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WE B B R AU o T R B RV B % (AD) B3 LI J6 4% IR 1 B2 (SCFASs)
AR A B L S AN A IR R R B AOAR SR . T AN 2~18 1) 87 f1 AD % K 67 filfid
N IR (HC) o S FH e o A0BUR €2 385 T W T R e B s L vh 8 P SCFAs &8, i@ %
PGS 75 VEAl SCFAs 5 AD B G . £55R 5 HC 4AHLL, AD HZRR(AA). W
R (PA)AT CLER (CA)FEAK (P=0.002, P=0.002, P=0.043) . Logistic [7]J9 7%, AA(OR=0.449,
95% CI: 0.289~0.698) F1 PA(OR=0.487, 95% CI:0.324~0.732)4 AD f£#" A&, —HBEE T
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Abstract Objective To investigate the metabolic alterations of serum short chain fatty acids
(SCFAs) in pediatric patients with atopic dermatitis (AD) and their correlation with different clinical
phenotypes using targeted metabolomics. Methods This study enrolled 87 AD patients and 67
healthy controls (HC). Serum levels of eight SCFAs were quantified by ultra-high-performance
liquid chromatography-mass spectrometry. The associations between SCFAs and AD were assessed
using various statistical methods. Results Compared with the HC group, levels of acetic acid (AA),
propionic acid (PA), and caproic acid (CA) (P=0.002, P=0.002, P=0.043) decreased in the AD
group. Logistic regression analysis identified AA (OR = 0.449, 95% CI: 0.289-0.698) and PA (OR
= 0.487, 95% CI: 0.324-0.732) as protective factors against AD. The combination of AA and PA
yielded an area under the curve (AUC) greater than 0.7, indicating good diagnostic efficacy. Age-
stratified analysis revealed that AA reduction was predominant in childhood, whereas PA reduction
was predominant in adolescence. Pathway enrichment analysis showed significant enrichment of
fatty acid biosynthesis (FDR = 0.341, P =0.003) and vitamin K metabolism (FDR =1, P = 0.039)
pathways. Furthermore, subgroup analyses based on disease severity, personal /family history of
atopy, and sex revealed no significant differences in SCFAs levels among the groups. Conclusion
Differential serum SCFAs and their enriched metabolic pathways may be implicated in the
pathogenesis of Atopic Dermatitis.

Key words atopic dermatitis; short chain fatty acids; targeted; metabolomics; liquid
chromatograph mass spectrometer (LC-MS); serum
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BT DIRER), XA SCFAs B M- B (5 5 7> 1 4E il AU gL =2 o dr /o3
TRV SRR 54, ABIT FHREN D FARic? . B Y HoR1E AD th
IR 22 B b T IR BT T, TGS T L o DA IE S E o 2 ZORIER) SCFAs BT ST Db
AT S B SE A A T AD BB IS TP Z 5 SCFAs, SRZEA @RS, FH#E
FEEYIbRED, BN AD RIFHLR BOH iR T R I TSR R B .

1 MRS
L1 RBIEE

2024 4F 08 H—2025 4 02 HAE 12 HEN 4S5 2~18 & AD % (AD 41 87 fil. & Hext
& Chealth control, HC) 4 67 {5, WALIAIFESEES. TEAIA BMI EZ2RB LT EE L G
1 o REZRE T HEEKIN, 76 4 °CNLL 12 000 r/min 250 5 min; [fiLi% 5324 )5 F-80 °C{R
1o AD HIWNIRE: FHREAE 2.0~18.0 & Z[i]; 4 Hanifin-Rajka 2 Wibr#E" . AD 2R
bR A IR R TE. B RIE R DB BCB R I 3 N AEFARMME R T 1A
HATAER. AR KA L 15 1A PRABIREF R 7 2. HC HAN
bR TR s EAREME . B RIEAROCER: 1T 1 A AP R . s A R as AT
RS 3 1A AR R AR B R IR 7 R U E — R, AR, stis e
B RO R FIRE R B4, IFHRAE AN R AR B I AR > 2 & H< 12 2 () LE AN
ERY> 12 % H< 18 ST 4EIIM AD 4RI HC BT /0 Ao M . BEANEIR IR AD ™ EFE
P43 (scoring atopic dermatitis, SCORAD) B, MEFIFIA ToA N/ SRR R 5253 514 AD &
HONARREMW AT . Hf, SCORAD <25 N AD 41, SCORAD >25 N ¥
AD H. ARG LZRER KRS —ERICBIZR Rt (itS: PJ-2024-08-74) , %
WEVEE P N R RO B R s R .

R1 RN RERFAE (%), M(Pas, Prs)]
Tab.1 Baseline characteristics of the study participants [1n(%), M(Pas, P75)]

Group HC (n=167) AD (n=287) P value
Sex 0.881
Male 50 (74.6%) 64 (73.6%)
Female 17 (25.4%) 23 (26.4%)

BMI (kg/m?)  17.1(15.7,20.0) 17.3(14.9,19.8) 0.392




Age (years) 6.5(54,11.7)  8.0(5.0,10.0)  0.996

SCORAD
<25 — 23 (26.4%) —
>25 — 64 (73.6%) —
Atopic History — 41 (47.1%)) —

1.2 EERFIAUSE

HREFI 25 F 25 [E TEDIA A#]: LC-MS K H W H 55 [E Thermo Fisher A#]; #7/E
PARF 3-PSEIRSE R SRR £ 1-2.86-3- (B-HIEIENFD) B = WAL SE R £h00 H £ H Sigma
Aldrich A#]; g (acetic acid, AA) . NIZ (propionic acid, PA) . TP (butyric acid,

)+ F TR (iso-butyricacid, iso-BA) . %4 (iso-valeric acid, iso-VA) | K& (valeric
acid, VA) . O (caproicacid, CA) J¥JH & Dr. Ehrenstorfer A #]; 5 & (iso-caproic
acid, iso-CA) W H LiFENAEWRHA R AR THR-d; (butyric acid-d;, BA-d7) 1 H % [H
Cayman Chemical 2 F] . & &7 8 FH i & AU (154X (245 Dionex Ultimate 3000) 5
IRE IV HIE B HER RIS (A5 Q-Exactive Plus) ZRZEHEAT. M BmH (il &
G — A (B45: SRD-3600) « — It (5. HPG-3400RS) . —ANHA#EHT:
#% (8455 : WPS-3000 TRS) Fl—AMHEAH (B15: TCC-3000 RS) A, 8L FA47 B o s A
i, TEINFAA FE 55 FL RS OB AT T RE A . 31 Tune 2.9 F1 Xcalibur 4.1 K (3E[E Thermo
Fisher Scientific A 7)) #EAT RGu#EH]. Bl RKEF 347
1.3 ik
1.3.1  pr#Efh &%

B S PR AARAE 10 mL 7K (5 0.02%Z5MR) il % AA. PA. BA Ml VA f##l.
HbRUE S VAT N ISR (G 0.5%3518) o P i S I AEAE-20°C.. FH Z IRt fik
HWE s W5 9 AP REIARE SRS TAESUE NbrdE 2% .

1.3.2 FEARTALE
# 50 pL I3 N 10 uL BA-d; TAEETR (500 ng/mL) FFiEE: BEJE, M0 120 pL ik
(-20°C) ZWEHHATEREAFUE. B 60 uL FiEM, BEZIMANT A IHIIFLE 20°C FRA 2
min. KL TE-20°C N AREF 2 min W RATAEA R 5K BIE BURON KA IR 2T B
TR FRIE TS AAAE 95 uL 10% L AE- /KIS, W BE 1 min, 7E 4°C K EA 12 000 r/min 250> 20



min 3FE47 78 RO 3 Rt R Cultra-high performance liquid chromatography-tandem mass
spectrometry, UHPLC-MS/MS) 73#7.
14 GiitFEAE

FIF SPSS 27.0 A1t AT 2 8] FR AR B 43 AT < Logistic [F1VH 43 M7 FISZ AR TAEHRFE (receiver
operator characteristic, ROC) M4 7. 732848 &K H Pearson K7k S kAT 4 IR UL, 3%
WA BAR ISR IEAS MR IR 7% & IEA AT R BOIAEA 4056, JEIEA A
KA 2-HEEE UK, R LAM(Pas, Prs) |, 2 #E Y41 Benjamini-Hochberg #5317 FDR
RRIE . AT Logstic [AIE 43I 1 S 4 B BEATARHEIL, SRJ5KE 8 Ft SCFAs 43 il EAT FA IR 35
G Logistic [EIA5 8T, ¥ IR 0T PAE/NT 0.2 AR EIL RGN 2 R 3 G Logistic
[FJAE A . ROC HIZE 4R I HEZE R THIFY Carea under the curve, AUC) fH KT 0.7 i, 1t
WA R A — WA, BB 1, AW R . S HUR A S M T GraphPad
Prism 9.5.0 BRAFHEAT B R /R BAHCHE 0 HT . SRJ5#1d MetaboAnalyst 6.0 1E£R 50 HT°F & AT

RTEE E R DL P<0.05 NESFHRITFE L.

2 &R
2.1 AD #5 HC A[FZER SCFAs ik

Xf AD 411 HC 4118 SCFAs /K- F#ET BAR RSt /0 M fF R W], 5 HC 4LAHLL, AD 4ipr
1 SCFAs K P EIBHK, i AD 419 AA (P=0.002) . PA (P=0.002) fll CA (P=0.043)
AP RRAG, W3R 2 AIE 1A

2 ZFEHIMTFE SCFAs IREHLE (ng/mL)

Tab.2 Comparison of serum SCFAs concentrations across subgroups (ng/mL)

2.0 < Age < 12.0 years 12.0<Age < 18.0 years

HC group AD group
SCFAs HC grou AD grou HC grou AD grou
(n=67) (n=87) group group group group
(n=54) (n=174) (n=13) (n=13)
2081.9 16573 2133.0 1703.8 (1 265.4- 1739.7(1277.7-2 1496.2 (1 128.7-
AA
(1 605.8-3 023.4) (1261.5-2 400.5)"" (1 676.6-3 504.7) 2525.8)"" 570.9) 1841.6)
PA 18.0 (13.9-22.5) 14.2 (12.0-18.3)™ 16.4 (13.5-21.1) 13.6 (12.0-19.0) 21.1 (15.9-26.8) 14.4 (11.4-15.6)"
iso-
22.6 (18.2-27.9) 22.5(18.8-28.9) 22.7(18.1-27.9) 22.4(18.8-29.7) 21.5(18.0-27.2) 24.8 (18.3-28.5)
BA
BA 23.6 (18.3-31.4) 22.1(13.5-31.4) 22.7(17.2-31.1) 22.3(13.6-31.4) 23.8 (19.8-37.5) 16.9 (12.9-33.3)
iso-VA 31.4 (26.2-43.8) 28.5 (18.0-45.6) 30.7 (25.7-41.2) 30.3 (18.7-47.6) 35.6 (26.2-58.0) 26.2 (15.2-34.9)
VA 0.6 (0.4-0.8) 0.5 (0.3-0.7) 0.6 (0.4-0.7) 0.5 (0.3-0.7) 0.9 (0.6-1.1) 0.6 (0.4-0.7)
iso-
7.7 (4.7-14.5) 6.2 (4.2-9.5) 6.9 (4.6-14.9) 6.1 (4.1-9.5) 10.1 (7.1-14.2) 7.7 (5.4-12.7)

CA



CA 36.7 (29.8-44.3) 29.7 (22.4-43.4)" 37.1(30.8-42.2) 29.5(22.1-43.7) 32.2(22.1-49.6) 30.4 (23.6-36.7)

*P <0.05,"P < 0.01 vs HC group.

B 1 AREERE AD 415 HC 48 SCFAs /KFHELE

Fig.1 Comparison of SCFAs levels between AD and HC groups across age groups
A: Differential SCFAs between the pediatric AD and HC groups: AA, PA, and CA; B: Differential
AA between the childhood AD and HC groups; C: Differential PA between the adolescent AD and
HC groups; *P < 0.05, **P < 0.01 vs HC group.
2.2 B SCFAs KF5 AD HIRBRAH T

BE—B R H] Logstic [m1VH 7> Hriif 7t B A B G i /0 M e He ) 22 5 SCFAs 5 AD [a] B SR Bk
BOBE, 255N, AA FIPA [ ORMEYI/NT 1, #2785 AA Al PA /2 AD HfRIPHIER: i
AA T PA [P FE 8=y, AD [ 00 KU/ )N o HL 38 1 95% 15 [X 18] (95% confidence interval,

95% CD #IAEE 1, RN EFG =T EM. IR 3.

*R 3 Z5R SCFAs —Jt Logistic [8])34347

Tab.3 Binary Logistic regression analysis of differential SCFAs



Standard Wald *

SCFAs OR (95% CI) P value
error value

AA 0.225 12.690 0.449 (0.289-0.698) <0.001

PA 0.208 11.978 0.487 (0.324-0.732) <0.001

2.3 %3 SCFAs ff) ROC HiZk 517

T TR ) B8 3 40T LA Logistic [FIVARERL MBI L, Ny T E—BHRFC AA F1 PA X
AD HIZWrRLRE, 700 EATEET T ROC #IZAtl 73, S5 R EoR, 2 # SCFAs i) AUC {8
BN 0.7, $Eom X AD B X7 RREIALSS (B 2A. 2B) o NiE—B 4w ROC HIZk
LWiBE s, BkE AA FIPA FIH Logistic [BIABIRE— B @57 ROC M2k, 45 R EREEG S
AUCH KT 0.7, R ZHIAFHHREREE I HEHR (B 20) .

B2 57 SCFAs [ ROC Hi%%
Fig.2 ROC curves of differential SCFAs

A, B: ROC curves of AA and PA; C: ROC curve for the combined prediction of AA and PA.
2.4 MEH SCFAs /K57 7] i PRI R ) 43 4

NTHRARFIGRI A M) AD B30 SCFAs FIASLIE, HEHT T 0400 M. 7 2~12 %
EREEL, 5 HC ZAAHEE, AD 4% SCFAs AKCPIIEUIL (2 2) , Hit AA (P =0.002) f#7£
BFEZER LK 1B) ; £ 12~18 BFERE, 5 HC 4L, AD 41X iso-BA K-FEim, H
R SCFAs B8R, e PA (P=0.016) ZRASIEE N GR2AKE 1C) . RUIAFRFR
Bt AD #3515 35 AR 1) SCFAs /K PAR1E B35 Mtk

BE—BARHEME I . SCORAD V4 B oA N/ IR RVESE, 23 %t AD BT 140
orHT, HEREIR, 8 B SCFAs fE &AL 2 RIS == L (P>0.05) , #RtEml. 5%



T P B R DL To AN NGRS AD B8 35 L& Y SCFAs 7K 6 Y 2 7l
2.5 I SCFAs 5ilEFRIaHs KE A5 47
HI T B2 7R SAHRAE 3 A oAl AD SB35 L& 8 7 SCFAs 51l PR A8 A5 2 8] (1) R IBCRE
(F9AH0C: 0r0 <0.3; HREEAADG: 03 <0r0 <0.5: B8AHK: 05<0r0<1) o 4RETR,
L AA SR 2P ERE AR (B 3A) , LR SCFAs Sl PR r[a]$5 2 55 KB AAH
K (E3B)

B3 SCFAs S5iEPRIE R A i B R 8AER MR
Fig.3 Spearman correlation analysis between SCFAs and clinical indicators

A: Scatter plot of correlation analysis between AA and age; B: Heat map of correlation analysis.
2.6 RBEBERIN

T MetaboAnalyst 6.0 W25 HrF&, K AD 45 HC AW EEZESHERIHEY (P <
0.05) AT & LM, 45RER, BRTREYIA M (FDR=0.341, P=0.003) M43
K fRH&4% (FDR=1, P=0.039) Pz AR E R 0 2 5 4=, {H FDR BB R R 8 Lo
PRI A SRR IX P S5 IE R AE AD TP BB HIAEY 2 0 (B 4D, RETIP 26 ACHHm B% 7  m]
REFE AD HRHF B EZAEH]



B4 Z5 SCFAs BEEEMITE

Fig.4 Pathway enrichment analysis plot of differential SCFAs
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AD S DRI SE P R I o 0 IR AR ISR O, SRE AR A
PSR R AR I AR, HAE LB P RO R R . — T2 AD A BRI R 1 R G475
B, HIAERTER, BAMILER AD B G 2.0%F 4.0%). thsk, fEInghet
ATH)— TR [ B 7S, AD 2L (0~2 $) |« JLE (3~12 &) FIFDE (13~18
) BH LRSI, B R BN 31.7%. 30.0%81 14.9%). Kk, It ke AD S
IR TR TR IS I TR LA AR 2R LA AR T AR AL

SCFAs & — MK 3 E0h 2~6 MRIE 7K/ T A HLER - AAPA 1 BA 5 4577 SCFAs
R 90%~95%, 2 B BK A B ) R 1 e 2 AR =000 Ji il B At = AR AR KT VAL
CA FI3CHE SCFAs, A iso-CA Ml iso-BA, ‘BT I E MR IR KM= A0, B AT
U210, 45 M2 1 9 e & 1) SCFAs SRR, FFIE =4 /b & SCFAs. BEAERFFEIPHIES:, )
U SRR R IR B TR SCFAs JKSF =AM . R, AR /E QI AW F0 5T S O R AT g HE
W A0 49347 P AR i R IR TR B I 2 A

KW FE B R TR, AD 4l SCFAs & &5 HC H¥f#K. Hd, AA. PAFICA
ERBGHIEE L AT R AR AR A 22 R 45 R R, 5 HC 4AALL, AD
BF M CA HEHEFA M. X5 A TR AR 7 22 7 2 AL, AT g2 H T A FF



e BEAERIREA FTAL RS B F 8. LAk, BEAE AD PRI %0 7T SCFAs 1R/>
SR MEREA, Fo 3 B R i T I35 SCFAs ACTF AR, BEAER I HARA 2 LUK 2 &
T A FC I S AR 24 2 R ] UHPLC-MS/MS $5R,  RENS i RS (12 =AM SCFAS.

SCFAs 7E S R T VB AE B R AL 3 325 5 G & FBERZ /& (G protein-coupled
receptor, GPR) . 41 2 ZBEALBEIHI I ARSIEAE A KD 7E AD NRAURIL, AA ]
L5 GPR 43 45440 Th 2 B4 AEs@ g™, [Af AA i@ s & E LB K2t
b g Mk A RO, 1 PA B HH] GPR 43/NF-xB BB AD /BB Tk 4 EN T
ABE T M AL AA R PA /2 AD HIGRIIRI R, IF HAEEK & AA AT PA FIH] Logistic |7l
JARR AL ROC 285, RILHAT AD ISR, W AA 1 PA 1E AD HIRIFHL
il ST AR WA )5 T LA E S . CA 1E AD S8R BB 1 F LA e85
NAMR, HETSH CA REfLEE Th 1/Th 17 BLGB fe N L, BEMH] Th 2 B E ) 20
e, ERBE AR, £ SCFAs Rl SZ AR ML 77 307 AD Gy it Rt i B rh R 4%
HIEEH.

FEAFSER B, AD 45 HC A2 M hAAfE % 7 SCFAs. H T IE W £ HE S AD
R Z 1) [ AT SR AFAE T JE KR0S R 18 T A 1) 503 6 5 45 5 800 SCFAs 1P LL
KA, X A R 5 S0 T 2 i I N SCFAs /KSPEEA [FI4F- 58 B IR 4776 22 57
R — o HBTBOR SRS PSS RIE7R, % SCFAs 5l RARAR A2 2 5540 5 B AAH
K. HARYE SCORAD 1¥73 45 AD 3 7 NEEM P EEH 5, RAKIA &% % 7 1) SCFAS,
IS MR, SCORAD ¥4 55 AA Il BA 4M{IFTA SCFAs 35 &t 556, $R
P 7 ELARE LA KA TG NSRBI Sk AD LI H SCFAs 7K T2 L) o

Ne Wi BR W) & & f%2 (P = 0.003, FDR = 0.341) /£ AD ' EARRAIAEDERE L. H
i, AA T LU F & BAR I ERSS AT IR (Saturated Fatty Acid, SFA) 5 REAEg X rl fiei
FFIE A R AR UO-20 4R, HATSCT SFA RIRERAESN 2 10 (B Fe e b . — Ik 5 />
R TR I, IfE SFA KV ARG KA B IEADC; T — B fi P R, gl RS
f1 AD %)L SCORAD 1173 5 BEFL P AR K-V BLIEAHSG . IRLEEHT ST Z AMFEAET i, R,
SFA FHRE RIS (¥ I A)) T HE— B IR I o

YR K ARBERE (P=0.039, FDR=1) {E£ AD W BA U RKAY Y= L. B
ORI, HEHER K 2 el T 402 25RO I L . AD 41 A I A 40 i 1 i
BEAh, 5 HC #HEL, AD LR 4EAEER K 2 [ G i 2000 SN BURIl. S s 720 B,

44 Z K 2 il 0% MAPK-Mek1-ERK 1/2 Fil SAPK/INK 15 5@ #%, 155 AD BEANIE



AL T A0 G S o RSN SRR A, M) FH 25 35 BRI PP 20 W A B 75 2% 3 R R B AD
WERAERFEZM, Hrpir 2l 5445 K2 MG AR, 78 AD a7 i fE 44
2 K2 Y& RSP, SERgEE 3R K 2 78 AD AOmbL ] o i B 2R

AW FAAAE L RERYE: &5, AW OO FT, $h= KA K ATIE LR 5145
R JLU BTN REURIR, R HY 1) 22 5 1% SCFAs M MR LA AERE By AD 858 ILAh,
WEFERCER AR B LI RAR IR, RIS EARIK AT SCFAs /K-P3EAT RIK 73 HT

Li LR, SR AL A EOR RS HT AR K AD B LIMIEH AAL PA T CA 7K i
HFEAG, Forb, AA NI PA BN AD RIMSZERIPII R, —EEREX AD BA RIFHIIZH
REE. JLEIILL AA FRICON T, FAEHIRL PA BRI, SR ARGERBL AD FIARHI L
FAEZE ST o T SCFAs K-V 5505 M EAERE . AN N/ZRRF N 2 R AAERITESR, RIHLAR
R RE S e AD A& I SEEAIACIPIRES . Bt E R T itn e IR A & S 4R K AR
VTSR AT RELE AD A0 PR FEIBEAE o BT FUONIR A ZERE AD FACIIHLEISREE TR,
HAFET SCFAs HVRIT SR M AEYIAR EPIT K BLE | S BAl o

SR
[1] Napolitano M, Fabbrocini G, Martora F, et al. Children atopic dermatitis: diagnosis, mimics,
overlaps, and therapeutic implication[J]. Dermatol Ther, 2022, 35(12):e15901.
doi:10.1111/dth.15901.
[2] Tian J, Zhang D, Yang Y, et al. Global epidemiology of atopic dermatitis: a comprehensive
systematic analysis and modelling study[J]. Br J Dermatol, 2023, 190(1): 55-61.
doi:10.1093/bjd/ljad339.
[3] Adolph T E, Zhang J. Diet fuelling inflammatory bowel diseases: preclinical and clinical
concepts[J]. Gut, 2022, 71(12): 2574-86. doi:10.1136/gutjnl-2021-326575.
[4] ZEoiE, TkE 5, BRIEME, 25 JET 16SRNA WU 43 AT 03 Bt /) Ui 18 B FE 1R 5 i 1],
TR RL R 22 2E 4], 2024, 59(7): 1116-22. doi:10.19405/j.cnki.issn1000-1492.2024.07.002.

Li Z H, Zhang X F, Chen Y H, et al. The effects of linoleic acid on intestinal flora in mice were
analyzed based on 16sRNA sequencing[J]. Acta Univ Med Anhui, 2024, 59(7): 1116-22.
doi:10.19405/j.cnki.issn1000-1492.2024.07.002.

[5] Xiao X, Hu X, Yao J, et al. The role of short-chain fatty acids in inflammatory skin diseases[J].

Front Microbiol, 2023, 13: 1083432. doi:10.3389/fmicb.2022.1083432.



[6] Xu W, Meng K, Wu H, et al. Vitamin K, immunosuppressive effect on pediatric patients with
atopic dermatitis[J]. Pediatr Int, 2019, 61(12): 1188-95. doi:10.1111/ped.14014.

[7] Rudzki E, Samochocki Z, Rebandel P, et al. Frequency and significance of the major and minor
features of hanifin and rajka among patients with atopic dermatitis[J]. Dermatology, 2004, 189(1):
41-6. doi:10.1159/000246781.

[8] Wollenberg A, Christen-Zach S, Taieb A, et al. ETFAD/EADV Eczema task force 2020 position
paper on diagnosis and treatment of atopic dermatitis in adults and children[J]. Acad Dermatol
Venereol, 2020, 34(12): 2717-44. doi:10.1111/jdv.16892.

[9] Rosenbaum BE, Klein R, Hagan PG, et al. Dermatology in Ghana: a retrospective review of skin
disease at the Korle Bu Teaching Hospital Dermatology Clinic[J]. Pan Afr Med J, 2017, 26: 125.
doi:10.11604/pam;j.2017.26.125.10954.

[10] MacFarlane S, MacFarlane G T. Regulation of short-chain fatty acid production[J]. Proc Nutr
Soc, 2003, 62(1): 67-72. doi:10.1079/pns2002207.

[11] Rios-Covian D, Gonzalez S, Nogacka A M, et al. An overview on fecal branched short-chain
fatty acids along human life and as related with body mass index: associated dietary and
anthropometric factors[J]. Front Microbiol, 2020, 11: 973. doi:10.3389/fmicb.2020.00973.

[12] Mann E R, Lam Y K, Uhlig H H. Short-chain fatty acids: linking diet, the microbiome and
immunity[J]. Nat Rev Immunol, 2024, 24(8): 577-95. doi:10.1038/s41577-024-01014-8.

[13] Corbin K D, Carnero E A, Dirks B, et al. Host-diet-gut microbiome interactions influence
human energy balance: a randomized clinical trial[J]. Nat Commun, 2023, 14: 3161.
doi:10.1038/s41467-023-38778-x.

[14] Blicharz L, Samborowska E, Zagozdzon R, et al. Severity of atopic dermatitis is associated
with gut-derived metabolites and leaky gut-related biomarkers[J]. Sci Rep, 2025, 15: 26146.
doi:10.1038/s41598-025-09520-y.

[15] Ye S, Wang J, Luo F, et al. Gut microbiota metabolite acetate mediates free fatty acid receptor
2 expression to alleviate atopic dermatitis[J]. Front Microbiol, 2025, 16: 1595532.
doi:10.3389/fmicb.2025.1595532.

[16] Gao X, Lin S H, Ren F, et al. Acetate functions as an epigenetic metabolite to promote lipid

synthesis under hypoxia[J]. Nat Commun, 2016, 7: 11960. doi:10.1038/ncomms11960.



[17] Li D, Luo Z B, Zhu J, et al. Ginsenoside F2-mediated intestinal microbiota and its metabolite
propionic acid positively impact the gut—skin axis in atopic dermatitis mice[J]. J Agric Food Chem,
2024, 72(1): 339-50. doi:10.1021/acs.jafc.3c06015.

[18] Abrahamsson T R, Jakobsson H E, Andersson A F, et al. Low diversity of the gut microbiota in
infants with atopic eczema[J]. J Allergy Clin Immunol, 2012, 129(2): 434-40.c2.
doi:10.1016/j.jaci.2011.10.025.

[19] Kindt A, Liebisch G, Clavel T, et al. The gut microbiota promotes hepatic fatty acid desaturation
and elongation in mice[J]. Nat Commun, 2018, 9: 3760. doi:10.1038/s41467-018-05767-4.

[20] Gao Z, Yin J, Zhang J, et al. Butyrate improves insulin sensitivity and increases energy
expenditure in mice[J]. Diabetes, 2009, 58(7): 1509-17. doi:10.2337/db08-1637.

[21] Woods R K. Fatty acid levels and risk of asthma in young adults[J]. Thorax, 2004, 59(2): 105-
10. doi:10.1136/thorax.2003.009498.

[22] Wang L C, Huang Y M, Lu C, et al. Lower caprylate and acetate levels in the breast milk is
associated with atopic dermatitis in infancy[J]. Pediatric Allergy Immunology, 2022, 33(2): e13744.
doi:10.1111/pai.13744.

[23] Zhang M, Miura T, Suzuki S, et al. Vitamin K2 suppresses proliferation and inflammatory
cytokine production in mitogen-activated lymphocytes of atopic dermatitis patients through the
inhibition of mitogen-activated protein kinases[J]. Biol Pharm Bull, 2021, 44(1): 7-17.
doi:10.1248/bpb.b20-00079.

[24] Bay L, Barnes C J, Fritz B G, et al. Unique dermal bacterial signature differentiates atopic
dermatitis skin from healthy[J]. mSphere, 2025, 10(6): €00156-25. doi:10.1128/msphere.00156-25.
[25] Shats I, Williams J G, Liu J, et al. Bacteria boost mammalian host NAD metabolism by
engaging the deamidated biosynthesis pathway[J]. Cell Metab, 2020, 31(3): 564-79.e7.

doi:10.1016/j.cmet.2020.02.001.



