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Abstract

Background: Arsenic, cadmium, lead, and mercury are ubiquitous toxicants that may be 

especially harmful to unborn children. We therefore sought to identify temporal trends and 

predictors of toxic metal biomarkers among US women of reproductive age, including those who 

were pregnant and/or breastfeeding.

Methods: Interviews and examinations were performed among a representative sample of 

women, aged 20 to 44 years, as part of the 2003-2014 National Health and Nutrition Examination 

Surveys. A range of sociodemographic, lifestyle, and dietary factors were evaluated as predictors 

of urinary inorganic arsenic, urinary cadmium, blood mercury, and blood lead concentrations.

Results: Levels of all four toxic metal biomarkers declined during the study period. Older age, 

racial/ethnic minorities, and a birthplace outside of the US were independently associated with 

higher toxic metal concentrations. Associations were similar for women who were pregnant or 

breastfeeding and those who were not.

Conclusion: US women of reproductive age were exposed to lower levels of toxic metals in 

2013-2014 compared to 2003-2004. However, because the long-term health effects of early life 

exposures are unclear, public health efforts to address toxic metals should pay particular attention 

to older, non-white, and foreign-born women if they are pregnant or planning to become pregnant.
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Introduction

Arsenic, cadmium, lead, and mercury are pervasive in the environment. In 2017, the United 

States Agency for Toxic Substances and Disease Registry ranked these four toxic metals and 

metalloids within the top ten priority substances according to their frequency, toxicity, and 

potential for human exposure.(1) Epidemiologic studies have recently begun to suggest toxic 

metal exposures are associated with adverse reproductive health and birth outcomes. 

Notably, arsenic has been linked to increased risk of miscarriage, stillbirth, and low birth 

weight; cadmium with low birth weight; lead with miscarriage; and mercury with reduced 

fetal growth.(2–5) As metals readily cross the placenta and can be detected in breast milk, it 

is also essential to consider their potential impacts on offspring.(6, 7) For example, 

numerous studies have identified associations of prenatal mercury exposure with 

neurocognitive delays in childhood.(8–10)

Public health concerns regarding exposures to metal mixtures have additionally been 

increasing in recent years, as most individuals are exposed to multiple toxic metals on a 

daily basis. Data from Belgium suggest prenatal co-exposures to arsenic and cadmium may 

reduce birth weights more than either metal alone.(11) Moreover, the findings from a United 

States (US)-based retrospective cohort study observed children whose mothers lived in areas 

with high soil concentrations of arsenic and lead while pregnant appeared to be most at risk 

for developing intellectual disabilities.(12) It has been estimated arsenic, cadmium, lead, and 

mercury are detectable in nearly one in four US women of reproductive age.(13) Few studies 

to date, however, have characterized potential sources of toxic metal exposures or identified 

sub-populations who may be of particularly high risk. To that end, we used data from the 

2003-2014 cycles of the National Health and Nutrition Examination Survey (NHANES) to 

examine temporal trends and determinants of blood lead, blood mercury, urinary inorganic 

arsenic, and urinary cadmium levels among US women aged 20-44 years.

Subjects and Methods

Study Population

The NHANES is a nationally-representative survey of the non-institutionalized US 

population. It is conducted annually by the National Center for Health Statistics and 

employs multi-stage random sampling. Participants undergo in-person interviews and 

physical examinations, including the collection of blood and urine specimens. We combined 

NHANES cycles from 2003 to 2014 during which 7,573 women of reproductive age (20-44 

years) were evaluated. Of these, we restricted our analyses to participants with complete data 

on selected potential determinants including sociodemographics, lifestyle characteristics, 

and dietary factors who had been selected for blood measurements of lead and mercury 

concentrations (n=4,285) or urinary measurements of arsenic and cadmium concentrations 

(n=1,562).

Biomarkers of Toxic Metal Exposures

Blood and spot urine samples were collected in a mobile examination center. All study 

participants aged 1 year and above were eligible for the assessment of blood lead and total 
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mercury levels for NHANES cycles 2003-2004 through 2011-2012; for the 2013-2014 

cycle, a random one-half sub-sample of participants was selected. Urinary total arsenic, 

arsenic species, and cadmium concentrations were measured in a random one-third sub-

sample of participants aged 6 years and above for NHANES 2003-2014. Of note, NHANES 

measured cadmium, lead, and mercury in both urine and blood samples. We evaluated total 

blood mercury concentrations rather than urinary concentrations because it is more likely to 

reflect methylmercury exposure amongst non-occupationally exposed individuals.(14) 

Methylmercury is of significant concern for women of reproductive age since the developing 

fetus is extremely sensitive to exposure.(15) We selected measures of cadmium in urine and 

lead in blood because these have longer half-lives than their blood or urine counterparts 

reflecting longer term exposures.(16, 17)

Biospecimens were shipped on dry ice to the National Center for Environmental Health in 

Atlanta, GA. There, metal concentrations were measured using inductively coupled plasma 

dynamic reaction cell-mass spectrometry. Concentrations of the organic arsenic species 

arsenobetaine was determined by high performance liquid chromatography. Urinary 

creatinine concentrations (mg/dL) were measured by an enzymatic method and are 

considered to be a measure of urine dilution. For all toxic metals, any concentration below 

the respective limit of detection (LOD) for each NHANES cycle was substituted with the 

LOD/√2. Fill values for samples below the LOD ranged from 0.07 to 0.20 μg/dL for blood 

lead, 0.10 to 0.23 μg/L for blood mercury, 0.28 to 0.88 μg/L for urinary arsenic, 0.28 to 0.84 

μg/L for urinary arsenobetaine, and 0.025 to 0.04 μg/L for urinary cadmium.

Because inorganic arsenic and its metabolites are more toxic than organic arsenic species, 

we used a validated statistical method to isolate urinary inorganic arsenic species from 

urinary total arsenic concentrations.(18) First, using linear regression, we regressed log-

transformed urinary total arsenic on log-transformed urinary arsenobetaine (an organic 

arsenical resulting from recent seafood consumption) concentrations, accounting for the 

complex NHANES survey design. We then summed the model residuals, which represent 

inorganic arsenic species independent of seafood consumption, with the conditional 

geometric mean total arsenic concentration from participants with undetectable 

arsenobetaine concentrations (3.50 μg/L). The resulting values were interpreted as a 

biomarker of inorganic arsenic exposure. (18)

Sociodemographic and Lifestyle Characteristics

Participants self-reported information regarding age, race/ethnicity, education, employment, 

family income, health insurance coverage, marital status, birthplace, gravidity (i.e., number 

of prior pregnancies), and breastfeeding as part of household interviews conducted by 

trained staff. Participants who reported they were either “looking for work” or “not working 

at a job or business” during the last week were considered unemployed; those who reported 

working at least one hour in the prior week were classified as employed. The ratio of self-

reported family income to federal poverty guidelines, specific to family size, year, and state, 

was computed as a marker of socioeconomic status. The average number of alcoholic drinks 

consumed during two non-consecutive 24-hour recalls was calculated to ascertain alcohol 

consumption. Serum cotinine, measured by isotope-dilution high-performance liquid 
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chromatography, served as a biomarker of tobacco smoke exposure. Non-exposure was 

defined as non-detectable cotinine concentrations (<0.015 ng/mL), whereas secondhand 

exposure was defined as serum cotinine levels < 10 ng/mL and active smoking as ≥10 

ng/mL.(19) Pregnant women were identified through urine pregnancy tests administered in 

the mobile examination center. Breastfeeding status was ascertained via a Reproductive 

Health questionnaire.

All participants were asked to report the use of any dietary supplements in the previous 30 

days and provide the supplement container or label. From these product labels, NHANES 

staff documented the supplement ingredients and their quantities; if the supplement 

container was unavailable, staff obtained this information directly from the product 

manufacturer. To identify prenatal supplement users, we queried the NHANES Product 

Label Database, which contains detailed information on all dietary supplements reported by 

survey participants since 1999, for products with names or labels indicating use for pregnant 

women only. Based on the most common ingredients listed in the reported prenatal 

formulations, we defined prenatal supplements as multi-vitamins/multi-minerals containing 

vitamins A, B1, B2, B3, B6, B9 (folic acid), B12, C, D, and E, as well as the minerals 

calcium, iron, and zinc. We also identified users of other multi-vitamin/multi-mineral 

supplements (i.e., non-prenatal formulations), which we operationally defined as products 

containing at least 3 vitamins and at least 1 mineral.(20) Anthropometric data were collected 

by trained technicians in the mobile examination center. Body weight was measured with a 

digital scale and standing height with a stadiometer. Body mass index (BMI) was 

subsequently calculated as weight in kilograms divided by height in meters squared and 

rounded to one decimal place.

Dietary Factors

Participants were asked to report all foods and beverages consumed in the prior 24-hour 

period during the health examination component. A second 24-hour dietary recall was 

performed via telephone approximately 3-10 days following the in-person recalls. Trained 

interviewers administered the recalls using an automated multiple-pass approach in order to 

elicit as many details as possible.

All foods and beverages were coded according to the United States Department of 

Agriculture (USDA) Food and Nutrient Database for Dietary Studies. Containing over 7,000 

items, the database provides nutrient values and weights for typical portion sizes. The 

amount of kilocalories in each item reported as consumed was summed to obtain the daily 

total; we calculated the average across both recall days. The USDA Food Patterns 

Equivalents Database was used to convert each reported item into the following components: 

alcoholic beverages, drinking water, seafood, meat, poultry, vegetables, legumes, nuts and 

seeds, fruit, eggs, dairy, whole grains, and refined grains.(21) Amounts were quantified as 

the number of alcoholic drinks; grams of drinking water; ounce equivalents for grains and 

protein foods; and cup equivalents for fruit, vegetables, and dairy. For the 88.3% of 

participants who completed both recalls, we calculated the average amount reported; for the 

remaining 11.7%, we used the amount reported on whichever recall was available.
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Within the United States, public drinking water supplies are routinely monitored for 

contaminants, including toxic metals, by federal law. However, populations relying on 

unregulated, private drinking water systems may be at higher risk of ingesting toxic metals 

via drinking water.(22) Participants were asked to report the source of their tap water 

(community supply, well or rain cistern, spring, or don’t drink tap water) during the dietary 

recall components. We used the reported amount of drinking water consumed in the entire 

48-hour dietary assessment period and water source to derive the average amount of public 

(community supply) and private (well, rain water cistern, or spring) water consumed in 

grams per day.

Metal Mixtures

To evaluate metal mixtures, we derived a multiple metal index that reflected having high 

levels of all four biomarkers (defined as concentrations exceeding the geometric means) for 

the sub-sample of participants with complete urine and blood metal biomarkers available. 

Participants from the 2013-2014 cycle were excluded from this portion of the analysis 

because of the limited overlap between the random one-half blood metal sub-sample and the 

random one-third urinary metal sub-sample. Logistic regression was used to estimate odds 

ratios and 95% confidence intervals associated with high exposure to inorganic arsenic, 

cadmium, lead, and mercury.

Statistical Analyses

Toxic metal concentrations were log-transformed to approach more normal distributions. 

Multivariable linear regression models were fit to calculate β-coefficients for independent 

associations between predictors with each toxic metal. Survey cycle was included as a 

covariate in all models to account for changes over time. Models of urinary metal 

concentrations additionally included urinary creatinine as a covariate to control for inter-

individual differences in urine dilution.(23) Because continuous variables were measured on 

various scales, we converted each to z-scores. Model coefficients were back-transformed by 

exponentiating β-values and are presented as percent differences for interpretability.

Each regression model was fit to the overall sample of women of reproductive age, as well 

as stratified by reproductive status (i.e., pregnant and/or breastfeeding), with the exception of 

the logistic regression model evaluating metal mixtures due to data sparseness. The complex 

sampling design of NHANES was accounted for by incorporating metal sub-sample weights 

(blood or urine, as appropriate) and survey design variables. Standard errors were estimated 

with Taylor series linearization. Statistical analyses were performed with Stata/SE version 

15 (College Station, TX). To correct for multiple hypothesis testing of the numerous 

predictor variables, we calculated false discovery rates and considered q-values < 0.05 to be 

statistically significant.(24)

Sensitivity Analysis

We conducted a sensitivity analysis to examine the impact of urine dilution on the derivation 

of our multiple metal index. First, we divided urinary inorganic arsenic and cadmium 

concentrations (μg/L) by creatinine (mg/dL) and multiplied by 100 so the resulting metal 

biomarker values were expressed as μg/g creatinine. Then, we used creatinine-corrected 
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urinary inorganic arsenic and cadmium concentrations to rederive the multiple metal index. 

We re-ran our logistic regression model substituting the rederived index as the dependent 

variable and dropping urinary creatinine from the list of covariates.

Results

Biomarker Concentrations and Temporal Trends

Metals had high detection rates among women of reproductive age. Lead and mercury were 

detected in 99.0% and 86.9% of blood samples, whereas total arsenic, arsenobetaine, and 

cadmium were detected in 97.8%, 56.2%, 87.9% of urine samples. Table 1 provides ranges 

and geometric means with standard errors of each metal biomarker for all women of 

reproductive age, and by reproductive status. In general, pregnant/breastfeeding women 

tended to have lower levels of toxic metals than their non-pregnant/non-lactating 

counterparts. Overall, metal biomarker concentrations tended to decrease throughout the 

study period (Figure 1).

Characteristics of US Women of Reproductive Age

Participant characteristics by sub-sample and reproductive status are displayed in Table 2. 

Women who were currently pregnant and/or breastfeeding tended to be younger and were 

more likely to be born within the US, unemployed, insured, and married or living with a 

partner. They reported consuming fewer alcoholic drinks on average, had lower serum 

cotinine concentrations, were more likely to use prenatal supplements, and had previously 

experienced a higher number of pregnancies than their non-pregnant and non-breastfeeding 

counterparts. Average BMIs did not appear to differ by reproductive status. Levels of urinary 

creatinine were similar between those who were currently pregnant/breastfeeding (data not 

shown). In terms of dietary intakes, pregnant/breastfeeding women reported consuming 

greater daily amounts of calories, vegetables, legumes, fruits, eggs, dairy, and grains.

Blood Lead and Mercury Levels

In separate survey-weighted linear regression models, a number of predictors were 

associated with blood lead and mercury concentrations after correcting for multiple 

comparisons (Table 3). Specifically, age, non-Hispanic black or other race/ethnicity, being 

born in a US territory or outside of the country, serum cotinine, and public drinking water 

intakes were positively associated with blood lead levels among all 4,285 women of 

reproductive age. In contrast, higher educational attainment, current employment, current 

health insurance coverage, prenatal supplement use, other multi-vitamin/multi-mineral 

supplement use, and BMI were inversely related to blood lead levels. Point estimates from 

models stratified by reproductive status were similar, with the strongest associations 

observed for women who were born outside of the 50 United States, who were non-Hispanic 

black, or who were of another race/ethnicity. Our models explained between 32% and 40% 

of the variation in blood lead levels (Table 3).

For blood total mercury, older age, minority race/ethnicity, a college degree or above, higher 

family incomes, a birthplace in a US territory or another country, seafood, meat, poultry, nut 

and seed, and egg intakes were predictive of higher concentrations, whereas higher BMIs 
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and caloric intakes were predictive of lower concentrations (Table 3). Overall, the strongest 

associations were observed for women of other racial/ethnic groups (e.g., Asian Americans) 

who had blood mercury levels 71.4% (95% CI: 51.4-93.9%) greater than non-Hispanic 

white women, and for non-Hispanic black women who had levels 35.7% (95% CI: 

21.1-52.0%) greater than white women. Stratified analyses revealed the inverse association 

observed for daily caloric intakes and the positive associations observed for seafood and egg 

intakes with blood mercury levels were more pronounced among women who were pregnant 

or breastfeeding. Collectively, the selected variables in the regression models explained less 

than one-third of the variation in blood mercury concentrations (Table 3).

Urinary Inorganic Arsenic and Cadmium Levels

Hispanic women of reproductive age and women of other racial/ethnic groups tended to 

have the highest urinary inorganic arsenic concentrations (Table 4). A 1-standard deviation 

increase in daily seafood and fruit intakes were associated with 1.4% (95% CI: 0.7-2.1%) 

and 1.1% (95% CI: 0.3-1.9%) higher urinary arsenic levels, respectively. Results were 

similar by reproductive status, although we did observe a positive association between 

refined grain intakes and arsenic concentrations only among women not currently pregnant 

or breastfeeding. Altogether, sociodemographic, lifestyle, and dietary factors explained 

45-60% of the variation in urinary inorganic arsenic levels (Table 4).

Older age, Hispanic ethnicity, other race/ethnicity, and serum cotinine levels were each 

positively related to urinary cadmium concentrations, whereas prenatal supplement use was 

inversely associated with urinary cadmium concentrations (Table 4). These results mostly 

were largely consistent across analyses stratified by reproductive status. Notably, greater 

caloric intakes were significantly associated with higher urinary cadmium concentrations 

among pregnant and/or breastfeeding women only, suggesting diet may be a potential source 

of exposure for this sub-group. The sociodemographic, lifestyle, and dietary variables 

assessed explained 58-75% of variation in urinary cadmium levels (Table 4).

Metal Mixtures

Of the 1,267 women of reproductive age with blood and urinary metal measures available 

from NHANES 2003-2012, 10.5% had levels of blood lead, blood mercury, urinary 

inorganic arsenic, and urinary cadmium above their respective geometric means. We again 

observed a declining temporal trend for those classified as having combined high exposures 

(i.e., concentrations of all four biomarkers above the geometric mean), with a prevalence of 

23.3% during 2003-2004, 29.2% during 2005-2006, 24.0% during 2007-2008, 19.8% during 

2009-2010, and only 3.7% during 2011-2012. Pairwise Spearman correlations between most 

of the metal biomarkers were weakly positive (rs < 0.20) with urinary inorganic arsenic and 

cadmium concentrations displaying the strongest correlation at rs = 0.47. Results from the 

multiple metal index model suggested older age, non-Hispanic black race/ethnicity, a 

birthplace in a US territory or another country, greater alcohol consumption, and lower BMI 

were significant predictors of having high concentrations of all four metal biomarkers (Table 

5). The model discriminated fairly well with a C-statistic of 0.86.
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Sensitivity Analysis

When creatinine-corrected urinary inorganic arsenic and cadmium concentrations were used 

to derive the multiple metal index, 7.7% of women were classified as having high 

concentrations of all four metal biomarkers (i.e., creatinine-corrected inorganic arsenic, 

creatinine-corrected urinary cadmium, blood lead, and blood mercury). As in the original 

analysis, older age and a birthplace outside of the 50 United States were found to be 

positively associated with higher toxic metal exposures although non-Hispanic black race/

ethnicity, alcohol consumption, and BMI were no longer significant (Supplemental Table 1). 

Greater seafood intake and a public drinking water source also emerged as significant 

predictors of high exposures to all four metals.

Discussion

We sought to evaluate toxic metal exposures among US women of reproductive age in terms 

of temporal trends and in relation to individual-level characteristics. In cross-sectional 

analyses, sociodemographic factors tended to be the most strongly related to biomarkers of 

lead, mercury, inorganic arsenic, and cadmium exposure. Single-metal models, as well as the 

metal mixtures model, indicated older age, racial/ethnic minorities, and being born outside 

of the 50 United States were related to higher metals exposures. Compared to non-Hispanic 

white women, non-Hispanic black women had higher concentrations of blood lead and 

mercury; Hispanic women had higher concentrations of blood mercury, urinary inorganic 

arsenic, and urinary cadmium; and women of another race/ethnicity (including Asian 

women) had higher concentrations of blood lead, blood mercury, urinary inorganic arsenic, 

and urinary cadmium. Certain lifestyle factors, namely alcohol intake and serum cotinine 

levels (an integrated measure of active and secondhand tobacco smoke exposure) were 

positively associated with blood lead, urinary cadmium, and the multiple metal index 

(reflecting high levels of exposure to all four metals). Lower BMIs were associated with 

lower concentrations of blood lead and mercury. Use of multi-vitamins/multi-minerals, 

including prenatal formulations, was inversely associated with blood lead and urinary 

cadmium concentrations.

Associations for dietary intakes were mostly null, although we did observe some important 

associations for certain toxic metals. Specifically, a public drinking water source was 

associated with higher blood lead levels; seafood, meat, poultry, nuts and seeds, and egg 

intakes with higher blood mercury levels; and seafood, fruit, and refined grain intakes with 

higher urinary inorganic arsenic levels. Finally, there was evidence of a positive association 

between caloric intakes with higher urinary cadmium levels only among pregnant/

breastfeeding women. Some of these findings are consistent with prior research. The link 

between seafood intake and mercury exposure has long been recognized.(25) Studies have 

also shown seafood, particularly seaweed, fruits and fruit juices, and rice may be important 

sources of inorganic arsenic exposure.(26–28) Our findings regarding a public drinking 

water source with blood lead levels and egg, meat, poultry, and nuts and seed intakes with 

blood mercury levels appear to be previously unrecognized. Finally, although dietary intakes 

were not found to be related to urinary cadmium concentrations, the significant association 
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seen for caloric intake among pregnant and breastfeeding women might be reflective of 

distinct dietary patterns (as opposed to specific foods) within this sub-group.(29, 30)

Levels of all four toxic metals assessed in this study decreased over time. Biomarker 

concentrations tended to be lower among women who were currently pregnant or 

breastfeeding, with the exception of inorganic arsenic. There are several potential 

explanations for differences in metal biomarker concentrations by reproductive status, 

including hemodilution during gestation, dietary modifications, and lifestyle changes such as 

quitting smoking.(29, 31–33) Nevertheless, the overall decline in biomarker levels among 

women of reproductive age are encouraging and indicate ongoing efforts, such as the Safe 

Drinking Water Act, fish consumption advisories, smoking cessation programs, and removal 

of lead from gasoline have been effective at reducing environmental exposures.(22, 33–35) 

Still, toxic metals remain a critical health concern for women of reproductive age as the 

long-term impacts of metal mixture exposures on reproductive health, birth outcomes, and 

offspring health have not yet been elucidated.

Data from this analysis and others suggest lifestyle modifications targeted at decreasing 

alcohol use and tobacco smoke exposure may translate to reductions in toxic metal 

exposures.(33, 36) Of these, smoking cessation programs, particularly those focused on 

establishing smoke-free homes, may be most effective given the strong associations 

observed between serum cotinine and levels of metal biomarkers and the high prevalence of 

cigarette smoke exposure in this population.(37) In fact, we found that as many as one in 

four women of reproductive age were active smokers (according to their serum cotinine 

concentrations) while another two in four women were exposed to cigarette smoke 

secondhand. Our findings also suggest adopting certain dietary changes or promoting wider 

use of multi-mineral/multi-vitamin supplements might be other options for lowering 

exposures. One area ripe for future research is the optimization of intakes of micronutrients 

known to interact with toxic metals. For example, the essential metals copper, iron, and zinc, 

can compete with toxic metals for absorption and possess antioxidant properties to protect 

from toxic metal-induced oxidative stress.(38) Animal studies have demonstrated 

supplementation with essential metals can reduce toxic metal body burdens for mothers and 

their offspring.(39, 40)

Our study has many strengths, including the use of six consecutive cycles of nationally-

representative data from the National Health and Nutrition Examination Survey, assessment 

of a wide variety of sociodemographic, lifestyle, and dietary factors, and reliance on 

objective exposure biomarkers. Furthermore, we provide descriptive statistics regarding 

potential sources of toxic metal exposures amongst women of reproductive age such as the 

prevalence of active and secondhand cigarette smoking and average daily intakes of food 

groups that may be contaminated. However, there are several limitations worth noting. 

Blood and urinary metal biomarkers were measured in sub-samples, which, although 

randomly selected, resulted in small sample sizes with especially small numbers of pregnant 

and/or breastfeeding women. We may therefore have been underpowered to detect important 

predictors of toxic metal exposures for this sub-group. Additionally, dietary assessments 

were conducted using two 24-hour recalls, the second of which was conducted after the 

collection of blood and urine samples. Despite the out-of-order temporal sequence, 
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averaging across repeated recalls approximates “usual” or “long-term” dietary intakes more 

accurately than a single recall because of daily intra-individual variation.(41) We analyzed a 

large number of variables, however, data on some factors known to be associated with toxic 

metal exposures were unavailable. For instance, the National Center for Health Statistics 

does not publicly release geographic locations of NHANES participants, which could be 

used to incorporate information regarding air pollution or drinking water sources that may 

serve as important sources of metals exposure. Similarly, the NHANES dropped questions 

from their housing questionnaire in recent years regarding the age of the home and time 

lived in the home, which may have been useful for ascertaining lead-based paint exposure.

(42) Rather than evaluating individual foods, we assessed intakes of food groups which 

could have masked specific sources of toxic metal exposures. Moreover, the cross-sectional 

nature of the data may have resulted in reverse causality. Mice exposed to lead, for example, 

have responded by losing weight, which may explain the inverse association we observed 

between body mass index and blood lead levels.(43) Finally, the selected biomarkers have 

different half-lives — approximately 3 days for urinary arsenic, over 10 years for urinary 

cadmium, 30 days for blood lead, and 80 days for blood mercury – representing different 

time points of exposure.(16, 44–46)

In summary, we found that US women of reproductive age who are older, non-Hispanic 

black, Hispanic, other race/ethnicity, born in a US territory, or foreign-born have higher 

exposures to the toxic metals inorganic arsenic, cadmium, lead, and mercury. Our findings 

are consistent with prior studies of NHANES data and highlight some important 

determinants of toxic metal exposures amongst this vulnerable population.(13, 14, 47) As 

evidence of the health effects of toxic metal mixture exposures continues to accumulate, 

public health efforts should prioritize the high-risk sub-populations of women of 

reproductive age identified in this study for further assessment of exposure sources and 

interventions to reduce such exposures. In particular, future prospective epidemiologic 

studies may want to focus on modifiable risk factors for toxic metal exposures including 

lifestyle and dietary characteristics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Temporal trends in metal biomarkers among women of reproductive age, NHANES 
2003-2014.
A. Geometric mean concentrations of blood lead (μg/dL); B. Geometric mean concentrations 

of blood mercury (μg/L); C. Geometric mean concentrations of urinary inorganic arsenic 

(μg/L); D. Geometric mean concentrations of urinary cadmium (μg/L).
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Table 5.

Adjusted odds of high concentrations of blood lead, blood mercury, urinary inorganic arsenic, and urinary 

cadmium levels among women of reproductive age, NHANES 2003-2012.

Characteristic
1 Overall

(N=1,267)

Sociodemographics
OR (95% CI)

2

Age z-score 1.6 (1.2-2.1)*

Race/Ethnicity

 Non-Hispanic white 1.0 (ref.)

 Non-Hispanic black 2.1 (1.2-3.8)*

 Hispanic 0.9 (0.4-1.9)

 Other 3.2 (1.2-8.7)

Educational attainment

 Less than high school diploma 1.0 (ref.)

 High school diploma/GED 0.7 (0.3-1.3)

 At least some college 0.8 (0.4-1.8)

 College graduate or above 1.1 (0.4-2.8)

Employment status

 Unemployed 1.0 (ref.)

 Employed 1.7 (1.0-2.8)

Family income: poverty line 1.1 (0.8-1.5)

Health insurance status

 No current coverage 1.0 (ref.)

 Current private or public coverage 1.0 (0.6-1.9)

Marital status

 Single 1.0 (ref.)

 Married or living with partner 1.2 (0.7-1.9)

Nativity

 Born in the US 1.0 (ref.)

 Born in a US territory or another country 5.8 (2.8-11.7)*

Lifestyle Factors

 Alcohol z-score 1.4 (1.1-1.9)*

 Serum cotinine z-score 1.2 (1.0-1.6)

Prenatal supplement use

 No 1.0 (ref.)

 Yes 0.7 (0.2-2.0)

Other multi-vitamin/multi-mineral use

 No 1.0 (ref.)

 Yes 1.3 (0.7-2.3)

Gravidity z-score 1.1 (0.8-1.3)
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Characteristic
1 Overall

(N=1,267)

Sociodemographics
OR (95% CI)

2

BMI z-score 0.7 (0.6-0.9)*

Dietary Factors

Calories z-score 1.3 (0.8-2.0)

Seafood z-score 1.2 (0.9-1.5)

Meat z-score 0.9 (0.7-1.1)

Poultry z-score 1.0 (0.8-1.2)

Vegetables z-score 1.0 (0.7-1.3)

Legumes z-score 1.0 (0.8-1.2)

Nuts and seeds z-score 0.9 (0.6-1.3)

Fruit z-score 0.9 (0.7-1.2)

Eggs z-score 1.1 (0.9-1.3)

Dairy z-score 0.8 (0.6-1.1)

Whole grains z-score 0.8 (0.7-1.1)

Refined grains z-score 0.8 (0.6-1.2)

Public water z-score 1.1 (0.9-1.4)

Private water z-score 1.0 (0.8-1.3)

Model C-statistic 0.86

1
For all continuous variables, the adjusted odds ratio corresponds to a 1-standard deviation increase

2
Adjusted for all variables listed in the Table in addition to survey cycle (2003-2004, 2005-2006, 2007-2008, 2009-2010, or 2011-2012) and 

urinary creatinine (mg/dL)

*
Q-value < 0.05
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