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Relationship between serum ferroptosis-related indexes and cognitive impairment in postmenopausal women
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[ Abstract | Objective To explore the relationship between serum ferroptosis-related indexes and cognitive
impairment in postmenopausal women. Methods A total of 148 women were selected from Department of Neurology of
The First Affiliated Hospital of Naval Medical University (Second Military Medical University) from Aug. 2019 to Dec.
2021, including 22 cases in reproductive group, 11 in perimenopausal group, and 115 in postmenopausal group. The general
information and serum ferroptosis-related indexes (glutathione peroxidase 4 [GPX4 ], reduced glutathione [ GSH], cystine/
glutamate antiporter [system Xc~ ], acyl-CoA synthetase long-chain family member 4 [ ACSL4 ], reactive oxygen species
(ROS), lipid hydroperoxide [LPO ], and malondialdehyde [MDA ]) of the 3 groups were compared. According to Montreal
cognitive assessment (MoCA) score, the postmenopausal women were divided into cognitive impairment group (n=77)
and non-cognitive impairment group (7=238). The levels of the serum ferroptosis-related indexes were compared between
the 2 groups. Multiple logistic regression model was used to analyze the influencing factors of cognitive impairment
in postmenopausal women. Receiver operating characteristic (ROC) curve was used to analyze the diagnostic value of
the influencing factors for cognitive impairment in postmenopausal women. Results Compared with the reproductive
and perimenopausal groups, the MoCA score of the postmenopausal group was significantly lower (both £<<0.05). The
serum levels of system Xc , GPX4, GSH, ACSL4, ROS, LPO and MDA were gradually increased in the reproductive,
perimenopausal and postmenopausal groups, and the differences were significant (all <<0.001). Compared with the non-

cognitive impairment group, the educational years of the postmenopausal women was significantly shorter in the cognitive
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impairment group, and serum levels of system Xc , GPX4, GSH, ACSL4, ROS, LPO and MDA were significantly higher
(all P<<0.05). Multiple logistic regression analysis showed that educational years (OR=0.785, 95% confidence interval
[CI]0.662-0.930, P=0.005) and serum GSH (OR=1.291, 95% CI 1.087-1.534, P=0.004) were the influencing factors of

cognitive impairment in postmenopausal women, and ROC curve analysis showed that area under curve of the combination

in diagnosing cognitive impairment was 0.764, with a sensitivity of 0.750 and a specificity of 0.676. Conclusion The serum
levels of ferroptosis-related indexes system Xc , GPX4, GSH, ACSL4, ROS, LPO and MDA are increased in postmenopausal

women. Serum GSH is associated with cognitive impairment, and its combination with educational years may be a potential

marker for early diagnosis of cognitive impairment in postmenopausal women.

[ Key words | postmenopausal women; cognitive impairment; ferroptosis; iron metabolism
[ Citation ] WANG N, WANG L, GU Z, et al. Relationship between serum ferroptosis-related indexes and cognitive
impairment in postmenopausal women[J]. Acad J Naval Med Univ, 2024, 45(4): 470-476. DOI: 10.16781/j.CN31-2187/

R.20230667.

INHIBEAG 2 — 2 LR AR M A D) e 401 5 %
O, WREEE HE AN SR T AERE 4%
W BIRGER RIZE A AE, AR AR A . B
FAH I AR, NIRRT e R A T e,
LR SR E A 35 T ) P T N T A R
WRRM, LM R AR e T HM, T
4 28 5 Lo PN TR A %) SR LS T SR 15 - 2424 [+
SRR BERER 2450 L I, RELAZ IR LA
HIDRENWGR, LA G R INAIBERS A R, X
TR P2 AT A R

Y AT RS20 A SRR B AR, L R
RN IR . MEREACE TR H 2451k Bl
BAZEIL, AFERERD, RAPoKFRd 2
RIS TR 0 BRAE T — P MR 4 i o it
E 4k (lipid hydroperoxide, LPO ) FREGEATAN
MIBET 7, R PR Y kBT AT R A
MY 28 Je e N e A &R . SEREAFSEIE
B, MERDTRR . BAET RN RS 1Y & AR 5 ke
EEEEMEM S, HE RIS SN E ke
ToMIRFE bR S 42 J5 Lo MEINRIBEG e RO HGE . Bk
ST R KA . AW H BRAC AR i 48 ik
SR AT ", ARG L A 28 5 A P RS
XT4, BRIT IS BRAET-AH A8 bR -5 48 28 J5 2o PRI
Bl FR .

1 BRFHE

1.1 AFRxT % PEFE 2019 4F 8 H % 2021 4E 12 A
L2 TR R2E (5 "R R) H—HEEE
BEt 2 NRH R 148 1, AW ARRME: (1) 4E
“=18 %5 (2) /INERLLESCIOEEE HRERSHC A
SERUAR O HA B RV . HEBRPRUE: (1) M

Mg . 249 Sl TG 45 T i R 3 A DA e
s (2) A Eree . Wraesif; (3) f™
AR PIARAERE A AR 38 A TR TR R B L 3
3, MY A 2, A Joa WIIEIR I I A
oy R ER Y AR, DLRESIER 1L R
BAES I EEWA (224]) | B4z
(114 ) Az )mel (115 61)) o AR A 4L
R (R RY) H—MIRER R &
Hitt (B2021-047)

1.2 BrRFik

12,1 —MyepdcE  IERE AN, g
RS ZHEFR . SRR BRI g
MURENG . R s | AT R A o s A

122 et RHAZHFFRURNVAPEL &R
( Montreal cognitive assessment, MoCA ) Xt
HEAT NI RETEAL 2 . MoCA MBS S (&
IS RE R 0.92) , PH—EH 3 4F ( Cronbach’s a
FECR 0.83) , S S MRS A 3R W E A G
(HEFRER 0.87) 7,

FH AR AS ] 5D 0 I 0 39 Jo ) i R I8 Ui A 22
it R AR TR B I #5417 AL . AR 9IS MoCA
PRI, ZotEZ B EER<12 £ 1 700 MoCA
PO R4 R 30 43, MoCA PRAMBAR AR 7% TA 1 )
REZ PLH™ H . MoCA P-4 =26 43 FKn N M T fig
IE%, MoCA TF4»<26 S mil s
123 MRARARRE RN SRAEBE RS EH
ok it % A5, A ELISA Rz & ( LA 9
PHEARA R B gK . J5 R4 4 mL #
Jok M B iE, FH ELISA At & ( il it A
PIRHA AR ) Rl i i rh R e T A G bR (4
JoEH RRAR R bR . AR BT A AL R AR ) o AR



« 472 .

MR R 2024 4E 4 H, 45 %

FRACHFE bR A 454 e H IR S AL 4 ( glutathione
peroxidase 4, GPX4) . ifJAAIAMEH AR (reduced
glutathione, GSH) FUBEZ(R / 4 & W2 S In] i iz 1A
( cystine/glutamate antiporter, Xc ZR%4 ) , AR
SR RO FE b B4 TR LA T A B R BE S
51 4 (acyl-CoA synthetase long-chain family member
4, ACSL4) . 1% 1 % (reactive oxygen species,
ROS ) . LPO FI7N — % ( malondialdehyde, MDA ) ",
1.3 %t A= W SPSS 26.0 i 17 4 ds
SHTe THERTORL DL BRI B RN, 4R
K K9, 2 5 LR H Bonferroni 5. X it
15 7ORHETT Shapiro-Wilk £ 55, 2 IEAS0 i it
TERLA X £ R, P [E) LGRS AR A 1 F
55, ZAM BRI ZE )y 2500, Z2E ECR
JH Bonferroni ¥ 5 A5 1R BORHA A7 4k
CFrasrfig, Erbsrfigh) #on, WA
& H Mann-Whitney U £ 5%, £ 2 [6] & H Kruskal-
Wallis H K5, 2 H R H Bonferroni 5. 5% H]
% & logistic [P AR AY, 5@ i 4SBT UAR L

INHIERG B 52 2R, IF2k H ROC & PFAl HxT
24 22 J5 N B B 2 W (. K30 KHE (o)
4 0.05,

2 # R

2.1 3 Aok 6 — % TR A Bk ST T Al K R AR
sk Jb A4 148 Bl ik, HpAF W 22 4, 4
W 20~44 %, ¥ (31.36+£8.73) % 441
11 1), 4Fi% 45~52 %, F1 (49.55+230) %

A2 )5 115 ), 4FH8 56~79 %, V44 (67.061+5.58 )
%, WG YEFRE T AR ML (P<
0.01) , 5 5EAaL k24 FFRER T
it E X (P=0.266) . 42 )5 4 A MoCA
VAR AT - LM (P<0.01) FIE 42 0 40t
(P=0.037) o #8285 Lo e I 5 FIR v 1
e A A L e ) ot (34 P<<0.05)

A 2 Ji5 Lo RN L 246 28 3 Lo e R R TR INRE B A
S He s T AR E W Aot ($P<<0.05) o 3
2 P R S AR sk 22 R TE S i S (B P>

K Clamif: Z60F) T8 &, 0 Mréfs 285 Lotk

0.05) . W1,

F1 3HETMEH—RFERAMIFRE TEXIERLR

Tab 1 Comparison of general information and serum ferroptosis-related indexes among women in 3 groups

Reproductive group Perimenopausal group

Postmenopausal group

Characteristic N=22 N=11 N=115 Statistic P value
Age/year, X+ 31.36+8.73 49.55+2.30" 67.0615.58"4% F=347.782 <0.001
Education/year, M (Q,, Q) 12.(9, 16) 1209, 12) 9(9,12)" H=8.768 0.012
Risk factor, 1 (%)

Hypertension 0 1(9.1) 38 (33.0)"" 21=18.069  <0.001
Diabetes mellitus 0 1(9.1) 70 (60.9)"" 1=34612  <0.001
Hyperlipidemia 0 3(27.3) 20 (17.4) 7 =8.704 0.013
Stroke history 0 2(18.2) 24 (20.9) £=9.330 0.009
Smoking 10 (45.5) 4 (36.4) 50 (43.5) 2£=0.262 0.877
Drinking history 6(27.3) 3(27.3) 35 (30.4) 2=0.124 0.940
MoCA score, M (Q,, Q) 28 (26, 29) 26 (25,29) 23 (20, 26)"" H=24.926  <0.001
Cognitive impairment, 7 (%) 0 3(27.3) 77 (67.0) 7=36.768  <0.001
Laboratory test, X+
Serum iron/(umol*L™") NA 17.32£5.32 14.97£4.45 t=1.074 0.290
System Xc /(pgemL ") 318.00+£85.80 398.73+£150.50 571.794140.92" F=34.956  <0.001
GPX4/(UsmL™") 43.83+11.13 52.05+16.14 67.89422.19"" F=14361  <0.001
GSH/(ngemL™") 6.36+1.17 9.18+4.14" 10.99+2.88" F=25791  <0.001
ACSL4/(ngemL™") 171.73+£32.48 194.34+83.26 272.81+68.87" F=24753  <0.001
ROS/(IU-mL™") 680.74+170.16 813.06+172.01 1159.91+264.52"4" F=38.008  <<0.001
LPO/(ng=mL ") 23.9245.33 34.89+13.14" 42.61£10.77" F=30.175  <0.001
MDA/(nmol*L™") 6.76+1.65 7.82+4.06 11.1442.42744 F=33.099  <0.001

"P<<0.05, "P<<0.01 vs reproductive group; “P<<0.05, ““P<<0.01 vs perimenopausal group. MoCA: Montreal cognitive

assessment; System Xc : Cystine/glutamate antiporter; GPX4: Glutathione peroxidase 4; GSH: Reduced glutathione; ACSL4: Acyl-

CoA synthetase long-chain family member 4; ROS: Reactive oxygen species; LPO: Lipid hydroperoxide; MDA: Malondialdehyde;
NA: Not available; M (Q,, O): Median (lower quartile, upper quartile).
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Tab 2 Comparison of general information and serum ferroptosis-related indexes of postmenopausal women with and

without cognitive impairment

Characteristic Non-cognitive impairment N=38  Cognitive impairment N="77 Statistic P value
Agelyear, x T 68.29+5.29 66.45+5.65 t=1.672 0.097
Education/year, M (Q,, O,) 129, 15) 99, 12) Z=-3.291 0.001
Risk factor, 7 (%)

Hypertension 7 (18.4) 31 (40.3) 21 =15.093 <0.001
Diabetes mellitus 20 (52.6) 50 (64.9) 2 =0.759 0.384
Hyperlipidemia 5(13.2) 15 (19.5) 7=0.031 0.860
Stroke history 4 (10.5) 20 (25.9) 71 =0.187 0.665
Smoking 24 (63.2) 26 (33.8) 2 =9.240 0.002
Drinking history 14 (36.8) 21 (27.3) 2 =1.050 0.306
MoCA score, M (Q,, O,) 28 (26, 29) 21(18,23) 7=—8.724 <0.001
Laboratory test, x s
Serum iron/(umol=L ") 17.21+1.73 14.25+4.82 t=1.683 0.102
System Xc /(pgemL ") 494.50+132.35 601.71+133.44 t=—3.349 0.027
GPX4/(UsmL ™" 61.41+17.61 71.09423.59 t=—2238 0.027
GSH/(ng*mL ") 9.61+2.69 11.67+£2.74 t=—3.828 <0.001
ACSL4/(ngsmL ") 235.39+66.64 293.94+61.09 t=—4.387 <0.001
ROS/(IUmL™") 1006.18+237.16 1246.70+239.89 t=—4.761 <0.001
LPO/(ng*mL ") 36.05+10.15 45.144+9.97 t=—3.776 <0.001
MDA/(nmol+L™") 9.82+2.31 11.8842.16 t=—4.399 <0.001

MoCA: Montreal cognitive assessment; System Xc : Cystine/glutamate antiporter; GPX4: Glutathione peroxidase 4; GSH:

Reduced glutathione; ACSL4: Acyl-CoA synthetase long-chain family member 4; ROS: Reactive oxygen species; LPO: Lipid
hydroperoxide; MDA: Malondialdehyde; M (Q,, Op): Median (lower quartile, upper quartile).
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Fig1 ROC curve analysis of education level combined
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GSH: Reduced glutathione; ROC: Receiver operating characteristic;

AUC: Area under curve.
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