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ABSTRACT

Objectives: Biomarkers in urine are important in assessing exposures to environmental or occupational chem-
icals and for evaluateing renal function by exposure from these chemicals. Spot urine samples are needed to
adjust the concentration of these biomarkers for variations in urine dilution. This study was conducted to evaluate
the suitability of adjusting the urinary concentration of cadmium (uCd) and arsenic (uAs) by specific gravity
(SG) and urine creatinine (uCr).

Methods: We measured the concentrations of blood cadmium (bCd), uCd, uAs, uCr, SG and N-acetyl-3-D-
glucosaminidase (NAG) activity, which is a sensitive marker of tubular damage by low dose Cd exposure, in
spot urine samples collected from 536 individuals. The value of uCd, uAs and NAG were adjusted by SG and
uCr.

Results: The uCr levels were affected by gender (p <0.01) and muscle mass (p <0.01), while SG levels were
affected by gender (p <0.05). Unadjusted uCd and uAs were correlated with SG (uCd: r=0.365, p <0.01; uAs:
r=0.488, p<0.01), uCr (uCd: r=10.399, p <0.01; uAs: r=0.484, p <0.01). uCd and uAs adjusted by SG were
still correlated with SG (uCd: r=0.360, p <0.01, uAs: r=0.483, p <0.01). uCd and uAs adjusted by uCr and
modified uCr (M) led to a significant negative correlation with uCr (uCd: r=-0.367, p<0.01; uAs: r=-0.319,
p<0.01) and M, (uCd: r=-0.292, p <0.01; uAs: r=-0.206, p <0.01). However, uCd and uAs adjusted by
conventional SG (Cgg) were disappeared from these urinary dilution effects (uCd: r =-0.081; uAs: r=0.077).

Conclusions: Cs; adjustment appears to be more appropriate for variations in cadmium and arsenic in spot urine.
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4) Modified urine creatinine (Mc,)
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Table 1. Characteristic of study subjects and adjusted or non-adjusted urine cadmium and arsenic concentration by specific

gravity (SG) or urine creatinine (uCr)

Male (n=216) Female (n=320) Total (n=1536) p-value
Age’ Year 62.71 +13.16 64.13 +13.07 63.56 +13.11 Ns'#
Smoking Non 69  (3194%) 313 (9181%) 382  (7127%) p<001™
Ex 67 (31.02%) 2 (0.63%) 69  (1287%) p<0.01"
Current 80 (37.04%) 5 (1.56%) 85 (15.86%) p<0.01"
Height' em 16499  +639 15169  +677 15705 929  p<0.0l'
Weight kg 65.70 +9.93 57.93 +9.73 61.06 +1052  p<0.01°
BMI" kg/m* 24.00 +3.01 25.17 +3.80 24.70 +3.55 p<0.01
Muscle mass” kg 46.05 +5.85 35.20 +4.86 39.58 +749  p<o0.017
Specific gravity” 1.022 +0.0057 1.021 +0.0058 1.021 +0.0058 p<0.05"
Urine creatinine” g/l 1.06 +0.53 0.82 +043 0.92 +049 p<o0.017
Serum creatinine” g/l 0.91 +0.20 0.72 +0.22 0.79 +023  p<0.01°
A;i‘ﬁz;ﬁlg e Ul 4.61 +4.99 3.79 +425 4.12 +458  p<0.05'
Blood Cadmium™  pg/l 1.07 (1.60) 1.25 (152) 118 (1.56)  p<0.01'
Urine Cadmium”
Nonadjusted ug/l 0.99 (1.87) 1.28 (1.92) 1.16 (192)  p<0.01'
Adjusted (by SG) 0.97 (1.87) 126 (1.91) 113 (192)  p<0.01'
Adjusted (by Csq) 0.94 (1.82) 1.29 (1.80) 113 (184)  p<0.01'
Adjusted (by uCr) 1.07 (1.85) 1.79 (1.83) 146 (193)  p<0.01'
Adjusted (by Mq,) 0.96 (1.93) 1.32 (1.91) 1.16 (195  p<0.01'
Urine Arsenic””
Nonadjusted ug/l 829 (1.83) 7.09 (1.97) 7.55 (192)  p<0.01'
Adjusted (by SG) 8.1 (1.82) 6.94 (1.97) 7.39 (192)  p<0.01'
Adjusted (by Cso) 7.84 (1.63) 7.12 (1.76) 7.40 (1.71)  p<0.05
Adjusted (by uCr) 897 (1.71) 9.90 (1.78) 9.51 (1.76)  p<0.05
Adjusted (by Mq,) 8.07 (1.81) 7.28 (1.85) 7.59 (184)  Ns

Specific gravity (SG), urine creatinine (uCr), conventional specific gravity (Csg), modified urine creatinine (M,). “Values are
arithmetic mean and arithmetic standard deviation. "“Values are geometric mean and geometric standard deviation. "Results by
t-test. "Results by chi-square test. *Non-significant difference in mean between males and females.

UERE O™ (p<0.01), 85 H]&9] A HAWH
e} 254 thEA UERSTH(Table 1).
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U}, T QHIFE 8F T=HE(r=0.365, p<0.01)
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0.488, p<0.01)= EA37| Ml SQHlFo] 57t
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0.01; uAs: r=0.483, p<0.01), Csc= B3I A+
Ado] A THuCd: r=-0.081; uAs: r=0.077) (Fig.
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Table 2. Correlation with characteristics and specific gravity or urine creatine

Specific gravity Urine creatinine

Pearson’s Pearson’s
correlation coefficient p-value correlation coefficient p-value

Urine creatinine 0.633 p<0.01 - -

Age 0.047 NS' 0.027 NS*

Gender -0.101 p<0.05 -0.238 p<0.01

Muscle mass 0.077 NS’ 0.194 p<0.01

BMI 0.017 NS’ 0.058 NS*

Serum creatinine -0.017 NS* 0.185 p<0.01

Blood cadmium -0.033 NS’ -0.038 NS*

Urine cadmium 0.365 p<0.01 0.399 p<0.01

Urine arsenic 0.488 p<0.01 0.484 p<0.01

NAG 0.399 p<0.01 0.484 p<0.01
“Non-significant correlation.
Fe] FHAATE AR, uCr, M 22 BASH 2 ALEY, M 02 BA3R= WS yCrat) &
HH 2 dRAE 95 AgotEd s 8F Al FEAGEo] uCriths ¥ A-e Zos Azt

o

R

FF=EECr: r=-0367, p<0.01; Mg: r=-0.292, B A o= Jl=FS dAfo] =gt ule} =

p<0.01) 2 ¥ 2 (uCr: r=-0.319, p<0.01; M¢;: r=
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Fig. 1. (A) Correlation with specific gravity (SG) and non-adjusted urine cadmium (uCd) (r=10.365, p<0.01), (B)
adjusted uCd by SG (r=0.360, p<0.01), (C) adjusted uCd by conventional SG (Csc) (r=-0.081, Non-
significant correlation), (D) non-adjusted urine arsenic (uAs) (r=0.0.488, p<0.01), (E) adjusted uAs by SG
(r=0.483, p<0.01) and (F) adjusted uAs by Csa (r =—0.081, Non-significant correlation).
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Fig. 2. (A) Correlation with urine creatinine (uCr) and non-adjusted urine cadmium (uCd) (r=0.399, p<0.01), (B)
adjusted uCd by uCr (r =-0.367, p <0.01), (C) adjusted uCd by mocified Cr (Mcr) (r =-0.292, p <0.01), (D) non-
adjusted urine arsenic (r = 0.484, p <0.01) (uAs), (E) adjusted uAs by uCr (r =-0.319, p < 0.01) and (F) adjusted

uAs by Mcr (r=-0.206, p <0.01).

Table 3. Correlation with age and non-adjusted or adjusted

urine cadmium

Table 4. Correlation with blood cadmium and non-adjusted
urine cadmium

Pearson’s Pearson’s

correlation  p-value correlation p-value

coefficient coefficient
Non-adjusted uCd 0.149 p<0.01 Non-adjusted uCd 0.378 p<0.01
Adjusted uCd (by SG) 0.149 p<0.01 Adjusted uCd (by SG) 0.380 p<0.01
Adjusted uCd (by Cgg) 0.111 p=0.01 Adjusted uCd (by Csg) 0.419 p<0.01
Adjusted uCd (by uCr) 0.099 p=0.02 Adjusted uCd (by uCr) 0.428 p<0.01
Adjusted uCd (by Mc,) 0.070 NS* Adjusted uCd (by Mc,) 0.371 p<0.01

Urine cadmium (uCd), specific gravity (SG), conventional
specific gravity (Csg). "Non-significant correlation.

= Ae® YePdtHuCr: r=0.099, p=0.02; M.
r=0.070, p=0.11) (Table 3).

% 7= By A 87 Jl=se e
HAAE 7HAH(r=0.378, p<0.01), 2 A
B Foll= FAHE Aoz Yesith(SG: r=0.380,
p<0.01; Csg: r=0.419, p<0.01; uCr: r=0.428, p<
0.01; M¢: r=0.371, p<0.01) (Table 4).

NAG E4=9 24 A 25 7= fole &
AAAZE 7HAH(r=0.412, p<0.01), B4 Fol= 4
APA} fAEE A0 LheREOm (SG: r=0410,
p<0.01; Cgs: 1=0.262, p<0.01; uCr: r=0.205, p<

e o
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Urine cadmium (uCd), specific gravity (SG), conventional
specific gravity (Csg), urine creatinine (uCr), modified urine
creatinine (Mc,).

0.01; Mc: r=0.386, p<0.01), 28 A, 3 A2 10%
o 8% JI=F TEE HO ARFECAM 2 UHx]
o] ARFEET NAG 8427t 22 202 ek
Thp <0.01) (Table 5).
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Table 5. Correlation with NAG activity and non-adjusted or adjusted uCd and #-test NAG activity between 10th and others
percentiles of non-adjusted or adjusted uCd concentration

Pearson's correlation coefficient” p-value’ t-test (p-value)
Non-adjusted uCd 0412 p<0.01 p<0.01
Adjusted uCd (by SG) 0.410 p<0.01 p<0.01
Adjusted uCd (by Cso) 0262 p<001 p<001
Adjusted uCd (by uCr) 0.205 p<0.01 p<0.01
Adjusted uCd (by Mc,) 0.386 p<0.01 p <001

Urine cadmium (uCd), specific gravity (SG), conventional specific gravity (Csg), urine creatinine (uCr), modified urine creatinine
(M¢). "Results by correlation test. "Results by #-test NAG activity between 10th and others percentiles of Cd concentration.

HAPAOoR AMSRs 8% AFClETS AREA <]
ARE F3A F 80%7t WA E L, NS F3
A ek 20%7F M EE Aem dEA en, 1
ujd o] Hwd dAS Aom dEA gk o

]
719 4 e, E ANz 25 AgeolEd
o] Akzito] YL 1.06 g/l AL 082 g/i= &
o] AQEHT}E BAFSR folatA =A JERT
(p<0.01). < ExH U =xoA 85 =
glotE e dke o] HWAdol 1.32 g/, 41/d°] 0.93
glE £ A7 nRRPIRR gAo] AET B
Aoz A Yo B Ao 9F Ao}
Ejdo] Akesto] v YEllEd, ol & A+
Zzte] 64.6%7F 604 ©)/de] AT Hol7] wiE
o yehd 3= Azbdc), B3 vl=re] - vl
A A AE (CDC)NA AAEE A33}; v)=t =0 A
7} UZAHNHANES 111, the Third National Health
and Nutrition Examination Survey)2] Z 3] mp=H
non-Hispanic black 152 8% ol de] 4k
Haro] Bl 1.82 g/l, oAdlM 1.51 g/i= e}
o1, Mexican American $15-2] HAolA 1.47 g/l
o ollA 118 g/= YERA f-Eutetel e} 7ho]
waol R A UERHTEYY Bl ogE]o}
ANX 1&gk gk Ae] e 85 A olEde] At
o] YL 1.90 g/, 9L 141 gl= EAo]
AR =A UEReH, 8% AdotEde] Ak
Hgo] 30t] o]slellA 1.82 g/l, 50t) o]l 1.58
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