 6 (33.3%) / /
Klebsiella pneumoniae 3(16.7%) / /
Staphylococcus aureus 2(11.1%) / /
Other pathogens 7 (39.2%) / /

Data are presented as n (%), mean+SD, or median (25"-75™ percentile). PCT: procalcitonin; CRP: C-reactive protein; WBC:

white blood cell; NEUT: neutrophil; Other pathogens include Enterococcus faecium , Enterococcus faecalis, Streptococcus agalactiae,

Sphingomonas maltophilia, Staphylococcus haemolyticus, Corynebacterium pyogenes, and Streptococcus anginosus. One case in-

volved a mixed infection with Enterococcus faecium and Klebsiella pneumoniae. * P<0.05.
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43 (O1) 43 5l f B 16.5% A1 53.4% ()T 2. B
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25 PR E TN MLAR 1 B DDA O BF S R ERR LA
Bl R €5, 2 TR 5 T J5 AH DG AR 35 ) A 4 TR R
i 5 % e v 2 R I M RRAE 1 AR Ak % CSF IR Il i
(A5 Ak AT Vb % 55 CSF 48 45 i A 78, A 28 H 1 . 10
PUN X B 4 R Gi 3z B
24 ERBERSFHRBEHERE ST

AWFFOR LT 107 Fh L& CSF w34 ffi 22 5
R 2#F 17 38 B 4R B . MR35 FDR-P<0.05 5
pathway impact>0.1 A% ] W bR i , 1003 FE A 1 3
A 0 I % A HE H ol 8% 5 18 8f (glycerophospho-
lipid metabolism ) . fi g 18 i} (ether lipid metabo-
lism ) 14 Jig 1%, 14f (sphingolipid metabolism ) , H &
H v B A A IE B E 2R B B = (pathway impact=
0.30) (K 3a) . [F#E, CSF 43 Mr 45 35 /s H il
HE AR 2 3 2w 45 18 1% (pathway impact=0.23) (&
3b) . Kl 3¢ IR T H i B e A I B Y £ 2
gh iy, Hotp PE(42:9) (ID: C00350) ., PC(38:0)
(ID: C00157) \LPC(22:6) (ID: C04230) #1 LPE
(22:6)(ID: C04438) M1l 75 5 CSF #f A 1 3L []
Z 5, i PS(40:6) (ID: C02737) fil PI(40:
4)(ID: CO1194) X 7E MLV A7 22 5% o

AW 5 BT b e A A A T AR L Wi
SEH R E EEL, 2R T E T R R
(R rpc P 4R R 7R 5 e R P RT R R EAR
o H im0 M R E 2y, T2 S 5 R4,
YR 5SS meEiEE" . b nks
CSF 11 PC.PE .LPC 55 H 1 # g o & N, e b
RGNS rh AR 09 B B AR S R, AT RE S M 28 i
(R PEIT IR 20 5 ds m i . AR,
PC A ™ ¥ T 45 S 25 A B, H i AR iz T
J2 WILRE (A AR RRAE 2 — 1 AR BIR ST IE S 1 s

© 100-
75-
50-

0.

25
.

Case

W CE
PC
W B
B TAG
I LPC
SM
DAG
. CCT*H
[ ps

M CaPE
LPE”
M pa

Relative abundance/%

Control

E1 (a)imFM(b)CSFHEEERREHIHNIHBER
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Fig.3 Pathway enrichment analysis of lipid metabolites
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bolic network of the glycerophospholipid metabo-
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Figs. a,b show the bubble plots of pathway enrichment for dif-
ferential lipids in serum and CSF, respectively. Larger and red-
der bubbles indicate higher impact and greater statistical signifi-
cance. Pathways with FDR-P < 0.05 and impact > 0.1 were consid-
ered significantly enriched. Fig. ¢ shows the glycerophospholipid
metabolism pathway. Blue boxes represent standard metabo-
lites, red boxes indicate shared differential lipids in serum and

CSF, and green boxes denote serum-specific differential metabo-

lites.

2.5 MmiFEE CSF BERKE A HEXES

A IS TP G 107 B2z RIS CSF
o 41 34 Fh 22 A W AT 35 B A, R 13
il 2 [6] 19 22 S AR, f0.45 PE(34:4) \PE(34:2) .
PC(38:0) .LPE(18:2) .LPE(18:1) .LPE(16:0) .
LPC(26:0) .ePE(38:4) ,ePE(36:4) .Cer(d18:1/
25:0) .Cer(d18:1/24:0) .Cer(d18:1/23:0) 5 Cer
(d18:0/24:0) . #—E4rHr & (K 4) ,LPE(18:

(36:4) 1) AUC 43514 0.96.0.94 F1 0.94, & i N
82.4%~88.2%, £ 5 £ M 94.1%~100%, 32 B MY K 4 1)
IR RE . AT 9 0 16 Y 3 R i v I AR A
FE BT A LI AE 2 B A S 2 Wt BE L AUC
>0.94, 5 5 B B ik 100%. AH E A% 58 38 A 45 i
™ R BE L A PCT (81.25%) | SAA (75.00%) J%
CRP(71.88%)""™), A BfF 5% g o A 7 4 57 L S v A
RSt BOULH W I IR S Ak T I K. A TER
PEor B WO E LIS T PCT F1 CRP 1Y 2
JE AL N 66.67% F1 33.33% ", 1fij IfiL & miR-15b #i
miR-378a I R AU 73 5 R 76% 5 60% , 8 HAT —E
WA E Rk T Sk R A, e DL S B R PR
B A Z R LR AR P 7 12 W RRE L PIL I
S RN R AT M T A 2 B B R
LPC(28:1)5 LPE(18:2) 2 H i w5 A it %
R SR YL T2 S S RAE A E T
LPC A3k G 25 P IR A2 7RI 10 B W 4 i, 175 5 2k
LRI A B BE T, 3 RE 3 S A AR ]
K7 A0 B BRI B AIG BB T RPN Rl o BT
NLRP3 % M/IMAin 8 4 0 . HAe 87 A4 JL i e
o R, S 28 RIETSRASE, B A 12 W M S
#rfa" >, LPE [IFEEA Lo CEE 40135 1A
P B T REe, LA 2R ) RE X AR R -LPE 78
JFF 451 43 455 280 v Bt 96 4 5 27, 9 X 43 R 2% G B



" 294 - ) i %44 %
a LPE(18:2) b 0 ePE(36:4) c Cer(d18:1/25:0)
Pearson r=0.369  © Pearson r=0.382 . =3 Pearson r=0.377 U
P-value = 0.032 o P-value = 0.026 P-value = 0.028 ®
o

[} o oo ®

InC,

E 4
Fig. 4 Correlation

‘Serum

BRI EMES CSF R E XS4

analysis of lipid metabolites between serum and CSF

a. LPE (18:2); b. ePE (36:4); c. Cer (d18:1/25:0).

a. LPE (28: l) in serum

b. LPE (18:2) in serum

c. ePE (36:4) in serum

1.07 Ul = 0.028 pumol/L 1.0 107
Cut-off = 2.38 umol/L

08 0.8 1 TCut-off = 0.057 pmol/L 0.8+
206 0.6 0.6
=
z AUC =496 (0.90, 1.00) AUC =094 (0.87, 1.00) AUC =094 (0.86, 1.00)
A 0.44 0.4 0.4

0.2 0.2 0.2

0.0 0.0 - 0.0

00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
1-Specifity

d. Cer(d18:1/26:0) in CSF

e. Cer(d18:1/25: O) in CSF

f. Cer(d18:1/24:1) in CSF

1.0 P CutofT=0.002 pmol/L 1.0 P CutofT=0.0009 pmol/L, 1.0 Cut-ofT = 0.026 pmol/
0.8 0.8 0.8
2 - -
£ o6 0.6 0.6
g AUC =439 (0.78, 1.00) AUC =491 (0.81, 1.00) AUC =480 (0.63, 0.97)
A 0.4 0.4 0.4
02 0.2 021
0.0 0.0 1 0.0
00 02 04 06 08 1.0 00 02 04 06 08 10 00 02 04 06 08 10
1-Specifity

E5 mFS5 CSFEERKREWAIROC Lk

Fig. 5 Receiver operating characteristic (ROC) curves of lipid metabolites in serum and CSF
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