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Abstract

Exposure to cadmium, a heavy metal present in cigarettes, can be assessed in both urine and

blood. Few studies have compared the properties of concurrent measurements of urine cadmium

(uCd) and blood cadmium (bCd) in relation to the duration and timing of a known exposure. In

this study, bCd and uCd were modeled with data from the National Health and Nutrition

Examination Survey (1999–2010). Adjusted geometric mean bCd and uCd were estimated from

regression results. Each 1% higher geometric mean uCd was associated with 0.50% (95% CI:

0.47%–0.54%; R2=0.30) higher bCd. In male never-smokers, bCd was 69% (59%–81%) and uCd

was 200%(166%–234%) higher at age ≥70y versus 20–29y. Ten pack-years (py) of smoking were

associated with 13.7%(10.0%–17.4%) higher bCd and 16.8% (12.6%–21.1%) higher uCd in male

smokers. The first year after smoking cessation was associated with 53% (48%–58%) lower bCd

and 23%(14%–33%) lower uCd in representative males age 55y with 20py smoking. Smoking in

the previous 5 days was associated with 55%(40%–71%) higher bCd and 7%(−3%–18%) higher

uCd. Results were similar for women. uCd mainly measures long-term exposure and bCd recent

exposure, but with noticeable overlap. Epidemiological studies should base the choice of uCd or

bCd on the timing of cadmium exposure relevant to the disease under study.
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INTRODUCTION

Cadmium is a toxic and carcinogenic heavy metal dispersed in the environment largely due

to human activity (1). Where it contaminates agricultural soil and water, cadmium is taken

up by plants. Tobacco, in particular, accumulates cadmium to concentrations much higher

than soil concentrations (2); edible crops including soybean, rice, and leafy greens also
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extract cadmium from soil (3). The general population can therefore be exposed through

food and tobacco use. Contamination of drinking water and direct airborne exposure

typically contribute only a small fraction of exposure(4, 5).

Bio-monitoring of cadmium exposure in occupational settings first led to the understanding

that cadmium accumulates in the kidneys and other tissues, and that urine cadmium reflects

this body burden(6–10). In contrast, blood cadmium has been recognized to primarily reflect

recent exposure but may also include a contribution from long-term body burden(9–13).

Studies in environmentally exposed populations have corroborated these findings(14–18).

However, these studies were of modest size, often restricted to a narrow demographic group

or convenience sample; few studies have directly compared blood and urine cadmium levels

within a large, representative population.

We therefore accessed the US National Health and Nutrition Examination Survey

(NHANES) data to assess the properties of cadmium concentrations in blood and urine as

measures of cadmium exposure, in a diverse and representative population sample.

Cigarettes present a prevalent cadmium exposure and, thus, an opportunity to observe the

accumulation and excretion of cadmium during exposure and following cessation of

exposure.

MATERIALS AND METHODS

NHANES

Data from the National Health and Nutrition Examination Survey (NHANES) for 1999–

2010 were accessed from publicly available sources(19). NHANES is a continuously

conducted, complex cross-sectional survey designed to produce a sample representative of

the non-institutionalized, civilian US population. NHANES includes a range of

questionnaires, a physical exam by medical professionals, and laboratory analyses that have

been described in detail (19).

Analytical sample

Between 1999 and 2010, a total of 32,464 adults age 20 years or older participated in

NHANES. Urine and blood cadmium were measured for 10,266 and 29,142 of these

participants, respectively. For the analyses described in this report, participants 20 years of

age or older, with complete urine, blood, examination, and questionnaire data including

weight and height for calculation of body mass index (BMI), smoking habits, education, and

race/ethnicity were included.

Smoking assessment

Respondents answering affirmatively to “Have you smoked 100 or more cigarettes in your

life?” were considered ever-smokers (19). Ever-smokers indicating smoking cigarettes

“every day” or “some days” were categorized as current smokers. NHANES questions on

tobacco use among ever-smokers included current and former use, ages of initiation of

regular smoking, age of smoking cessation, average number of cigarettes smoked, and

smoking within the past 5 days. Former smokers were ever-smokers who self-reported
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currently smoking “not at all.” Years of smoking were calculated for ever-smokers from age

of initiation and age of cessation or age at interview, for former and current smokers

respectively. Smoking rate was ascertained by NHANES as cigarettes per day and converted

to packs by assuming 20 cigarettes per pack. Smoking dose was quantified in pack-years

(py) with 1 py defined as smoking one pack per day for one year. Former and never smokers

who reporting living with one or more current smokers in the household were classified as

exposed to secondhand smoke. Self-reported tobacco use in NHANES has been validated,

with less than 2% of adults under-reporting use(20).

Urine and blood cadmium measurement

NHANES blood and urine sample collection and processing have been described (19, 21).

Concentrations of cadmium were measured in urine using inductively coupled plasma mass

spectrometry (ICP-MS). From 1999–2002, urine cadmium results were manually corrected

for molybdenum oxide interference after initial collection; in subsequent years results were

corrected at the collection laboratory (19). Measurements below the limit of detection

(LOD) were assigned a value of the LOD divided by square root of 2. For 1999 to 2004, the

LOD was 0.060 μg/L following molybdenum oxide correction (assigned value 0.042 μg/L);

from 2005 to 2010, the LOD was 0.042 μg/L following molybdenum oxide correction

(assigned value 0.030 μg/L)(22). A total of 510 (5.6%) of all participants in these analyses

were at or below the uCd LOD. Spot urine samples collected from participants were assayed

for creatinine as described(19, 23, 24).

Blood cadmium was measured with either electrothermal atomic-absorption

spectrophotometry (1999–2002) or ICP-MS techniques (2003–2010) (19). Values at or

below LOD (1999–2002: 0.3 μg/L; 2003–2004: 0.14 μg/L; 2005–2010: 0.2 μg/L)(22) were

assigned a value of LOD divided by the square root of 2. A total of 1,799 (20%) of

participants in these analyses were at or below the bCd LOD.

Statistical Analysis

uCd and bCd were graphically examined to detect potential outliers and to determine

whether logarithmic transformation of uCd or bCd was necessary. Three outliers (uCd= 8.2,

10.9, and 36.8 μg/L) were noted; removal of these data from analyses did not materially

change results and they were retained in all analyses. Histograms of uCd and bCd showed

positive skew, and scatter plots of uCd and bCd with age of smoking demonstrated

heteroscedasticity, which were both reduced by logarithmic transformation of uCd and bCd.

To directly examine the relationship between bCd and uCd, uCd was corrected for urine

creatinine (cr) for each participant, by dividing uCd by creatinine. uCd-cr (μg-Cd / g-cr) was

then log-transformed and used as the independent variable in linear regression of log-

transformed bCd.

For analysis of the relationships between uCd or bCd and participant characteristics,

separate multivariable linear regression models were constructed with either log-transformed

bCd or log-transformed uCd as the dependent variable. The models included smoking status

(never, former, or current), smoking dose (py; linear and quadratic terms), and years since

smoking cessation (among former smokers only; linear and quadratic terms), age (years;

Adams and Newcomb Page 3

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



linear and quadratic terms), sex, body mass index (BMI, kg/m2; linear), race/ethnicity (non-

Hispanic white, Mexican-American, other Hispanic, non-Hispanic black, or other),

education (secondary or less; some college/university; college/university degree or more)

and NHANES cycle. To adjust urine cadmium measurements for variation in spot samples,

urine creatinine (log-transformed) was included as a separate term in multivariable linear

regression models of uCd (25, 26).

In separate models for bCd and uCd, an additional term was added categorizing reported

smoking within the last 5 days (yes/no). The ratio of geometric means and corresponding

95% CI comparing recent smokers to individuals reporting no smoking the last 5 days was

obtained by exponentiating the linear regression coefficients and 95% CI endpoints(27).

In addition, multiplicative interaction terms of age and age squared with sex and smoking

status; smoking dose (py; linear and quadratic terms) with sex; and smoking status with sex

were included in each regression model. Therefore, this approach was similar to modeling

each of uCd and bCd in six separate strata defined by sex and smoking status, except that the

coefficient of smoking dose was constrained to be equal for current and former smokers of

the same sex, and coefficients of nuisance variables (BMI, race/ethnicity, education, and

NHANES cycle) were constrained to be equal across all participants. Statistical significance

of regression parameters was assessed with adjusted Wald tests appropriate to complex

survey analysis (28). Additional variables examined but not included in the final model were

annual household income, secondhand smoke exposure, quadratic terms in BMI, interactions

of BMI with sex and smoking status, and cubic terms in age and pack-years of smoking;

these additional terms were not significantly different from zero (adjusted Wald test P>0.05

(28)) and did not substantially change other results.

To facilitate comparison of bCd and uCd models, following linear regression, adjusted

geometric means at representative values were calculated (also known as margins of

responses, predictive margins, or in some circumstances least-square adjusted means(29)).

Using the fitted linear regression parameters, adjustment covariates were set to a fixed

common value for each participant: urine creatinine of 100 mg/dL, BMI of 27 kg/m2,

attained education “some college,” non-Hispanic white ethnicity/race, and NHANES cycle

of 2005–2006. When age or smoking variables were adjusted we selected an age of 55 years,

20 pack-years of smoking, and, among former smokers, 20 years since smoking cessation.

These were close to sample mean values and avoid selecting unlikely or impossible values

(e.g., age 20 years with 30 years since cessation). To calculate geometric means, the

predicted log-transformed bCd and uCd were averaged over the subpopulation of interest

(e.g., female never-smokers) and back-transformed. Adjusted geometric means were always

calculated separately for men and women.

To estimate the fraction of uCd or bCd attributable to long-term accumulation, a

counterfactual approach was taken. For example, we assumed the entire difference between

adjusted uCd at age 20–29 and age 60–69 was due to accumulation and calculated the

attributable fraction as AF = (uCd65 − uCd25)/uCd65 where uCd65 and uCd25 are adjusted

geometric mean uCd at age 60–69 and 20–29, respectively. Similarly, to estimate the uCd or
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bCd attributable to smoking, we assumed the difference in adjusted uCd or bCd between

smokers and never-smokers was due to smoking and applied an analgous formula.

All analyses used Stata 12 (StataCorp, College Station, TX) survey data analysis features to

account for the sampling structure of NHANES(28), following NCHS analytic guidelines

for combining data from multiple cycles of NHANES (19).

RESULTS

After exclusions, the study sample included 9,191 adults age 20 to 85 years with both bCd

and uCd measurements available (Table 1), representing approximately 190 million US

adults. Never-smokers were more likely female and college-educated than ever-smokers.

Current smokers were typically younger, less educated, and had slightly lower BMI than

former or never-smokers. Among smokers, average reported years smoked, smoking rate

(cigarettes / d) and smoking dose (py) were similar for former and current smokers.

In the US population represented by NHANES, unadjusted geometric mean (95% CI) bCd

was 0.37 μg/L (0.36–0.39 μg/L) and 0.41 μg/L (0.40–0.42 μg/L) in men and women,

respectively; uCd was 0.25 μg/L (0.24–0.26 μg/L) in each sex. . Among never-smokers,

unadjusted uCd was 0.18 μg/L (0.17–0.19 μg/L) in men and 0.21 μg/L (0.20 – 0.22 μg/L) in

women; unadjusted bCd was 0.23 μg/L (0.22 – 0.24 μg/L) in men and 0.31 (0.30 – 0.32

Jg/L) in women.

Results of regression of bCd as a function of uCd (Figure 1 and Table 2) indicated that, in

the entire population, each 1% increase in geometric mean uCd was associated with 0.50%

(95% CI: 0.47%–0.54%) higher geometric mean bCd; the association was somewhat

stronger in men (0.55% (95% CI: 0.57% – 0.58%)) than in women (0.49% (95% CI: 0.44%

– 0.54%)). Across all participants and separately within never-, former- and current

smokers, variation in uCd explained approximately 30% of the variation in bCd (all

participants, R2=0.31; men: R2 = 0.23, 0.41, 0.22 and women R2= 0.31, 0.32, 0.21 among

never, former, and current smokers respectively).

Results from separate regression models of uCd and bCd indicated that these measures were

differently associated with age, depending on smoking status (adjusted Wald test of

interaction terms, P<0.002 in each sex). Coefficients of the quadratic age terms were

significantly less than zero for male never-smokers for both bCd and uCd (P<0.001 for each,

adjusted Wald test); thus, bCd and uCd appreciably leveled off after approximately age 55,

but less so in former or never-smokers than in current smokers (Table 3 and Figure 2). In

general, adjusted geometric mean bCd and uCd were higher in women than in men, in older

participants, and within each sex, in smokers than in never-smokers (Table 3 and Figure 2).

For example, among male never-smokers, predicted geometric mean bCd and uCd were

69% (95% CI: 59%–81%) and 200% (166%–234%) higher, respectively, in individuals age

≥70 years than in individuals age 20–30 years (Figure 2). Results in women were similar.

Figure 3 illustrates the relationships of uCd and bCd with smoking dose for former and

current smokers by sex, adjusted to age 55 y. By assumption in our regression model, within

each sex, the association of smoking dose with log transformed bCd or uCd was the same
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for current and former smokers. Among both former and current smokers, higher smoking

dose was associated with elevated mean uCd and bCd (Table 4 and Figure 3). The first 10

pack-years (py) of smoking was associated with 13.7% (10.0%–17.4%) higher bCd and

16.8% (12.6%–21.1%) higher uCd in men. The relationship between smoking dose and uCd

or bCd did not differ significantly between sexes (uCd: P=0.26; bCd: P=0.90 for interaction

terms, adjusted Wald test); nonetheless, adjusted geometric mean bCd and uCd

concentrations were higher in female than male smokers (Figures 2 and 3). Although terms

in the regression model quadratic in smoking dose were significantly different than zero

(P<0.001 in each bCd and uCd, adjusted Wald test), little appreciable deflection was

observed in geometric mean cadmium concentrations (Figure 3).

Both uCd and bCd were lower in former smokers than current smokers with the same

smoking dose (Table 4 and Figure 3). Among representative male smokers age 55 y with a

smoking dose of 20 py, adjusted geometric mean bCd was 53% (48% – 58%) lower and uCd

23% (14%–33%) lower in former smokers than in current smokers, less than one year after

cessation (Figure 3). In comparable male smokers who quit twenty years prior to NHANES

participation, predicted geometric mean bCd was 65% lower and uCd was 45% lower than

in comparable current smokers (Figure 3). However, in this representative group, adjusted

geometric mean uCd remained approximately 50% higher, and bCd 25% higher, than in

comparable never-smokers (Table 4). Similar results were observed for women.

Report of smoking within the 5 days prior to NHANES interview was associated with a 55%

higher (95% CI: 40–71%) geometric mean bCd. In contrast, recent smoking was not

associated with elevated uCd (ratio of geometric means (95% CI): 1.07 (0.97–1.18)).

DISCUSSION

In this study we were able to compare blood and urine cadmium concentrations measured in

the same individuals to demonstrate that each matrix uniquely described cadmium exposure.

These analyses took advantage of the strong relation between smoking and cadmium, and

data from the US NHANES. Prior studies have generally been limited to occupational bio-

monitoring and smaller studies of convenience samples from non-occupationally exposed

populations. Thus, they have had limited ability to examine a wide range of exposure

strength and recency.

Nonetheless, autopsy studies have demonstrated the accumulation of cadmium in the kidney,

and other organs,over decades(30). Together with occupational biomonitoring studies that

show increasing uCd associated with duration of exposure (14), a general understanding that

uCd reflects long-term exposure over decades was developed(13, 31). In contrast, bCd

tended to reflect more recent exposure(13, 31). Thus we were motivated to examine the

relationship between bCd and uCd, differences in uCd and bCd associated with differences

in age, and the relationship between bCd and uCd and the established cadmium exposure

source tobacco in a large, well-described, representative population of adults..

Direct comparison of bCd and uCd confirmed that these measures are well-correlated, but

that overall, bCd explained about 30% of the variation in uCd among all participants. This is
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similar to reports from other non-occupationally exposed population samples(15, 16), but a

somewhat weaker correlation than in occupationally exposed workers(6). Thus if for chronic

diseases with long latency, we believe uCd is a more appropriate biomarker of exposure, the

use of bCd would likely attenuate risk estimates. For example, given our result that R2 ~0.3,

a relative risk that would have been 2 had exposure been assessed with uCd would be

observed to be ~1.2 (32). Similarly, dividing participants into sex-specific ordinal categories

based on bCd would result in substantial misclassification if uCd is taken to be the “gold

standard” for assessment of cadmium dose. These results apply to men and women, age 20–

75; in other groups, especially children, bCd and uCd may be differently related or have a

different relationship to exposure(33).

We hypothesized that misclassification between bCd and uCd may be higher in former

smokers, because we anticipated that, following smoking cessation, uCd but not bCd would

remain elevated. Surprisingly, correlation between uCd and bCd was strongest in former

smokers, and weakest in current smokers, driven mainly by differences among men.

Apparently, current smoking broadens the distribution of bCd much more than uCd, so that

the overall correlation is attenuated. Removing participants with bCd below the limit of

detection did not change the observed patterns.

To investigate further we explored the relationships between uCd, bCd, age, and smoking in

detail. We noted that women had higher uCd and bCd than men of the same age and taking

into account smoking history. This result is consistent with previous observations from

diverse populations including the NHANES(14, 16, 23, 27, 34–36). Previous studies suggest

that cadmium exposure through diet does not increase substantially with age during

adulthood(37, 38). Thus the association of bCd with age among never-smokers in particular

suggests that bCd, like uCd, partially reflects accumulated or long-term exposure. Among

never-smokers, we can roughly estimate the proportion of uCd and bCd that could be

ascribed to long-term accumulation. For example, among never-smokers, in women age 60–

69 y uCd was 2.7-fold and bCd 1.6-fold values in women age 20–29 y. Therefore, if the

excess uCd and bCd in older women is entirely attributed to accumulation with age,

approximately 63% of uCd and 35% of bCd measured at age 60–69 y could be interpreted as

representing past exposure.

Smoking was associated with higher uCd and bCd, consistent with previously published

reports(23, 39). Regression coefficients showed that 10 py of smoking was associated with

an ~15% higher geometric mean bCd and uCd. This relationship was approximately fixed

with increasing smoking dose, suggesting no “saturation” of cadmium in blood or urine with

increased exposure at these levels.

Our results of smoking cessation suggest that changes in uCd follow a much slower time-

course than changes in bCd, and that uCd remains a measure of total cigarette dose, and

therefore total cadmium dose, for decades. However, both uCd and bCd appear to

substantially decline within a year of cessation: bCd declined by about 70% of the range

between current and never smokers, in both sexes; uCd declined by about 25% and 40%, in

women and men respectively (Figure 3). Subsequent years were associated with further

declines in both bCd and uCd, but our results indicate that neither returns to the level
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observed in comparable never-smokers. For example, 20 years after smoking cessation,

following a smoking dose of 20 py, bCd and uCd in 55 year old men were 28% and 47%

higher than in never-smokers. Thus, from a counterfactual perspective, in this example

roughly 22% of bCd (i.e., 0.28/1.28) and 32% of uCd in former smokers are possibly

attributable to smoking exposure that ended 20 years earlier.

To examine short-term changes in uCd and bCd due to smoking, we examined the influence

of reported smoking in the five days prior to NHANES interview. Recent smoking was

associated with a ~60% higher geometric mean bCd, in stark contrast to uCd, regardless of

overall smoking status. Thus the decline in bCd observed within a year of smoking cessation

(Figure 3) likely occurs within days, while uCd is a much less sensitive measure of recent

exposure.

Our results demonstrating that an appreciable portion of bCd is associated with long-ago

exposure stands in contrast to typical interpretation of bCd as a marker of recent exposure,

as previously noted. In fact, however, a few studies have noted sustained elevation of bCd in

industrially exposed workers(10, 11, 40). We hypothesize that cadmium is released from

tissues. Liver is well-known to accumulate cadmium; lower levels of cadmium in muscle,

making up a larger fraction of total body mass, may also contribute(14, 30, 41, 42).

Limitations to our analysis and interpretation include the cross-sectional design of

NHANES. Our comparisons by age may be influenced by cohort effects to the extent that

cadmium exposure has changed over time. Recent evidence shows that cadmium exposure

reflected in uCd has decreased over time possibly due to decreased smoking and secondhand

smoke exposure (27, 43), which could increase the apparent “long-term” component of uCd

and bCd we observed, even though we adjusted for NHANES cycle (i.e., year of interview).

Secular trends in diet or smoking habits, such as types of cigarettes smoked(44, 45), may

similarly have affected our results. Furthermore, 24-hour urine collection would be used for

urine cadmium assessment, but this is impractical; the collection and analysis of single

“spot” urines and a single blood sample may have introduced noise into the relationship

between uCd and bCd(5). However, only a single sample is typically available in an

epidemiological study, so our analysis applies directly to such studies.

In summary, we exploited the prevalent cadmium exposure through cigarette use and

available data representative of the US population to examine in detail the relationship

between cadmium exposure, blood cadmium, and urine cadmium levels. Our results indicate

that the interpretation of blood and urine cadmium in the context of chronic exposure in the

general population is largely consistent with studies of small occupational cohorts

experiencing very high levels of exposure; blood cadmium is dominated by recent exposure,

while urine cadmium reflects a much longer history of exposure. These results should be of

value for future population studies of this heavy metal in human health and disease.
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Abbreviations

NHANES (National Health and Nutrition Examination Survey)

bCd (blood cadmium concentration)

uCd (urine cadmium concentration)

95% CI (95% confidence interval)

BMI (body mass index)

py (pack-year of cigarette smoking)

LOD (limit of detection)

ICP-MS (inductively coupled plasma mass spectrometry)
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Figure 1.
Blood cadmium and urine cadmium (creatinine corrected) by smoking status and sex

(circles: men; triangles: women) with weighted linear regression fit (solid: men; dashed:

women). A single outlier, a female never-smoker with uCd 282.9 μg/g-cr. was omitted from

plot for clarity and to maximize use of space.
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Figure 2.
Predicted representative geometric mean urine cadmium (left) and blood cadmium (right),

normalized to never-smokers age 20–29 for each sex, within age groups in men (circles) and

women (triangles) and smoking status as of NHANES interview date (solid lines: never

smokers; dashed lines: former smokers; dotted lines: current smokers). Displayed means

illustrate predictions for individuals with BMI 27 kg/m2, some college education, non-

Hispanic white ethnicity, and urine creatinine 100 mg/dL (urine cadmium only). Age,

smoking duration, rate, and time since cessation are set to the mean for each age and

smoking group. Error bars represent 95% confidence intervals.
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Figure 3.
Predicted representative geometric mean urine and blood cadmium among current (dotted

lines) and former (dashed lines) smokers, by sex (men: circles, women: triangles). Values

are normalized to never-smokers (smoking dose plots) or current smokers (cessation plots)

for each sex. uCd and bCd adjusted to BMI of 27 kg/m2, non-Hispanic white participants,

age 55 years, some college education; and urine creatinine 100 mg/dl (uCd only). Smoking

dose was fixed at 20 py in plot of cessation time. Solid horizontal lines show mean values in

never smokers (women: upper lines, men: lower lines). Error bars represent 95% confidence

intervals.
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Table 1

Characteristics of NHANES 1999–2010 sample participants, according to self-reported smoking status at time

of interview.

Never Smokers Former Smokers Current Smokers

N= 4,810 N= 2,376 N= 2,005

N % N % N %

Female 2944 61 946 40 858 43

Age (y)

20–29 977 20 175 7 470 23

30–39 931 19 227 10 406 20

40–49 832 17 316 13 475 24

50–59 568 12 390 16 290 14

60–69 678 14 549 23 244 12

70+ 824 17 719 30 120 6

BMI (kg/m2)

<25 1382 29 581 24 798 40

25–29.9 1676 35 968 41 632 32

30+ 1752 36 827 35 575 29

Race/ethnicity

NH-white 2068 43 1426 60 1028 51

Mexican-American. 1141 24 432 18 328 16

Other Hispanic 372 8 125 5 119 6

NH-black 1003 21 333 14 454 23

Other 226 5 60 3 76 4

Education

Secondary or less 2448 51 1270 53 1310 65

Some college 1269 26 669 28 520 26

College graduate 1093 23 437 18 175 9

NHANES Cycle

1999–2000 629 13 320 13 265 13

2001–2002 728 15 367 15 331 17

2003–2004 759 16 398 17 305 15

2005–2006 750 16 376 16 305 15

2007–2008 910 19 436 18 386 19

2009–2010 1034 21 479 20 413 21

Smoking Habits Mean SD Mean SD Mean SD

Duration (y) 21.6 14.8 25.2 15.6

Rate (Cig./ d) 17.0 15.3 14.3 9.2

Pack-yrs smoking 20.5 25.9 19.3 21.8

Years since cessation 17.8 14.3

N % N % N %

Smoked in prior 5 days
a
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Never Smokers Former Smokers Current Smokers

N= 4,810 N= 2,376 N= 2,005

N % N % N %

No 4377 91 2194 92 91 5

Yes 81 2 77 3 1768 88

a
Numbers do not sum to total due to missing data.
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Table 4

Adjusted geometric mean urine cadmium (uCd) and blood cadmium (bCd) concentrations by sex, smoking

status, dose, and time since cessation in the US population represented by NHANES (1999–2010).

Men Women

uCd
a
 (μg/L) (95% CI) bCd

a
 (μg/L) (95% CI) uCd

a
 (μg/L) (95% CI) bCd

a
 (μg/L) (95% CI)

Never Smokers 0.18 (0.17–0.20) 0.24 (0.22–0.25) 0.30 (0.27–0.33) 0.31 (0.30–0.33)

Former Smokers

Smoking dose (py)
b

0 0.22 (0.19–0.25) 0.26 (0.24–0.28) 0.36 (0.30–0.41) 0.34 (0.31–0.37)

5 0.24 (0.21–0.26) 0.28 (0.26–0.30) 0.38 (0.33–0.43) 0.36 (0.34–0.39)

10 0.25 (0.23–0.28) 0.30 (0.28–0.31) 0.41 (0.35–0.46) 0.39 (0.36–0.41)

15 0.27 (0.24–0.30) 0.31 (0.29–0.33) 0.43 (0.38–0.48) 0.41 (0.38–0.44)

20 0.29 (0.26–0.32) 0.33 (0.31–0.35) 0.46 (0.40–0.51) 0.43 (0.40–0.46)

25 0.31 (0.28–0.34) 0.35 (0.32–0.37) 0.48 (0.42–0.54) 0.45 (0.41–0.49)

30 0.33 (0.29–0.36) 0.37 (0.34–0.39) 0.50 (0.44–0.56) 0.47 (0.43–0.52)

35 0.35 (0.31–0.38) 0.38 (0.35–0.41) 0.53 (0.46–0.59) 0.49 (0.44–0.54)

40 0.36 (0.32–0.40) 0.40 (0.36–0.43) 0.55 (0.48–0.61) 0.51 (0.46–0.57)

Years since

smoking cessation
c

0 0.36 (0.31–0.40) 0.41 (0.36–0.46) 0.53 (0.45–0.61) 0.50 (0.44–0.55)

1 0.35 (0.30–0.39) 0.40 (0.36–0.45) 0.52 (0.45–0.60) 0.49 (0.44–0.54)

2 0.34 (0.30–0.39) 0.39 (0.35–0.43) 0.52 (0.44–0.59) 0.48 (0.43–0.53)

5 0.33 (0.29–0.36) 0.37 (0.34–0.40) 0.50 (0.43–0.56) 0.46 (0.42–0.50)

10 0.30 (0.27–0.34) 0.34 (0.32–0.36) 0.47 (0.41–0.52) 0.44 (0.40–0.47)

20 0.27 (0.24–0.30) 0.30 (0.28–0.32) 0.42 (0.37–0.47) 0.40 (0.36–0.44)

30 0.25 (0.22–0.28) 0.28 (0.26–0.30) 0.40 (0.34–0.45) 0.38 (0.34–0.42)

Current Smokers

Smoking dose (py)

0 0.34 (0.30–0.39) 0.68 (0.60–0.76) 0.49 (0.42–0.56) 0.83 (0.73–0.92)

5 0.37 (0.33–0.42) 0.72 (0.65–0.80) 0.52 (0.45–0.60) 0.89 (0.79–0.98)

10 0.40 (0.35–0.45) 0.77 (0.70–0.84) 0.56 (0.49–0.63) 0.94 (0.85–1.03)

15 0.43 (0.38–0.48) 0.82 (0.75–0.89) 0.59 (0.52–0.67) 1.00 (0.91–1.09)

20 0.46 (0.41–0.51) 0.86 (0.79–0.93) 0.63 (0.56–0.70) 1.05 (0.96–1.14)

25 0.49 (0.44–0.54) 0.91 (0.84–0.98) 0.66 (0.59–0.74) 1.10 (1.00–1.20)

30 0.52 (0.47–0.57) 0.95 (0.88–1.03) 0.69 (0.62–0.77) 1.15 (1.05–1.26)

35 0.55 (0.49–0.60) 0.99 (0.91–1.07) 0.72 (0.64–0.80) 1.20 (1.09–1.31)

40 0.58 (0.52–0.63) 1.03 (0.95–1.12) 0.75 (0.67–0.84) 1.25 (1.13–1.37)

a
Predicted values are adjusted to age 55 y, BMI 27 kg/m2, some college education, non-Hispanic white ethnicity, NHANES cycle 2005–2006, and

urine creatinine 100 mg/dL (urine cadmium only).

b
Means are also adjusted to 20 years since smoking cessation.

c
Means are also adjusted to a smoking dose of 20 py.
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