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Effects of occupational aluminum exposure, types of alcohol consumption, and their
interaction on cognitive function of workers HUAN Jiaping, HAN Xiao, GAO Dan, ZHAO Dan,
SONG Jing, WANG Linping, ZHANG Huifang, NIU Qiao, LU Xiaoting (Department of Occupational
Health, School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China)
Abstract:

[Background] Occupational aluminum exposure is closely related to cognitive impairment, and
alcohol consumption is also closely related to cognitive dysfunction.

[Objective] To explore the effects of types of alcohol consumption on cognitive function of
occupational aluminum exposed workers.

FEHR
Investigation

goee

DOl 10.11836/JEOM21474

A

WPE & B AR ¥ E$(202103021224226) ;
L5 & Bl E 8% A BRI 2 B B (2021-
084)

E&E BT
EB{E(1998—), 2, Mt 4;
E-mail: 1457187751@qq.com

BEEE

B&/\§Z, E-mail: luxiaoting@sxmu.edu.cn

e
FlEEhs
Weks B EA
RABH

XEBHRS 2095-9982(2022)07-0763-07
HESHES R131
XEIFER A

B3REX
TR
2021-09-30
2022-03-20

1)

EEY B, 58, F RUSESSENE
FENEXEERN T A AN EM
P ISR ESF, 2022, 39(7) : 763-768,
774.

PA TSR

www.jeom.org/article/cn/10.11836/JEOM21474

Funding
This study was funded.

Correspondence to
LU Xiaoting, E-mail: luxiaoting@sxmu.edu.cn

Ethics approval Obtained
Competing interests None declared
Received 2021-09-30

Accepted 2022-03-20

> To cite

HUAN Jiaping, HAN Xiao, GAO Dan, et al. Effects
of occupational aluminum exposure, types of
alcohol consumption, and their interaction on
cognitive function of workers[J]. Journal of En-
vironmental and Occupational Medicine, 2022,
39(7): 763-768, 774.

> Link to this article
www.jeom.org/article/en/10.11836/JEOM21474

wWww.jeom.org


https://doi.org/10.11836/JEOM21474
mailto:1457187751@qq.com
mailto:luxiaoting@sxmu.edu.cn
www.jeom.org/article/cn/10.11836/JEOM21474
mailto:luxiaoting@sxmu.edu.cn
www.jeom.org/article/en/10.11836/JEOM21474
www.jeom.org

764 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(7)

A total of 181 workers aged from 23 to 56 years were selected by cluster sampling method in an electrolytic aluminum
workshop of an aluminum plant in a region and in a maintenance workshop of another plant in the same region from July to August,
2019. Venous blood was collected, and plasma aluminum concentration was determined by inductively coupled plasma mass
spectrometry. The study subjects were divided into low and high exposure groups based on the median blood aluminum level and type
of work. Their basic information was collected by occupational health examination. Workers' cognitive function was assessed using the
Montreal Cognitive Assessment Scale-Beijing Edition. Logistic regression was used to analyze the association between plasma aluminum
concentration and cognitive impairment, and between the types of alcohol consumption (including Baijiu, red wine, and beer) and
cognitive impairment, Unconditional logistic regression was used to fit multiplicative interaction model as well as additive interaction
model of plasma aluminum concentration and the types of alcohol consumption, and to calculate the relative excess relative risk due to
interaction (RER/) and attributable proportion due to interaction (AP).

The M (P,s, P,s) concentrations of plasma aluminum were 40.01 (25.05, 60.56) pg-L™" in the total study subjects, 25.16 (17.13,
34.78) pg-L™" in the low exposure group and 60.56 (47.40, 68.53) ug-L™" in the high exposure group. After adjusting the type of alcohol
consumption, drinking, age, duration of exposure to aluminum, education, marital status, and smoking, the odds ratios for impairments
of attention, language expression, and overall cognitive function in the high exposure group were 4.295 (95%Cl: 1.912-9.648), 5.687 (95%Cl:
1.355-23.867), and 2.720 (95%C/: 1.225-6.040) times of the low exposure group respectively. Besides, after adjusting blood aluminum
concentration, total alcohol consumption, age, duration of exposure to aluminum, education, marital status, and smoking, the risk of
attention impairment of the Baijiu drinkers was 2.613 (95%Cl: 1.054 to 6.837) times of the non-Baijiu drinkers; the risks of impairment of
visuospatial abilities and execution functions, language expression, delayed recall, and overall cognitive function of the beer drinkers
were 3.165 (95%C/: 1.285-7.797), 17.898 (95%Cl: 1.590-201.480), 3.118 (95%Cl: 1.215-8.003), and 3.824 (95%Cl: 1.736-8.423) times of
the non-beer drinkers. There were both additive [RERI (95%Cl): 1.745 (1.394-2.097), AP (95%Cl): 0.415 (0.201-0.630)] and multiplicative
(OR=3.591, 95%CI: 1.393-9.255) interactions between Baijiu intake and plasma aluminum concentration levels on the attention domain.
The cognitive impairment attributed to the interactive effects of drinking Baijiu and plasma aluminum concentration in individuals with
attention impairment accounted for 41.5%. There were both additive [RERI (95%Cl): 5.955 (0.562-11.328), AP (95%Cl): 0.829 (0.577-
1.081)] and multiplicative (OR=42.174, 95%Cl: 5.469-325.252) interactions between beer drinking and plasma aluminum concentration
on the overall cognitive function. Among the individuals with overall cognitive impairment, the cognitive impairment caused by the
interaction of beer drinking and plasma aluminum concentration accounted for 82.9%.

Occupation aluminum exposed workers' attention, language expression, and overall cognitive function are closely related to
their plasma aluminum concentration. Plasma aluminum concentrations have interactions with Baijiu and beer consumption on cognitive
impairment of workers.

occupational aluminum exposure; cognitive function; type of alcohol consumption; interaction

HRERVESEFE, REER LRE\EFNEO BB MINEFAN—MARNEESR, E5%R

KEZ—, KMENEE=SHEERVEZEEAD
K%, RENRIRTHRFRERR 2 RINE
BB SR T ALINAZAIARINEERERS.

INFIBIEF ). 1812, BERIA. ITIORE. FR
B M EBENF Z T, NI THEEPE IS R HRIRE
W RFEE—INKGUE, #H—F KR AIEES 2 ZIAFIM
BEIRE, TERERSHA/RREBRFNELI, Fr
AN F HIVA KT EEPERF RI A BE 1T R HA R T AN U5
1P, FREFAF IR IEE X A FIRA 5.

INFITHRERIIRER T SRR E B X, BFMA
EEANBEER, IXAE SRR RE, £355
RNE5EZEFEEINFIIEERERS( mild cognitive impairment,
MCI) T BRMABX S+ 78R, 47 R OB, X
B, ER. 275000 XUEE. #H3ENETRK
MBI X IAKI THEEFE A5 BA E RV R,

BT EBETRWASFHYE TAZHENE, B

NXRZREEWANAN. BRIBERERAREH, 51
PEERI AABLL, EEIER A BF/RIR BB XL
BR, MK ETCER eI B I EFA/RIREBIEH
R BRIX FIVESIAHIINEEIEISNX R, £
ERTFINBEEHZELINE, MSTUEMERRRED,
Reale R ARRAEE BRI RER MM /R %S
A Em, BYGIR AT 2FRE, MEARZSHAREK
B X BERNME(INEEE. MEZIEE)

E ik, 2R AR LER W IR E T ANHRY R,
RIWRRVIR R B, INEMESIANINRERRIX R,
HOWRLRRESTUEMEIHARERRZEF
R, AT N ANRERSH R BT R (R F k1R,

F 2019 FF 7—8 AR BEEMENT X, HER

www.jeom.org


www.jeom.org

#4557 &% | Journal of Environmental and Occupational Medicine | 2022, 39(7) 765

HMXER BRERREMXE EEEBEERE
WIT A, BERE@RERIT A 101 A, #EZEETA
117 Ao HibffinE: BEMNEHIBERAERE,
KHRAEEE L. #IFM() BYE, BEZ I
GMA; IREREEE. REZHEPAN 181 BEIE N 23~
56 ZHIEAL T A, ¥ 91 HMEFMBRERE(FFRK
E) P, BAR #EEBNIAERRRELR, o0 fl
B TMmERE p, BARI BREBEERNIAEAS
FEH. RN RITIESEZEFRMEERNABRIFA
mm, BIEOE. HFEE. BHIFRAFGIFIRE. e
HEYWEEZZANBRESR, AMHRESLUAERKAF
EFXCEZRSHERES: 2014059),

RE Koch F'HAR, TEIEA
B BAERRZERFIEZER P=50.39%, kI 7 I1E
EMHEERITEAR: N=[P(1-P)]/6% L a=0.05, P=
0.5039, BIFIRE 6=0.15P, T EFIEHEASEN N
175 Ao A RREZNNRIFELREN 181 Ao
FARIERRBIBREAEAKR, K
KAV RN—RRIERZE(FER. BT IBIRIK
g XARRE. M. PUBFMR), ELERIEET 6
BEFYSHEREA 1 T EEE X R, MR,
BRRIEE KT 6 B RRIEEE X AFRRIEA; EHf
RNRIGEEE 17, %S 6 B U EMATGE) N
EEUEMEBEREER(BEINIE. BRE.
IS ANERE. FHERINEE. FFRIBER.
SRVEFWR) , BIUBME(RE. DA, #E) 75
KREBAMEE™,

EALFARF R /RIAFI (S ( Montreal Cognitive
Assessment, MoCA) 2 & & T AIAXITHEE. MoCA
EREDN 30 5, TN EBEINAIIEE, HFREETM
TRISHITIIEE. i ERNDBERA. BRI
IREZ . EE 7 D IAEI 4015, Cronbach's a 2 #A
0.712, BRIAFIINEE(MoCA B 9) <24 NBE, >24
HIEE, BEEREASTUTES BE—MUEEIRTE
AEME S TIEIADANESE, R FIHEIAAL
EINFIRE L,

FIBEIRERESR—EIGE, ELENIFET, L
BHEAIE B BN R iR & #HI TN,

XEAFERRERESD
AR ERTIEFAERRKIL 2 mL, LA 1000 rmin™ B
10 min(B0O#F1F 13.5cm), (X EE M BAF MR
ESE2MNE, 7 400 uL MEAHIN 1.6 mL 4%({&FR

BOHNO, BB G, §)B/E 24h, XREBRBEEE
FARRIEEMNEMBRE, LLFENECEA 1~
160 pg-L ", MR 0.39 pg-L ™, FIEIWERA 100.29%,
XA ERZE /I 0.03%~0.08%0

BEARZS LI, RERE
K—NFERIFDTE; RAB—XB N MERE,
SZ—INRE, AEPREXNEEEIRERITEIA
IEERZE R, FRIEERERIAAER, FIER
NEAMARB RN, WAZE,

885 EpiData 3.1 EII#IEE, {FF SAS 9.4, SPSS
22.0 It RHHITEIR D . ITEXERMES S H
Fixts 2R, UL ¢ S I0HITAB LR, FRARM
EBDRLL M(Pg, P,s) $83R, LL Mann-Whitney U 156
HITABILLR, AR AR S RRT, AERX
¥ 1%, BIAFIEERERBEANTE, MBK
T Py, D HRBEANSERZHENBTE, BE
EFRERIEME., UELE. FiR. HIRTIKR. Xt
EE. BIRKR. IR, 7271317 Z E & logistic [E]
3D IEARE SIAKINEE ZBIRYX R ; FIAKTY
EEDREEANTE, UINEMEA(REERE. 25
B RREBESFIRENTE)FHELE, AR
ZAEREMBKF. IWERE. FiR. ZBETR. XKiE
E. SRR WIASG, #17ZE X logistic [B]Y3 7234
OEMESINAITHEE Z B X R, FMBRER P,
DHNRBEANSBRES, B INEME(RE. L4AE.
M858) D A& M T =, TEIESK M logistic BT HXT
181 BRI RFITHRA XK FETFRRR B ER &
MR EER 2. 12K7KE a=0.05,

REEA: (1)MEFEXEEM. SEFFRI0, BIIX
BEME(DBIBNIRE B, IREDAE. TRIRHE) <M 87K T
(DT =), M PSS IHBY binary logistic iIT 1215
BIRMRMAYSELITE; (2) MINREER. LWIXBE
HF: LURIMEA S RNRBEBAESE, RIIBHSIR
HBAENXNHETE dumol, SMBALESRXBBEENX
NFTE dumlo, 8MBEEASIXBBEEX IHEE
dumll, AEICEZSE. Fif. HEITR. XHKREE.
BRI TR, M9IE = ME T 2AFZ AN binary
logistic P, FHMEMRXER BEM ORE, B H
multinominal logistic ;I3 2 I+ 8BS Hth 5 =%, 51
Andersson 4R HIAY Excel TTE R, MABINRER
BEMNSEHEE, FEREERABEAENEKRE

(relative excess risk due to interaction, RERI) F132 B {E

www.jeom.org


www.jeom.org

766 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(7)

FB Y3 & b (attributable proportion due to interaction,
AP) IfEITHENRE 95%cl, #HMTEN AR B EEEEMHE
MR EER. UILZEE, 1t 8 B BMIREE S 5
5 miRKFEXTIARTIEERN R B R,

2 &R
2.1 AR RIMEBARELLER
Bt 55 X R M 38 7RE M(P,s, Ps) /9 40.01(25.05,
60.56) gL IR RMIBKEDAH, K. 5224
M 55 7R BRI M(Pys; Pys) 73 31 /9 25.16(17.13, 34.78) <
60.56(47.40, 68.53)pg-L™", &R EA T AWMBKE
U EEBEAT A 2.41 13
2.2 AR R—RIERFIARIIEEELER
AT ATEFR. BRI XXHIZE. IRIE. X
ARZBESFERITFERX(P>0.05), MERBEME
HA. E EMNERIBRAITFERN(P<0.05); MoCA
MAERER: KREZRHSEIANINEER H(24.22+
250) HEETEREH(22.6243.50) (P<0.05), F4H
TANIANAThEER M= B S HMITINEE. fpd. E R,
ERENZTIHENERBEBRITFERN(P<0.05), M
FBEERA HER. EAMENEDEFEERITE
BX(P>0.05), ILFK 1o
2.3 MIFBRESIAKERZEHNXE
TEEELBEMZL, OB, 8. IR TR XXHRZE.
ERERR. MIRRERGE, SRBEANTATERS.E
ERA. RIARITEE s Em IR B XRS5
ZERAM T AH 4.295(95%C/: 1.912~9.648) 5. 5.687
(95%Cl: 1.355~23.867) f&. 2.720(95%Cl: 1.225~6.040)
& ik 2,
2.4 IRBEMESIAHPERZENX R
BEMBKFE NBRE. FR.FBEITR. X
WIRE. BRKR. RERER, REBEEIEHIH
MEBXNEZRNXBEER 2.613(95%Cl: 1.054~
6.837) &, IXIFEE M= B SHITIHEE. 1BE RIX.
MER[EZ. BIAFITHRE L Il & & B X Q2 A IR 08
B #93.165(95%Cl: 1.285~7.797) f&. 17.898( 95%CI:
1.590~201.480) f&% . 3.118 & (95%C/: 1.215~8.003) .
3.824(95%Cl: 1.736~8.423) 1Z; INBMAELSa &
R EEIARTUR BB R ETHITFEEX(P>0.05),
IR 3,
2.5 INBEMESIEREIAMERNRZE R
MEBESMEERENFREATIREEEINR
B{EF [RERI(95%CI) /9 1.745(1.394~2.097) , AP(95%Cl)

79 0.415(0.201~0.630) ], B & Z BB FEHEERE
{EF [OR(95%CI) /3 3.591(1.393~9.255), P<0.05]; 5
Mg RERIFRRBEEARL, M RESHNIREE
BB PTIFIAFIINEEFE RS X F2 1S = ( OR=4.203, 95%
Cl: 1.589~11.117) ; FEF B AMHIRE R MAF)IH
FIEEREMRBBEREERASIREIAIIIEE
R dy 41.5%(AP=0.415, 95%Cl: 0.201~0.630) W3K 4o
R 1 WARANR—ARIERFIAKTHEELLER

Table 1 Comparison of general information and cognitive
function between two study groups

BAK RBEE BSRE4

nE (n=181) (n=91) (n=90) X 2
Fih, x+s 43+8 4249 43+8  -0.964 0.336
SEARARITE n(%) 2233 0.135

=2 172(97.7)  87(100.0)  85(95.5)
& 4(2.3) 0(0.0) 4(4.5)
XAFRE, n(%) 5372 0.068
MERUT 86(47.5)  50(54.9) 36(40.0)
Sh 79(43.6)  32(35.2) 47(52.2)
AERULE 16(8.8) 9(9.9) 7(7.8)
IR 4R, n(%) 0.098 0.754
2 118(65.6)  58(64.4) 60(66.7)
& 62(34.4)  32(35.6) 30(33.3)
REE, n(%) 22.652 <0.001
= 48(26.5)  10(11.0) 38(42.2)
& 133(73.5)  81(89.0) 52(57.8)
IRETTE, n(%) 1.586 0.208
= 6(3.3) 1(1.1) 5(5.6)
& 175(96.7)  90(98.9) 85(94.4)
TRIZTH, n(%) 18.051 <0.001
= 99(54.7) 64(70.3) 35(38.9)
S 82(45.3) 27(29.7) 55(61.1)
IAFNTHEE, n(%) 6.163 0.013
E=E 79(43.6)  48(52.7) 31(34.4)
BE 102(56.3)  43(47.3) 59(65.6)
SAIARITNEE, x £5  23.4333.13  24.2242.50 22.62+3.50  3.532 0.001
M=BSHITINAE  3.4241.14  3.64+1.24  3.20¢1.00 2.613 0.010
GrES 2.530.65  2.66+0.69  2.40+0.58  2.750 0.007
AEA 4.22+¢1.28  4.58+1.31  3.86+1.16  3.960 <0.001
BERZK 1.66£0.80  1.74+0.85  1.58+0.75 1326 0.186
R 1.0240.78  1.07+0.76  0.98+0.81  0.758 0.449
ER[EZ 3.09+1.60  3.38#1.70  2.79¢+1.45  2.539 0.012
T 5.65+0.65  5.71#0.52  5.59+0.76  1.289 0.199

MBS MEBRETSAIANIIEEEE
AR E{EA [RERI(95%CI) JJ 5.955(0.562~11.328) , AP
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Table 2 Relationship between plasma aluminum concentration
and cognitive impairment
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Table 4 Interactive effects of alcohol consumption and plasma
aluminum concentrations on cognitive function
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Table 3 Association between types of alcoholic consumption
and cognitive impairment among workers with occupational
aluminum exposure
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