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Association between dietary intake and blood and urine cadmium
levels among men in Taiwan

Objectives: Human exposure to cadmium is rarely studied in Taiwan. This cross-sectional
study measured blood cadmium and urine cadmium for men aged 50 and above and assessed
their relationships with daily dietary and nutritional intakes. Methods: Blood and urine speci-
mens were obtained from 295 men of eligible age while they were receiving a routine compre-
hensive health examination from June though September 1999. All data on dietary and nutritional
intakes, socio-demographic and physical examination were obtained from the health examination
center. Graphite furnace atomic absorption spectrometry was used to measure blood and urine
cadmium contents. Results: The median and 95th percentile levels of cadmium in blood samples
were 0.84 ug/L and 3.35 ug/L, respectively. The corresponding values in urine samples were 0.94
ug Cd/g creatinine and 4.05 ug Cd/g creatinine. Insufficient intakes of calcium were found for
approximately 91.9% subjects. More than 60% subjects had insufficient intake of protein, carbo-
hydrate, and iron while 23.4% subjects had over intake of fat. Relationships were not significant
between blood and urine cadmium and most dietary and nutritional variables. Higher intake of
seafood increased the risk of elevated urine cadmium level (>2.0 ug Cd/ g creatinine) (odds ratio
(OR)=7.4, 95% confidence interval (CI)=1.3-42.0). An elevated blood cadmium level (>1.4 ug/L)
was also associated with higher intake of light-leaf vegetable (OR=7.0, 95%CI=1.0-50.0). But
increased consumption of rice and noodle decreased such risk. Conclusions: Most dietary items
do not explain cadmium content in specimens for these middle age and older men. A few men
with higher consumption of seafood and light-leaf vegetables, and decreased consumption of rice
and wheat products were found to have an elevated cadmium burden. (Chin J Public Health.
(Taipei): 2000;19(3):203-213)
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�� ��(�) �� ��(�)
��(�) ��(��/�)

50-59 144(48.8) �2 125(42.4)
60-69 105(35.6) 3-6 97(32.9)
70+ 46(15.6) �7 65(22.0)

�� 8  (2.7)
�� !

�� !" 143(48.5) ��

�� !"# 83(28.1) �� 148(50.2)
�� !" 64(21.7) �� 64(21.7)
�� 5 (1.7) � 82(27.8)

�� 1  (0.3)
��

�� 39(13.2) ��

� 30(10.2) �� 174(60.0)
� 37(12.5) �� 25  (8.5)
� 81(27.5) � 89(30.2)
�� 36(12.2) �� 7  (2.4)
�� 62(21.0)
�� 10  (3.4) BMI (kg/m2)a

�22.5 122(41.4)
�� (�) �22.5 173(58.6)

�40 126(42.7)
40-120 109(36.9)
�120 42(14.2)
�� 18  (6.1)
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�� !"#$%&'(&)*+,-./(�Wilcoxon rank-sum test ��p��0.20)�� !

�� !"#$%!"&'1�2�3�� !"

�� ug/La �� ug Cd/g cre.a

�� 1 2 3 p-value 1 2 3 p-value
��*

n 24 199 60 0.99 25 200 60 0.15
Mean�Sd 1.16�1.07 1.20�1.08 1.11�0.88 1.14�1.00 1.39�1.43 1.05�1.13

Median 0.85 0.83 0.86 0.96 1.01 0.76
GM (GSD) 0.70(1.20) 0.83(0.90) 0.82(0.83) 0.66(1.23) 0.86(1.07) 0.68(0.97)
�� *

n 35 196 48 0.06 35 198 48 0.21
Mean�Sd 1.30�1.21 1.09�0.97 1.50�1.14 1.14�1.00 1.39�1.43 1.05�1.13

Median 0.88 0.79 1.04 0.86 0.9 1.12
GM (GSD) 0.88(0.95) 0.77(0.87) 1.05(0.97) 0.65(1.23) 0.78(1.01) 1.02(1.12)
�� !^

n 52 208 24 0.14 52 210 24 0.79
Mean�Sd 1.02�1.14 1.22�1.01 1.30�1.06 1.32�1.38 1.28�1.29 1.51�1.69

Median 0.68 0.84 0.9 1.0 0.92 0.97
GM (GSD) 0.66(0.96) 0.87(0.88) 0.85(1.10) 0.77(1.18) 0.8(1.06) 1.0(0.90)
�� $

n 20 209 57 0.08 20 211 57 0.19
Mean�Sd 1.77�1.23 1.13�0.95 1.22�1.23 1.87�1.70 1.29�1.31 1.10�1.07

Median 1.79 0.81 0.84 1.48 0.94 0.86
GM (GSD) 1.22(1.06) 0.8(0.89) 0.82(0.95) 1.1(1.24) 0.79(1.08) 0.75(0.93)
��#

n 203 90 0 0.06 205 90 0 0.75
Mean�Sd 1.26�1.07 1.04�0.95 1.44�1.94 1.25�1.22

Median 0.89 0.68 0.94 0.94
GM (GSD) 0.88(0.91) 0.73(0.90) 0.83(1.11) 0.80(1.02)
��#

n 199 53 41 0.15 200 54 41 0.16
Mean�Sd 1.27�1.08 0.85�0.59 1.29�1.19 1.52�1.99 1.12�1.08 1.02�1.02

Median 0.88 0.79 0.87 1.02 0.83 0.77
GM (GSD) 0.87(0.94) 0.69(0.70) 0.87(0.98) 0.88(1.12) 0.71(1.05) 0.71(0.87)

n�� !"Mean�Sd�� !"#$%Median�� !"GM (GSD)�� !"(�� !")
*��  1--�� !1��2--�� 1-6��3--��1�� !
^��  1--�� !"#$2--�� !-3��3--�� !"#$%
$��  1--��1�� !2--��1�� !3��3--��3�� !"
#1-�� 2-�� 3-��  a:�� !" #$%&'()*+ ,-.

�� !"#$%& �'()*+(GM)�
1.11 ug/L�� !"#$%GM��10ug��

�� !"#$GM��3.4ug�� !"#

�� 34.1%[9]�� !"#$%&'()
�� !"#$%&'((GM=0.83 ug/L)�

�� !"#$%&$'()$*+,!-

�� !"#$%&'()*+,-./
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�� !"#1.4 ug/L�� !2ug Cd/g creatinine�� !"#$%&'()*+,-+./0

�� (ug/L)a �� (ug Cd/g cre.) a

�1.4 �1.4 �2.0 �2.0
N=218 N=75 p-value N=238 N=57 p-value

n (%) n (%) n (%) n (%)
��*

1 97 (45.3) 35 (49.3) 0.743 106 (45.3) 27 (50.9) 0.714
2 56 (26.2) 19 (26.8) 64 (27.3) 12 (22.6)
3 61 (28.5) 17 (23.9) 64 (27.4) 14 (26.4)

��*

1 33 (15.3) 18 (24.6) 0.103 43 (18.3) 9 (16.4) 0.76
2 154 (71.6) 50 (68.5) 164 (68.0) 41 (74.5)
3 28 (13.0) 5 (6.8) 28 (22.9) 5 (9.1)

��*

1 17 (7.9) 7 (10.1) 0.843 21 (9.1) 4 (7.4) 0.216
2 151 (71.6) 48 (69.6) 157 (68.0) 43 (79.6)
3 46 (13.0) 14 (20.3) 53 (22.9) 7 (13.0)

�� *

1 24 (11.3) 11 (16.2) 0.008 32 (14.0) 3 (5.8) 0.05
2 158 (74.9) 38 (55.9) 163 (71.2) 35 (67.3)
3 29 (13.7) 19 (27.9) 34 (14.8) 14 (26.9)

�� &

1 175 (83.3) 53 (79.1) 0.43 191 (84.1) 39 (75.0) 0.118
2 35 (16.7) 14 (20.9) 36 (15.9) 13 (25.0)

�� !#

1 44 (20.8) 8 (11.1) 0.149 43 (18.6) 9 (16.4) 0.596
2 152 (71.7) 56 (77.8) 167 (72.3) 43 (78.2)
3 16 (7.5) 8 (11.1) 21 (9.1) 3 (5.4)

�� !#

1 38 (17.8) 10 (13.7) 0.696 42 (17.9) 6 (11.1) 0.266
2 157 (73.4) 57 (78.1) 170 (72.6) 45 (83.3)
3 19 (8.9) 6 (8.2) 22 (9.4) 3 (5.6)

�� !$

1 9 (4.2) 11 (15.3) 0.006 13 (5.5) 7 (13.2) 0.025
2 160 (74.8) 49 (68.1) 170 (72.3) 41 (77.4)
3 45 (21.0) 12 (16.7) 52 (22.1) 5 (9.4)

�� ^

1 120 (57.1) 35 (48.6) 0.325 129 (56.3) 27 (49.1) 0.383
2 84 (40.0) 33 (45.8) 91 (39.7) 27 (49.1)
3 6 (2.9) 4 (5.6) 9 (3.9) 1 (1.8)

a :�� !" #$%&'()*+ ,-.
*�� 1--�� !1��2--�� 1-6��3--��1�� !
&�� 1--�� !1��2--��1-7��
#�� 1--�� !"#$2--�� !"#$1.5��3--��1.5�� !"
$�� 1--��1�� !2--��1�� !3��3--��3�� !"
^�� 1--�� !"#$2--�� !-3��3--�� !"#$%
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�� �� 1.4 ug/L�� !2ug Cd/g creatinine�� !"#$%&'()*+,-.,/01

�� (ug/L)a �� (ug Cd/g cre.) a

�1.4 �1.4 �2.0 �2.0
N=218 N=75 p-value N=238 N=57 p-value

n (%) n (%) n (%) n (%)

B.�� !
��

�� 146 (67.0) 57 (76.0) 0.144 163 (68.5) 42 (73.7) 0.444

�� 72 (33.0) 18 (24.0) 75 (31.5) 15 (26.3)
�� 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

�� 

�� 168 (77.1) 67 (89.3) 0.037 189 (79.4) 48 (84.2) 0.251
�� 42 (19.3) 5 (6.7) 38 (16.0) 9 (15.8)

�� 8 (3.7) 3 (4.0) 11 (4.6) 0 (0.0)

��

�� 0 (0.0) 0 (0.0) 0.401 0 (0.0) 0 (0.0) 0.643

�� 164 (75.2) 60 (66.7) 181 (76.1) 45 (78.9)

�� 54 (24.8) 15 (33.3) 57 (23.9) 12 (21.1)
��

�� 140 (64.2) 59 (78.7) 0.025 153 (64.3) 47 (82.6) 0.03

�� 47 (21.6) 6 (8.0) 48 (20.2) 6 (10.5)
�� 31 (19.2) 10 (13.3) 37 (15.5) 4 (7.0)

��*
�� 198 (90.8) 71 (94.7) 0.295 218 (91.6) 53 (93.0) 0.731

�� !" 20 (9.2) 4 (5.3) 20 (8.4) 4 (7.0)

��

�� 132 (60.6) 48 (64.0) 0.866 144 (60.5) 38 (66.7) 0.691

�� 63 (28.9) 20 (26.7) 69 (29.0) 14 (24.6)

�� 23 (10.5) 7 (9.3) 25 (10.5) 5 (8.8)
a :�� !" #$%&'()*+ ,-.
* :�� !"#1�� !"#$%&'(�)%&'*)+(,-

�� !"#$%&'(0.7 ug/L�95�� 

�2 ug/L [24]�� !"#$%&'()*

�GM��0.21 ug/L�� !"#$%&'(
�� !"[25]�� !"#$%&'()

�� !"#$(GM=0.48 ug/L)�� !"

�� !"#$%&'()*+,-./0

[26]�� !"#$%&'()*+,-.

�0.84 ug/L (GM=0.83 ug/L)�� !"#$

�� !"#$%&'()� !"*+,

�� !"#$%&'(Watanabe�[22]�

�� !"#$%&'()(GM)�� !

1980��3.84 ug/L��1990�1.79ug/L�� 
�� !"#$%&47.1 ug/L��29.5 ug/L

�� !"#$%&'()*+�,-.

�� !"#$%&'()*+,-./0

�� !"#�$%&'

�� !"#$%&'()*+,-

Bunker�[13]�� !"#$%&'((��

��(ferritin)�� (serum iron)�� !"

(percentage iron satuation))�� !"#$

Kowal �[14]�� !"#$%&'((��

�� �! "!#$% &!'()�� 
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�� !"#$%&'%()*+,-./0123+4561.4 ug/L�� !2.0 ug Cd/ g cre.

�� !"#$%(OR)

�� ��

OR (95% CI*) OR(95% CI*)
�� !"#$%

�1 1.0 1.0

1-3 0.2 (0.05-0.6) 0.3 (0.08-1.3)
�3 0.2 (0.05-0.8) 0.2 (0.04-1.0)

�� !"#$

�1 1.0 1.0
1-6 0.3 (0.1-1.0) 2.0 (0.4-9.5)

�7 1.2 (0.3-4.6) 7.4 (1.3-42.0)

�� !"#

�1 1.0 1.0

1-6 1.5 (0.6-2.4) 0.9 (0.35-4.2)

�7 1.0 (0.4-2.5) 1.9 (0.4-9.9)
�� !"#

�1 1.0 1.0

1-6 1.3 (0.5-3.7) 1.2 (0.2-5.9)
�7 1.0 (0.2-5.6) 1.9 (0.4-9.9)

�� !"#

�1 1.0 1.0

1-6 1.4 (0.4-5.2) 1.1 (0.2-5.9)

�7 1.5 (0.3-6.6) 0.4 (0.06-2.6)
�� !"#

�1 1.0 1.0

1-7 0.9 (0.3-2.3) 1.3 (0.5-3.6)
�� !"#$%

�0.5 1.0 1.0

0.5-1.5 4.4 (1.3-15.3) 1.1 (0.3-3.8)
�1.5 7.0 (1.0-50.0) 0.6 (0.07-5.4)

�� !"#$%

�0.5 1.0 1.0
0.5-1.5 0.9 (0.3-2.5) 2.5 (0.7-9.1)

�1.5 0.7 (0.3-4.6) 2.8 (0.3-25.5)

�� !"#$

�0.5 1.0 1.0

0.5-3 1.0 (0.5-2.2) 1.3 (0.6-3.0)

�3 1.1 (0.2-6.7) 0.4 (0.02-1.7)

*CI: confidence interval, �� !
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�� !"#$%&'((��)�� !"

�� !�"#$%&'()*+",-.

�� !"#$%&'()*+,-./

�� !"#$%��&'()*�+,#

�� !"#$%&'(

�� !"#$%&'()*+,-

�� !"#$%(2 ug Cd/g cre.)�� !"

�� !"#$%&'()*+%,-./

[14]�� !"#$%&'()*+,-.

�1.9-3.7ug/L�� !"#$%&'()(�

�� !0.9 ug/L)[16]�Vahter��[17]��

�� !"#$%&'()*+,-./0

�� !"#�� !(�� !"#29ug

�)�� �� !(�� !"#14ug�)�
2�� !"#$%&'()*+#,(0.25

ug/L)�� !"#$%&'()(0.23 ug/

L)�� !"#$%&'()*+,-./
�� !"#$%&'(ferritin)��(18 ug/L)

�� !"#$%(31 ug/L)�� !"#$
�� !"#$%&'()*+,-./'

�� !" #$%&'()*+,-./

�� !"#$%&'(��)!"*+,

7.4�� !"#$%&'(2ug Cd/g cre.�

�� !"#$%&(�1.4 ug/L)�� !"

�� !1.2�� !"#$%&'()*+
�� !"#$%&'()*+,-.�"

�� !"#$%&'()*

�� !"#$%&'()*+(�� 
�� !)�� !"#$%&'�� (

�� !"7.0�� !"#$1.4 ug/L�� 

�� !"#$%&'()*!+,-./

�� !"#$%&!'()*+,-.�

�� !"#$%&' ()*+0 . 0 1 -

0.1ppm�� !"!#!$%(�0.1ppm)�
[18]�� !"#$�%&'(&)*+,

�� !"(�� !"#) �� !"#$

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./$

50-70�� !"#$%&[19]�� !"#

�� !"#$%&'()*+,-./(

[14]�� !"#$%&'()*+,-.

�� !"#$%&'82�� !"#$%
�� !"#$%&'()*+,-(./

�� !"#$"%

�� !"#$%&'()*1.4 ug/L�
�� !"#$%�&'()*+,-./

�� !"#$%&�'([3]�Maranelli�

[20]�� !"#$%&'()*+,-.
�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#2 ug Cd/g cre.�� !"1.4 ug/

L�� !"#$%&'�()*+,-$.

��Maranelli�� !"#$%&'()*
�� !"#$%&'()*2 ug Cd/g cre.

�� !"#$%&'()*+,-.&/

�� !"#$%&'()*+,-./"

��
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