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Factors affecting the variability in the observed
levels of cadmium in blood and urine among never
smoker adults aged ≥ 20–64 years and senior
citizens aged ≥ 65 years
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Abstract: Data from National Health and Nutrition Examination Survey for 1999–
2012 were used to evaluate factors that affect observed levels of blood cadmium
(BCd) and urine cadmium (UCd) among never smoker adults aged 20–64 years and
senior citizens aged ≥ 65 years. Over 1999–2010, adjusted levels of BCd declined for
adults aged 20–64 years (β = −0.02457, p < 0.01) and senior citizens aged ≥ 65 years
(β = −0.01845, p < 0.01). For UCd, this decline was observed among never smoker
adults aged 20–64 years only (β = −0.01605, p < 0.01). Adjusted BCd as well as UCd
levels were found to be statistically significantly higher for female never smoker
adults as well as senior citizens than male never smoker adults and senior citizens,
respectively, (p < 0.01). Non-Hispanic whites had statistically significantly lower levels (p < 0.01) of BCd than non-Hispanic blacks and Mexican Americans for adults as
well as senior citizens (p < 0.01). For UCd, this association was not observed. Among
adults, levels of both BCd increased with age and decreased with body mass index
(p < 0.01). Dietary intake of cadmium was not found to affect the levels of either BCd
or UCd.
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Exposure to cadmium resulting in elevated levels
of urine and/or blood cadmium has been reported
to be associated with prediabetes, impaired
fasting glucose and diabetes, increased prevalence
of peripheral arterial disease, impaired kidney
function, myocardial infarction, elevated risk of
osteoporosis, increased odds of the prevalence
of stroke and heart failure, increased odds of
breast cancer, increased odds of age-related
macular degeneration, increased all-cause and
cause specific mortality, and iron deficiency
among children. An extensive range of adverse
health effects associated with exposure to
cadmium requires investment of resources in
public health efforts to monitor existing levels of
exposure to cadmium on an ongoing basis. This
communication reports on the biomonitoring data
on exposure to cadmium among never smokers for
the 14-year period covering 1999–2012 for general
US population of adults aged 20–64 years and
senior citizens age ≥ 65 years.
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1. Introduction
Tobacco leaves contain high amounts of cadmium (Cd) and as such, smoking greatly increases exposure to Cd (https://www.atsdr.cdc.gov/toxprofiles/tp5.pdf, p. 12). Among nonsmokers and children, the largest source of Cd is via consumption of leafy vegetables such as lettuce and spinach;
staples such as potatoes and grains; and peanutsoaen, soybeans, and sunflower seeds. Consumption
of shell fish and organ meats is also associated with increased exposure to Cd. As quoted by Agency
for Toxic Substances and Disease Registry (https://www.atsdr.cdc.gov/toxprofiles/tp5.pdf), half-life
of Cd has been estimated to be 6–38 years for the human kidney and 4–19 years for human liver
(p. 201). As such, Cd stays in the human body for a very long time. Concentrations of Cd in blood
(BCd) and urine (UCd) provide estimates of human exposure to Cd. While, BCd can be used as a
measure of the recent exposure to Cd, UCd can be used as a measure of long-term exposure to Cd
(Adams & Newcomb, 2014). Since, estimated half-life of cadmium in the kidney is from one to four
decades (https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=48&tid=15), UCd being a measure of
long-term exposure to Cd, can be stated to represent exposure to Cd for several decades.
Elevated levels of UCd and/or BCd have been reported to be associated with prediabetes (Wallia,
Allen, Badon, & El Muayed, 2014), impaired fasting glucose and diabetes (Schwartz, Il’yasova, &
Ivanova, 2003), increased prevalence of peripheral arterial disease (Navas-Acien et al., 2004), impaired kidney function (Buser, Ingber, Raines, Fowler, & Scinicariello, 2016; Ferraro, Costanzi,
Naticchia, Sturniolo, & Gambaro, 2010; Trzeciakowski, Gardiner, & Parrish, 2014), myocardial infarction (Everett & Frithsen, 2008), high prevalence of elevated C-reactive protein and fibrinogen (Lin,
Rathod, Ho, & Caffrey, 2009), elevated risk of osteoporosis (Gallagher, Kovach, & Meliker, 2008), increased odds of the prevalence of stroke and heart failure (Peters, Perlstein, Perry, McNeely, &
Weuve, 2010), modestly elevated blood pressure (Tellez-Plaza, Navas-Acien, Crainiceanu, & Guallar,
2008), increased odds of breast cancer (Gallagher, Chen, & Kovach, 2010), increased odds of agerelated macular degeneration (Wu, Schaumberg, & Park, 2014), and iron deficiency among children
(Silver, Lozoff, & Meeker, 2013).
Mortality linked data from National Health and Nutrition Examination Survey (NHANES) have been
often used to report on associations between exposure to Cd and all-cause and cause-specific mortality. Some of the authors who have reported elevated levels of BCd and/or UCd to be associated
with mortality are Aoki et al. (2016), Cheung, Kang, Ouyang, and Yeung (2014), Patel et al. (2013), Lin
et al. (2013), Tellez-Plaza et al. (2012), and Wu, Chang, Lin, Caffrey, and Lin, (2011).
Smokers have been reported to have higher levels of Cd than nonsmokers (https://www.cdc.gov/
biomonitoring/Cadmium_BiomonitoringSummary.html). Some of the studies in general population
and among several groups of patients reporting higher levels among smokers as compared to nonsmokers are by Ahn, Kim, and Park (2017), Yaprak et al. (2017), Afridi, Kazi, Talpur, and Brabazon
(2015), Kazi et al. (2010), Richter, Bishop, Wang, and Swahn (2009), and Sorkun et al. (2007).
Adverse health effects associated with occupational and environmental exposure to Cd (and other
contaminants) have been extensively studied. Some of the recent studies reporting on these health
adverse effects are by Thomas, Hodgson, Nieuwenhuijsen, and Jarup (2009), Beveridge, Pintos,
Parent, Asselin, and Siemiatycki (2010), Honda et al. (2010), Gil et al. (2011), Haddam et al. (2011),
Arrandale, Beach, Cembrowski, and Cherry (2015), De Franciscis et al. (2015), Togawa et al. (2016),
and Dodd-Butera et al. (2017).
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Adams and Newcomb (2014) used NHANES data from 1999–2010 for those aged ≥ 20 years and
reported both BCd and UCd levels to be substantially higher among those aged ≥ 70 years than
those aged 20–29 years. Adjusted geometric means of BCd and UCd were reported to be higher in
females than males. Riederer, Belova, George, and Anastas (2013) used NHANES data from 1999–
2008 and reported decrease in UCd levels among children, teens, and adults over 1999–2008. TellezPlaza et al. (2012) reported declining trends (p < 0.01) in UCd levels over 1988–2008 in overall US
population as well as all participant subgroups. Among females of reproductive age, non-smoking
Mexican American and non-Hispanic Black females were more likely to have high Cd than
non-Hispanic white females (Mijal & Holzman, 2010).
The objectives of the proposed study were to (i) study time trends in unadjusted and adjusted
levels of BCd and UCd over 1999–2012 for never smokers adults aged 20–64 years and senior citizens aged ≥ 65 years, and (ii) evaluate factors that affect adjusted levels of BCd and UCd including
gender, race/ethnicity, body mass index (BMI), poverty income ratio (PIR), exposure to environmental tobacco smoke at home (ETSH) and work (ETSW), and diet. The proposed study is similar to the
study by Adams and Newcomb (2014) in certain aspects but different in other aspects. Adams and
Newcomb (2014) did consider using ETSH as a variable but excluded it from the final models because
it was not found to be statistically significant. For the purpose of this study, ETSH and intensity of
exposure to ETSH will be studied. In addition, ETSW and intensity of exposure to ETSW will also be
used as independent variables in the models. The proposed study will fit separate regression models
for BCd and UCd for both adults and senior citizens. Adams and Newcomb (2014) did not consider
the role of dietary intake on the levels for BCd and UCd, this study will.

2. Materials and methods
2.1. Data source and data descriptions
Data from NHANES for 1999–2012 from demographic, body measures, blood metal, urine metal,
serum cotinine, home interview smoking questionnaire, recent tobacco use questionnaire, family
smoking questionnaire, occupational questionnaire, and first day individual food dietary questionnaire files were downloaded and match merged. NHANES uses a complex, stratified, multistage,
probability sampling designed to be representative of the civilian, non-institutionalized US population based on age, sex, and race/ethnicity. Sampling weights are created in NHANES to account for
the probabilities of selection and response as well as total US population for the selected combinations of gender, age, and race/ethnicity. All analyses completed for this study used sampling weights
as well as sampling design information, i.e. stratification and clustering to compute relevant statistics. Unweighted sample sizes after removing missing data for dependent and independent variables are given in Table 1. Percent observations at or above the limitation of detection (LOD) for BCd
were found to be 71.1% for adults and 88.4% for senior citizens. Percent observations at or above
LOD for UCd were found to be 92.4% for adults and 97.5% for senior citizens.
Data for exposure to ETS at home (ETSH) were extracted from family smoking questionnaires
(https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/SMQFAM_G.htm) used in NHANES. A total of three
variables indicating exposure to ETSH, namely, exposure to ETSH (yes/no), number of cigarette
smokers living inside home, and number of cigarettes smoked inside home every day were available.
Data for exposure to ETS at work (ETSW) were extracted from occupational questionnaires (https://
wwwn.cdc.gov/Nchs/Nhanes/2009-2010/OCQ_F.htm) used in NHANES. There were two variables indicating exposure to ETSW, namely, exposure to ETSW (yes/no) and number of hours the participants inhaled smoke from other people’s cigarettes, cigars, and/or pipes that were available.
However, there was a change in NHANES 2011–2012 about how data on exposure to ETSW were
collected. Instead of asking if the respondents inhaled tobacco smoke at work as was done for
1999–2010, the question in NHANES 2011–2012 asked the respondents if anyone smoked cigarettes,
cigars, or pipes during the last two weeks in the area the respondents worked. Data on number of
hours the participants inhaled smoke from other people’s cigarettes, cigars, and/or pipes were no
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Table 1. Weighted frequency distribution of blood and urine cadmium by gender, race/ethnicity, and exposure to environmental
tobacco smoke (ETS) at work and home
Age 20–64 years*
N

Age≥65 years**

Weighted N

Weighted %

N

Weighted N

Weighted %

Blood Cadmium
Total

11,644

51,932,0784

100.0

3,576

101,212,243

100.0

Males

4,545

219,593,901

42.3

1,230

29679711

29.3

Females

7,099

299,726,883

57.7

2,346

71,532,532

70.7

Non-Hispanic White

4,452

335,549,622

64.6

2,158

83,226,837

82.2

Non-Hispanic Black

2,468

61,329,369

11.8

515

6,926,633

6.8

Mexican American

2,806

52,582,937

10.1

517

3373283

3.3

Other Race/Ethnicity

1,918

69,858,856

13.5

386

7,685,489

7.6

Exposed to ETS at
work

1,104

51,349,002

9.9

34

802,018

0.8

Not exposed to ETS
at work

10,536

467,810,594

90.1

3,542

10,041,0225

99.2

662

28,062,253

5.4

137

3,452,711

3.4

10,900

488,126,358

94.6

3,423

97,406,513

96.6

Exposed to ETS at
home
Not exposed to ETS
at home
Urine Cadmium
Total

3,791

515,295,814

100.0

1,150

95,693,296

100.0

Males

1,494

214,039,662

41.5

407

28,501,477

29.8

Females

2,297

301,256,152

58.5

743

67,191,819

70.2

Non-Hispanic White

1,445

333,183,435

64.7

668

77,466,259

81.0

Non-Hispanic Black

821

63,038,499

12.2

178

7,463,397

7.8

Mexican American

906

50,810,460

9.9

172

3,055,246

3.2

Other Race/Ethnicity

619

68,263,420

13.2

132

7,708,394

8.1

Exposed to ETS at
work

389

55,205,011

10.7

9

699,008

0.7

3,402

460,090,803

89.3

1,141

94,994,288

99.3

219

27,480,541

5.4

36

2,380,557

2.5

3,542

483,803,672

94.6

1,103

92,629,955

97.5

Not exposed to ETS
at work
Exposed to ETS at
home
Not exposed to ETS
at home

Source: Data from National Health and Nutrition Examination Survey 1999–2010.
*Observations at or above the limit of detection for blood cadmium was 71.1% and for urine cadmium 92.4%.
**Observations at or above the limit of detection for blood cadmium was 88.4% and for urine cadmium 97.5%.

longer collected in NHANES 2011–2012. For this reason, adjusted analyses were completed for
1999–2010 only.

2.2. Laboratory methods
For 2003–2012, BCd was determined using inductively coupled plasma mass spectrometry (https://
wwwn.cdc.gov/Nchs/Nhanes/2011-2012/PbCd_G.htm#Description_of_Laboratory_Methodology)
based on quadrupole ICP-MS technology. ICP-MS was also used to determine UCd (https://wwwn.cdc.
gov/Nchs/Nhanes/2011-2012/UHM_G.htm#Description_of_Laboratory_Methodology). For 1999–2002,
BCd was determined on a Perkin Elmer Model SIMAA 6000 simultaneous multi-element atomic absorption spectrometer with Zeeman background correction (https://wwwn.cdc.gov/Nchs/Nhanes/20012002/L06_B.htm#Description_of_Laboratory_Methodology) and UCd was measured using ICP-MS
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based assay (https://wwwn.cdc.gov/Nchs/Nhanes/2001-2002/L06HM_B.htm) but data on UCd were
corrected for interference from molybdenum oxide before being released in the public domain.

2.3. Definition of selected variables
Database for never smokers aged ≥ 20 years was generated by selecting those who self-reported
not smoking 100 cigarettes in life, did not self-report using any tobacco products during the last five
days and currently had their serum cotinine levels less than 10 ng/mL.
Selection of dietary variables for use in this study was guided by the Canadian study reported by
Garner and Levallois (2016). Garner and Levallois (2016) used frequency of the consumption of selected foods in their study during the last 12 months but data on food frequency consumption for
NHANES are not made available in public domain on a consistent basis. Instead, data on the consumption of selected foods in grams during the last 24 h (https://wwwn.cdc.gov/Nchs/
Nhanes/2011-2012/DR1IFF_G.htm) were used for this study. Ten food groups based on the United
States Department of Agriculture’s (USDA) eight-digit food codes were generated. The USDA food
codes (https://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/fndds/fndds5_doc.pdf) used to
generate these food groups are provided by Jain (2016). Preliminarily, 10 food groups selected were:
red meats, organ meats, shell fish, nuts and seeds, white bread, cereals, dark green leafy vegetables,
white potatoes, fried potatoes, and lettuce based salads. However, percent participants consuming
some of these foods were too low to have enough variability in the data. For this reason, an arbitrary
decision was made to include only those food groups in the analyses for which there were at least
10% participants consuming them. As such, the food groups included in analyses were: white bread,
cereals, white potatoes, fried potatoes, nuts and seeds, and lettuce based salads.

2.4. Outcome variables
Since, the distributions of both BCd and UCd were positively skewed, their measurements in ng/L
were log10 transformed before being used as dependent variables in the models.

2.5. Covariates/independent variables
Categorical independent variables used in the models for adults were: gender (male, female), race/
ethnicity (non-Hispanic white or NHW, non-Hispanic Black or NHB, Mexican American or MA, other
unclassified race/ethnicities or OTH), exposure to ETS at home (ETSH) and exposure to ETS at work
(ETSW). Since, there were only 32 senior citizens who had exposure to ETS at work, they were deleted
from the models and as such, ETSW was not used as an independent variable in the models for senior citizens. Continuous independent variables used in the models were, age, age2, log10 transformed values of body mass index (BMI), and poverty income ratio (PIR), survey year (coded as one
through seven), number of smokers smoking inside home, number of cigarettes smoked inside home
every day, and for adults only, number of hours smoke was inhaled from other people’s cigarettes,
cigars, and pipes as well as dietary variables as previously specified. Models also tested for significant first-order interactions between gender, race/ethnicity, ETSH, and ETSW but they were included
in the final models if they were found to be statistically significant at α = 0.05.

2.6. Software and statistical analysis
All analyses conducted for this study used SAS University Edition software (www.sas.com). Proc
SURVEYREG was sued to fit multivariate regression models as well as univariate models to test for
time trends in unadjusted values of BCd and UCd. Pairwise comparisons were done using t-test.

3. Results
3.1. Univariate analysis
Unadjusted geometric mean levels (UGM) of BCd exhibited a decreasing trends (p < 0.01) over 1999–
2012 irrespective of age (Table 2). For adults, BCd levels in 2011–2012 were 67.6% of what they were
in 1999–2000 and for every NHANES cycle, BCd levels declined by 5.3%. For seniors, BCd levels in
2011–2012 were 72.9% of what they were in 1999–2000 and for every NHANES cycle, BCd levels
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Table 2. Unadjusted geometric means with 95% confidence intervals for blood cadmium in
μg/L and urine cadmium in μg/L by survey year by age for never smokers
Blood cadmium
Age: 20–64 years

Urine cadmium

Age: ≥65 years

Age: 20–64 years

Age: ≥65 years

1999–2000

0.324 (0.299–0.351)

0.445 (0.4–0.495)

0.192 (0.166–0.222)

0.282 (0.229–0.347)

2001–2002

0.284 (0.272–0.296)

0.398 (0.382–0.414)

0.208 (0.188–0.229)

0.281 (0.244–0.322)

2003–2004

0.228 (0.212–0.246)

0.374 (0.34–0.411)

0.197 (0.175–0.221)

0.259 (0.22–0.305)

2005–2006

0.236 (0.226–0.247)

0.359 (0.339–0.381)

0.173 (0.156–0.192)

0.286 (0.241–0.34)

2007–2008

0.243 (0.234–0.253)

0.345 (0.323–0.369)

0.179 (0.159–0.201)

0.239 (0.214–0.267)

2009–2010

0.235 (0.228–0.243)

0.352 (0.332–0.374)

0.166 (0.151–0.182)

0.297 (0.244–0.363)

2011–2012

0.219 (0.208–0.23)

0.325 (0.301–0.35)

0.14 (0.128–0.153)

0.236 (0.199–0.28)

β

−0.0225184

−0.0192928

−0.0241651

−0.0076994

p

< 0.01

< 0.01

< 0.01

0.29

% change each
NHANES cycle

−5.3

−4.5

−5.7

−1.8

Ratio in % (2011–
2012)/(1999–2000)

67.6

73.0

72.9

83.7

declined by 5.7%. For UCd, decreasing trends (p < 0.01) were observed for adults only (p < 0.01). UCd
levels in 2011–2012 were 73% of what they were in 1999–2000 and for every NHANES cycle, UCd
levels declined by 4.5%.
UGMs of BCd as well as UCd for both adults and senior citizens were found to be higher for females
when compared with males (Table 3, p < 0.01). The ratio of females to males UGM were: 1.4 and 1.1
for BCd for adults and seniors, respectively, and 1.3 and 1.1 for UCd for adults and seniors, respectively. The order in which BCd among three major race/ethnic categories were observed was:
NHB > MA > NHW and all three pairwise differences were statistically significant for both adults and
seniors (Table 3, p < 0.01). Racial/ethnic differences were not found to exist for UCd (Table 3).
Exposure to ETS either at home or at work did not seem to affect UGMs for BCd or UCd among
adults as well as seniors (Table 3). The observed difference between exposure to ETSW and no exposure to ETSW as observed for adults was probably due to small sample sizes.
Irrespective of gender, race/ethnicity, and ETS exposure, seniors had higher UGM for both BCd and
UCd than adults (p < 0.01, Table 3).

3.2. Multivariate analysis
3.2.1. Gender and racial/ethnic differences
Adjusted geometric means (AGM) of BCd as well as UCd for both adults and senior citizens were
found to be higher for females when compared with males (Table 4, p < 0.01). The ratios of females
to males AGMs were: 1.4 and 1.2 for BCd for adults and seniors, respectively, and 1.2 and 1.5 for UCd
for adults and seniors, respectively. The order in which BCd among three major race/ethnic categories were observed was: NHB > MA > NHW and all three pairwise differences were statistically significant for both adults and seniors (Table 4, p < 0.01). Racial/ethnic differences were not found to exist
for UCd (Table 3). However, among adults, when statistically significant interaction between race/
ethnicity and ETSH was taken into account, NHW had lower AGM for BCd than NHB and MA only when
there was no ETSH exposure (0.228 vs 0.270 and 0.268 μg/L, Figure 1, Panel A).
In the presence of statistically significant interaction between gender and race/ethnicity for BCd
for seniors, male–female differences were limited to NHW (0.34 vs. 0.41 μg/L, p < 0.01) and NHB
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Table 3. Unadjusted geometric means with 95% confidence intervals for blood cadmium in μg/L and urine cadmium in μg/L by
gender, race/ethnicity, and exposure to environmental tobacco smoke (ETS) by age for never smokers
Blood cadmium

Urine cadmium

Pairwise comparison
between adults and
seniors

Age:
20–64 years

Age: ≥65 years

Age:
20–64 Years

Age: ≥65years

pBCd

pUCd

Males (M)

0.208 (0.203–0.213)

0.31 (0.298–0.323)

0.164 (0.156–0.173)

0.249 (0.229–0.272)

< 0.01

< 0.01

Females (F)

0.283 (0.277–0.29)

0.393 (0.38–0.405)

0.184 (0.174–0.195)

0.273 (0.253–0.296)

< 0.01

< 0.01

Non-Hispanic White
(NHW)

0.234 (0.228–0.24)

0.364 (0.352–0.377)

0.158 (0.15–0.166)

0.254 (0.238–0.271)

< 0.01

< 0.01

Non-Hispanic Black
(NHB)

0.264 (0.257–0.272)

0.346 (0.329–0.363)

0.247 (0.227–0.269)

0.322 (0.29–0.358)

< 0.01

< 0.01

Mexican American
(MA)

0.253 (0.242–0.264)

0.35 (0.332–0.37)

0.19 (0.175–0.205)

0.245 (0.203–0.294)

< 0.01

< 0.01

Other Race/
Ethnicity (OTH)

0.312 (0.298–0.326)

0.416 (0.378–0.457)

0.205 (0.185–0.227)

0.364 (0.29–0.457)

< 0.01

< 0.01

Exposed to ETS at
work (ETSW_Yes)

0.235 (0.225–0.245)

0.325 (0.273–0.387)

0.163 (0.147–0.182)

0.321 (0.248–0.415)

< 0.01

< 0.01

Not exposed to ETS
at work (ETSW_No)

0.25 (0.245–0.255)

0.367 (0.356–0.378)

0.177 (0.169–0.185)

0.266 (0.25–0.283)

< 0.01

< 0.01

Exposed to ETS at
home (ETSH_Yes)

0.257 (0.243–0.273)

0.346 (0.31–0.386)

0.194 (0.166–0.227)

0.298 (0.215–0.415)

< 0.01

< 0.01

Not exposed to ETS
at home (ETSH_No)

0.248 (0.243–0.253)

0.367 (0.356–0.378)

0.175 (0.167–0.182)

0.265 (0.249–0.283)

< 0.01

< 0.01

Statistically
significant
differences

M < F (p < 0.01),
NHB > MA > NHW
(p<0.01),
ETSW_Yes < ETSW_
No (p < 0.01)

M < F (p < 0.01)

M < F (p < 0.01),
NHB > MA > NHW
(p < 0.01)

NHB > NHW (p<0.01),
NHB > MA (p<0.01)

Figure 1. Adjusted geometric
means in μg/L with 95%
confidence intervals for blood
cadmium for adults aged 20–
64 years by (A) race/ethnicity
and exposure to environmental
tobacco smoke (ETS) at home
(NHW = Non-Hispanic White,
NHB = Non-Hispanic Black,
MA = Mexican American,
OTH = other unclassified race/
ethnicities, ETSH_Yes = exposed
to ETS at home, ETS_No = not
exposed to ETS at home, and
(B) exposure to ETS at home
and exposure to ETS at work
(ETSW_Yes = exposure to ETS at
work, ETSW_No = no exposure
to ETS at work).
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Figure 2. Adjusted geometric
means in μg/L with 95%
confidence intervals for (A)
blood cadmium for adults
aged 20–64 years by gender
(M = male, F = female) and
race/ethnicity (NHW =
Non-Hispanic White,
NHB = Non-Hispanic Black,
MA = Mexican American,
OTH = other unclassified
race/ethnicities) and (B)
urine cadmium for seniors
aged ≥ 65 years by gender and
race/ethnicity.

(0.35 vs. 0.42 μg/L, p < 0.01) only (Figure 2, Panel A), and among senior males, only NHW had lower
levels than MA (0.34 vs. 0.385 μg/L, p = 0.03, Figure 2, Panel A). For females, racial/ethnic differences
among three major racial/ethnic groups for BCd for seniors were not observed (Figure 2, Panel A).
For adults, there was a statistically significant interaction for UCd, and male–female differences
were observed for all four racial/ethnic groups but male–female differences varied by race/ethnicity.
For NHW, the male–female difference was 0.066, 0.112 μg/L for NHB, and 0.111 μg/L for MA. Thus,
male–female differences were higher for NHB and MA as compared to NHW (Figure 2, Panel B).
Between NHW and MA and between NHB and MA, statistically significant differences were observed
for both males and females but statistically significant differences between NHW and NHB were
observed for females only (Figure 2, Panel B).

3.2.2. Effect of exposure o ETS
AGMs for those who were exposed to ETS and were not exposed to ETS at home and/or work did not
differ (Table 4) for either BCd or UCd. However, among adults, when statistically significant interaction between race/ethnicity and ETSH was taken into account, NHB with no ETSH had higher AGM for
BCd than NHB without ETSH (0.270 vs 0.211 μg/L, Figure 1, Panel A). Also, when statistically significant interaction between ETSH and ETSW is taken into account for adults, among those with ETSH
exposure, exposure to ETS at work was associated with lower BCd levels when compared with no
exposure to ETS at work (0.218 vs. 0.274 μg/L, p = 0.04, Figure 1, Panel B); and among those with no
ETSH, exposure to ETS at work was associated with higher BCd levels when compared with no exposure to ETS at work (0.274 vs. 0.260 μg/L, p = 0.04, Figure 1, Panel B).

3.2.3. Effect of age, age2, body mass index, and poverty income ratio
Among adults (Table 5), levels of both BCd and UCd increased with increase in age (Table 5, p < 0.01).
For one-year increase in age, the levels of BCd and UCd increased by 1.3% and 6.1%, respectively. For
adults, there was a negative association between the levels of UCd and age2. Among seniors, there
was a negative association between the levels of UCd and age (β = −0.09013, p < 0.01, Table 6) and
a positive association between the levels of UCd and age2 (β = 0.00063, p = 0.03, Table 6).
For a 10% increase in body mass index, among adults, levels of BCd decreased by 2.5% and the
levels of UCd decreased by 2.6% (Table 5). For a 10% increase in body mass index, among seniors,
levels of BCd decreased by 1.6% and the levels of UCd decreased by 3.5% (Table 6). Poverty income
ratio did not affect the levels of either BCd or UCd among either adults or seniors (Tables 5 and 6).
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Table 4. Adjusted geometric means with 95% confidence intervals for blood cadmium in μg/L
and urine cadmium in μg/L by gender, race/ethnicity, and exposure to environmental tobacco
smoke (ETS) by age for never smokers
Blood cadmium

Urine cadmium

Age: 20–64 years

Age: ≥65 years

Age: 20–64 years

Age: ≥65 years

Males (M)

0.216 (0.185–0.254)

0.37 (0.306–0.448)

0.169 (0.109–0.261)

0.238 (0.17–0.332)

Females (F)

0.288 (0.245–0.338)

0.447 (0.373–0.536)

0.263 (0.172–0.405)

0.362 (0.255–0.513)

Non-Hispanic White
(NHW)

0.22 (0.187–0.259)

0.385 (0.322–0.46)

0.172 (0.111–0.269)

0.262 (0.186–0.37)

Non-Hispanic Black
(NHB)

0.239 (0.203–0.281)

0.383 (0.317–0.463)

0.196 (0.127–0.303)

0.272 (0.195–0.379)

Mexican American
(MA)

0.25 (0.211–0.297)

0.403 (0.332–0.49)

0.239 (0.155–0.37)

0.28 (0.191–0.41)

Other Race/Ethnicity
(OTH)

0.295 (0.245–0.354)

0.461 (0.376–0.567)

0.244 (0.158–0.375)

0.371 (0.25–0.55)

Exposed to ETS at
work (ETSW_Yes)

0.245 (0.204–0.293)

0.21 (0.135–0.326)

Not exposed to ETS
at work (ETSW_No)

0.255 (0.218–0.297)

0.212 (0.138–0.326)

Exposed to ETS at
home (ETSH_Yes)

0.233 (0.186–0.292)

0.453 (0.314–0.652)

0.234 (0.141–0.389)

0.316 (0.16–0.624)

0.267 (0.238–0.3)

0.366 (0.349–0.384)

0.19 (0.128–0.283)

0.272 (0.251–0.296)

M < F (p < 0.01), NHW
< NHB (p = 0.01),
NHW < MA (p < 0.01)

M < F (p < 0.01)

M < F (p < 0.01), MA >
NHB > NHW
(p < 0.01)

M < F (p < 0.01)

Not exposed to ETS
at home (ETSH_No)
Statistically
significant
differences

Table 5. Regression slopes and percent change in the values of blood and urine cadmium with a unit change* in the values of
independent variables for those aged 20–64 years
Independent
variable

Blood cadmium

Urine cadmium

β

p

Age

0.00567

< 0.01

1.314

0.02572

< 0.01

6.102

Age2

−0.00001

0.76

−0.001

−0.00016

< 0.01

−0.037

Log10(Body Mass
Index)

−0.26251

< 0.01

−2.534

−0.26865

< 0.01

−2.594

Poverty Income Ratio

0.00091

0.62

0.209

−0.00660

0.09

1.531

Number of cigarette
smokers living at home

0.03910

0.15

9.420

−0.08682

0.15

22.131

Number of cigarettes
smoked inside home
every day

−0.00108

0.40

−0.249

0.00332

0.20

−0.767

Survey year

−0.02457

< 0.01

−5.820

−0.01605

< 0.01

−3.765

Number of hours
inhaling other people’s
smoke

−0.00379

0.13

−0.876

−0.00856

0.23

−1.990

Consumption of nuts
and seeds in grams

0.00023

0.01

0.052

0.00020

0.35

0.045

% change in blood
cadmium with
a unit change
in independent
variable

β

p

% change in urine
cadmium with
a unit change
in independent
variable

(Continued)
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Table 5. (Continued)
Independent
variable

Blood cadmium

Urine cadmium

β

p

% change in blood
cadmium with
a unit change
in independent
variable

β

p

% change in urine
cadmium with
a unit change
in independent
variable

Consumption of white
bread in grams

−0.00002

0.50

−0.004

−0.00007

0.42

−0.015

Consumption of cereals
in grams

−0.00011

0.12

−0.025

−0.00045

0.05

−0.103

Consumption of white
potatoes in grams

−0.00003

0.36

−0.008

0.00009

0.30

0.020

Consumption of fried
potatoes in grams

−0.00001

0.79

−0.003

−0.00010

0.40

−0.023

Consumption of lettuce
based salads in grams

0.00008

0.17

0.018

0.00022

0.19

0.050

Consumption of red
meat in grams

−0.00002

0.63

−0.004

0.00008

0.35

0.017

< 0.01

0.794

Urine creatinine

Not in model

0.00343

23.3%

R2

48.9%

*For 10% change in the values of body mass index.

Table 6. Regression slopes and percent change in the values of blood and urine cadmium with a unit change* in the values of
independent variables for those aged >= 65 years
Independent variable

Blood cadmium

urine cadmium

β

p

% change in blood
cadmium with
a unit change
in independent
variable

β

p

% change in urine
cadmium with
a unit change
in independent
variable

Age

0.00444

0.82

1.027

−0.09013

0.04

−23.065

Age2

0.00002

0.85

0.005

0.00063

0.03

0.146

Log10(Body Mass Index)

−0.16454

< 0.01

−1.581

−0.36357

0.03

−3.526

Poverty Income Ratio

0.00411

0.26

0.951

−0.00029

0.97

−0.067

Number of cigarette smokers living at
home

−0.05244

0.55

−12.835

−0.16436

0.28

−46.003

Number of cigarettes smoked inside
home every day

−0.00459

0.10

−1.063

0.00185

0.84

0.426

Survey year

−0.01845

< 0.01

−4.341

−0.00787

0.27

−1.828

Consumption of nuts and seeds in grams

−0.00007

0.82

−0.016

−0.00020

0.70

−0.046

Consumption of white bread in grams

0.00003

0.76

0.006

−0.00028

0.16

−0.064

Consumption of cereals in grams

0.00008

0.50

0.019

0.00065

0.20

0.150

Consumption of white potatoes in grams

0.00003

0.67

0.006

0.00013

0.49

0.030

Consumption of fried potatoes in grams

0.00006

0.66

0.013

0.00075

0.04

−0.173

Consumption of lettuce based salads in
grams

−0.00003

0.82

−0.007

−0.00024

0.34

−0.056

Consumption of red meat in grams

−0.00008

0.57

−0.018

−0.00001

0.97

−0.001

0.00436

< 0.01

1.010

Urine creatinine
R2

Not in model
13.8%

45.7%

*For a 10% change in value of body mass index.
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3.2.4. Impact of exposure to ETS
Number of cigarette smokers smoking inside home, number of cigarettes being smoked at home
every day, or number of hours participants were exposed to ETS at work did not affect the levels of
BCd or UCd among either adults or seniors (Tables 5 and 6).

3.2.5. Adjusted time trends
Among adults, for every two-year period, adjusted BCd levels decreased by 5.8% and adjusted UCd
levels decreased by 3.8% (Table 5, p < 0.01). Among seniors, for every two-year period, adjusted BCd
levels decreased by 4.3% (Table 6, p < 0.01) but adjusted UCd levels did not change over time
(Table 6, p = 0.27).

3.2.6. Impact of diet
Diet did not affect the adjusted levels of BCD or UCd among either adults or seniors.

4. Discussion
4.1. Trends in unadjusted and adjusted levels of BCd and UCd
Compared to 1999–2000, there was a 32.4% decline in the unadjusted values of BCd for adults and
27% decline for seniors. For UCd, there was a 27.1% decline for adults and 16.3% decline for seniors
(Table 3, p = 0.29). Richter et al. (2009) did not report UGMs for each individual NHANES wave, for
example, for 1999–2000. Percent reduction in UGMs for UCd for 2003–2008 NHANES data as compared to 1988–1994 data among those aged ≥ 20 years was 28.4% among never smokers, 35.7%
among former smokers, and 32.4% among current smokers. Adams and Newcomb (2014) did not
report on time trends for either UCd or BCd levels.
Trends in adjusted levels of BCd paralleled trends for unadjusted levels. For 1999–2010, decline in
adjusted levels of BCd was 5.8% for adults and 4.3% for seniors for every two year. Decline in adjusted levels of UCd was 3.8% for adults and 1.8% for seniors for every two year.

4.2. Age differences
Unadjusted levels of both UCd and BCd were higher for seniors than adults. While no formal statistical tests were conducted, adjusted levels of both BCd and UCd were in the order: seniors > adults
(Table 4). In addition, among never smoker adults, adjusted levels of BCd increased by 1.3% (p < 0.01)
but not among seniors. Adjusted levels of UCd increased by 6.1% (p < 0.01) among adults but decreased by 23.1% (p < 0.01) among seniors. However, because of statistically significant negative
slope for age2 (p < 0.01), this increase slowed down with increase in age for BCd as well as UCd for
adults.

4.3. Gender differences
Higher Adjusted levels of both BCd and UCd for never smoker females than never smoker males are
consistent with other studies, for example, Adams and Newcomb (2014). Riederer et al. (2013), however, did not observe these gender differences which according to these authors may be due to them
controlling for a wider range of covariates. Females have been stipulated to absorb higher levels of
Cd because of relatively lower iron storage than males (Gallagher, Chen, & Kovach, 2011; Julin et al.,
2011).

4.4. Racial/ethnic differences
Riederer et al. (2013) reported MA and NHB adults born within and outside of U.S. to have higher UCd
levels than NHW born within U.S. among adult nonsmokers and MA born outside of U.S. to have
higher UCd levels than NHW born within U.S. among adult smokers. Richter et al. (2009) reported
unadjusted levels for UCd levels among NHB to be higher than NHW. Consistent with these observations, for this study for never smoker adults and seniors, the order of adjusted levels for BCd and UCd
was NHW < NHB as well as NHW < MA and almost all pairwise differences were statistically significant. Riederer et al. (2013) speculated race/ethnic differences to be attributable to where different
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racial/ethnic groups reside. Those living in urban areas are likely to be associated with higher Cd
levels than those living in the rural areas. The speculation of Riederer et al. (2013) may be true to a
degree because there are racial/ethnic differences in where they live but the possibility of metabolic
differences in how Cd is excreted from the body among different race/ethnic groups cannot be ruled
out.

4.5. Effect of environmental tobacco smoke
Exposure to ETSH or ETSW did not affect the levels of BCd or UCd in this study. These results are
consistent with those reported by Adams and Newcomb (2014) who did not find exposure to ETSH
having any effect on the levels of either UCd or BCd.

4.6. Effect of body mass index
Negative association between BCd as well as UCd levels and BMI for never smoker adults and seniors
is consistent with the results reported by Riederer et al. (2013) and Padilla, Elobeid, Ruden, and
Allison (2010). For a 10% change in BMI, the decrease in the levels of BCd was 2.5% for adults and
1.6% for seniors. For a 10% change in BMI, the decrease in the levels of UCd was 2.6% for adults and
3.5% for seniors.

4.7. Effect of poverty income ratio
For this study, no association between poverty income ratio and BCd as well as UCd was observed for
never smoker adults and seniors. Riederer et al. (2013) did not find any association between UCd and
PIR.

4.8. Effect of diet
Garner and Levallois (2016) evaluated the association of the frequency of the yearly consumption of
nine different foods with the levels of BCd and UCd among all respondents and never smokers and
reported positive associations between BCd levels and (i) the consumption of shellfish, cereals, and
potatoes other than french fries for all female respondents, and (ii) cereals and nuts and seeds for
all male respondents. They also reported negative associations between UCd levels and potatoes
other than french fries among all female respondents. In order to evaluate association between dietary intake and BCd and/or UCd, long-term dietary intake data like the one used by Garner and
Levallois (2016) are preferred but due to the non-availability of food frequency data from NHANES
on a consistent basis, data on consumption of 10 foods consumed in grams during the last 24 h were
used for this study. Since, UCd is a measure of long-term exposure to Cd and dietary data used for
this study depicted recent intake of Cd via food, no association between UCd and dietary intake was
observed. Also, no association between BCd levels and dietary intake was observed. However,
Riederer et al. (2013) also used total consumption of micronutrients like iron, magnesium, selenium,
and others during the last 24 h to evaluate association between UCd levels and these micronutrients
and found no associations for children and adolescents. But, they did observe a negative association
between UCd levels and total calorie intake during the last 24 h and a positive association with total
magnesium intake during the last 24 h for nonsmoker adults.

4.9. Strengths and limitations
A large nationally representative data over a period of 14 years add strength to the results observed
in this study. However, cross-sectional nature of data also dilutes the confidence that can be placed
in the observed results. No longitudinal data on the levels of exposure to Cd including those from
dietary sources and no data on observed levels of BCd and/or UCd were available. UCd data were
based on spot urine samples which further complicate the issue of “true” levels of Cd in these
samples.
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