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[(H5] SxhOmERFHRAMFGIHFEE, RIERNEATENINGZ—, AMBSBK
CREEANABRITRFIEET2ER.

[EEY] $]R17 65 5 K A E ABFFRIRAK T S#BE C RWER (hs-CRP) BIKEK,

[75%] BB BT - EERREMITEYATIARTH, L2017—2018 FFEHNH
9 MEEMIX 1860 F 65 % ML EEFEANHERARIT R, BT 0B FEEFEERN, Uise
PEERRMWAORFE. £FAXNREIREEE ; BNREREXNRIEEMKOARR,
7334 hs-CRP FIFR $87K o LA hs-CRP FRE R E >3.0mg-L* TE X 9 hs-CRP S 7K o 1RIELR
AEFR ERR SRR = DU SRR RO AR P 2K FREBZEAH, KA NEHER
BRNIRE DT RIBK TS hs-CRP A S BIKEE, FHiFE—F DT REIMS. FEH8ENHA R
RERERK TR hs-CRP Z [BIAY X BE,

[£552] 1860 BIARITRAVERS /0 (83.41411.24) %, ELFRE M 917 & (49.30%) , 5297 (28.44%)
TR >90% ; 3198 (17.15%) FARITR hs-CRP b FH KT, AR RANE R ESRT
IKFEEIM (Pss, Prs) 791.12 (0.63, 2.06) pg-gls K. P BKFRBEAWARITREAETIR
IERIFRBKFED B <0.79 pg-g™s 0.79~<1.66 pug-g* F1> 1.66 ug-g*, 8N 3 2B AE¥ hs-CRP 7K
SERSHN 15.44%. 17.77%F118.35% (P>0.05) . AT £, MU EEERERG,
REFKFEAS— D BEIAITEREN , hs-CRP FHE I OR 79 1.14 (95% C/ : 0.96~1.36) , THIT
FEX ; BERREKELAERE, SHKFREEHAL, P, BKTREEESA hs-CRP A
OR9491.49 (95% CI : 1.04~2.13) F11.58 (95% CI : 1.07~2.33) , HEZITEE N, LA
WEAMSHEKTFREEEAMEL, EEMTEEFEABKTREREEAR hs-CRP A B ORSDF A
1.82 (95%CI : 1.04~3.19) #11.48 (95%C/ : 0.91~2.41) ; <90 % H1>90 F MEFE AN FKER
ZE A hs-CRPAEHIOR 9319 1.85 (95% €I & 1.14~2.98) #11.48 (95%CI : 0.78~2.80) o AT
REIER . MRIXTRIFKTS hs-CRP A B I KEXZIEEIRER (33 P2x5>0.05)0

(451 ] BhE 9 MCEMIX 65 5 N A LEF ANSRIFEERKTS hs-CRP KTV SFIEREX.
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Abstract:

[Background] The mechanism of cadmium damaging cardiovascular system is still unclear,
and inflammation is considered to be one of the possible mechanisms. However, the epidemiological
evidence of the association between cadmium and high sensitive C-reactive protein (hs-CRP) is limited.

[Objective] This study aims to investigate the association of urinary cadmium level with hs-CRP
among the elderly aged 65 years and older.
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[Methods] A total of 1860 participants aged 65 years and older were recruited in nine longevity areas from the Heathy Aging and Biomarkers
Cohort Study between 2017 and 2018. Information including demographic characteristics, life styles, and diet was collected by questionnaire
and physical examination. Meanwhile, venous blood and urine samples were collected to detect the levels of hs-CRP and urinary cadmium.
Elevated hs-CRP was defined as hs-CRP >3.0 mg-L™. The respondents were stratified into three groups (low, middle, and high) according to
the tertiles of creatinine-adjusted urinary cadmium level. Generalized linear mixed models were used to analyze the association of urinary
cadmium with hs-CRP. In order to assess effect modifications by age and sex, stratified models with interaction terms were also constructed.

[Results] The age of the participants was (83.41+11.24) years, 917 (49.30%) participants were male, 529 (28.44%) participants aged
>90 years, and 319 (17.15%) participants were defined as elevated hs-CRP. The median (Pas, P+s) urinary cadmium level after creatinine
correction of the total participants was 1.12 (0.63, 2. 06) ug-g?, and the levels of the participants with low, middle, and high urinary
cadmium were <0.79, 0.79-1.66 ug-g™, and > 1.66 ug-g”, respectively. The rates of elevated hs-CRP were 15.44%, 17.77%, and 18.35%
among the participants with low, middle, and high urinary cadmium, respectively (P>0.05). After adjustment for sex, age, education, and
other variables, for each increase of a natural logarithmic unit of urinary cadmium, the OR for elevated hs-CRP was 1.14 (95% C/: 0.96-1.36;
P>0.05). Compared with the participants with low urinary cadmium, the ORs of elevated hs-CRP for the participants with middle and high
urinary cadmium were 1.49 (95% Cl: 1.04-2.13) and 1.58 (95% CI: 1.07-2.33), respectively (P<0.05). The subgroup analysis results showed
that compared with the participants with low urinary cadmium, the ORs of elevated hs-CRP in males and females with high cadmium
were 1.82 (95% CI: 1.04-3.19) and 1.48 (95% ClI: 0.91-2.41), and the ORs of elevated hs-CRP in <90 and >90 years participants with high
cadmium were 1.85 (95% CI: 1.14-2.98) and 1.48 (95% Cl: 0.78-2.80), respectively. Neither sex nor age modified the association between
urinary cadmium and elevated hs-CRP (Pinteraction >0.05).

[Conclusion] A high urinary cadmium level is associated with elevated hs-CRP among the elderly aged 65 years and older in selected nine
longevity areas in China.

Keywords: elderly; urinary cadmium; high sensitive C-reactive protein; heavy metal; cross-sectional study
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BE MLl E@ZC&EZEEEI (high sensitive C-reactive
protein, hs-CRP) @R e B RIEEREENIREMZ —,
WEIMOMEXKREFNEEIEIIZ—" T
KLWEM, Z2RAIENA EFFMEABRA CRP KFEF
=, MAEXES hs-CRP XEXFIABERITIR IR
+HRER. BBEXEAOERLRIIEAE, %E/\IB\
EEFENEZRE. BREEREESAT, 4H4=
KT mEWNEFRNE, B, KRR %Z_F”%ETL@
YRR EYIBATIIRZ” (Healthy Aging and Biomarkers
Cohort Study, HABCS) IH, I#& 65 %5 MU LEEFA
gﬂ?{ﬁﬂ@lz—% hs-CRP A= HYKEX, LIHRAIRZR XY 0

BRI A gE SR R FAKIE,

1 WNERE5FZE
1.1 FARIIR

$HE R T 2017—2018 FEHABCS I B, %I B
SAHAEIMEMX CIAEmEBEMNAE. LARE
WETEMNT. B aEmEER. MitEHIIHm

PhEET. MR AR TR, AT REAKEM
MkEE. BEEEEE. W) E A HE TERH
[TREHUST=KX) HEFEAFRTRAZ, X%
B AR R R i 75 A1 D aTER R 5% 0
7£2017—2018 FiFEF, MEHIFE 2969 E>65%
HEEN, HBREKRERESE 745 M) REREE
(15 A)« hs-CRP M I\ EF45 RErkE (87, 145 A) &k

F2MERERSE (hs-CRP B R E >10mg-L?) M
(117 N) , REHE 1860 FIPEXTRANDRIR, A
NDHBIEMEELBIA 49.30%, FRANDHTHISE MELELF
7N 483.77%, ERBHITFENX (P<0.05), KIARE B
SHEERRMBESFOIFESHEEXTRE S
FIfCIEEEZAREE (FH#tS [ 2017018) , FABH
ﬁiq‘%i’ﬂﬁg%ﬂ'ralﬁ,@%o

2 ERLEE
HRET % —1Z)I1IAZE RXIAEN RFITEXY

A1, XABTHRGINEERERRITRIVER.
R XXIZE. MR TUA. BIERS A, KRB
FHBERBASER ARKREEXRALE—NE
TH, WAENRNES. AEHTNE. XERAE
SR TEEERPKM S mL, DBIMEEETF -20°CRE
HIEEEHERNAXFIREPOLE—N, $/4 Hitachi
7810 BahEAY (Hitachi, BZS) , RARZELLRER
MW hs-CRP 7K, EWEGENETIEMAERE, RER
EXNRIVREE 2mL, REABRBEEEFARIEEN
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EHPBHIEE, HIR70.06 pg-L*, FRI\BIILINLS
REMERE, WENRELHBPEREZ, KA
BN TEIRE, EREANEENELAHTITES
HIFRIEEITHEN R EHME, SR ENHIE ™889
RIS, RBRER A a7,
1.3 BXREX

WM - @ im) R« SEITERARPS 27 FIE BT R
BRIBIREIRI, DA R,

OB e SR OB ? FIEEERY
KERNTERT, 2ATE. NMUBE.

KEmBA  BIAREAENRESEERA
B8FKTm, PNEBRAEL IR BRAELDLR/B.
R/ MAIZ,

MERREAN | BIARFAENRESEEZ
WMERX, 2AEX/VFEXRIZ. 25 /BHIZ. R
D) MARIZo

BIESA  IEEENNREER.

hs-CRP 7K : hs-CRP FREREE >3.0mg L1223,

FREBAKFEDA  HRIFRERRBKFEHN=5
AEFRETR D A (<0.79ug-g*, URANEFT, &
E). & (0.79~<1.66pg-g?) « BKFA (>1.66uggh)o

KEIEEL (body mass index, BMI) N{KRE /55?2
(kg-m2) B4,
1.4 FitESR

KA EpiData 3.0 H1TEHIENR N, W LiREHE
R 353HITRITED M. RBKFEMED, X
FAM (Pss, Prs) TRiTRo FEME. BMITTEIES D70, Lxts
TR, REIRIIEZAR t} I LR hs-CRP 7k FARFNIES
AR RIS R EIRIEIFNER ; DETE IR
ML R, KA ¢ 1K ELER hs-CRP Bk AR
IKFAERRTR—RRA ORI £FAR. RBIIR
UNERFBEREKFENER ZER—HXBAEITRY
REM, KA XEMREMMNIER SR EKFER
hs-CRP FY X B, BL{RRE AL R : v [logit (P)] =xB+zZy+e ;
Heh, yYANETE ; P hs-CRPASHIEER ; x HEE
MRZBVIE T HERE, BIARERKT (LB SAN SRR ERIFR
RKFUNRE, FUARRRBAKFEDHARNER)
HE AORFHE. £EFIBAIREIR ; BABEM
NBHEE ; Z AR IZIT R, 2H 5K i
X ABEHEINL 5 y RN S HAE ; e ABHIRE
mE, REFRET FER. 5. XHEE. BIRRR.
ENFEFIROR. BMI IRIE. TUE. K= BB ABH

EAFTSERRBNER, FH—SHRITADH, &
RARMER) FIREBIAFTISRIRIEKFH hs-CRP Z
IEJRYREK, RIS, 1387K/E a=0.05,

2 &R
2.1 AR ABRERYFHIE

1860 & FA R X R F g /9 (83.41+11.24) %, 3B
657112 % ; B M 9175 (49.30%), L9435
(50.70%) 0 <90% K >90 Z IR R 251 H 13315
(71.56%) #5294 (28.44%), JAE ABEH, 3198
(17.15%) FARITR hs-CRP &b FZ7KFs

1860 B AN R K73 145 FheHIREZALEFR
IEFEANEFRIERIFKFEIM (Pos, Prs) R 10

£R1 PEINMEEMK 65 5 MU EEFE ABFRFKE
M (Pas, P1s)]
Table 1 Urinary cadmium level among elderly aged 65 years and
older in nine longevity areas of China [M (P2s, Ps)]

gy FEAE gy REREAT

u X
Oyt-)rjﬁt Number Uil‘::\]lae?// Zad.m_ilum Urg::agri c’aj/rfﬁﬁiﬁfgv)el/
ugl) (ug-g”, creatinine-adjusted)

21K (Total) 1860  0.86 (0.46, 0.96) 1.12 (0.63, 2.06)
451 (Sex)

& (Male) 917  1.01(0.49, 2.12) 1.05 (0.59, 1.94)

% (Female) 943 0.77 (0.42, 1.73) 1.19 (0.68, 2.17)
FHie/ % (Age/years)

<90 1331 0.91 (0.48, 1.63) 1.11 (0.62, 1.98)

>90 529  0.77 (0.41, 1.95) 1.15 (0.64, 2.33)

B, . BKFREBZHABE hs-CRPEKFEEXSH
519 15.44%. 17.77% # 18.35%, 3 A[B1E R LS+ E
B X (P>0.05), hs-CRP B/KFAMIEZ K LA RIS
RERE. BMI. XHRRE. BRI R RSB FRBNE
MR HEREBRITFEEREN (38P<0.05), WK 2
2.2 FR{RKFES hs-CRP H = MR E£

TEEE T E8. M. XHRRE. IBIRKR. BiF
L5505 BMIL TRUMEL OB, K= @IBN. e RS
BANAEREELE, REBKESAE—TEAX
¥R, hs-CRP F =Y OR /9 1.14 (95%C : 0.96™1.36) ,
THITFEENX ; MIERBAKEDAR, SEKTRRE
BEAMBLL, P EKFRBELHhs-CRP A EHIOR K
H95% C1 995179 1.49 (1.04~2.13) #11.58 (1.07~2.33)
IR 3,

LUMRI D BT AR ERER, SHKTESR
EHALL, BUMZMEFABTKFREZELhs-CRP
F =B OR K E 95% €1 7351179 1.82 (1.04~3.19) #11.48
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(0.91~2.41) ; UFERPDAHNTHPHERETR, 5 (1.14~2.98) #11.48 (0.78~2.80), FATM, &I EULE.
RAKFRBERAMLL, <00 FM>0FMEFEATK MHIXTRTBKTFES hs-CRP & B X B IZTERITER
FREEHhs-CRP TSI OR K2 H 95% €1 93 51 /9 1.85 (33 P%5>0.05), ILE 1,

K2 PEINMKEMEX 65 5 RIULEBEABERREKTF hs-CRP ABERYEAIFIELLIR [Xx s SRA L (FIRELL /%) ]

Table 2 Comparison of basic characteristics among the elderly aged 65 years and older grouped by hs-CRP elevated and non-elevated in
nine longevity areas of China [xts or n (proportion/%)]

$4E hs-CRPiZ7KTF4H  hs-CRP IEFKFA ait ,
Characteristic hs-CRP elevated hs-CRP non-elevated Total t/x P
(n=319) (n=1541) (n=1860)
FEH /% (Age/years) 85.63+11.68 82.95+11.09 83.41%11.24 -3.77 <0.001
BMI/ (kg-m?) 23.2244.59 22.6443.74 22.7443.90 -2.03 0.043
1451 (Sex) 0.90 0.342
B (Male) 165 (51.72) 752 (48.80) 917 (49.30)
% (Female) 154 (48.28) 789 (51.20) 943 (50.70)
XAVFEEE (Education) * 6.30 0.012
X5 (lliteracy) 176 (56.41) 731 (48.60) 907 (49.94)
JEXF (Literacy) 136 (43.59) 773 (51.40) 909 (50.06)
YEGRLRR (Marital status) © 4.04 0.045
BIE (Married) 139 (44.27) 772 (50.49) 911 (49.43)
KU/ BI5 / 1218 (Single/divorced/widowed) 175 (55.73) 757 (49.51) 932 (50.57)
BiT4250R07 (Self-rated economic status) 4.65 0.098
= (Affluent) 69 (21.84) 327 (21.37) 396 (21.45)
—f% (Normal) 200 (63.29) 1038 (67.84) 1238 (67.06)
3 (Poor) 47 (14.84) 165 (10.78) 212 (11.48)
B4R (Smoking) * 0.32 0.570
2 (Yes) 63 (19.81) 283 (18.45) 346 (18.68)
7 (No) 255 (80.19) 1251 (81.55) 1506 (81.32)
38 (Drinking) © 0.97 0.325
£ (Yes) 66 (20.82) 282 (18.44) 348 (18.85)
Z (No) 251 (79.18) 1247 (81.56) 1498 (81.15)
K= BB (Aquatic product consumption) * 4.21 0.122
SEZE 1% (At least once a week) 143 (44.97) 750 (48.83) 893 (48.17)
SHAZE/ 1 /B (At least once a month/sometimes) 111 (34.91) 547 (35.61) 658 (35.49)
1R/ M7 (Seldom/never) 64 (20.12) 239 (15.56) 303 (16.34)
HELTRFIRB (Vegetable consumption) ” 6.34 0.042
X/ FEX (Every day/almost every day) 172 (53.92) 905 (59.00) 1077 (58.12)
25 | 5t (Often/sometimes) 137 (42.95) 607 (39.57) 744 (40.15)
B/ MA (Seldom/never) 10 (3.13) 22 (1.43) 32 (1.73)
SRS & (Physical exercise) 0.98 0.323
2 (Yes) 63 (20.00) 343 (22.54) 406 (22.10)
7 (No) 252 (80.00) 1179 (77.46) 1431 (77.90)
FREBKFE/ (ng-g”, LURANEFI) [Urinary cadmium level/ (ug-g”", creatinine-adjusted)] 2.08 0.354
17K TF4H (<0.79) [Low (<0.79)] 99 (31.04) 542 (35.17) 641 (34.46)
7KL (0.79~1.66) [Middle (0.79~<1.66) ] 113 (35.42) 523 (33.94) 636 (34.19)
S7kF4E (>1.66) [High (>1.66)] 107 (33.54) 476 (30.89) 583 (31.35)

[CF] * . RERHIELDE (1737 A) #5, [Note] *: Numbers of missing participants in each group range from 1 to 37.

x3 FEINMKFHIX 65 % KL EAB#RFEKFE hs-CRP BYKEX

Table 3 Association between urinary cadmium level and hs-CRP among the elderly aged 65 years and older in nine longevity areas of China
FREBAKF / (ugg”, LURAETIT)

Urinary cadmium level/ (ug-g”, creatinine-adjusted) b g t P OR (95%l)
B/ E 1XFEERL (Each log-transformed unit increase) 0.132 0.087 1.51 0.131 1.14 (0.96~1.36)
7K A (<0.79) [Low (<0.79)] = = = - 1.00
A7k F4H (0.79~1.66) [Middle (0.79~<1.66) ] 0.398 0.182 2.19 0.029 1.49 (1.04~2.13)
S7KFEAH (>1.66) [High (>1.66)] 0.457 0.199 2.29 0.022 1.58 (1.07~2.33)
Pissy ( Prrens ) 0.025

U] RENRE T EI0. M3, XHIRE. BIENR. BIFEFIRR. BMIC IR, IRE. KE=miBA EERRBANETRIEE R,
[Note] Each model is adjusted for age, sex, education, marital status, self-rated economic status, BMI, smoking, drinking, aquatic product consumption,
vegetable consumption, and physical exercise.
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35 Pyz=0.322 3.0 Puz=0.927
3.0 Prinerscion=0-322 25 Printerscion=0-927
25 —
S 20 S 2
o 2. -
3 3 15
D15 [
x &< 1 O ,,,,,,,,,,,,, —
©i0f--mitt—- =%l . ©tL 5] 5]
05 0.5
0 L . 0.0
B (Male) Zl%(Female) <90 >90
45 (Gender) Fis/% (Age/years)

= {7k F4H (Low) -@- FKFLH(Middle) —a— =7k 4R (High)

U] DURKTREBEANSRA, RIARE T FR. M3, XUEE.
B, BIFEFROR. BMI TRAE. TOBE. K= RIBEAN FrEE
BRIBAEBERIEKE .

[Note] Take the low cadmium level group as reference. Each model is adjusted

for age, sex, education, marital status, self-rated economic status,
BMI, smoking, drinking, aquatic product consumption, vegetable
consumption, and physical exercise.
1 PEIMRFMXREMES (A). £ (B) Y

65 % R E ABERERKFS hs-CRP BYX<EX

Figure 1 Associations between urinary cadmium level and hs-CRP

in sex (A) and age (B) subgroups of the elderly aged 65 years and

older in nine longevity areas of China

3 e

KAREM, FEINEKFMK 65%5 MU EE
FARTBKFS hs-CRP A B TEEKXREL, S1RKFR
FEBRAMELL, P SKFREFZELH hs-CRP A SHIX G
73 RIE 10 49% 1 58%0 KA IMFML . M RIXT FREBKTF
5 hs-CRP A K EXTFEIB IR TER.

ROES LA, BYMPESFERHFNAEKRE L,
TEXAEVERESNEMAERN—TUAEER,
660 %5 ANBREZEAEFRIERBKFERNHRAMULIES
0.30pg-Ll*, EF B, T RFKFHPMUED B
0.33. 0.20 pg-L" AR BEMEBE 4EFE AKREZANEF
RIERBAKFNRUBSTLEEZFAN, B2AREX
ZFARENRBKEETTEALENARER, A
BES AR ABEREE AR,

HMREZWARLI, RS FHCRP KT
B F a0l FE—INE F 31404 18~80 % A £F
AWHAREZI, AR THMEARNE MG, XTEHFEIR
ERRBKESHS 1 ugmmol® (LARANEFiT) , CRP
A = & & H95%c 59 0.212 (0.045~0.379) mg-L 1,
LinE U 10 1988—1994 EXEEREESEFRIAE
(National Health and Nutrition Examination Survey,
NHANES) 1 40~79 Z I FEANHA R RAEBH—
THEMTEIAEER AN AT FER. %5, BMmI
EFREZMEWE, SRT\KFEQ AL, RI|KFE
Q Qs F1 Q. 4H CRP FH B BY OR K2 H 95% C1 73 51 /9 1.12
(0.88~1.42). 1.16 (0.92~1.46) F11.62 (1.24~2.12), 5

NIAFTLERE M. ANARE LI B EEFEARTK
5 hs-CRP F+ S ETE X BE, M1E L1 AR R & I itk Fb
X B, 5m1% %" & F 1999—2002 £ NHANES B FfF
RERBIN, BEARREEARITRREKES
hs-CRP A X BEMR BERLAITE RN, XAJgES
BEARERNEX,

SRR, |rl SR MRIEYINBE AN R -6
(Interleukin-6, IL-6) BIFH 1S, IL-6 AJ {23 A 52 40 A AN
R ARRRARE M S FRIZRIE, MITTEARF4EAR
=4 CRP FIFHEB IR FEAF -a (Tumor necrosis factor-a,
TNF-a) 221, b4, RE IS AL, 2EH
RIEE, MMEHERNERSEMEEREHE Y ;
BUESEBMELES, THERNREKNEK
Rz, MAMERAFNERE T SRAERNA4HHE
THRE, NS CRPKFENF =

AHREE—ENERM. B, ZHRETHE
BE A 5TIRT, EILASH 53 & BLAY PR 87K 40 hs-CRP
ABHNXRSEEREEZHMZFMURIE ; HX, &
MARMMAINRAKEMXPEEAN, HRERE
FEMABGTFE—ENRE ; £=, XARAANDN
BIAB R BEMMLL IS T RANDITHIAEE , BTRETE
TR REG ; &G, RECERTER. 43, T/E
FREWEN, BNE—LRRIFAENEREEATAE
SR RGER=ERFRET RREFH T FHEFIRE
MR TR R IR R R K EXN B E AR EH i A B
hs-CRP F =Y &2,

4R EFR, ARERIBRPE 9 MHEHIX 65 %
KU EZF ANERTBKTS hs-CRP K ERNABEEX
BX, RRIEFHEFE LT R AR IEA R R BIAF
REEIL, NERNM T FRRAS M ERTSIRERIE,

B2

[ 1] ALFVEN T, JARUP L, ELINDER CG. Cadmium and lead in blood
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