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Effects of occupational aluminum exposure on workers’ cognitive function: Based on factor
analysis XU Shi-meng, ZHANG Yun-wei, JU Xiao-fen, CUI Shuang-jie, LU Xiao-ting, NIU Qiao
(Department of Occupational Health, School of Public Health, Shanxi Medical University, Taiyuan,
Shanxi 030001, China)

Abstract:

[Background] Occupational aluminum exposure can cause significant cognitive impairment in
workers, which involves memory, learning, language, execution, and visual space. The results
from different studies cannot be directly compared due to different cognitive evaluation
scales used and correlated scale indicators. Therefore, the main cognitive areas damaged by
occupational aluminum exposure have not been identified.

[Objective] This study deploys a factor analysis to explore the main cognitive areas of workers
affected by occupational aluminum exposure.

[Methods] In 2014, a total of 1304 aluminum electrolysis workers and maintenance workers
were selected from a large aluminum plant in Shanxi Province by cluster sampling method.
Fasting elbow venous blood (10 mL) of the study subjects was collected, of which 2 mL was
extracted for the determination of plasma aluminum by inductively coupled plasma mass
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spectrometry (ICP-MS). According to tertiles of blood aluminum concentration, the subjects were divided into low, medium, and high
exposure groups (Q1, Q2, and Q3 groups, respectively). A self-designed epidemiological questionnaire was used to collect general
information of the subjects, including age, gender, marital status, education level, occupational history, disease history, and living habits.
A combined questionnaire set was used for cognitive function tests, including Mini-mental State Examination, Clock-drawing Test, Digit-
span Test, Fuld Object Memory Evaluation, Verbal Fluency Test, and Simple Reaction Time. Factor analysis was conducted to extract
common factors from 16 original indicators to represent the original indicators, variance analysis was used to compare differences in
common factor scores, and multiple linear regression was used to analyze the relationship between blood aluminum concentration and
cognitive function.

[Results] All the study subjects were male, aged 20-56 years, and their median (P,s, Pss) blood aluminum concentration was 26.3 (11.8,
50.7) pg/L. The blood aluminum concentration ranges in the Q1, Q2, and Q3 groups were <16.21, 16.21-40.83, and >40.83 ug/L, respectively.
There was no statistical difference in age, education, marital status, smoking, and drinking among the three groups (P>0.05). Common
factors 1-6 were extracted from the original cognitive function indicators, and represented attention, long delay memory, reaction ability,
execution function, short delay memory, and immediate memory, respectively. The variance analysis results showed that only the score
of common factor 4 was significantly different among the three groups (P <0.05). The multiple linear regression results showed that
when blood aluminum concentration was used as a categorical variable, there were negative correlations between blood aluminum
concentration and the scores of common factors 1 and 4 in the Q3 group (b=-0.136 and -0.180, respectively, P<0.05), and compared with
the Q1 group, the scores of common factors 1 and 4 decreased by 12.7% and 16.5%, respectively; when blood aluminum concentration
was used as a continuous variable, the trend test results showed that there were dose-effect relationships between blood aluminum
concentration and the scores of common factors 1 and 4 (t=-2.15 and -2.67, P<0.05).

[Conclusion] Occupational exposure to aluminum can impair the cognitive function of workers, mainly affecting attention and executive
function.

Keywords: occupational aluminum exposure; cognitive function; factor analysis; attention; executive function
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Table 1 General information of study participants

giR2

izt AF1 AF2 AF3 HAF4 FEFs EFe6

Index Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

TE RIE ol Q2 Q3 p
Variable Total (n=435) (n=433) (n=436)
MBARE
[ug/L, M (Pss, Pss) ] 26.3 8.1 26.3 63.7 <0.01

Blood aluminum
concentration

i (%, xts)

(11.8, 50.7) (4.2, 11.8) (20.6, 32.6) (50.4, 90.1)

39.947.5  40.447.8  40.0+7.6 39.3#7.1  0.099

Age (Years)

XEE" (n, %)

Education 0.121
WHERLLT

Middle schooland 527 (40.6) 154 (35.6) 186 (43.3) 187 (43.0)

below

A 636 (49.0) 231(53.3) 198 (46.0) 207 (47.6)

High school ! ! . .
AERE

College and above 135 (10.4) 48(11.1) 46 (10.7) 41 (9.4)
SEIRARL ™ (ny %)

Marital status 0177
= (Yes) 1245 (96.1) 412 (95.6) 411 (95.1) 422 (97.5)

Z (No) 51 (3.9) 19 (4.4) 21 (4.9) 11 (2.5)

"R (n, %) 0.475
Smoking

2 (Yes) 895 (68.6) 289 (66.4) 303 (70.0) 303 (69.5)

% (No) 409 (31.4) 146 (33.6) 130(30.0) 133 (30.5)

bk o,

IRE (n, %) 0.089
Drinking

Z (Yes) 424 (32.5) 159 (36.5) 132 (30.5) 133 (30.5)

7 (No) 880 (67.5) 276 (63.5) 301 (69.5) 303 (69.5)

U]+t BLBHEEHRK, Q1. Q2. Q3 PHIRRK. B SHREH (IR
B=REDA) -

[Note] *: A small number of missing data. Q1, Q2, and Q3 represent low,

medium, and high exposure groups, respectively (according to

tertiles of blood aluminum concentration).

R2 1304 BEBRETARBIAMIHEEIEIREI AL X FFEME
Table 2 Common factor matrix of original cognitive function
indicators of 1304 aluminum exposed workers

bt HF1 BF2 EF3 BAF4 BEFs5 HFe
Index Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
e BN (DsT)

o 0.982 0.075 -0.059 0.058 0.094 0.019
Digital-span Test

Iz (DSFT)
Digital Span Forward Test

Bl (DsBT)

Digital Span Backward Test
FERENZN
Second-time recall number
FRENZ ML

Last-time recall number
BERENZNE

First-time recall number
SIERFAIEME (VFT)
Verbal Fluency Test

{2188 2 RZBY (SRT)

Simple Reaction Time

{8 2 R BT £z 1RE (SRTF)

Fastest of Simple Reaction Time

0.870 -0.002 -0.050 0.029 -0.009 0.007

0.796 0.136 -0.050 0.072 0.176 0.026

0.054 0.852 -0.073 0.021 0.039 -0.018

0.040 0.850 -0.073 0.018 0.035 -0.002

0.079 0.735 -0.011 -0.015 0.062 0.073

0.316 0.332 -0.114 0.187 0.286 -0.107

-0.081 -0.088 0.939 -0.055 -0.066 -0.011

-0.032 0.002 0.777 0.022 -0.065 -0.005

{8158 R R BY &R 1818 (SRTS)
Slowest of Simple Reaction -0.036 -0.087 0.713 -0.097 0.038 0.005
Time

BN (coT)
Clock-drawing Test
EmA
Orientation
[EllZ&ES
Memory ability
ARNNITES
Attention and computational  0.294 0.134 0.061
power
EERES
Language skills
i1z
Short memory
[F] AF 176 ARIAFEES KIERIZIZ . REZBES. ITTHRE. 52
WERHIZIZ HFNBRIRIENZ /30

[Note] The factors 1-6 represent attention, long delay memory, reaction ability,

0.082 0.075 -0.084 0.716 0.077 -0.140

-0.006 -0.017 -0.044 0.701 -0.107 0.331

-0.011 0.092 -0.105 -0.175 0.815 0.144

0.249 0.472 0.008

0.216 -0.097 -0.010 0.421 0.433 -0.151

0.037 0.035 -0.007 0.021 0.080 0.919

executive function, short delay memory, and immediate memory,

respectively.

2.3 FRERBZAHINNIIEEAREFIF LI

AEIBRBAMNINNINEEBRERETR, (NAHER
FABDE=ZHEMNERERITERN (P<0.05), I
30

R3 FABSBATANINAIERAERAFES
Table 3 Common factor scores of cognitive function across
different aluminum exposure groups

RHERF
Common factor

AF1:EEN

Factor 1 : attention

AF 2 : KEEIZH

Factor 2 : long delay memory

RT3 : REEES

Factor 3 : reaction ability
R4 : ITIhRE

Factor 4 . executive function
RAF 5 : FEERIZIZ A

Factor 5 : short delay memory

EF 6 : BIZIZIZH

Factor 6 : immediate memory

[E] a1, Q2. a3 AFIRTE. . BRBEAH RIB=2M0ED4H) .

[Note] Q1, Q2, and Q3 represent low, medium, and high exposure groups,
respectively (according to tertiles of blood aluminum concentration).

Q1 Q2 Q3 F P

0.085 -0.035 -0.050 237 0.094

-0.042 0.040 0.003 0.73 0.482

-0.039 0.012 0.027 0.52 0.592

0.114 -0.022 -0.093 4.82 0.008

-0.034 0.004 0.030 0.46 0.629

-0.062 0.036 0.025 1.26 0.285

2.4 MERREXARIIEER MAZEL MRS
HMBREEADPETEN, TQ3EF, A
HAFIERAHERAF4+5EMBREZHHEX (b2 5!
79-0.136 #1-0.180, P<0.05), 5 Q1A HLL, AHEE
F1. RERFAED D5 TFE12.7%. 16.5%. A1
HF2.3. 5.6 5MBKRERBAEFEEEXXR (P>
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0.05), HMBKEIEANELETERN, BEOKWERM
BRESAHEF 1. sNEFEREFEENE - ¥ X
% (t=-2.15. -2.67, P<0.05), 5 R H A F2.3.5.6
HNEFERAEEFZE - WX FR (=027, 1.19. 1.29
#11.28, P>0.05), B 1 2R 7T MEBKRESIAKTIEE
NHERAFEIX R,

AHEATF Multivariable adjusted Piazs P

Common factor b(95%Cl) Ptrend

[ElF1(Factor 1)

Q1

Q2 ——r 0.032 0.121

Q3 —e—i 0.035

EF2(Factor 2)

Qi1

Q2 ———— 0.788 0.322

Q3 —p— 0.844

[ElF3(Factor 3)

Q1

Q2 —_— 0.234 0.534

Q3 ——— 0.234

[ElF4(Factor 4)

Qi1

Q2 —e—t 0.008 0.111

Q3 ——i 0.008

[AlF5(Factor 5)

Q1

Q2 ——— 0.198 0.266

Q3 e 0.211

Al F6(Factor 6)

Qi1

Q2 —e—— 0.200 0.164

Q3 ———— 0.222
—6.4 —OI.Z 0 0.I1 O.IZ 0!3

[E] a1l Q2. a3 BAIRTME. . BEEH REBE=21EHD4A) .
F 16 PAIRTARS KEMNISIZA. REZREST. HAATINRE. 585
BHEIZ AAFIBIZIZIZ 70

[Note] Q1, Q2, and Q3 represent low, medium, and high exposure groups,

respectively (according to tertiles of blood aluminum concentration).
The factors 1-6 represent attention, long delay memory, reaction ability,
executive function, short delay memory, and immediate memory,
respectively.
Bl i xDhgefstii 2 £ EF S mERERBX R
Figure 1 Relationships between common factors of cognitive
function indicators and blood aluminum concentrations
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