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Mediation effect of elevated fasting blood glucose on cognitive impairment induced by
occupational aluminum exposure among workers LI Wenjing, YUAN Chunman, GAO Ting, ZHAO
Xiaoyan, NIU Qiao, LU Xiaoting, WANG Linping, SONG Jing (Department of Occupational Health,
School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Long-term occupational aluminum exposure can not only cause cognitive
impairment, but also boost the blood glucose and increase the risk of diabetes in workers.
Although the association between diabetes and cognitive impairment has been confirmed, the
role of blood glucose increasing in cognitive impairment induced by occupational aluminum
exposure has not been identified.

[Objective] This study aims to identify the role of blood glucose increasing in cognitive
impairment induced by occupational aluminum exposure in workers.

[Methods] A total of 184 male workers were selected from the electrolytic aluminum workshop,
alumina workshop, and thermoelectric workshop of a large aluminum plant in Shanxi Province by
cluster sampling method in 2019. These workers were asked to complete a questionnaire survey
on general information and their blood samples were collected. They were divided into Q;, Q,
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and Qs groups according to plasma aluminum level (<P,s, P2s-P7s, and >P;s) determined by inductively coupled plasma mass spectrometry
(ICP-MS); fasting blood glucose (FBG) was measured by glucose oxidase method and categorized into three levels (<P,s, Ps-Pss, and
>P;s). The Montreal Cognitive Assessment Scale (MocA Scale) was used to evaluate the cognitive function of workers; the total possible
score of the scale is 30 points, and a score of <26 indicated cognitive impairment. Multiple logistic regression was used to analyze the
relationship between aluminum exposure, FBG, and MocA score, and mediation effect analysis was used to analyze the role of FBG in
the correlation between aluminum exposure and MocA score.

[Results] These workers’ medians (P,s, P+s) of plasma aluminum concentration, FBG concentration, and MocA score were 40.14 (30.71,
49.78) ug-L?, 5.02 (4.77, 5.22) mmol-L?, and 23 (22, 26), respectively. The multiple logistic regression analysis results showed that
plasma aluminum level was positively correlated with FBG level (adjusted OR=1.046, 95% CI: 1.019-1.074), and the risks of cognitive
impairment of workers in the Q, and the Qs groups were 2.096 (2.022-6.045) times and 2.831 (1.091-7.351) times higher than that of
the Qi group, after adjusting for type of work, age, smoking, drinking, exercise, body mass index, and education. Moreover, the risks
of cognitive impairment of workers with high-level (>P;s) and intermediate-level (P»s-P;s) FBG were 2.464 (1.897-8.169) times and 1.889
(1.783-4.558) times higher than that of the low-level FBG group (<P,s). The results of mediation effect analysis showed that the mediation
effect accounted for 25.1% of the total effect.

[Conclusion] There are dose-response relationships of aluminum exposure with FBG level and cognitive impairment, and the cognitive

impairment induced by aluminum exposure may partially arise from elevated blood glucose.

Keywords: occupational aluminum exposure; cognitive impairment; fasting blood glucose; mediation effect
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FBG Fll MocA BFR B0 Z[BIRIX Ro 1 527K/E 0=0.05,

AH TR R B BE 2 IR B AR A RN A
DM BGKEEEREES MocA B XA RIE
o FNMN A HEAT =ZNEEARESHEE
2 (BEE). PNZTE (FBG). NZE (MocA 5%9)
ZIBBYKEL, B THh FiE. RUE. B, K. BMI
MBEKEXLETSENRERAEZANSGE, NE1
Fimo BEMIGEITR e, BHcEE, PNAMMILIIE,
AERIRK A aMb, HaflbEEE, RREFHE
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F#21(Formula 1)
V=cX+e:

2 (Aluminum) ———————» MocA
F#E2(Formula 2)
M=aX+e;

FBG
a b
77#23(Formula 3)
¢

8 (Aluminum) MocA Y=c'X+bM+e;
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ex es NAESH,
[Note] Y, X, and M are MocA scale score, aluminum, and FBG concentration
respectively. a, b, c, c', ey, e;, and e; are equation parameters.
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Figure 1 Flow of mediation effect analysis
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RIXBL 2 5 B 1EK AR (< Pys) BY 2.464 (1.897+8.169)
. 1.889 (1.783~4.558) &, L& 3.

www.jeom.org



220

#4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(3)

®1 BMBRBRFDERRARNROERENR M (Ps~Pis) 3in (%) ]

Table 1 Characteristics of participants stratified by plasma aluminum level [M (P2s-Pss) or n (%)]

& (Variable) Q; 28 (Q, group) (n=46) Q, 48 (Q, group) (n=92) Qs #A (Qs group) (n=46) P
T (Type of work) 0.030°
EBf2 T (Electrolytic worker) 23 (19.0) 64 (52.9) 34 (28.1)
JEER#RT (Electroless worker) 23 (36.5) 28 (44.4) 12 (19.1)
Flie/ % (Age/years) 41.0 (36.0~49.0) 45.0 (36.0~49.0) 43.0 (34.0~47.0) 0.449°
#HEKFE (Education level) 0.195°
FH X LU (Junior middle school and below) 19 (20.2) 53 (56.4) 22 (23.4)
B (High school) 21 (26.9) 35 (44.9) 22 (28.2)
KERLLE (College and above) 6 (50.0) 15 (33.3) 2 (16.7)
T%UA (Smoking) 0.352°
=2 (Yes) 27 (29.3) 42 (45.7) 23 (25.0)
7 (No) 19 (20.7) 50 (54.3) 23 (26.3)
RBEIRIE (Exercise) 0.283°
£ (Yes) 18 (30.0) 25 (41.7) 17 (28.3)
Z (No) 28 (22.6) 67 (54.0) 29 (23.4)
T%5E (Drinking) 0.402°
2 (Yes) 41 (25.6) 77 (48.1) 42 (26.3)
7 (No) 5 (20.8) 15 (62.5) 4 (16.7)
REEE (BMI) / (kg'm?) 23.89 (21.14~26.53) 24.25 (22.00~26.89) 22.62 (21.07~24.63) 0.052?
MocA 43 (MocA score) 25.00 (23.00~27.00) 23.00 (23.00~25.00) 22.00 (21.00~24.00) <0.001°
ZSREMmEKRE (FBG) / (mmol-L™) 4.86 (4.53~5.16) 5.04 (4.83~5.31) 5.14 (4.88~5.26) 0.001°

[l a: A ; b : Kruskal-Wallis H 1030, LAMERKREERY P Prs NFREIY Qis Qun Qs 4o
[Note] a: Chi-squared test; b: Mann-Whitney H test. Qi, Q,, and Qs groups are divided according to the P,s and P55 of the blood aluminum concentration.

®2 MIRS5ZREMERER MocA B53HIXF (OR K 95%C/)

Table 2 Associations of plasma aluminum level with FBG concentration and MocA score (OR and 95% Cl)

ZREmiE (FBG)

MocA E43 (MocA score)

75 (index) ¥8 OR (Crude OR)

A% OR (Adjusted OR)

#H OR (Crude OR) JE%& OR (Adjusted OR)

1.000
2.769 (1.289~5.951)
5.128 (1.817~14.47)
1.053 (1.027~1.080)
0.003

Qi 48 (Q group) (n=46)
Q, 28 (Q, group) (n=92)
Qs 48 (Qs group) (n=46)
Bk (Total)

Pias (Piend)

1.000
2.881 (1.223~6.784)
4.087 (1.372~12.17)
1.046 (1.019~1.074)
0.014

1.000 1.000

2.096 (2.022~6.045)

2.831 (1.091~7.351)

1.025 (1.017~1.051)
0.032

2.298 (2.103+6.127)

3.226 (1.358~7.661)

1.029 (1.004~1.055)
0.026

DE] WEANEEE T T, 8. A, TOB. $8&. BMIL BEKF ; # | MIBREFERNELTE, DUNERERN Py Pis AFRID Qv Qi Qs 4o
[Note] The model is adjusted for type of work, age, smoking, drinking, exercise, BMI, and education; #: Plasma aluminum concentration is a continuous
variable. Q;, Q;, and Qs groups are divided according to the P,s and P;s of the blood aluminum concentration.

%3 FBG/KFH MocA B9 Z[EIRIXEX (OR B 95%C/)
Table 3 Relationship between FBG concentration and MocA score
(OR and 95% C/)

#H OR (Crude OR)

3547 (Index) JE%E OR (Adjusted OR)

1E7KE4H (Low level group)

A7k F4H (Medium level group)

S7KFE4R (High level group)

Pias (Pyend)

] A% T TR F88. TR, OB, BER. BMIL BB KT, LIFBG IR

B Pase Pos AR . SKFH,

[Note] Adjusting for type of work, age, smoking, drinking, exercise,

BMI, and education. The low, medium, and high level groups are

1.000 1.000

2.163 (1.975~4.796)  1.889 (1.783~4.558)
4,533 (1.090~9.808)  2.464 (1.897~8.169)

0.005 0.014

divided according to the P,s and P;s of the FBG concentration.

2.4 FBGI/KFIERBIARThEERR (P EIF TR
RADERKRA . a. b ¢ 4 NEVAREAE
WYABHITFRNX (P<0.05), cHl HEHRITFER

XRIPFNBNERHARFEE ; aw b5 FSHEA
ERTFERHNME, BEMR(EITECC /9-0.06,
N EITHE N -0.02 ; BN &5 2B 25.1%0
LERIER 4,

R4 FBGKFEERBUAKERPHFNIER
Table 4 Mediation effects of FBG level on cognitive impairment
induced by aluminum exposure

[E]Y3Z %k (Regression coefficient ) b Sy t P

c -0.08 0.01 -0.53 <0.001
a 0.01 0.00 4.30 <0.001
b -2.01 0.37 -5.45 <0.001
c -0.06 0.01 -6.84 <0.001

CE] AT IR 0. WA, OB, $]IE. BMIL BEKTE,
[Note] Adjusting for type of work, age, smoking, drinking, exercise, BMI,
and education.
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BTEAE, £—M1337 ZRiEMRIB TABAER
EMRP A NETES MER HZESX 29.18%
XEXRMRLER—H. AARPHE TAMEBKF
5FGKFEEEX, A5 QAHBGCKRKENST
Q4f, BQdattsT Q. l, XFRPREEMBKFH
A5, TABFBGKFEFAE. Wei FE P R LZITE
SRR RAARRP, HERARTER
m. IF3, EERS pAMEL, RIESWEL, &
LHIBEH R XEMRERYRTIKPRESE
ERRALENERER, MAERNEEESUAR
INEEMR A BB K2 RIES 22,

AR NEEESIAFTIEERN X R K FBG KF1E
BREEZUANIIEERG RN RNERRME T IRR
ITRFEIRIZE, FHzZ AR IARIhEErERSH
RERMET —EENENTIEKE, BEARRE IR
7T ABEH FBG KRB EEBUAN IR GBI RN
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