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Background: In the case of multiple exposures to different types of heavy metals, such as the conditions Accepted August 20, 2022

faced by residents living near a smelter, it would be preferable to group hazardous substances with similar

characteristics rather than individually related substances and evaluate the effects of each group on the

human body.

Highlights:

- Residents near smelters could be
exposed to hazardous metals.

- While urinary As or Cd affected
renal tubule damage, blood Hg or Pb
appeared to increase blood pressure.

- If heavy metals with high correlation
are included in one regression model,

Objectives: The purpose of this study is to evaluate the utility of factor analysis in the assessment of health
effects caused by exposure to two or more hazardous substances with similar characteristics, such as in the
case of residents living near a smelter.

Methods: Heavy metal concentration data for 572 people living in the vicinity of the Janghang smelter area
were grouped based on several subfactors according to their characteristics using factor analysis. Using these

factor scores as an independent variable, multiple regression analysis was performed on health effect markers.

Results: Through factor analysis, three subfactors were extracted. Factor 1 contained copper and zinc in
serum and revealed a common characteristic of the enzyme co-factor in the human body. Factor 2 involved
urinary cadmium and arsenic, which are harmful metals related to kidney damage. Factor 3 encompassed
blood mercury and lead, which are classified as related to cardiovascular disease. As a result of multiple linear
regression analysis, it was found that using the factor index derived through factor analysis as an independent
variable is more advantageous in assessing the relevance to health effects than when analyzing the two heavy
metals by including them in a single regression model.

Conclusions: The results of this study suggest that regression analysis linked with factor analysis is a good
alternative in that it can simultaneously identify the effects of heavy metals with similar properties while
overcoming multicollinearity that may occur in environmental epidemiologic studies on exposure to various
types of heavy metals.
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the results may be distorted due to
multicollinearity.

- Multiple regression analysis using
factor score extracted from factor
analysis could be an alternative
method to overcome multicollinearity
in multiple exposure.
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EAEAL SPSS version 25.0 (IBM, Armonk, NY, USA)S
ol-gstArt. AT JAF-SASH] Aol Student’s test I
Chi-square testE &0l H|us}om QRAEA-2 Az g9l
EH(Exploratory factor analysis, EFA)S A8}t QQ15&
© 2AH 2 KNS o] §HO] BAIAE Varimax PAIS A

pu— Tl 12
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T B Ige] WA ATAE Aetste] A A

o132

Table 1. Demographic characteristics of study subjects in this study

g FE0h= A2 "ottt KMO (Kaiser-Meyer-Olkin)-
MSA (Measure of sampling adequacy) test 2 Bartlett2] -4
242 B9} QAR A3y oI BRNAT HEH
& QR4 2okE M2 B 0.5 oY g W
ERiclTh 8RlEAe] AutolA =&H 7+ 991 sigs= ¥
50] e 7} 4eb 9R1uke] AaAIl 8RAAA TS o]
&5to] WASIITH0.4 °o1). e AP AEAES o835t
A7 FFA #ol| Hiet S5&2] HHAS sk o S5
ot A FHAI 4] TolA ntalow 2-ge 7t
S0l Qe AR, A, 7 B9 2 25 AR 5=

HXAoto] B4 A 79492 p<0.052 #gsh3ick

Variables Frequency (%)
Gender 4. A+ %?I
Male 245 (42.8) o] A= FEUWStY 7|EE - HHdd Y 5ACBNU-
Female 327 (57.2) IRB-2011-BQ02)< wo} X d=| it
Smoking
Current Smoker 95 (16.7) ||| ?=_=| EI-
Ex-smoker & 477 (83.3)
non smer HA| 57239 IS0 et BEAFS 63.20+1171
Drmlflrll(g Qo o] Ixr} 245902 AA| AR 42.8%E 24|
Drinker P10 Soich 24 9 RS e AL 0580 167%S A
Non-drinker 27748 Ao, 3= 2058 0 2 AA| 51.6%E XA
Mean+SD* or Geometric mean (GSD)" 7_]:\;_ ’XE_T /:C_Q-_} /o\—f ‘; o ' at;ao = ° g\ 71'_
i 5t 2~=7] 1l o & w1 o
Age (years)* (n:572) 63.20+11.71 i C]— o g: ]—H-i ]‘O i T:II_7] = ]1__7] E}:]-"] 0%1— “

Systolic blood pressure
(mmHg)* (n=572)
Diastolic blood pressure
(mmHg)* (n=572)
Urinary B2-MG (ug/g
creatinine)" (n=571)
Urinary NAG (U/g

138.02+18.84

84.23+11.12

22.91 (13.54)

3.09 (4.01)

7} 138.029} 84.23 mmHgA 2™, 2% B2-MG2} NAGY] 7]
SHE Eew 47 2291 ug/g creatinined} 3.09 U/g creati-
nine © & ZRI=|TH(Table 1). HIAEY A Wi S55 &

= w2 E Efoto] 7|t gt} 7ot RS HAL 1A 459
&2 ®7)5kelh EF W 22} obd9] 7ot B+ s 2
93.13 ¥ 77.62 pg/LE YEtHth 8% S84} 7IERY 7|

ST B 217t 8.39 g/Lek 2.77 pg/g creatinine O & 3}
A=Rlon EF 23 Jol 7|otE 5w 247 4.84 ng/
L2} 4.24 pg/dLE YEFITH Table 2).

creatinine)" (n=570)

*Arithmetic meanzstandard deviation, ' Geometric mean (geometric
standard deviation).

Table 2. Levels of metals in serum, whole blood, or urine of subjects in this study

Variables N (zgz(r)nnelglrcicrgeDa)n Q1 Quz;lles Q3
Cu - serum (ug/L) 572 93.13 (1.40) 78.05 99.45 118.65
Zn - serum (ug/L) 572 77.62 (1.35) 66.48 79.62 95.07
Hg- blood (ug/L) 572 4.84 (1.78) 327 4.77 7.00
Pb - blood (ug/dL) 572 4.24 (1.60) 3.11 428 5.60
As - urine (ug/L) 571 8.39 (1.86) 5.72 8.86 12.89
As - urine (ug/g creatinine) 571 9.13 (1.66) 6.69 9.34 12.44
Cd - urine (ug/L) 571 2.54(2.31) 1.57 271 4.60
Cd - urine (pg/g creatinine) 571 2.77 (2.01) 1.82 2.98 4.56

https://doi.org/10.5668/JEHS.2022.48.4.236
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Hg ANSto] 5191 FESUL BEAYEMSAE 127 29 38 W ZHE folEgolt 35 S
03902 SR} & s} Q91 Akt Aoz TolE A 2 1802 BRI Table 3,

Ao Bartletto] 7/ A4 AIoA = W ko] AEAd 2% H|aet 7tEg ] AT AFIFARE <A 8F

] o1 Eo] Mukz o7 QQlR o] 7Hsdlrtal THhE ATHy? N-acetyl-p-d-glucosaminidase (NAG)2} p2-microglobulin
=422.815, p<0.001). 8JEH A3} 3719] st¢8%lo] & (B2-MG)= TEHHUSFE o= th5AF 3 FARDoA ﬁ% H]
sjglom, 871 12 e ofglo] EgEo] Ay ‘aao HE &9 7IERS] XS st SAREY RS BF
Arete TE 54 7L AL, 811 2= &HolA & (Model 1), ZH2F9] S545 2471 hE 3R E] i‘%}/\lﬂ 7
Table 3. Results of exploratory factor analysis™
Factor
Variables
1 2 3

Cu-$ 0.900" -0.003 -0.088

Zn-S 0.889 -0.142 0.011

As-U 0.099 0.838 0.023

Cd-U -0.110 0.793 -0.159

Hg-B -0.094 -0.068 0.817

Pb-B 0.141 0.245 0.618

Factor name Enzyme cofactor Urinary metals Blood metals

KMO MSA test 0.599

Bartlett’s test of sphericity Approximate 422.815

Degree of freedom 15
p <0.001

*Extraction method was principal component analysis and varimax was used as rotation method, 'Factor loading: Corelation coefficients

between factor and each variable.

Table 4. Multiple linear regression models for renal tubular damage markers

Dependent variables

Models Independent variables NAG B2-MG
F* B’ p-value F* B’ p-value
Model 1 8.338 <0.001 6.142 <0.001
Urinary As 0.066 0.148 0.122 0.008
Urinary Cd 0.205 <0.001 0.041 0.381
Model 2 5.892 <0.001 7.219 <0.001
Urinary As 0.153 <0.001 0.139 0.001
Model 3 9.568 <0.001 5.906 <0.001
Urinary Cd 0.233 <0.001 0.094 0.027
Model 4 9.506 <0.001 6.464 <0.001
Factor 2 (U-As+U-Cd) 0.232 <0.001 0.117 0.006

*F-value is an index for the goodness of fit of each regression model, "Multiple linear regression adjusted for age, gender, smoking status,
alcoholic drinking status, household monthly income, and urinary creatinine concentration.
As: arsenic, Cd: cadmium, NAG: N-acetyl--d-glucosaminidase, 32-MG: 32-microglobulin.
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9 (Model 29} Model 3), 181 1B Ao]A &5 99l 2
(83 ¥]A&%} 7I=go| 2FHE she] SR 57 ndo|
FEFAZ] Z-(Model 40149 7 ZH9] S| HA L} p-
valueE Table 49 AA|5t9Tt. BE BAE )AL= 4t
A9 dF, A, §9 9 &5 A% BA & 191 8F
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9] A%, 83 NAG 55 TEHHSZ fARISH g7 dof
M 9% 7IE89] %5271 0.205 (p<0.001)9] SAHOE &
oIt I PAFE Kol Wb, 8% u]A 9] JAATE B4 F
A S YERA] etk wido, p2-MG 5 EE 454
=2 3 IAERANME 35 FIERY] BAZ o T
E|Z] Qkoral, 8% H|A9] ATt BA AR §-948S et
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Table 5. Multiple linear regression models for blood pressure

Model 19] B-Ht & A0 2 YEFHTHTable 4).

5 23 25 Foll At AL FFAREA $57] € o]
7] oS FHEHUFE ot FAFIARLS 47 A
19t 8% 23 8% 39 5= 8 shute] g7mdof x5t
1A= A9-Model 1), 29| Fa&< 27] oHE A=

P71 74-9-(Model 22} Model 3), 1231 QRIE-AofA &
Fo3t 8% gol Z3HE 921 38 shte] Sz 39
Telof] ZFA|Z] H9-(Model 4)o412] 7 Ew=o] 3] AS
2} p-valueS Table 50 AA|5t] B]WSFH L. Model 19] H-%
% 52 = £27](3=0.102, p=0.015) & o]gr] E
(3=0.179, p<0.001)°] s} =F SAHLZ o3t #HAGZ
Hl vh, EF 99l A9+ Yol Hisl BAKCE Fost
TS YERR] ottt 8% 21| S x3kd
Model 2914 EF 2 527t $571(3=0.103, p=0.014)
g o]27] d9H(B=0.182, p<0.001)°] that 3] AR oA T
BAHCR Fogt AHYE Btk EF gol SHHSRE X
3 Model 39] H9- 8% & skt 57 E4de /o
THE HolA] gk ¥, o|e7] el HisiA= HAT<
oIst #AA-S YeERHTHB=0.087, p=0.050). Model 494
SHHSE 23 891 30] £571(3=0.110, p=0.012) ¥

7] EY(=0.196, p<0.001)°] tha] Z5F BAH o2 G2
S TAGES BATh +57] Bt o] @Yol tigh Model
40149 Fgre Z47) 11.1229} 6.0232 LEFY Model 19] 739
Hr} 2 710 2 YEPGTH(Table 5).
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Dependent variables
Models Independent variables Systolic BP Diastolic BP
F* B’ p-value F* B’ p-value
Model 1 9.509 <0.001 5.461 <0.001
Blood Hg 0.102 0.015 0.179 <0.001
Blood Pb 0.035 0.418 0.081 0.071
Model 2 11.287 <0.001 5.875 <0.001
Blood Hg 0.103 0.014 0.182 <0.001
Model 3 10.126 <0.001 2.921 0.013
Blood Pb 0.039 0.370 0.087 0.050
Model 4 11.122 <0.001 6.023 <0.001
Factor 3 (B-Hg+B-Pb) 0.110 0.012 0.196 <0.001

*F-value is an index for the goodness of fit of each regression model, "Multiple linear regression adjusted for age, gender, smoking status,

alcoholic drinking status, economic status.
Hg: mercury, Pb: lead, BP: blood pressure.
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