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Abstract; Objective

women. Methods

To examine the association between anemia and hypertension among middle — aged and older Chinese
Baseline data of 5 575 women aged =45 years from the 2015 China Health and Retirement Longitudinal
Study (CHARLS) were collected, with anemia in 2018 as the outcome. Multivariable logistic regression was used to assess
cross — sectional and longitudinal relationships between anemia and hypertension. Restricted Cubic Splines (RCS) were used to
analyze the dose — response relationship between hemoglobin and the risk of hypertension in middle — aged and elderly women.
Results  Anemia was inversely associated with hypertension. In 2015, anemic women had a 25 —35% lower prevalence of
hypertension (Model 1;: OR =0.65, 95% CI: 0.57 -0.74; Model 4: OR =0.75, 95% CI. 0.63 -0.88; both P <0.01).
Over 2015—2018, baseline anemia reduced 3 — year hypertension incidence by 42 - 50% (Model 1. OR =0.58, 95% CI .
0.43 -0.79; Model 4: OR=0.50, 95% CI. 0.35 -0.71; P <0.001). RCS showed a linear inverse relationship between
hemoglobin level and hypertension risk. BMI influenced the strength of association, but no interaction was detected (all P >
0.05). Sensitivity analyses confirmed robustness. Conclusion  Anemia is associated with lower prevalence and incidence of
hypertension in middle — aged and older Chinese women.
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Table 1 Baseline characteristics of the survey population
HH (n‘ég%%) (1@5&219%) (Eﬁmz%l) Geit it P
A x £ 5] 59.3£9.2 59.2+9.0 59.5+10.1 0.894 0.344
ZHERE (%) ] 12.076 0.002
INELRLR 1 059(19.0) 773(18.0) 286(22.3)
wIH 161(2.9) 124(2.9) 37(2.9)
e L 4355(78.1) 3397(79.1) 958(74.8)
USIAL n(% ) ] 0.327 0.567
B/ [l 5258(94.3) 4.054(94.4) 1204(94.0)
Hofy 317(5.7) 240(5.6) 77(6.0)
B n(% ) ] 30. 804 <0.001
Wi 668(12.0) 571(13.3) 97(7.6)
Akt 4136(74.2) 3142(73.2) 994(77.6)
Hofily 771(13.8) 581(13.5) 190(14.8)
BMI[ kg/m*,n(% ) ] 75.555 <0.001
<25 3235(58.0) 2 358(54.9) 877(68.5)
25 ~ <30 1932(34.7) 1590(37.0) 342(26.7)
=30 408(7.3) 346(8.1) 62(4.8)
WA n(% ) ] 0.052 0.819
I 5496(98.6) 4234(98.6) 1262(98.5)
H 79(1.4) 60(1.4) 19(1.5)
PG n(% ) ] 1.019 0.313
X 4762(85.4) 3679(85.7) 1083(84.5)
H 813(14.6) 615(14.3) 198(15.5)
TR B BEAR I [ h,x = 5] 6.3+2.0 6.3+2.0 6.2+2.1 14.737 0.338
DR (% ) ] 0.918 <0.001
X 4891(87.7) 3726(86.8) 1165(90.9)
684(12.3) 568(13.2) 116(9.1)
Mg n(%) ] 15.957 <0.001
X 4981(89.3) 3802(88.5) 1179(92.0)
H 594(10.7) 492(11.5) 102(8.0)
Wi AR S E 5 [ n (% ) ] 12. 663 0.504
X 5222(93.7) 4017(93.5) 1205(94.1)
Pe 353(6.3) 277(6.5) 76(5.9)
TERREn(% ) 0.446 <0.001
I 3094(55.5) 2 443(56.9) 651(50.8)
H 2481(44.5) 1851(43.1) 630(49.2)
WBC[ x1000,x+5] 5.8x1.7 5.9+1.7 5.4+1.8 89. 106 <0.001
Ha[‘V A Es] 39.3£5.0 40.7 £4.3 34.6 £4.0 2 057. 666 <0.001
CV[fl,x 5] 90.1+7.6 90.9 6.1 87.4+10.8 227.504 <0.001
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eyl AEA M40 M2 =,
A (o) R (n=1281) it il
TG mg/dl,x +5] 148.5 +89.4 152.5£90.6 134.9 £84. 1 38.718 <0.001
Ser[ mg/dl,x £5] 0.7+0.2 0.7+0.2 0.7+0.3 32.982 <0.001
HDL[ mg/dl, x = 5] 52.3+10.6 52.3+10.6 52.0+10.7 0.855 0.355
LDL[ mg/dl,x +5] 105.5 +29.0 107.5 £29.3 98.8 +26.5 90. 586 <0.001
TC[ mg/dl,x 5] 189.9 +36.2 192.8 £36.5 180.1£33.4 124082 <0.001
hs — CRP[ mg/L,M( Py, Pys) ] 1.4(0.7,2.6) 1.4(0.8,2.6) 1.1(0.6,2.3) 37.338 <0.001
Fz2 HHE logistic 145347 2.3 F el FZHh)Ee % HE logistic B2 4547
Table 2  Univariate logistic regression analysis 2.3.1 FREWTTERIZ0HT (2015 4F)  ANUfFH 2015 4FE 34k
Z}; "f(%% D ) Pl A C I A | RSTE S | = 1WA 3 oh = S E |57y
5 1.07(1.06 ~1.07)  <0.001 o
53 = 2 ) \/T\ -
HEFLE (ref = INEBLLF) LR EE, BT 000 A e I s AR XURR: B A 25%
o 0.59(0.41 ~0.84)  0.003 35% (#74 1: OR =0.65,95% CI:0.57 ~0.74; 7
L 0.90(0.79 ~1.03) 0.13 4.0R=0.75,95% CI.0.63 ~0.88;% P<0.01), U,
TSI (ref = CUS/ R %) £3A
oAl 0.64(0.50~0.81)  <0.001 ° N
JE A Cref = B THT) 2.3.2 HiBETENSI 3BT (2015—2018 4F)  HEER 2015
Akt 0.93(0.79 ~1.10)  0.378 BRI 3 48, 2B L858 A& & il
BM%(‘E_ ) 103088 -1.33) 0401 FE &R T W 42% ~50% (BE) 1 0R =0.58,95%
25~ <30 2.10(1.87 ~2.36)  <0.001 C1:0.43 ~0.79; < & 4. OR =0.50,95% CI:0.35 ~
=30 3.90(3.14 ~4.85)  <0.001 0.71;34 P <0.001 ) , &40 5 TR Wi 5y ) —3, $R
e o006 17 ooes TEAFACHERTINS LR R 6
RS ref = ) 2.4 kAL FHh ERRR G HE - B8 X &
H 0.69(0.59 ~0.81)  <0.001 K FHBR ST R SRS R DAl vh o AR e M R R 41
ngﬂﬂfﬁ;ﬁ 0.96(0.93-0.98)  0.001 BB RO 3 AT 188 LR S0 . 22 (A (350t —
1L B 57 4 (vef = J) TEREARGE 27 Ik (P for overall =0.023), $K17, JELk
iy RIS <OWE g K SIS (P for non ~ lincarity =
Wl PR 9 B UBE T (ref = . R e
“ " 3.37(2.674.26)  <0.001 0. 183) R # Al RN (LI 2)
SR ( ref = ) 2.5 BASMEAXAAERERE KER( <60 %,
A 1.07(0.96 ~1.19) 0.2 =60 %) IS BMI R 45 I 9 3047 .40 43
WBC 1.13(1.10 ~1.17)  <0.001 U L :
Het 1.03(1.02~1.04)  <0.001 B, AZHAGR Y P >0.05, #3405 [ — 20 A <
MCV 1.00(0.99 ~1.01)  0.768 60 % (OR =0.60,95% CI.0.37 ~0.98) 5 =60 % (OR
6 1.00(1.00 ~1.00) <0001 =0.41,95% CI:0.24 ~ 0.68) , C. 1/ /& (OR =
Ser 1.81(1.40 ~2.36)  <0.001 . i
HDL 0.99(0.98 ~0.99)  <0.001 0.52,95% C1:0.36 ~0.75) 5 H A 45 GRS (OR =
LDL 1.00(1.00 ~1.01)  <0.001 0. 15,95% CI:0. 03 ~ 0. 94 ) ¥ 52 f 4 5 ; A& A . BMI <
TC 1.01(1.00~1.01)  <0.001 25 kg/mz T 25 ~ <30kg/m2 T IHIELEXRE S
hs - CRP 1.05(1.03~1.07)  <0.001 HFE Y H AT AL OR (9 95% Cl 45 1. Wdid,
R3IA B v AR DB IR G HBE (2015 4F)
Table 3A  Cross — sectional association between anemia and hypertension (2015)
e B 1 Wi 2 CE i 4
A OR(95% CI) Pt OR(95% CI) P OR(95% CI) P OR(95% CI) P
JeFxi 1.00 1.00 1.00 1.00
i 0.65(0.57 ~0.74) <0.001 0.68(0.59~0.79) <0.001 0.70(0.61~0.81) <0.001 0.75(0.63~0.88)  0.001

TE AR 1 ORJAREIR A R 3R 0 2 YRR AR OIS I A ML A | AR B A i) B < 3 AT 3 FEARETRY 2 Byl b iR 15 T s 1 4,
TR 3 (Y FERE 1749 T WBC Het Ser (HDL \hs - CRP, "R,
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Table 3B Prospective association between anemia and hypertension (2015 —2018)
g A 1 H 2 HE 3 L 4
OR(95% CI) P1{a OR(95% CI) P1{a OR(95% CI) P& OR(95% CI) P1E
k% 1.00 1.00 1.00 1. 00
1M 0.58(0.43~0.79) <0.001 0.59(0.43 ~0.80) 0. 001 0.59(0.43 ~0.80) 0. 001 0.50(0.35~0.71) <0.001

'
'
P for overall: 0.023 1

P for non—linearity: 0.183
'

OR(95%CT)

T ERFRETH R IE o e (OR) |, 915 K33 95% &%
XA (CL) o JH%& T AR RS S 4A |0 e BML WK | PXRS | 7 [ e B
£ A IfE \WBC Het Ser (HDL \hs — CRP, Z#A ML R T 99% 1

B2 218 S e RO AR e — S e &R

2.6 HEMSH  OWKRERGRIC PR KRR I
RIS, R I Z A AN (S BRI AR ) JFRGE
Fhos NIRRT T 2 8 T 50 KL ds r )
DR -5 1 L1 B G 1) S B R AR AE < A8 I i (2015
i) Z I Z logistic ]9 8 7R 1Ry ML He A8 XU 5 1%
26% ~33% (£ 5A) ;HiEHAF](2015—2018 4F) i
IRFELR AT 3 AF 5w IR & XU R R 44% ~
53% (F 5B) o HR, S5 SA K& SB LR 4
AIRONAEAG T E E: BT T 204 E = 2. 00, Hip s Pk
BAZI 3T E =3, 41, BTG AETE S “ 2007 B i iR
Yyzb 2 ~ 3 fE R AHSCHYIR AR 3R A e 5 i REAS
WA (K 3) o

3 i i

AW ST T b RS R 28 B A
(CHARLS) ¥l ¢ , 8 it 455 W v 20 B B iy S 1 BA 371 it
T RGRGT T E =45 2 B AR AR AL
Sl R R OCH, Z R logistic [n] 79 3 Hr &4 3R

Fig. 2  Dose — response relationship between hemoglobin and ST RV TET AT Hh 2% I e T R 14 KUK A1
hypertension risk
R4 UM E MUEREAL B
Table 4 Subgroup analysis of anemia and hypertension
W2 Js¥ e i n( % ) OR(95% CI) P for interaction
FR () 0.232
<60 468 30(6.4) 0.60(0.37 ~0.98)
=60 318 26(8.2) 0.41(0.24 ~0.68)
La 0.438
B IS/ [ & 738 54(7.3) 0.52(0.36 ~0.75)
HoAl 48 2(4.2) 0.15(0.03 ~0.94)
JEE 0.871
ki 54 2(3.7) 0.28(0.05 ~1.62)
AR 622 46(7.4) 0.49(0.33 ~0.72)
HoAh 110 8(7.3) 0.59(0.22 ~1.59)
BMI(kg/m?) 0.296
<25 584 35(6.0) 0.50(0.32~0.79)
25 ~ <30 178 16(9.0) 0.38(0.20 ~0.73)
=30 24 5(20.8) 1.13(0.26 ~4.84)
LR 0.773
" 734 52(7.1) 0.48(0.33 ~0.69)
4 52 4(7.7) 0.60(0.16 ~2.31)
i i S 0.715
% 750 52(6.9) 0.49(0.34 ~0.71)
el 36 4(11.1) 0.41(0.09 ~1.78)
R PR A AT T 5 0. 960
x 761 53(7.0) 0.50(0.35 ~0.72)
H 25 3(12.0) 0.34(0.04 ~2.91)
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Table SA  Cross — sectional association between anemia and hypertension (2015, multiple imputation validation)
o B B2 [ITE 4
-~ OR(95% CI) P OR(95% CI) Py OR(95% CI) Py OR(95% CI) Pl
S5 1.00 1.00 1.00 1.00
F L 0.67 (0.59~0.75) <0.001 0.68 (0.59~0.77) <0.001 0.69 (0.61~0.79) <0.001 0.74 (0.63~0.86) <0.001
RSB LML e I A RTIEMEOCHK (2015—2018 , 2 F ffi kb i)
Table 5B Prospective association between anemia and hypertension (2015—2018 ,multiple imputation validation)
e Bl 1 Al 2 AL 3 FiAl 4
7 OR(95% CI) P1H OR(95% CI) P1E OR(95% CI) P1E OR(95% CI) P&
FEFT M 1.00 1.00 1..00 1.00
1M 0.56 (0.43~0.75) <0.001 0.56 (0.42~0.75) <0.001 0.56 (0.42~0.75) <0.001 0.47 (0.34~0.66) <0.001
A B
10 10
L} 8+
- 8+
“+ Rl
41, 341)
2 - 2
—_ — R ¥ F
0 ! o | l l l
o 2 4 6 8 10 4] 2 4 6 8 10

KREU

TE: RR = MX G AL, A:2015 4AFREMTIRIZMHT s B:2015—2018 AEHIHETE RS 04T .

&3

FMLA v LR RS IR Y E A

Fig.3 E - value for the association between anemia and hypertension risk

(OR =0.75,95% CI;0.63 ~0.88) ., Hij it A S 43 #7
i AT 5 (1 N 3 (1= (| WA S B < o 5
(OR =0.50,95% CI:0.35 ~0.71) . i%— % I Jg ¥ fit
B v IR A 52 2 G R B 8t TR A v AR o

S ZH A3 K A8 H A ARG 56 & B BMI 52 0 3% 1l 5
0 MNP A I 7 i) A5 3 B . BMI <25 kg/m® J% 25 ~
<30 kg/m® F % 1M1 w5 1 RS AR FAE % 1M & (OR
=0.38 ~0.50) ;7 BMI=30 kg/m” ¥, 2% 1l 5 & 1L &
EIFAHF(OR =1.13,95% CI 0.26 ~4. 84) , F X {5 5k
PRIRGETH W EKF S A P =0. 296, {HAUN
W, A5G BRSO 2 M RS T 18 M S L JBR
FHCHT R A ZE 50 0T B 1 55 23 1R v Y AR
P E S TR L $ s BMI J2 7 218
i o ARFEY KALHEAFEREAS, B0k BMI X33 1l
55 1 A DGR A 5 )

O — RO R ALE ARG — . A IR R
T - BEET AU B, 2 21 2 4 A g
TR, HAUR IS R - AR - B R S

(RAAS) Jf- 4% 58 22 b 25 it , ¥ 76 3K 3l 1l J& T
s FE R L 21 5 P R I AR 55 0 NO 119 3
B, S B0 &7 5K B 7 NO ZE W R R BE AR X 3
St 20 T TG B 0 FIR S (C  AA
i SRR SF W, SR RN B TR A, 2
IS E TR R 8 R FEVE B AR s
T IFAT , XL HIRAS B AR T SR (AT 7= 4% )
i 254 R AT 2R AT S S0 AR A > o
WFFEBE— 2R 98 1 3T — W ) ¥ e o, S A 7
PR I/ ] BRI T R I SO i FE 32 00, o Tl i NO ifit
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