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Relationships between trace elements vanadium, cobalt, copper, strontium, and molybdenum
levels in urine and cognitive impairment in elderly men in an area of Guangxi TANG
Chuangiao®®, PENG Yang™¢, ZHANG Li’e™ ¢, LI Zhiying*®, ZOU Yunfeng®® (a.Department of
Toxicology, School of Public Health b.Guangxi Key Laboratory of Environment and Health
Research c.Department of Environmental Health, School of Public Health, Guangxi Medical
University, Nanning, Guangxi 530021, China)

Abstract:

[Background] Previous studies have shown that the homeostasis imbalance of trace elements
vanadium (V), cobalt (Co), strontium (Sr), and molybdenum (Mo) may lead to physiological
abnormalities and even diseases in human body, but there are few studies about their effects on
the cognitive function of the elderly so far.

[Objective] The study aims to explore the relationships of urinary levels of V, Co, Copper (Cu), Sr,
and Mo with cognitive impairment among elderly men in an area of Guangxi.

[Methods] From August 2016 to July 2017, a total of 375 elderly men aged 60 years and above
were recruited from an area of Guangxi. Basic information was collected by questionnaire, and
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cognitive function was evaluated by the Chinese version of Mini-Mental State Examination (MMSE). At the same time, their urine samples
were collected, and urinary concentrations of V, Co, Cu, Sr, and Mo were detected by inductively coupled plasma mass spectrometry
(ICP-MS). Wilcoxon rank sum test was used to compare urinary trace elements levels of participants with different cognitive levels. A
general linear model was utilized to evaluate the relationship between urinary trace elements levels and MMSE scores. The participants
were divided into T;, T,, and T; groups according to each trace element’s tertile concentrations, and then a binary logistic regression
model was conducted to analyze the relationships between trace element levels and cognitive impairment.

[Results] In this study, 109 out of 375 (29.1%) elderly men were identified as cognitive impairment. The median urinary concentrations
(creatinine adjusted) of V, Co, Cu, Sr, and Mo in the participants with and without cognitive impairment were 1.31, 0.15, 8.96, 62.15,
73.75ug-g* and 1.04, 0.12, 7.68, 49.32, 62.60 pg-g*, respectively, and the concentrations of V, Co, Cu, and Sr in those with cognitive
impairment were higher than those without (all P<0.05). After confounder adjustment, for each unit increase of IgCu and IgSr, MMSE
scores changed by -0.91 (95% CI: -1.76--0.07) and -1.56 (95% ClI: -2.92 --0.20), respectively. In the crude logistic regression model,
higher urinary concentrations of selected five trace elements were all associated with increased risks of cognitive impairment across
tertiles of each trace element’s concentrations (all Py.nq <0.05). After adjusting for confounding factors, higher urinary concentrations of
V (OR=2.08, 95% CI: 1.15-3.76 for T; vs. T;), Cu (OR=2.04, 95% CI: 1.15-3.63 for T; vs. T;), and Sr (OR=1.94, 95% CI: 1.10-3.43 for T; vs. T,)
were still associated with increased risks of cognitive impairment in a dose-response manner. When the five trace elements were included
in the logistic regression model simultaneously, the results showed that urinary Cu concentration was positively associated with the risk
of cognitive impairment (OR=1.96, 95% CI: 1.07-3.58 for T5 vs. Ty).

[Conclusion] Higher levels of V, Cu, and Sr in urine may be associated with increased risks of cognitive impairment in elderly men in the
selected area of Guangxi.

Keywords: elderly man; urine; trace element; cognitive impairment; cross-sectional study
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lg $h. 1g 5. IgER8F 1gsHE MMSE DMEEAEX XA ;
RIEMXEXAEG, lg B IgEBMKIES MMSE &
ZREX, IgRAMIgREIEM— R4, MMSE &
PHZT1K-0.91 (95%CI : -1.76-0.07) . -1.56 (95%CI :
-2.92~-0.20) T13R 3,

R1 2016—2017F/ BFEMX 375 REFH M
—RRAOZFEHIE [n (%) ]
Table 1 Demographic characteristics of 375 elderly men
in an area of Guangxi from 2016 to 2017 [n (%)]

R2 2016—2017 F AEFEMKX 375 REFEFHRF
5 MiETTRKTE
Table 2 Urinary levels of five trace elements in 375 elderly
men in an area of Guangxi from 2016 to 2017

i}\%ﬂzﬁé i)\giﬂﬁﬁ
p 1E 5
Cﬁ;giﬁﬁs n (n=2f6) (nf1;9) Va P
Normal Impaired
cognition cognition

FHe/ % (Age/years) 0.50 0.779
60~ 156 109 (40.98) 47 (43.12)
65~ 138 97 (36.47) 41 (37.61)
70~ 81 60 (22.56) 21 (19.27)

BMI/ (kg:m?) 1.07 0.586
<185 44 30 (11.28) 14 (12.84)
18.5~ 257 180 (67.67) 77 (70.64)
24.0~ 74 56 (21.05) 18 (16.51)

Ei%& (Ethnic group) 0.14 0.933
X (Han) 28 19 (7.14) 9 (8.26)

% (zhuang) 340 242 (90.98) 98 (89.91)
Hfth (Others) 7 5(1.88) 2 (1.83)

EIRAROSE (Marital status) 3.39 0.066
245 (Married) 331 240 (90.22) 91 (83.49)
iﬁ:ﬁ\ﬁﬁ@iﬁivmed 44 26 (9.78) 18 (16.51)

B\l (Occupation) 4.99 0.026
JERE (Non-farmer) 59 49 (18.42) 10 (9.17)

RE (Farmer) 316 217 (81.58) 99 (90.83)

s

zf%;fngse/ai 012 0.340
0 36 26 (9.78) 10 (9.17)
1~ 155 111 (41.73) 44 (40.37)
7~ 184 129 (48.50) 55 (50.46)

ifil?:frﬁa/l iT:come/yuan 871 0.013
<10000 147 92 (34.59) 55 (50.46)
10000~ 82 65 (24.44) 17 (15.60)
30000~ 146 109 (40.98) 37 (33.94)

MRS (Smoking history) 0.52 0.472
% (No) 199 138 (51.88) 61 (55.96)

A (Yes) 176 128 (48.12) 48 (44.04)

RGESE (Drinking history) 0.25 0.620
I (No) 168 117 (43.98) 51 (46.79)

A (Yes) 207 149 (56.02) 58 (53.21)

e — IAFTHREIE S INFTHRER 45 BRI
Ji{dgﬂ:? (n=266) (n=109) Wilcoxon rank
Urinary trace Normal cognition Impaired cognition sum test

element

M PZS P75 M PZS P75 Z P
RRIERT/ (ngl™)
Unadjusted/ (ug-L™")
Vv 1.07 0.70 1.50 1.21 087 1.69 2.127 0.033
Co 0.13 0.05 0.23 015 0.07 0.28 1.202 0.229
Cu 8.19 4.13 1403 800 543 1239 0.381 0.703
Sr 48.70 33.72 79.66 52.79 34.92 8793 1.469 0.142
Mo 66.68 41.05 108.60 66.13 41.50 131.18 0.453 0.651
RIEE/ (eg")
Adjusted/ (ug-g?)
Vv 1.04 0.62 1.68 131 0.82 1.99 2.524 0.012
Co 0.12 0.06 0.20 0.15 0.07 0.30 2.029 0.043
Cu 7.68 435 1137 896 511 13.12 2.012 0.044
Sr 49.32 30.06 80.58 62.15 35.46 95.73 2.249 0.025
Mo 62.60 40.89 104.80 73.75 41.03 133.09 1.761 0.078

CEIV, $l; Co, £ ; Cu, $8; Sr, 8 5 Mo, R
[Note] V, vanadium; Co, cobalt; Cu, copper; Sr, strontium; Mo, molybdenum.

£33 2016—2017 F AEFEMKX 375 ZEFEFHRH
5 i@ T RKTS MMSE SEX REV—RREE MR 5 iR
Table 3 General linear model analysis on the relationships
between five urinary trace elements and MMSE scores in 375
elderly men in an area of Guangxi from 2016 to 2017

Urina)fj‘f%;i;ifment b (95% i) * b (95%Ci) :

gV -1.68 (-3.42~0.06) -1.26 (-2.96~0.44)
lgCo -1.19 (-2.10~-0.28) * -0.88 (-1.76~0.01)
lgCu -0.98 (-1.85~-0.11) * -0.91 (-1.76~-0.07) *
lgSr -1.70 (-3.11~-0.30) -1.56 (-2.92~-0.20) "
lgMo -2.17 (-3.85~-0.48) ° -1.12 (-2.87~0.63)

[E] v, 91 Co, 5 ; Cu, A5 Sr, 8 5 Mo, $Ho * 1 P<0.05, a @ KR
EREFRREAR, b | RIEFRDA. BMI DA, REFUBN. &
e, IUBEE. REEFR.

[Note] V, vanadium; Co, cobalt; Cu, copper; Sr, strontium; Mo,
molybdenum. *: P<0.05. a: Crude model. b: The model is adjusted
for age, BMI, family annual income, smoking history, drinking
history, and education level.

2.4 FRAS5FHHETEKFESINMINEEN X R
logistic BIARBLERER : TRE—RHETER
Blrh, RIE)EZAEH, s HMEcRYAIAAIIEE
SR EZE (39 Pwsx<0.05) ; RIEEZ:HRERG,
H. MBS IAKTEZ R XKD ABRITERX
(3 Pz <0.05) , ST /REHEFE AL, Fl. B
BT, REHEZF AN THEEZ I XLBE OR (95% C1)
B4 5 792.08 (1.15~3.76) . 2.04 (1.15~3.63) F11.94
(1.10~3.43), MESHHETRKSIERRELA, &
HHRAMHETEUNRBFERIRIE, fMIBR
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ZE NNFINEZHNERER, ST RELANES
AMBLE, TREAEE A BINFNIIEER (A B fo 1
0, Eor (95%Cr) {85 1.96 (1.07~3.58) , I1FK 40

R4 2016—2017 FI AEMKX 375 FEFB MR 5 MR
B RKEXINHThEER A logistic BlYAREL 534
Table 4 Logistic regression model analysis of the effects of five
urinary trace elements on cognitive function in 375 elderly men in
an area of Guangxi from 2016 to 2017

INHITHEES
— R/ B
. 3/ B
) RAE TR Impaired  OR (95%CI) ® OR (95%Cl) ° OR (95%Cl) ©
Urinary trace element o
cognition/
Total
v
T, (<0.81pgg") 26/125 1.00 1.00 1.00
) 1.79 1.80 1.66
.81~<1. g 12 . .
T (0817<1.50pgg”)  40/125 (1.01~3.18) * (1.00~3.25) " (0.87~3.17)
i 2.00 2.08 1.71
T (>1. g" 43/12 . .
»(>1500g¢7) YA (1.13%3.52)* (1.15~3.76) © (0.86~3.39)
Pias (Puena) 0.026 0.022 0.300°
Co
T, (<0.08pg-g™) 33/125 1.00 1.00 1.00
. R 0.88 0.87 091
L Guradsisg ) S0 (0.50~1.56)  (0.49~1.57) (0.49~1.66)
) 1.62 153 1.29
>0.18pgg" 12
Ts (>0.18ugg’) 46/125 (0.95~2.78)  (0.88~2.66)  (0.72~2.30)
Pias (Puena) 0.033 0.065 0.300°
Cu
T, (<5.75ugg") 31/125 1.00 1.00 1.00
. R 1.09 115 1.26
T2 (5757<10.63ugg ) 33/125 (0.6271.92)  (0.64~2.07) (0.69~2.32)
) 171 2.04 1.96
>10. g" . .
Ts (>10.63ug2) 45/125 (0.99~2.95) (1.15~3.63) " (1.07~3.58)
Pisss (Poens) 0.044 0.012 0.165°
Sr
T, (<37.96pgg") 31/125 1.00 1.00 1.00
i 1.04 0.95 0.85
T, (37.96~<73.26ugg’) 32/125
2 ( TRAEG ) S (0.59~1.85) (0.52~1.71) (0.46~1.58)
i 177 1.94 1.33
T, (>73.26 g g’ 46/125 . .
s ( vee) / (1.02~3.05) " (1.10~3.43) * (0.70~2.54)
Piass (Puena) 0.026 0.011 0.300°
Mo
T, (<49.54pgg") 32/125 1.00 1.00 1.00
) 0.96 0.90 0.81
T, (49.54~<93.40ugg") 31/125
2 ( <93.40ugg) 31/ (0.54~1.70)  (0.50~1.62) (0.44~1.49)
i 1.69 155 117
T; (>93.40pgg" 46/125
5 ( veg) / (0.98~291) (0.87~2.77) (0.63~2.19)
Piays (Puena) 0.030 0.079 0.425°

[F] v, 30 ;Co, Eh;5Cu, 58 ;5Sr, 8 5 Mo, $Ho * 1P<0.05, OR, KFGLL ;
a, BEXE ; T, =9I a : RREFMERFREE. b : KRIE
FHR D BMIDH. KEFWRN. BIAE. IUEE . SEEFR.
c: FEbEH E, sTHETERRAN logistic EVIEEL, d : Puxn
BB EZIMERIE,

[Note] V, vanadium; Co, cobalt; Cu, copper; Sr, strontium; Mo,

molybdenum. *: P<0.05. OR, odds ratio; Cl, confidence interval;
T, tertile. a: Crude model. b: The model is adjusted for age, BMI,
family annual income, smoking history, drinking history, and
education level. c: The five trace elements are included in the
logistic regression model simultaneously based on b. d: The Pyend
values are corrected by false discovery rate.

3 iTig
AR 375 B AR MK EEBHERINFNEE
AT, NERZRPR. . 5. 8. HsFHHE
TTERIIKE, ZMERFH. HMEHKFREETEEE
[mAEEFEBMEIANINEESHEX,
RNERERMREKANENTER, BYHERER
SNSNZRATESERN DY, NHERLE. W
®ERL. DMERA. BRES. MBRAFKIELR
g 1], ERIMIB IR TIRITI S IARThEEZ A%
Fo. ABERITRZREETR, RIARESEMTIA
INFITHEERI AT RFEER D ; SIEE ABEL,
RBREIAMINEERERRE MM /R K MR EE MBFTR
EES (P<0.001) "5, b9k, ISR EIEREA, P
REBREIYNESEN, AESREERHS
HECRIRIBIT IR , SURIR AR 5 2 B AR
s-REpEMy- B TR, mMRMED | D",
XL R RIIRE T IF A RLE IR, AT, A5
MEC L EMEN—EHREICHEE, GuE T
BHN—THEEEALONHRETERES AN
FEAWHARAD, NETEREE NAIEESRAER
PRER, XOESHASE. SV AR
BRRAEEX. BTEIERIIMRTASEEAIAA
IHEERERS AR EX IR IR L B AR EMEXT RN, BEHE
FBAEAENEFEABTHITIO, FAEEEDY
TR B AN 4HREAR B B N LAIERR,
FREVARAPTRFENIMIEREZ—, 1
EEEMABRREFRENHETS, T—R54EE
WA ERTRBRNER Y, EEFZRITHEEH
RERETR, AMERAREKIARR/RZEIRFIIA
MINEERERNEREAR 0, REFRN—TUAE .
o, MFEAEES5PERNEEANANETESZE
RXXR Y, #—FPHIFT RARNEL, RS
SRR MEINFITIRERBEN I EIE | S SRR
AT, REKIARFEIZIZANFESITHREL £ ; A
FERSRBH SBURTELN AR, TEAIAD N
LS EHAZRITELEMBTESES ; 1£AS
AR EIR S 2N, MABRKESS5 BRHNHA
fags, XBM/R%EIIE LB — K BIINE 22 ;
SKENHEESHEMBKEAS, SEONARK
5, RETBESIAFBE TREE XD,
BEENYEMEREBM, KETEEFEABRR
B RRABRA T E R ZIEER 2, AT, TBIER
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FRERAIIANNNENARDEFEARAETH. Gu
SR, NN EENEFEALNBESEST
INFITHEESZ MBI EFE A (P=0.044) , SAFRATHFEF
MERERER ; BZARHE—THNE—FE logistic
EIRBELERETR, BXTIAKIENEMERITFER
X (P=0.050) , MZSHFTERAIAR LE logistic [B] I 1R A
DMERRTRBERNINNITIEZ RN ERER (Pes=
0.011), BRIZIATSIN, BHE LFEY HARZEAFFIEK
TEREBTHETES2Y ) L ENHBZIAANLAENX
R, THE—RBERED, M%) LEENAE
#6824 (mental development index, MDI) #4535 FRE87K
FEEMRX, BEZEREREF, 85 MDIBEIER
XXR, BTBRENE) B0 ZEP A IERR
B XEMRNERUNRAHANERB T ARE
Bl A E. BAXBERR, WEEH—TEHM
ABHRINLASRIE, BEBEERNFBEFHR.

HEAARTHRAHEER (HEEEB12) A
R, BEREKEIS2=E285 %, EHE
EINENThEERRRS ), SHR—FITETR, BETS
MAKEER, HPEETMEREAWES, MIERERE
SLESTRZ FTRER 5 AR RFIER ), Paglia & 1
KNT IEBXTBARE. ENMIZIZEREE. BEIAA
EEFERR B EMA/RABRFEEMEPREEE
TTREBE, KMBRIKERKIAS, HPEEWTERA
BSHRAERFBENERERITERN, 181
ANEREK RS A s S5R/R% BRI A BIEX.
EXRHARP, REEXBEFARA, 2—HETE
logistic BlYAR AL R B, $AEIAFIIEER
PR EZER (Pur<0.05), BRIEBEX#ARGER
BIEK, ARESHAERERE X,

KR REMNEME R SIATHEEFEIFIE X
HNEETTER, HABESH—TERERRE. G, B

TATRFIUERERA, KARBREERSSFEEIM

BRAESHRIEE TREXY, BRE\ES 2091
MRS RZEBRBFATEASEERRKR
KEELABRIZA TEMANINEREFERD
BARHKHY, RERBETENEEAN, HRHEKES
INHITHEEZ2 XX R, MFEHRNERSESE, BIfE
BIEEREAKTE, b —PIEBENEmESE R,
tb5h, BBERRIRERB S 2 S F/R%ERRMX Y
e x B,

KRREFEUATAEZL : E—, AHARIE

WIER, FEAFEEFERRE. HANKRREESE
BSUHFRRYE, RATELENRITRFEEMRH
WIE, BEFRMRREFHBEXXRER, BEEER
RXRZXTEFIYRRM D FEWKEIUESE ; £,
St F o mRE R E AR FES DERRRRFE,
NEMERNRIXIANIIEEB ZMIEAE R, SEEMIF
BERY), UNREZERNEREN. ERE LS.
Fit, ARMEAR. T AFEEAE. #HITSHEREF
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XX HRo
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