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[ Abstract ] Objective To investigate the distribution characteristics of sex hormones and
their relationship with all-cause mortality in Hainan female centenarians. Methods All the subjects
were from China Hainan Centenarian Cohort Study. A total of 717 female centenarians were included
in the final analysis. Kaplan-Meier method was used to draw the survival curve, and Cox
proportional hazard regression was used to analyze the relationship between sex hormones and
survival time. Results The M(Q,, Q,) of estradiol and progesterone among female centenarians was
32.60 (18.40, 58.70) pmol/L and 0.62 (0.32, 1.01) nmol/L. The estradiol (pmol/L) and progesterone
(nmol/L) in the survival and death groups were 26.65 vs. 37.80, 0.54 vs. 0.69, respectively, with
statistical differences (P<0.05). Cox multivariate analysis showed that estradiol and progesterone
were significantly associated with death (P<0.05), the hazard ratio (HR) of estradiol Q, was 1.58
(95%CI: 1.17-2.15), and the HR of progesterone Q, was 1.53 (95%CI: 1.10-2.12), HR for Q,was 1.63
(95%CI: 1.15-2.32). Subgroup and cross-analysis showed that estradiol was statistically significant
with hypertension, diabetes, and low high-density lipoprotein cholesterol (P<0.05), and
progesterone interacted with diabetes (P=0.016), while testosterone interacted with low
high-density lipoprotein cholesterol (P=0.034). Conclusion It is suggested that the estrogen levels
of female centenarians in Hainan were associated with a higher mortality risk and an increased risk
of cardiovascular metabolic disease (such as diabetes, hypertension, and abnormal lipid
metabolism).

[ Keywords] Sex hormones; All-cause mortality; Female centenarian

Fund programs: National Natural Science Foundation of China (81941021, 82173589,
82173590); National Key Research and Development Program of China (2018YFC2000400); Military
Health Care Project (22BJZ25); National Science and Technology Resource Sharing Service Platform
Plan Project of China (YCZYPT[2018]07); General Program of Hainan Province Natural Science
Foundation (820MS126); Specific Research Fund of The Innovation Platform for Academicians of

Hainan Province (YSPTZX202216)

PEWCER AR 5 i (0 P 22 S PR EE A .
TR, MERCR TR S TR R G, HA B
THEFFSORLIC R SR, A A EOR B O
AL ARG BN TR RV . A2 B AR R
PR , AR 9 2R R ik DAy {2 i T R A2
SRl . P, AT ST T R % 8 AR
FIRITFE (CHCCS) M SEEEE ™, i i % 2 N
PR RHIE 23 TR, D i A S Y

AREFHE

1P R R . SRR T cHCCSY . PR T
2014-2016 -7/ 48 TF R, B T 2 b 235 1T AN
FOBCER I T HE AL 19 44 2, XHE Y >100 J8 & 1 E % 2
N7 A I AFF G R 2ok 822 44, Horh
HEBR 58 £ M E TR b AN 42, 47 44 A ZLIE
AR B 9 o WA e A 11T S %
BN WX R F G R .

2. AHIFEIR Mg X &S0 =F & LAl —
PR 028 B R Mg A HCE 27 28 Ak i, 1%
TR (4 °CO)PRAT, FFAE 4 h B 35 2 M i 45 I 2 e Vi
P R BRI 0 o ff 2 K combas 602 4 H 3l HL

2 2 S8 43 B A SRS T e — it 2 T B 96 0
FOHRA R SR, A5 H P HECE )
RS R TR HE , TR BE E AT 2 S KT 1 B 43
B8 G R REA I E B3R 52562 8 h P 58 Bk .

R ] 5 0 B T6 46 R 2018 AR IE 1T L)
TE R TH B 25 9 09 1% &0 T, SBP>140 mmHg
(1 mmHg=0.133 kPa) fll/5{ DBP>90 mmHg"*'. H#&
WRAEAT e I 5, A0 R 24 , 1 Bl
I F 140/90 mmHg, 132 Wi A i 1L o HP R & 44
PRIGISYT 8 1 (2021 4 W) )48 1, & 40 R I Ay i
TR AR PR RE IR (i 20Kk 2 PR 2B AN R A
PRE R ) in L BEMLER DK 12 35 2 H>11.1 mmol/L,
ol b2 R K 2 A A =70 mmol/L, 0 A
PR IS 2 h DKM R A 2> 11.1 mmol/L, S/
BRI 218K 71 >6.5% 5 TOBE PR M RLRE IR 2, 7
B H & A IAT R LA R SR B YA R R
(2016 4E & 1T Jit ) ) 48 H HDL-C<1.0 mmol/L 5§ <
40 mg/dl A HDL-C IfiLfE"™

3. BV E 20214F5 A 31 H B VT A BT
5N TR TR A [ i TAEZ AR st T
FACIe sk, B A S e SR E S BT
SLAEAROCAR B .

4. Giit2E 03« R FH SPSS 25.0 B E it A7 48 it



FPAERA TR A & 2023 4E8 H 45 44 %5 8 ] Chin J Epidemiol, August 2023, Vol. 44, No. 8 - 1247 -

PO, EEEEAFIES R IM(Q,,0,)
Fili A, 2 1) LR FH R RIS, 56 5 B850 R FH A
FEBAR (%) FliR , 18] LEBOR T PR o AR A o —
K el I E 535 BG4 T 53 41, SR ] Kaplan-Meier
el A Ar M2, SR Cox Fo i XURS: ] 5 45 2 43
PR S AAFIS R SC & o DU 36, A5 56 K v
a=0.05.

& =R

1. FEARNEN A 717 BiERE LT 2 A,
WA WA A M(Q,, Q,) 4 102.0(101.0,104.0) % .
DU 5 87.7% (629 44 ) , /N2 LR SCALAR B 117 96.5%
(6924%) ., 1UH 1.3% W H % & NAH WA, 8.2%
B A i g BRI ALK HDL-C i iE
FHA M & 72.7%.103% ., 13.7%., WL F# 1, #HE
20214F5 H 31 H, 4363 % H % % ASET-,SET- R
4 50.6%.

2. A% B AR GO Z N 2
P2 BRI P R R AR R SR M R
M (Q,, Q,) 53 7l 4 0.62 (0.32, 1.01) nmol/L. 80.05
(60.37,100.95)mIU/ml .35.87(27.84,47.48 )mIU/ml ,
0.37(0.17,0.67)nmol/L.32.60( 18.40, 58.70) pmol/L...
W 8 (pmol/L) . Z# i (nmol/L) . 22 i (nmol/L) H {37
BAET-2H & T HE 4720 (37.80 15.26.65.0.69 v5.0.54
0.38 vs. 0.36) . PHALME 5 243 A 22 38 e it
7 X (P<0.001,P=0.001), W32,

3.HZ B ANMMEBEKTESEMLSTHXR
Kaplan-Meier 4= 17 [t £k . 7~ 8 — 5 Q, 4H A= 77 R
BALT Q,.0,.Q. 41, 2210 Q, . Q, A A A7 R AL T
0,.0,4 W 1. RH Cox Hu A XU BT IH L7 | 37
AW A L ROE  SCARRR BE KR O S T
At MR KA Ry i SR Y AT o by
B, 25 5 o, BRE WAk, 220 AR BRI R R
A RER SRR AR AR S AR T IR 1 AU B (HR)
ER TG L (P>0.05) . TR IKEAE Jy 0d
By &5 W oR, M T BE Q, 4l HR 1H A
1.58 (95%CI: 1.17~2.15) , 22 [l Q, #0 /) HR {8}
1.53 (95%CI: 1.10~2.12) , Q, 41 &) HR {4 K
1.63(95%CI: 1.15~2.32) . WL 3. M EHH5
T I A B AN HDL-C IfILRE #5470 2H A1 28 B
AT AR R ME RS S 22 A SRR
S(P<0.001) 5 f — Pt 1 2 i) 550 bR 9k 22 7 A Ge it
27 L (P=0.002, P=0.022) , H.Z {5 85 i s 777
ZHAEH (P=0.016) ; #f —- 5% HDL-C I iE 25 5%
A Gt X (P=0.001) , H 22 54X HDL-C IfiLiE
FEAEAZ HAEFH(P=0.034), W34,

it

A 5T A CHCCS LR , 4341 17 rd &
PEE 2 B NTESER RFE S A o S5 R SR ARG A
ST H R MEEBEM(Q,, Q)53 K 26.65(18.40,
50.08) pmol/L. #i1 37.80 (18.40, 65.10) pmol/L, H.

K1 Ml % 8 NEEAE I

FHIE Hil(n=717) Q,(n=259) Q,(n=100) Q,(n=181) Q,(n=177) P
PAA R ERAER (2, M(Q,,Q,)] 102.0(101.0,104.0) 102.0(101.0,104.0) 102.0(101.0,104.0) 102.0(101.0,104.5) 102.0(101.0,104.0) 0.474
U (%) 629(87.7) 232(89.6) 84(84.0) 160(88.4) 153(86.4) 0.483
INFELLR SRR (%) 692(96.5) 256(98.8) 94(94.0) 175(96.7) 167(94.4) 0.036
AN (%) 708(98.7) 244(94.2) 92(92.0) 164(90.6) 167(94.4) 0.130
ARG (%) 658(91.8) 223(86.1) 78(78.0) 154(85.1) 158(89.3) 0.211
TR (%) 521(72.7) 195(75.3) 75(75.0) 133(73.5) 118(66.7) 0.218
WEIRI (%) 74(10.3) 21(8.1) 12(12.0) 16(8.8) 25(14.1) 0.182
X HDL-C IfiL $iE (% ) 98(13.7) 26(10.0) 15(15.0) 23(12.7) 34(19.2) 0.051

F2 WM LMEE S BAEEE S ARSI RLIM(Q,,0,) ]

PEME it Eyexitl ST P1H
BAEA ZR (mIU/ml) 35.87(27.84,47.48) 35.97(28.24,46.95) 35.82(27.43,47.76) 0.949
PR BRI 3 (mIU/ml) 80.05(60.37,100.95) 81.35(61.66,100.33) 78.46(59.83,101.20) 0.503
742 (nmol/L.) 0.62(0.32,1.01) 0.54(0.27,0.93) 0.69(0.36,1.06) 0.001
S2 (nmol/L) 0.37(0.17,0.67) 0.36(0.15,0.67) 0.38(0.17,0.69) 0.286
HE ¥ (pmol/L) 32.60(18.40,58.70) 26.65(18.40,50.08) 37.80(18.40,65.10) <0.001




- 1248 - FPAERA TR A R 2023 4E8 H 4 44 %5 8 ] Chin J Epidemiol, August 2023, Vol. 44, No. 8

1.0 ol W —
NN

0.8 «
— \x\_
<06 S
'F)@l' Q1 A H:\_:‘-l- A
& ﬂQz W e et
o4t ‘83 e

O'- il
02F Ol 5
0.0 O, Kl e

0 500 1000 1500 2000 2500 3000

._
=
S

L 2
'\‘\ ‘\“

0.8F 0w ™

R
NN

S 0.6} g
'L“j: N L =
& 0.4t R =T T
Ey

0.2

0.0

0 500 1000 1500 2000 2500 3000
BT REL()

Bl Mm% e NHE T A S T ORI Y
Kaplan-Meier 4= 77 £

Kaplan-Meier 4= 77 ] 28 25 S 7R M — 1 Q, 4H A A7
FE AR T A 3 41, $n M oK A % 2 A
B4 A A7 TR T v HE O, L — X A A7
] s 22 S A gt

KA 37 A E A Dy s N E R BoR Lot
BRI, H U 0 M 5 25 1529 4~104E"
XF 3 [E 3 143 A~ B I &4 o A o, Bar ik
S0 B 1 53 PR U A A 22 18 4R T oMk
U i AH 25 13 4E . [AAERY R BN 2l
WA M) 22 5 B BB RIS (2021 4
o DA B THAE ) R, B E 201948, KR E
N SR TA Hfr o 77.4 %, B e R 747 %, 1k
1 80.5 %, M £ 5 M 2010 4E Y 5.0 £ 9 K A
58 IR AL HGE TE A A
FSE T, 290 & PR A N ME BN T 18~
73 pmol/L, Z2 i /NF 0.6~1.7 nmol/L, B A A i N
34~154 mIU/ml, B 36 4 % 4 54~210 mIU/ml'"™>
AREURENT 100 44>70 % B4 PR T T I3 S2 0 A
WHE B AR R, 2R Ok (1.3+0.6) nmol/LL, M iy
(59.5+38.9) pmol/L"™ . ASHH 3¢ T 3 [ g e 2o 1 A
B NI R A5 UL ES5 RATT . T 1=
FH DX 13 24 45 B R 2o PE B 2 2 N i # R R
i % K (98.3+16.1) mIU/ml, B 3 31 38 % 4 (110.6+
11.4) mIU/ml, S >4 (1.12+0.10) nmol/L, ¥ — 1% Ky

R3 L E % B A E S A AE I ]

Cox LBl JAURS: 91059 43
AR i HRAE(95%CI) Wald * (& PAE
HLE
iRA R FE 1.00(0.99~1.01) 0.09 0.763
T IROR € 1.00(0.99~1.01) 0.00 0.955
2R 1.02(0.87~1.18) 0.04 0.835
S 0.94(0.79~1.11) 0.57 0.450
WHE — 1.01(1.00~1.01) 27.05 <0.001
P4 53 %
WA R 0.46 0.927
0, 1.00
0, 0.94(0.68~1.29) 0.17 0.679
Q, 0.92(0.64~1.32) 0.22 0.640
Q, 1.00(0.66~1.50) 0.00 0.996
PRI R 1.23 0.746
0, 1.00
0, 0.95(0.70~1.30) 0.10 0.749
0, 0.92(0.64~1.33) 0.20 0.652
Q, 1.09(0.73~1.65) 0.18 0.674
21 9.46 0.024
0, 1.00
Q, 1.20(0.87~1.66) 1.23 0.267
Q, 1.53(1.10~2.12) 6.43 0.011
Q, 1.63(1.15~2.32) 7.43 0.006
S21 2.53 0.469
0, 1.00
Q, 0.99(0.73~1.34) 0.00 0.947
0, 0.90(0.66~1.23) 0.42 0.519
Q, 0.79(0.56~1.10) 1.97 0.161
W 11.55 0.009
0, 1.00
0, 0.96(0.67~1.36) 0.06 0.808
Q, 1.11(0.84~1.49) 0.54 0.462
Q, 1.58(1.17~2.15) 8.79 0.003

(103.1+27.2) pmol/L, W — /K - 15 T 45 50 K241y
WFFE . X AT RE-5 A R 5T H v 3R R A AL 7%
PR AR A &, W rl fE S 4 B/RIE % 2N
B4 A= 19 2 R T D 5 X 224 b ikt A AN ERBE R R
P

AT L5 R, Lok % 2 N i ik
S-S A A7 ] 35 BR AR X AR A oE 25
AN ERCER BRI O A TR 4 2 5 10 &
O AP TR TR BRI 2 Je I AE T K
Bt ARIESE Cox LB XU [T U5 43 A S s, 227k
AR ENM QA5 QAML 2R AT FE
SL(HR=1.58,95%CI:1.17~2.15, P=0.003) , 21 (, .



FRAERA T A4 2023 4E8 H Y5 44 4545 8 1] Chin J Epidemiol, August 2023, Vol. 44, No. 8 - 1249 -

R4 MR B R AR HDL-C IUAE 73 20 ) ¥ S oV 1 2 28 NPEGEOK- P SET- R &

PRI WA PRI R 22 SEI W
o 1
HR{H(95%CI) 1.01(0.99~1.02) 1.00(0.99~1.01) 0.99(0.84~1.17) 0.93(0.78~1.12) 1.01(1.01~1.01)
Pl 0.318 0.967 0.927 0.461 <0.001
ZHAEN PAE 0.106 0.674 0.156 0.869 0.155
PR
HRA{H(95%CI) 0.99(0.96~1.02) 1.00(0.98~1.02) 1.66(1.08~2.56) 1.44(0.63~3.29) 1.01(1.00~1.01)
P 0.508 0.946 0.022 0.385 0.002
SCHAE PAE 0.320 0.851 0.016 0.361 0.465
i HDL-C I
HRAE(95%CI) 0.99(0.96~1.02) 1.01(0.99~1.03) 1.97(0.95~4.07) 0.34(0.11~1.06) 1.01(1.00~1.01)
P{E 0.470 0.386 0.068 0.061 0.001
L AEH] PAH 0.481 0.439 0.057 0.034 0.870

QM5 Q HAM It 2 %A %1% E L (HR=1.53,
95%CI:1.10~2.12, P=0.011; HR=1.63,95%CI : 1.15~
2.32, P=0.006) , $& 7~ Lo 14 & e s A1 T e Aot
BV e 52 BIET AR R T R R OE R
A BT 4 28 J5 W D) P P VR R K Ok — 2
YERATEAL o BIFFE S | PR O 33 38 7K 7 s T
BN £ e AR WO I R M R RO s T B Y R AR
USRI A0S T O 2 A T TR
R-ZARE G, 8 0 52 A R T 5 e
4 RGER G5 S DI RE o W i 2o 52 e i g 4
U IR SN K s ok o R A A S 5 | 2 e ot e
e BRARARIT I, ME S i Sh kR A
ARG, ELBR I 2 ke i 1) 2 s IXURS: it 5 e — e
B T T HE JT', Trabert 2520 18 12 466 25 L M55 451)
BAZ A 5 45 AR W I 2 Tk B v 5 LR
IRV HE I 16% 2Z IA) 477 0 35 AH DG 0 b X 44
25 J LRI RUS: 5 P 15 2 ) R FLAR g = 1 A
W B 22 A B AR ELAE FHAIL G T R i — i 5E . K
RIBEHLIG AR EG R B, B R IR T N 4 4 )5
EAE L BN TIRE , B 2 ] REXT AT RE = A AN
F 5222 0 Brinton ™ $2 1 T E —EEAE FH A0 {8 B
2B i 1), 2% BH ME — P 0T BB £ T it B 4 e, (X
SN A ARRZE- 7 i) e - S by =1 B =i )
WHE RN T A0 N B Ca® W X AT BE S IR i
T Ca R FE P R ATHE AR I R R W5
SR, TN 5 AR S ) 4 28 )5 10 L AROF ME — R )
XoFoC A 25 I TR B B PR 2 RO G e, i
7% B M — 0 48 22T B 2 (A g R PR AR R 6 G
TIRR B4 446 28 J5 13 L 1 B PR 300

ELIR B EE 2 AR N ) WS4 A s, 48 22 i i
2 1A SR SR K ST 2R i R AL T AR I L iR

KT 2 ASBFFE Cox oA XU 1] 1146 764 37 26
S B AT B, M S 0 I A PR e AR
HDL-C IfiLAE 25 578 e 27 5 X, H 22 R 50 IRIw A7
1EE HAE T (P=0.016) , S 5 ik HDL-C IliL5E £ 7
ZHAEH(P=0.034) . BF5E SR, P 10 1048 3K
N AEAN RS AE AR T R R E A —3 MR
A2 AR B 118 5 PR A S T 8 R 0 LA RRON
0 BB AR T A 11 96 O KU o A IR 4
MER Z AR (ER) o B FRFIR S S 23 (2 FH 55 HDL-C
B A5 07 B4 55 Y ERB RO i 4 2 RE AL 67 1T 4 FH L
ERB @B/ BT W 2 2025 B PPARy 15 538 %
HER R LG A TR S B B S R AT A
EPREANTI 32 T AR SR A O 1 A A 9 X
WS ) 2R -0 BR A 3 B N . TR R I 2
A T B Z AP G D L I S R DY Bz T R R A
ARG, DT 05 AF I TE S 90 iU A AR 1Y)
R R EP O K =R S E P NN i M R
FIE 26 A8 At 2 38O M AR XU o obah, —28
A= FEAVARR R S, A0 OR300l e SOE PR R
a7 o N B it ol N T T A EZ R T K
O ACHPIR BLEAL . PRI, 4 285 U 1 5000 1 4
A CUn AT B OB R o I A 8395 B BT A
i R FIREAE ) P IXURSE 3G A DG, 3K BE 8 £ TE 48
Z G 10~15 4F HI B

KRR R R, B 5, R 4ok AR
BLH TS IR E 2R AR S R
s, HLAE SN AZ PR HAR, T BB 5%
Wit ME B S 2 AL T OCER S 4 R i RS IR
A7 B s e, RN A 2 N T S5 KT
T HAE R IR 4% PH 25 AT RE 252 0 B % 22 N F5 4 1) i
HZ—.



1250

2023 4E8 HEf 44 E55 8 ] ChinJ Epidemiol, August 2023, Vol. 44, No. 8

kA SN (b o LE RPN
EZSTHRA B ORI RS SO SRS (B s B

A 2

PSFNG =y P2 v7) /N U NS ER0 S DR € S I e o Y

W3 KRR AT AT S GBS B S

(1]

(2]

[3]

[4]

(5]

(6]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2 % x #t

Gubbels Bupp MR. Sex, the aging immune system, and
chronic disease[]]. Cell Immunol, 2015, 294(2): 102-110.
DOI:10.1016/j.cellimm.2015.02.002.

Oertelt-Prigione S. The influence of sex and gender on the
immune response[J]. Autoimmun Rev, 2012, 11(6/7):
A479-485.D01:10.1016/j.autrev.2011.11.022.

Vifia ], Sastre ], Pallard6 F, et al. Mitochondrial theory of
aging:importance to explain why females live longer than
males[]]. Antioxid Redox Signal, 2003, 5(5):549-556. DOI:
10.1089/152308603770310194.

Vifla |, Borréas C, Gambini ], et al. Why females live longer
than males? Importance of the wupregulation of
longevity-associated genes by oestrogenic compoundsl]J].
FEBS Lett, 2005, 579(12): 2541-2545. DOI: 10.1016/j.
febslet.2005.03.090.

He Y, Zhao YL, Yao Y, et al. Cohort profile:the China Hainan
centenarian cohort study (CHCCS) [J]. Int J Epidemiol,
2018, 47(3):694-695 h. D01:10.1093 /ije/dyy017.

« P LR B IR R 81T 22 b 2x v ] o LR B A 15 7
2018 AFAE T KR [J]. O G 100 995 B &, 2019, 19(1): 1-44.
DO0I:10.3969/j.issn.1009-816X.2019.01.001.

China Guideline for the Prevention and Treatment of
Hypertension Revision Committee. China Guideline for
the prevention and treatment of hypertension 2018
revision[]]. Prev Treatt Cardio-Cereb-Vasc Dis, 2019,
19%):1—44. DO0I:10.3969/j.issn.1009-816X.2019.01.001.
AR B AE UL, AR R 2 o BAR R 2 oy 2%, i [ B AR
LA O 22 B e 22 B4 2 v [ B AR PR 12 9T 35 T
(2021 4ERR) [J]. AR IR 9k 4% 3, 2021, 13(1):14-46. DOL:
10.3760/cma.j.cn115791-20201209-00707.

National Center of Gerontology, Chinese Society of
Geriatrics, Diabetes Professional Committee of Chinese
Aging Well Association. Guideline for the management of
diabetes mellitus in the elderly in China (2021 edition)([J].
Chin ] Diabetes, 2021, 13(1): 14-46. DOI: 10.3760/cma.j.
cn115791-20201209-00707.

PP RO LA S BT TR AR RIS TR G 2 b1 2x . b AL
JiE S W B IR TE T (2016 AR & VT RR) [J]. Hh AR I A5 i 2% %,
2016, 44(10): 833-853. DOI: 10.3760/cma. j. issn. 0253-
3758.2016.10.005.

Joint Committee on Revision of Guidelines for the
Prevention and Treatment of Dyslipidemia in Chinese
Adult. Guidelines for the prevention and treatment of
dyslipidemia in Chinese adults (revised in 2016)[J]. Chin J
Cardiol, 2016, 44(10): 833-853. DOI: 10.3760/cma. j.
issn.0253-3758.2016.10.005.

Austad SN, Bartke A. Sex differences in longevity and in
responses to anti-aging interventions: a mini-review(]].
Gerontology, 2016, 62(1):40-46. DOI1:10.1159/000381472.
Wang HD, Schumacher AE, Levitz CE, et al. Left behind:
widening disparities for males and females in US county
life expectancy, 1985-2010[]]. Popul Health Metr, 2013,
11(1):8.D0I1:10.1186/1478-7954-11-8.

[ R D 2R B2 4. 2021 4F Hp [ D04 el BEGE T 1HAF 4 [M].
JEmt [ A BERL R A AL, 2021,

National Health Commission. 2021 China health statistics
yearbook[M]. Beijing: China Union Medical University
Press, 2021.

Tietz NW, Shuey DF, Wekstein DR. Laboratory values in fit
aging individuals--sexagenarians through centenarians[J].
Clin Chem, 1992, 38(6): 1167-1185. DOI: 10.1093/
clinchem/38.6.1167.

Fukai S, Akishita M, Yamada S, et al. Association of plasma
sex hormone levels with functional decline in elderly men
and women([J]. Geriatr Gerontol Int, 2009, 9(3):282-289.
DOI:10.1111/j.1447-0594.2009.00534.x.

SR, EF, WA, 55 B A AR R A e A
R A JIR SR KT ] 94 b [ B B 2 A4 A, 1999,
20(2):92-94. D0I:10.16021/j.cnki.1007-8622.1999.02.008.
Ai YL, Wang L, Guan LL, et al. Investigation of serum
thyroid and sex hormones levels in Uygur old people aged
over 100 in Hetian of Xinjiang[]J]. Med ] NDFNC, 1999,
20(2):92-94. DOI:10.16021/j.cnki.1007-8622.1999.02.008.
Manson JE, Martin KA. Postmenopausal hormone-
replacement therapy[J]]. N Engl ] Med, 2001, 345(1):
34-40.D0I:10.1056/NEJM200107053450106.

Dubey RK, Imthurn B, Zacharia LC, et al. Hormone

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

replacement therapy and cardiovascular disease: what
went wrong and where do we go from here? []].
Hypertension, 2004, 44(6): 789-795. DOI: 10.1161/01.
HYP.0000145988.95551.28.

Wilson RA, Brevetti RE, Wilson TA. Specific procedures
for the elimination of the menopause[]]. West ] Surg
Obstet Gynecol, 1963, 71:110-121.

Schuit SCE, Oei HHS, Witteman JCM, et al. Estrogen
receptor a gene polymorphisms and risk of myocardial
infarction[]]. JAMA, 2004, 291(24): 2969-2977. DOI:
10.1001/jama.291.24.2969.

Scarabin-Carré V, Brailly-Tabard S, Ancelin ML, et al.
Plasma estrogen levels, estrogen receptor gene variation,
and ischemic arterial disease in postmenopausal women:
the three-city prospective cohort study[]J]. ] Clin
Endocrinol Metab, 2014, 99(8): E1539-1546. DOI: 10.
1210/jc.2013-4472.

Trabert B, Bauer DC, Buist DSM, et al. Association of
circulating progesterone with breast cancer risk among
postmenopausal women[]]. JAMA Netw Open, 2020, 3(4):
€203645.D01:10.1001 /jamanetworkopen.2020.3645.
Espeland MA, Rapp SR, Shumaker SA, et al. Conjugated
equine estrogens and global cognitive function in
postmenopausal women: Women's Health Initiative
Memory Study[]]. JAMA, 2004, 291(24):2959-2968. DOI:
10.1001/jama.291.24.2959.

Resnick SM, Maki PM, Rapp SR, et al. Effects of
combination estrogen plus progestin hormone treatment
on cognition and affect[J]. ] Clin Endocrinol Metab, 2006,
91(5):1802-1810. D0I:10.1210/jc.2005-2097.

Rapp SR, Espeland MA, Shumaker SA, et al. Effect of
estrogen plus progestin on global cognitive function in
postmenopausal women: the Women's Health Initiative
Memory Study: a randomized controlled trial[J]. JAMA,
2003, 289(20): 2663-2672. DOI: 10.1001/jama. 289.
20.2663.

Brinton RD. Investigative models for determining
hormone therapy-induced outcomes in brain:evidence in
support of a healthy cell bias of estrogen action[J]. Ann N
Y Acad Sci, 2005, 1052: 57-74. DOI: 10.1196/annals.
1347.005.

Chen SH, Nilsen ], Brinton RD. Dose and temporal pattern

of estrogen exposure determines neuroprotective
outcome in  hippocampal neurons: therapeutic
implications[J]. Endocrinology, 2006, 147(11): 5303-

5313.D01:10.1210/en.2006-0495.

Albert K, Ledet T, Taylor W, et al. Estradiol administration
differentially affects the response to experimental
psychosocial stress in post-menopausal women with or
without a history of major depression[]]. ] Affect Disord,
2020, 261:204-210. DOI:10.1016/j.jad.2019.09.074.
Newhouse PA, Dumas ], Hancur-Bucci C, et al. Estrogen
administration negatively alters mood following
monoaminergic depletion and psychosocial stress in
postmenopausal women[]]. Neuropsychopharmacology,
2008, 33(7):1514-1527. D0I1:10.1038/5sj.npp.1301530.
Fabbri E, An Y, Gonzalez-Freire M, et al. Bioavailable
testosterone linearly declines over a wide age spectrum
in men and women from the baltimore longitudinal study
of aging[]]. ] Gerontol A Biol Sci Med Sci, 2016, 71(9):
1202-1209. DOI:10.1093 /gerona/glw021.

Lehtimaki T, Dastidar P, Jokela H, et al. Effect of long-term
hormone replacement therapy on atherosclerosis
progression in postmenopausal women relates to
functional apolipoprotein e genotype[]]. ] Clin Endocrinol
Metab, 2002, 87(9): 4147-4153. DOI: 10.1210/jc. 2002-
020008.

Makeld R, Dastidar P, Jokela H, et al. Effect of long-term
hormone replacement therapy on atherosclerosis
progression in postmenopausal women relates to
myeloperoxidase promoter polymorphism[J]. J Clin
Endocrinol Metab, 2003, 88(8):3823-3828. D01:10.1210/
jc.2002-021771.

Herrington DM, Howard TD, Hawkins GA, et al
Estrogen-receptor polymorphisms and effects of estrogen
replacement on high-density lipoprotein cholesterol in
women with coronary disease[J]. N Engl ] Med, 2002,
346(13):967-974.D01:10.1056 /NEJM0a012952.
Foryst-Ludwig A, Clemenz M, Hohmann §, et al. Metabolic
actions of estrogen receptor beta (ERB) are mediated by a
negative cross-talk with PPARY[]]. PLoS Genet, 2008, 4(6):
€1000108.DO0I1:10.1371/journal.pgen.1000108.

The Lancet Diabetes & Endocrinology. Menopause: a
turning point for women's health[]J]. Lancet Diabetes
Endocrinol, 2022, 10(6): 373. DOI: 10.1016/S2213-8587
(22)00142-5.



