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Trimethylamine oxide and serum amyloid A in diagnosis of
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Abstract: Objective To investigate the diagnostic value of trimethylamine N-Oxide ( TMAO) and serum amyloid A
(SAA) levels in peripheral blood of patients with chronic cerebral hypoperfusion (CCH). Methods The patients
attending the Department of Neurology of Sichuan Provincial People’s Hospital from February 2022 to June 2022 were
divided into CCH group (n=55) and control group (n=42) based on the results of magnetic resonance arterial spin
labeling ( ASL). The levels of TMAO and SAA were detected by ELISA and their diagnostic value for CCH were
anaylzed by ROC curve. Results The levels of TMAO (47.24+8.84 vs 40.81+8.33, 1=3.639, P<0.05) and SAA
(14.04+2.70 vs 12.20+2.30, $=3.542, P<0.05) in CCH group were significantly higher than those in control group.
High levels of TMAO and SAA and history of primary hypertension were independent risk factors for the occurrence of
CCH (P<0.05). The areas under ROC curve ( AUC) of TMAO and SAA for diagnosing CCH were 0.701 (95%CI .
0.594-0.809) respectively and 0.675 (95%CI; 0.565-0.786). The combined detection of TMAO and SAA achieved
the highest AUC of 0.765 (95%CI; 0.667-0.863). Conclusion Both TMAO and SAA are related to the occurrence of
CCH and can be used as auxiliary diagnostic indicators for CCH.

Keywords: Chronic cerebral hypoperfusion; Trimethylamine N-Oxide; Serum amyloid A ; Arterial spin labeling technique
Fund program: Science and Technology Department of Sichuan Province (2021YFS0074); Chengdu Science and

DOI;

10. 13429/]. enki. cjer. 2023. 08. 012

HEEWMB: WIARHEITIHE (2021YFS0074) 3 siab iR /& KRHE /AW H (2019-YF09-00142-SN)
BIEEE. 4x6E, E-mail. 18981838652@ 126. com
H AR HEF: 2023-08-20



FEIERIIZE 2023 42 8 HES 36 #5535 8 1] Chin J Clin Res, August 2023, Vol.36, No.8

- 1171 -

Technology Bureau Major Technology Application Demonstration Project (2019-YF09-00142-SN)

PRk B i ( CCHY) | SORRYE P il 1 1A J2 A8 P
ORI 13245 vh 22 g TR S 350, [ I SAE Sy oAt AR O
PR 18—l DAL, 0 06 I8 AH D0 118 & A R R v
PEE AT, B BB s A i A
PENHN ) RE B A% | BT /R % 06 R 55 22 Fh i 82 R G 9%
Y. CCH Rl & 2%, HRT#F 9 & 9L CCH £
B PR U S 28 T I T SR R SO AR AR N
PR e F AR B AT | I PN e I e Ry i o4 il
AL B 52 B PR AE T  EFR B ST A B
481k = B i (trimethylamine N-Oxide, TMAO) | Il i&E vE
FIFEE I A(serum amyloid A, SAA) 55 al i i Z2 ML
HSE A i 2k 5 s S HAE CCH i
IR M ATERE . ABFTEE A R CCH B 5 X IR
HAMNA ML TMAO F1 SAA k7K, I T4k B A
REEME B I 2 b S W B B 12 1 CCH,

1 #REHE

1.1 BRst% HA202242 A2 6 HIWIIA A
RERE M2 NRHLIZ 1Y B AT 4, i Az g At
PRENK A BEPRIC (ASL) KA 45 50 CCH 20 K %t iR
2, CCH 099 AHRHE: 1% 40~80 %/ ; HA CCH 1)
w2 R TR 5 ASL G 2 H2 % Ml L 9 ek A AT
HEBRARE < 30 A 1 RR A (G 28 A ki v 2l Jok Ak Rz X
1/3) s B4R 200 LAE K 5 S0t C WUREBE 5 3 1 s B
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Fe3RH (47.24£8.84 vs 40.81+8.33,1=3.639, P<
0.01) SAA Fik 5 (14.04+2.70 vs 12.20+2.30,1 =
3.542, P<0.01) = TXT IR, 2 A Gt .
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0.05/ X F1EN H A B 44 A £ [H & logistic [A] 17,
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AT G R (P<0.05) o L 2,
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{4 TMAO Hjlti2 Wi CCH [ AUC 3 0.701,95% CI
7 0.594~0.809 , S AE#WTE N 41.91 pg/mL, FUREE
K 78.0% , i 5 B R 59.5% 3 SAA Hghi2 K CCH (1)
AUC 7 0.675,95%CI /0.565 ~0.786 , 5 A=A Wi {5
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Fig. 1 Colour map of cerebral perfusion
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Tab. 1 Comparison of clinical data between two groups

iH CCH #l(n=55) XIR4l(n=42) v/Z/X* i P
AR (%) 63.1£7.7 61.7£9.2 0.815 0.417
b 23(41.8) 27(64.3) 4.813 0.028
A b 14(25.5) 6(14.3) 1.815 0.178
TR P 15(27.3) 7(16.7) 1.528 0.216
B LR R 23(41.8) 7(16.7) 7.052 0.008
TR s 10(18.2) 6(14.3) 0.262 0.608
Ifi A ( mmol /L) © 5.24(4.98, 5.74) 4.95(4.51,5.83) 2.119 0.034

311.96+71.12 312.65+75.74 0.046  0.963
1.67(1.13, 2.36) 1.57(1.05, 2.27)  0.531 0.597

SRR (wmol/L)?
TG ( mmol/L) ¢

TC(mmol/L)* 5.09£0.94 4.41£1.07 3.243  0.001
LDL-C( mmol/L)* 3.18+0.84 2.60+0.92 3.233  0.002
HDL-C(mmol/L)* 1.46+0.30 1.35£0.33 1.713  0.009
non-HDL-C( mmol/L)* 3.63+0.89 3.06+1.01 2.948  0.004
non-HDL-C/HDL-C* 2.60+0.83 2.38+0.92 1.234  0.220
TG/HDL-C® 1.07(0.72, 1.66) 1.28(0.68, 1.96)  0.186  0.853
TC/HDL-C* 3.60+0.83 3.40+0.94 1.110 ~ 0.270
LDL-C/HDL-C* 2.25£0.65 1.99£0.75 1.826  0.071
Apo-Al/B¢ 1.6(1.3, 1.9) 1.8(1.3, 2.1) 1.244  0.213
Hey (wmol/L) ¢ 12.4(10.6, 14.3) 11.4(9.85, 14.35) 0.846  0.398

Wt A xs " LI (%) 55 LA M(Pos , Pas) 7R

%2 CCH R4EMEZHZE logistic [[]IT43H7

Tab. 2 Multivariate logistic regression analysis of CCH

I H B SE Wald P OR(95%CI)
Jliki 0.224 0.272 0.678 0.410 1.251(0.734~2.133)
TC 0.800 1.023 0.612 0.434 2.227(0.300~16.543)
LDL-C 0.840 0.989 0.721 0.396 2.315(0.333~16.072)
non-HDL-C -0.648 0.930 0.486 0.485 0.523(0.085~3.234)
SAA 0.283 0.117 5.873 0.015 1.327(1.056~1.669)
TMAO 0.079 0.035 5.182 0.023 1.082(1.011~1.158)
AIFEE 1.259  0.638  3.898  0.048  3.522(1.009~12.295)
Ik 0.582 0.541 1.158 0.282 1.789(0.620~5.161)
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Fig. 2 The ROC curve of TMAO and SAA for CCH patients
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(55 CCH &4, TMAO 2 —Ffid: T
TR Y, A 5 O R T-kB (NF-kB)
fil SIRT,-SOD, -4k & ROS {553 ' B 3T 22
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TR, A NLRP3 R IMAS 755 P4 iz 41 i 3
REFREAG , foff 00 o e 380 375 1 3 I, s 412 22 2y Jok o A
AR A TR U 1 A5 25 ) e 72 A A o A U
I AR AT RAREE T 5 K 1 — FR B ik D g B i 25
Bk

ARG, CCH 4 TMAO J% SAA 7K -4 % R
AR ETHE, I CCH & J& i 7 BRI 48 9 Jz 2
RekEnT | Bg BT A 25 8L A Bl Ik ok A 5 Ak, DT =2 3K
TMAO SAA Kyl a8 #1275 TMAO SAA %t CCH 1)
W EA —E M E. ROC ikt i /R TMAO  SAA
FAPHAS N2 B CCH. I SRR B 35 v , R R S B AT, T
PR BB A AT K B2 4 =2 W CCHL A U B2 Ry
FERE o P T I i () 1 e O PR 5 IR
JE A RS S WA AT v I A B IR PP R T 452 28 B A
O EPR G 55 & A: CCH iy fas A ] DL o A I SAA
F1TMAO K470 A5 i e U B2 i

g5 ik, CCH J8 35 i (PR 1 A 22 WL T4t
Tot Je it H R 7 CCH S8 35 Ry 51N 22 % fini 20 21
il AMJE I TMAO (SAA 5 CCH 1y & A= Al 37 ARG 5
TMAO F11 SAA X CCH HA — & 2 Wi {a, v L3
& CCH py e N AT 0I5 T A, HL P 48 bREX &
Kt CCH A2 Wikt R s = o
I EE

&% 3k

(1] ZEdeme, s 3¢, XU E J A M i Bl i e PR i2 R % K ILR [T ] h
[ LIl B A5, 2022,25(6) :661-667.

Li JZ, Zhang JW, Liu HF. Expert consensus on clinical diagnosis
and treatment of chronic cerebral ischemia [ J]. Chin J Pract Nerv
Dis, 2022, 25(6) : 661-667.

[2] Ciacciarelli A, Sette G, Giubilei F, et al. Chronic cerebral hypoper-
fusion: an undefined, relevant entity[J]. J Clin Neurosci, 2020,
73. 8-12.

[3] Daulatzai MA. Cerebral hypoperfusion and glucose hypometabolism ;
key pathophysiological modulators promote neurodegeneration, cog-
nitive impairment, and Alzheimer’s disease [ J]. J Neurosci Res,
2017, 95(4) : 943-972.

[4] Duncombe J, Kitamura A, Hase Y, et al. Chronic cerebral hypoper-
fusion: a key mechanism leading to vascular cognitive impairment
and dementia. Closing the translational gap between rodent models
and human vascular cognitive impairment and dementia[ J]. Clin Sci
(Lond), 2017, 131(19) : 2451-2468.

[5] DuSQ, Wang XR, Xiao LY, et al. Molecular mechanisms of vascu-



- 1174 -

(8]

[10]

[11]

[12]

[13]

[14]

[15]

F I RFSE

2023 4E 8 HH 36 %5 8 ] Chin J Clin Res, August 2023, Vol.36, No.8

lar dementia; what can be learned from animal models of chronic
cerebral hypoperfusion? [ J]. Mol Neurobiol, 2017, 54 (5):
3670-3682.

Zhao Y, Gong CX. From chronic cerebral hypoperfusion to
alzheimer-like brain pathology and neurodegeneration[ J]. Cell Mol
Neurobiol, 2015, 35(1): 101-110.

Witkowski M, Witkowski M, Friebel J, et al. Vascular endothelial
tissue factor contributes to trimethylamine N-oxide-enhanced arterial
thrombosis[ J]. Cardiovasc Res, 2022, 118(10) : 2367-2384.
TR L A = e S O PR R R T R [ 1] h e
SIS SR YT 2435 ,2022,36(2) :203-205.

Xu TY, Jiang H. Trimethylamine N-oxide and cardiovascular
diseases[ J]. J Chin Pract Diagn Ther, 2022, 36(2): 203-205.
B, B, 5N SC L = W e 5 P 28 2R G5 o A DG PR
FEREL ] RS W 567 28 4, 2021,35 (12) : 1294 -
1296.

Huo XJ, Qin XM, Zhang JW. Relationship between trimethylamine-
N-oxide and nervous system diseases[ J]. J Chin Pract Diagn Ther,
2021, 35(12): 1294-1296.

Liang T, Wang SC, Zhang DT, et al. Evaluation of lipoprotein-asso-
ciated phospholipase A2, serum amyloid A, and fibrinogen as diag-
nostic biomarkers for patients with acute cerebral infarction[ J]. J
Clin Lab Anal, 2020, 34(3) : €23084.

R, T 0, S P A R A e 2 P e P I 2 o R A
BN AT AN M R A5 I i AR AR A [0 ] 5 5 B i R 4
5,2022,19(3) :69-74.

Li YJ, Wang L, Yang X, et al. Expression changes of circulating
endothelial progenitor cells and their inducible factors in patients
with chronic cerebral hypoperfusion and acute ischemic stroke[ J].
Pract J Clin Med, 2022, 19(3) : 69-74.

AXEAE X B, BRI, S5/ 0 ™ R B Sk IR OC R
AR PR I 5T [0 ] o Il 0 Ik O 8 B2 2 2R A, 2017, 9 (12)
1433-1435.

Zhao HY, Liu ZX, Wei W, et al. Relationship between severity of
cerebral small vessel disease and dizziness[ J]. Chin J Evid Based
Cardiovasc Med, 2017, 9(12) ; 1433-1435.

Qureshi AI, Caplan LR. Intracranial atherosclerosis [ J]. Lancet,
2014, 383(9921) : 984-998.

Li BQ, Lu XC, Moeini M, et al. Atherosclerosis is associated with a
decrease in cerebral microvascular blood flow and tissue oxygenation
[J]. PLoS One, 2019, 14(8): €0221547.

Toda N, Okamura T. Cigarette smoking impairs nitric oxide-
mediated cerebral blood flow increase: implications for Alzheimer’s
disease[ J]. J Pharmacol Sci, 2016, 131(4) . 223-232.

Choi JY, Cui Y, Kim BG. Interaction between hypertension and cer-
ebral hypoperfusion in the development of cognitive dysfunction and
white matter pathology in rats [ J ]. Neuroscience, 2015, 303
115-125.

Xiao WP, Su JB, Gao XJ, et al. The microbiota-gut-brain axis par-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

ticipates in chronic cerebral hypoperfusion by disrupting the metabo-
lism of short-chain fatty acids[ J]. Microbiome, 2022, 10(1): 62.
Zhang XL, Li YN, Yang PZ, et al. Trimethylamine-N-oxide
promotes vascular calcification through activation of NLRP3 ( nucleo-
tide-binding domain, leucine-rich-containing family, pyrin domain-
containing-3) inflammasome and NF-kB ( nuclear factor kB) signals
[J]. Arterioscler Thromb Vasc Biol, 2020, 40(3) : 751-765.

Trimethylamine-N-oxide induces vascular inflammation by activating
the NLRP3 the  SIRT3-SOD2-mtROS
signaling pathway[ J]. J] Am Heart Assoc, 2017, 6(11) : e002238.
Seldin MM, Meng YH, Qi HX, et al. Trimethylamine N-oxide pro-

inflammasome  through

motes vascular inflammation through signaling of mitogen-activated
protein kinase and nuclear factor-kB[ J]. J Am Heart Assoc, 2016,
5(2): €002767.

Singh GB, Zhang Y, Boini KM, et al. High mobility group box 1
mediates TMAO-induced endothelial dysfunction[J]. Int J Mol Sci,
2019, 20(14) ; 3570.

Schuchardt M, Priifer N, Tu YX, et al. Dysfunctional high-density
lipoprotein activates toll-like receptors via serum amyloid A in vascu-
lar smooth muscle cells[ J]. Sci Rep, 2019, 9(1) . 3421.

Zhu S, Wang YJ, Chen WQ, et al. High-density lipoprotein
(HDL) counter-regulates serum amyloid A (SAA)-induced sPLA2-
IIE and sPLA2-V expression in macrophages[ J]. PLoS One, 2016,
11(11): e0167468.

Li W, Zhu S, Li JH, et al. Serum amyloid A stimulates PKR ex-
pression and HMGBI TLR4/RAGE
receptors[ J]. Mol Med, 2015, 21(1): 515-525.

Baranova IN, Souza ACP, Bocharov AV, et al. Human SR-B Il me-

release possibly through

diates SAA uptake and contributes to SAA pro-inflammatory
signaling in wvitro and in wivo [ J]. PLoS One, 2017, 12
(4): e0175824.
Abouelasrar Salama S, Gouwy M, Van Damme J, et al. The turning
away of serum amyloid A hiological activities and receptor usage[ J].
Immunology, 2021, 163(2): 115-127.
Yu J, Zhu H, Taheri S, et al. Serum amyloid A-mediated inflamma-
some activation of microglial cells in cerebral ischemia[ J]. J Neu-
rosci, 2019, 39(47) . 9465-9476.
De Buck M, Gouwy M, Wang JM, et al. The cytokine-serum
amyloid A-chemokine network [ J]. Cytokine Growth Factor Rev,
2016, 30: 55-69.
Seidl SE, Pessolano LG Jr, Bishop CA, et al. Toll-like receptor 2
activation and serum amyloid A regulate smooth muscle cell extracel-
lular matrix[ J]. PLoS One, 2017, 12(3) : e0171711.
Mayer FJ, Binder CJ, Krychtiuk KA, et al. The prognostic value of
serum amyloid A for long-term mortality among patients with subclin-
ical carotid atherosclerosis [ J ]. Eur J Clin Invest, 2019, 49
(6): e13095.

Wris B HE: 2022-11-29 {EEH#:2023-01-08 44g. 207



